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CHAPTER 1 - OUTLINE OF THE 8.2.S. METRE 

The Functicms of H.2.8. 

	

1. 	H.2.S. is a Radar device carried in aircraft to produce on a cathode ray 
tube a picture of the area over which the aircraft is flying. By caring this 
cathode ray tabs display with target maps the H.2.8. operator can identify coast-
lines, lakes, large rivers, built-up areas and large man-made structures. The 
centre of the display will always represent the point on the earth's surface 
directly below the aircraft. Fras his identification of indications an the dis-
play with points on his target map and by using the appropriate controls and 
markers, the 162.8. operator can do the followings- 

((a Fix his position. 
b Determine range and bearing of built-up areas. 
c Ham onto targets for blind backing. 

	

2. 	Ey means of a second cathode ray tube and. an associated marker and control 
the height of the aircraft above the earth's surface can be determined. 

	

3. 	When the appropriate adjustments have been made the ground speed of the 
aircraft can easily be determined fran the movement of indications across the 
main 11.2.8. display. 

	

4. 	If an additional unit comprising a 1.5 metre transmitter and suitable 
receiving stages is incorporated in the H.2.3. installation the equipment can 
be used for honing on long range beacons and blind approach runway beacons. 
This additional unit is celled Luoero. 

	

5. 	Another indicating unit can be incorporated in the H.2.8. installation to 
show the range and azimuth bearing of aircraft Appearing in a hemisphere below 
the aircraft. The centre of this hemisphere will be at the aircraft and the 
radius of the hemisphere will be equal to the aircraft height. Fran theism's-
ment of an aircraft indication an this display it can be ascertainedithether 
the aircraft is friendly or hostile. This indicating unit is called Fishpond. 

	

6. 	It follows from our preceding paragraphs that the H.2.S. installation 
including Luoero and Fishpond is akmaltaneoasly:- 

a An extremely versatile navigational aid. 
b A blind bombing aid. 
o A warning device which can reduce the danger of collisions 

with friendly aircraft and give warning of attack fran 
enemy aircraft provided the attack is not made from above. 

Aside Pram Lacer° applications the equipment is self-contained in the aircraft 
and is therefore not subject to the range limitations inherent in equipments 
dependent on ground transmissions. 

The Nature of the H.2.3. System  

	

7. 	Before proceeding to study the essentials of the 11.2.5. system we may 
profitably consider an analogy from the field of.optica. We may imagine a 
revolving lighthouse sending ant its narrow, intense bees. If the lighthouse 
stands still this beam will illuminate a sector on the grand or the sea. If 
a ship, a building or an aircraft appears in the beam some of the light will be 
reflected. If an operator is standing behind the light he will be able to see 
these objects because light is reflected from them to his eyes. If the light 
is allowed to rotate through 3600  the team.will, in the muse of ane revolution, 
illuminate a circular area of the earth's surface with the lighthouse at the 
centre of the circle. Any objects causing reflection as the team crosses them 
will then be observed once in every revolution for the duration of the interval 
GC illusiration. This interval will depend on the width of the beam and the 
rate of rotation. 

	

8. 	The M.S. installation in an aircraft is very similar to the lighthouse. 
A suitable modulator pulses a magnetron transmitting valve at a reoarrence 
frequency of 670 c/s. The magnetron develops bursts of R.F. of 1 microsecond 
duration once every 1500 microseconds. For Mark II H.2.0. a magnetron is used 



O.10.08961. 
that develops a wavelength of about 9 as. For Mark III H.2.S. a different 
magnetron is used which develops a wavelength of appromimately 3 ass. The 
1 microsecond bursts of radio frequency energy axe radiated fret the flared 
mouth of a waveguide into a paraboloid scanning mirror, or scanner. The 
mirror caloentrates the energy into a narrow beam which is radiated out into 
space. This beam *flashing,' at 670 c/a. serves to "illuminate* a narrow 
sector of the earth's crust with invisible radiation. This invisible radio 
frequency radiation differs from visible light ally in the wavelength emplwed. 
Like visible light it travels at a speed of 1136,000 miles per second in apace. 
This is equivalent to a speed of 5.35 microaeconda per mile. Renee if the 
transmitter radiates a 1 microsecond buret of energy into space an electro-
magnetic wave travels outward at a speed of 5.35 microseconds per mile. 

9. 	When this buret of energy strikes a horizontal surface most of me 
energy 16 reflected away from the aircraft. Renee, quiet water will give 
negligible reflection back to the aircraft. If the radiation strikes rolling 
country ease energy is reflected back from slopes,•farm landings, etc. In 
the same way, when the sea is rough sane energy is reflected back from the 
sides of the waves. We thus get returns which we call general sea returns or 
general ground returns. If the beam strikes steep cliffs, the vertical sur-
faces of large buildings, or a large number of vertical surfaces in heavily 
built-up areas, an appreciable amount of energy may be reflected back to the 
aircraft. If an aircraft flies through the H.2.S. beam it will reflect back 
a quantity of energy depending on its size and orientation with respect to the 
E.R.S. beam. Hence, we may summarise by saying that the 11.2.5. beam will 
ezPerienoet- 

Very little reflection from quiet water or flat open country. 
Limited amount of reflection froun rough water or rolling country. 
Somewhat heavier reflection fret surburben areas. 
Appreciable reflection from steep cliffs, large structures and 
heavily built-up areas. 

10. Since the speed of the electromagnetic waves is 5.35 microseconds per 
mile the 'echo time' is 10.7 microseconds per mile. Bence the time interval 
that will elapse between the instant the transmitter fires and the instant the 
echo returns will allays be given in microseconds by multiplying the slant 
range of the reflecting object by 10.7. An echo from a target at a slant 
range of 10 miles would then return in 40 x 10.7 or 428 microseconds. 
Obviously, all echo times must be proportional to the slant range of the 
reflecting surface. This is the fundamental principle employed in Radar to 
measure the range of reflecting surfaces. 

/he Height Tao Maple&  

11. Range indications are normally displayed on some form of time-base. Every 
Radar Mechanic is familiar with the usual deflection type of display. An electr 
stream emitted fran the cathode of a cathode ray tube passes between deflecting 
plates. When both plates are at the same potential the electron stream passes 
down the centre of the tube. If ♦ion stream is sufficiently intense it will 
cause the fluorescent screen to glow with a colour characteristic of the screen 
material. Dy means of a focussing adjustment the electron stream can be made 
to converge to a fins point so as to cause only a bright dot/it the centre of 
the screen. If one deflecting plate is given a suitable D.O. potential the 
beam can be deflected to cause a spot at the aide, top, or bottom of the bite 
screen. If now a sawtooth voltage is applied to the deflecting plates to drive 
the one plate positive and the other• negative the electron stream is deflected 
and the bright spot will sweep across the screen to develop a timebase. If the 
spot travels across the screen at a constant velocity we say the timebase is 
linear. IP the velocity varies the timebase is non-linear. If we convert 
radio frequaney echoes into video pulses by means of a suitable receiver and app 
these video pulses to a pods of deflecting plates at right angles to the timbres 
plates, these pulses will deflect the electron stream for the pulse duration to 
give the familiar deflection presentation. In order that the resultant defleo-
tions or "blips" may remain stationary they must appear at the same point in the 
timbale sweep for each transmitter pulse. Hence it is always necessary to 
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synchronise the transmitter and the timebase. If the timebase sweep begins 
when the transmitter fires the first blip to appear an it must be the echo fran 
the nearest reflecting surface. This will be the ground echo from the point 
on the earth's surface directly below the aircraft (if we neglect echoes 
other aircraft). If the Umbriae is linear, i.e. the cathode ray tube spot 
is travelling at a uniform velocity, all blips will appear at distances along 
the scan which are proportional to their echo time, and hence proportional to 
their slant range. Such a display is used on the H.2.8. height tube, which 
uses a vertical scan running from the bottom to the top. Echoes appear es 
deflections to the right. Since the transmitter fires 670 times per second 
there must be 670 sweeps of the timebase per second. 

12. We have stated that the H.2.S. beam in marrow so as to illuminate only a 
small sector of the earth's crust at one time. Hence, if the scanner is 
stationary the height tube amebase can only show deflections due to targets 
lying in the illuminated sector. In operation the scanner will normally be 
rotating at 4.0 - 60 r.p.m. If we assume the speed to be 60 r.p.m. or 1 r.p.s. 
the H.2.8. beam turns through 360°  in one second and in this time the timebase 
will make 670 sweeps and the transmitter will have sent out 670 bursts of radio-
frequency energy, each of 1 microsecond duration. As the scanner turns the 
narrow H.2.8. beam illuminates different sets of targets or different parts of 
large targets on successive pulses. Hence the height tube display will not be 
steady but will show deflections rising and falling at different points along 
the timebasea as targets at different ranges pass in and oat of the beam. 
Such a display, obviously, is not suitable for target identification purposes. 

Measurement of Height  

13. There will, however, be one echo that remains steady as long as the 
aircraft height remains constant. This is the ground echo fran directly 
below the aircraft which canes in on each transmitted pulse. Its distance up 
the trace will be proportional to the aircraft height. To prevent over-
loading on strong transmitter breakthrough signals the I.F. amplifier of the 
£2.8. receiver is suppressed for 20 microseconds in every 1500 microseconds, 
the suppression period terminating at the end of the transmitter pulse. Hence 
the thnebase shows a 20 microsecond blank section. At the end of this 
suppression break the scan may show a deflection to the right which is the 
tail of the transmitter pulse. Beyond this signal there will be only valve 
noise until the ground echo appears as a bulge to the right. A height marker 
pulse is generated in the H.2.S. set which appears an the height tube display 
as a deflection to the left. This height marker blip can be moved up and 
down the timebase by means of a height control on a second unit at the 
Navigator's table, termed a switch unit. If the height marker blip is set to 
the beginning of the ground echo bulge, the aircraft height above ground can 
be read tram a calibrated scale under an index line. If the aircraft height 
changes the echo time for the ground echo changes and the ground echo bulge 
on the height tube display moves accordingly. 

Requirements of Display suitable for Target Identification 

110 	We have seen how the height tube display can be used to give the H.2.S. 
Operator the height of the aircraft above the earth's surface but we have 
concluded that the deflection type of presentation is not suitable for target 
identification. Obviously, the type of display required is one which can be 
most readily compared with a target map. Suppose that we can arrange to have 
the height marker trigger a timebase circuit which causes the electron stream 
to travel :ran the centre of the tube to the circumference. If the height 
marker is set to the ground echo then the height marker triggers the timebase 
at the instant the ground echo reaches the aircraft. The centre of the dis-
play will then represent the point directly below the aircraft. This means 
that the scan will not cannons) when the transmitter fires but after a time 
interval equal to the echo time of the ground echo. Let us suppose first 
that cur radial timebase sweep was linear. Echoes from targets would return 
at time intervals after the transmitter firing which would be found by dividing 
their slant range by 10.7, the echo time in microseconds per mile return. 
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The distance from the tube centre at which the indications would appear would 
be proportional to the time of travel of the cathode ray tube spot, i.e. to 
the difference between the target echo time and the ground echo time. Since 
the ground echo time is proportional to the aircraft height and the target 
echo time is proportional to the talent range, the difference between these 
times will be proportional to slant range minus height. For ease of target 
identification by comparison with a target map, target indications should appear 
at distances from the tube oentre which are proportional to their ground range. 
Since a linear timebase does not fulfil this condition it is necessary to 
develop a special type of non-linear timebase which does fulfil this condition. 

15. What we want is a non-linear radial timebase that begins at the tube 
centre when the ground echo reaches the aircraft and which will be non-linear 
in such a way as to show target indications at distances from the centre pro-
portional to their ground range. Moreover, these indications should give 
the best possible substitute for actual visibility. , A display which resembles 
a relief map suggests itself. If we can make water, with very weak returns, 
show up as black, general ground returns as faint luminosity, and cliffs, 
heavily built-sup areas, etc. as bright patches, we have something akin to a 
relief map. 

16. 	In order that such a display can be compared with a target map the H.2.S. 
operator must know where North appears an his display. He also wants the 
target indications to have the same relative bearings on the display as an 
the target map. Hence, H.2.S. should provide a display which fulfils the 
following conditions:- 

(a) 	top represents true North. 
b Target indications appear as luminous patches for strong 

returns, general ground returns give faint background 
luminosity, and rivers, lakes and sea can be kept almost 
blank 

(c) These indications appear at distances from the centre 
proportional to their ground range and show relative bearings 
an a target map. 

(d) The centre of the display always represents the point 
directly beneath the aircraft and target indications appear 
at the correct bearing from the tube centre. 

Development of Display for Target Indications  

17. To produce the type of display we have described the radio frequency 
echo pulses after conversion into positive-going video pulses, are applied 
to the cathode ray tube grid. By adjusting the bias on the cathode ray tube 
it can be arranged that the intensity of the electron stream emitted from 
the cathode is not sufficient to cause aey glow on the screen unless a positive 
pulse is acting on the grid. Hence, as the non-linear timebase voltage 
deflects the stream from the centre to the circumference of the tube, the 
screen remains blank when there is no signal an the cathode ray tube grid. If 
the receiver gain is turned up valve noise peaks plus general ground return 
echoes will cause a faint flashing or "scintillating" background while stronger 
echoes will cause the screen to brighten up along the sweep at distances from 
the centre proportional to their ground range. If the top of the map is to 
represent true North the radial timebase must be sweeping from the centre to 
the top when the scanner is looking toward the North. If echoes from other 
directions are to appear as bright patches at their correct bearings an the 
display the radial timebase must move around the tube in synchronies with the 
scanner. We have stated that there are 670 sweeps of the timebase per second. 
Hence if the scanner revolves once per second. and the radial timebase moves 
in synchronism with it, we can think of our timebase as resembling a wheel with 
670 spices, i.e. we have timebase sweeps at angular intervals on the tube of 

ig or slightly more than a half degree. 
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Resolution of Indications  

18. Any target will cause a brightening up of the number of sweeps that 
occur while the H.2.8. beam moves across the target. Hence the angular 
width of a target indication will be equal to the angle subtended at the 
aircraft by the target plus the beam width. This follows since returns 
will come from the target as soon as the leading edge of the beam reaches the 
target and the returns will continue until the trailing edge of the beam leaves 
the target. As a consequence of this fact adjacent targets will only give 
separate indications if their angular separation exceeds the beam width. 
Hence, the resolution obtainable with H.2.8. depends on the beam width. H.2.8. 
Mark IIC gives a beam width of about 8i degrees while the width of the beam 
developed by H.2.8. Mark la is about 3j degrees. As a consequence of this 
difference in beam width somewhat better resolution of targets is obtainable 
with H.2.8. Mark IIIA. 

Reason for Using Centimetre Wavelengths  

19. The whole reason for using centimetre wavelengths in H.2.5. has been the 
necessity of developing narrow beams in order to get resolution of targets. 
The development of narrow beams at longer wavelengths requires elaborate aerial 
arrays which are much too large for airborne work. As the wavelength is 
reduced the size of the aerial array required to produce a beam of a specified 
width diminishes. In the centimetre band narrow beams can be produced by means 
of mirror arrays which can be carried in aircraft without impairing speed or 
seriously reducing bomb load. 

How Target Indications vary with Changing Range  

20. For targets at long ranges the H.2.8. beam strikes the vertical surface 
of the buildings on the leading edge of the target at a comparatively low angle. 
Hence, these lead-leg edge buildings will largely screen the greater part of the 
target. The returns will then cause only a brief brightening of each scan, 
i.e. only a dot on each scan. These dots will then join together to form a 
thin arc. As the aircraft approaches the target the beam strikes it at steeper 
angles and the screening effect decreases. The target indication therefore 
increases in depth. When the aircraft is close to the target the beam will 
illuminate the greater part of the target area and an indication will be pro-
duced which roughly resembles the outlines of the strongly reflecting regions 
of the target. 

Her the Target Display gets its Name  

21. Since the main H.2.S. display is essentially a form of relief map showing 
a plan view of the country under the aircraft, we speak of it as a P.P.I. (plan 
position indication) display. The cathode ray tube used to develop this dis- 
play is called the 	tube. Both the P.P.I. and height tube are incorporated 
in an indicator at the Navigator's table. 

H.2.S. Map Scales  

22. As the F.F.I. display is to be compared with a target map it is necessary 
to know the scale of the H.2.8. map. Three different maps are available. 
One provides a ground range coverage of around 40 statute miles on a tube of 
21" radius, or a map with a scale of about 16 miles to the inch. The second 
map provides a ground range coverage of about 20 statute miles or a scale of 
about 8 miles to the inch. The third gives a ground range coverage of 10 	' 
statute miles or a scale of 4 miles to the inch. These correspond to the 
1:1,000,000, 1 i 500,000 and 1 s 250,000 scale maps. 

The Heading for Course Marker  

23. It has been stated previously that it is possible to set the H.2.8. 
map so that the top represents true North. The control used for making this 
adjustment is located on a heading control unit which is also mounted et the 
Navigator's table along with the indicator and switch unit. When this adjust-
ment has been made target indications will appear at the same bearing from a 
line drawn from the tube centre to the top of the tube as the actual targets 
appear from a North.South line drawn through the aircraft position on the 
target map. What the H.2.8. Operator is frequently interested in is the 
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bearing of targets with respect to the aircraft heading. To present this 
information visually a heading marker is provided. We have noted previously 
that When the scanner is looking in any particular direction the timebase 
sweep then occurring will travel out from the tube centre at a bearing equal 
to the bearing of the direction in which the scanner is looking provided the 
map has been correctly set. It is arranged that at the instant the scanner 
goes through the dead-ahead position two contacts close to develop a positive 
pulse on the F.P.I. grid which lasts for the duration of about two sweeps of 
the timebase. This positive pulse serves to brighten up the two consecutive 
radial scans that occur as the scanner is passing through the dead-ahead position. 
Hence, for every revolution of the scanner a bright radial line, formed by the 
fusion of these two consecutive brightened-up sweeps, flashes up at the bearing 
of the aircraft heading. Due to the after-glow properties of the screen this 
marker will be apparent all the time if the Navigator's compartment is in 
darkness. The position of target indications on the display relative to the 
heading marker will give an immediate picture of the position of targets 
relative to the aircraft course. A switch on the switch unit enables the 
H.2.3. Operator to switch off the heading marker when he does not wish to use it. 

The Track Marker 

24. In the H.2.S. Mark ii0 and Mark I/IA installations facilities are avail-
able for converting the heading marker to a track marker in order to facilitate 
homing an a target during a bombing run. When a switch on the indicator is 
switched from the "Course" to the "Track" position a second set of moveable 
contacts is brought into operation in the scanner 	This pair is offset from 
the first fixed pair by the drift angle when this angle has been set on the 
Mark 14 bombsight. The positive pulse applied to the 	grid will now 
occur earlier or later than previously depending on the sense of the drift, 
and the marker will flash up on a bearing that shown the actual aircraft track 
as opposed to the heading or course. 

The Bearing Ring and Map Setting  

25. To permit the H.2.5. Operator to make bearing measurements a bearing 
ring is provided on the front of the 	tube. This rotatable ring is 
graduated in degrees. A pointer is engraved on a parapet screen attached to 
the ring. When this pointer is set to a target the bearing can be read 
directly opposite an index at the bottom of the tube. This pointer is used 
to set up the 11.2.3. map so as to have North at the top. When the pilot has 
set course the H.2.5. Operator sets switches on the heading control unit and 
indicator to "Course" and sets the bearing ring to read the course opposite 
the index. He then adjusts his setting knob an the heading control unit until 
the heading marker flashes along the pointer on the perspex scale. The heading 
marker now shows the correct aircraft heading and the map is therefore correctly 
set. The heading control switch is now set to "Auto" and the D.R. compass 
keeps the setting of the map correct as the aircraft alters course. When a 
change in course occurs the heading marker moves accordingly. 

Range Measurements  

26. Although target indications appear at distances from the tube centre which 
are proportional to their ground range" the 0.2.3. Operator requires some means 
of measuring ranges. For this purpose he is provided with a range marker. 
This range marker is a positive pulse generated in the H.2.5. set on every sweep 
of the timebase. It is applied to the P.P.I. grid so will cause a bright dot 
on each of the 670 sweeps. The distance from the tube centre at which these 
dots appear can be varied by means of a range control on the switch unit. For 
am setting of this control the distance from the centre at which these dots 
occur is fixed. Hence the range marker dots on the 670 radial sweeps join up to 
form a luminous circle. When the H.2.5. Operator wishes to measure a range he 
adjusts his range control until the marker ring coincides with the target. He 
can then read the target range directly apposite an index on a calibrated scale. 
The range marker• is also mixed with the signals and applied to the height tube 
to appear as a blip to the right of the trace. 
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The 30 Mile and 100 Mile Range Scales 
	 0.0.089614 

27. Three different range scales are provided, all located on a range drum 
which turns as the range control is operated. One scale provides slant range 
measurements from 0 to 100 statute miles. The first part of this scale is 
used when the 40 mile timebase is in use. The 40 - 80 mile portion of the 
scale is not used on the P.P.I. display. This 100 mile scale appears along 
the outer edge of the range drum. On the inner edge of the range dram is 
a second scale which is calibrated to read slant ranges from 0 - 30 miles. 
This scale is used in conjunction with the 20 mile timebase. In each case the 
range is read from the graduation that appears opposite a little index. It 
has been stated that the range measured is actually slant range although target 
indications appear at distances from the centre which are proportional to their 
ground range. This anomaly arises frau the fact that we are actually measuring 
echo times which are proportional to slant range. 

The 10 Mile Range Scale  

28. The central part of the range drum shows a set of curves and a metal 
pointer that tracks across these curves when the height control is operated. 
These curves serve to convert slant range to ground range and permit measure-
ments of ground ranges between 0 - 10 statute miles. To use this 10 mile 
scale the height marker must first be set to the beginning of the ground echo 
on the height tube. As this is done the pointer mentioned above tracks across 
the range drum and the range marker moves on both the height tithe and the P.P.I. 
This happens because the height marker circuit is triggering the range marker 
circuit when the 10 mile range scale is in use. This is not the case when the 
30 or 100 mile range scales are in use as the height and range marker circuits 
then operate independently. When the height marker has been set to the ground 
echo the range control is used to set the range marker ring to the indication 
on the 	display. As this is done the curves an the range drum move 
across the tip of the pointer. The curve opposite the pointer tip when the 
adjustment has been made gives the ground range of the target. 

The Bombing Scales  

29. On the range drum two sets of bombing scales are shown in addition to the 
range scales already mentioned. One of these appears in dotted red lines and 
the other set in solid red lines. These lines are bombing scales. The 
dotted lines are 30 second lines, while the solid ones are direct release lines. 
Both sets are labelled in ground speeds. Suppose that a bombing run is in 
progress, and the 10 mile timebfuse and range marker circuits are in operation. 
Suppose the range control is set to 8 miles and a stop watch started as the 
target touches the marker ring. The range control is then set to 7 miles and 
the marker moves in. When the target reaches the marker ring the watch is 
stopped. This gives the time to travel a mile ground range from which the 
ground speed is known. The range control is then set to bring the 30 second 
line which gives the appropriate ground speed opposite the tip of the pointer. 
If the aircraft flies straight and level at the same height until the target 
reaches the new position of the marker ring the target touches the marker ring 
30 seconds before an ideal bomb should be released. For different types of 
bombs suitable corrections have to be made to this 30 second value. In any 
case the number of seconds before the bombs should be released will be known. 
In this way R.2.S. can be used for blind bombing. If the direct release lines 
were used instead of the 30 second lines any ideal bomb should be released at 
the instant the target reaches the marker ring. 

The Scan-Marker Switch  

30. We have spoken of the different timebases and range scales. Obviously 
the development of these different scan and marker ranges is achieved by 
switching components in the appropriate R.2.S. units. This switching is done 
by means of a 6-position scan-marker switch on the switch unit. The pointer 
of this switch moves across an engraved scale with two sets of numbers on it. 
The one set is labelled "Scan", and the other set "Marker". The six positions 
provide the following combinations of timebases and markers:- 



c.D.08961. 

Position Scanning Range Markers Range 

10/10 10mi. 	ground 10 mi. ground? 
ground 10/20 20 mi. 	ground 10 mi. 

30/20 20 mi. 	ground 30 mi. slant 
100/20 20 mi. ground 100 mi. slant 
100/40 40 mi. ground 100 mi. slant 
104/40-80 Not useable on 100 mi. slant 

P.P.I. 

Prom the above table it can be seen that the second or 10/20 position of the 
scan-marker switch permits the use of the 10 mile range scale, and hence of 
the bombing scales, on the 20 mile scan. This enables the H.2.3. Operator 
to use the bombing scales when attacking targets which are so large that 
they cannot be handled on the 10 mile map. 

The Beacon Switch and Lucero 

31. A beacon switch is also provided on the switch unit. This switch can 
be set to "OFF', 8+11, B, or BA. When set to "Off" Lucero is inoperative. 
This is the position that is used in Bomber Command when Lucero is not in-
stalled. When set to "Bar' both lacer° and 11.2.3. are operating. Signals 
from honing beacons triggered by the Lucero transmitter will then be fed to 
the 11.2.5. displays along with the B.2.S. signals. The height tube display 
now becomes double -sided and the height marker no longer appears on the height 
tube. If set to the position "B" the E.2.3. signals are eliminated and only 
the homing beacon signals are received. These will appear as two-sided blips 
on the height tube, flashing a Morse letter to identify the beacon. By 
altering course until the two aides of the blip are of equal amplitude the 
aircraft can tome onto the beacon. When the 'BA" position is used a second 
local oscillator is switched into the circuit in the Lucero unit. This'enables 
the receiving part of the Lucero unit to amplify aignals from BAGS runway 
beacons. These signals take the form of a narrow blip or "dot" inaj.de a wide 
blip or "dash". If the two blips are of equal amplitude the aircraft is making 
its approach in a direction coincident with a line damn the centre of the 
runway. If there is no drift the equal amplitude blips will be symmetric with 
respect to the trace. If drift is present this symmetry will not be obtained 
when the amplitudes are equal. If certain circuit modifications are introduced 
displays of Lucero signals will be single sided. 

32. When Lucero Mark II is used a push-button tuning unit is included in the 
installation. This unit permits switching cf the tuned circuit components in 
the Iucero transmitter and local oscillator circuits to operate on different 
channels in the band 214. to 231*MO/s. This multiple-frequency design permits 
different aircraft to trigger different Eureka beacons without causing inter-
ference. 

The Gain Control  

33. The H.2.S. Operatortergain control is also mounted on the switch unit at 
his table. 

The Tuning Control in H.2.3. Mark IIC. 

34. In aircraft fitted with an 11.2.3. Mark IIC installation a tuning unit 
contA4ning the local oscillator of the 11.2.S. receiver appears at the Navigator's 
table. The frequency ce the magnetron transmitter valve may vary and since it 
cannot be tuned it is necessary to tunethe local oscillator to keep the 
difference between the signal frequency and local oscillator frequency equal to 
the fired frequency to which the I.F. amplifier responds. The local oscillator 
tuning control appears on the tuning unit where it is readily accessible to the 
11.2.3. Operator. 

The Tuning Controls in 11.2.8. Mark ILIA  

35. In en 11.2.3. Mark ILIA installation the local oscillator is incorporated 
in the same unit as the transmitter valve. .This unit is called the H.F. box in 
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Mark III H.2.8. installation. A local oscillator tuning control is provided 
on the H.F. bar for use by the Radar Mechanics. Since the 0.2.3. Operator 
must also be able to tune the local oscillator a tuning unit with a remote 
tuning control is fitted at the Navigator's table. 

Origin of the Term "T2R" 

36. The transmitter unit used in Mark"II 	installations is usually 
called the T2R. This nomenclature arose in Mark VIII A.I. where the trans-
mitter unit contained both the 9 an. transmitter and an I.F.F. interrogating 
transmitter as well as a crystal mixer and the I.F. stage. The term "T2R" 
indicated the present* of two transmitters as well as receiver stages. The 
term is really not applicable in 0.2.3. since only one transmitter is included 
in the transmitter unit. 

The Distortion Corrector Control 

37. Another control of interest to the 0.2.S. Operator, the distortion 
corrector control, appears on the indicator panel. This control must be set 
to the aircraft height (found by setting the height marker to the ground 
return) if target indications are to appear at distances from the centre which 
are proportional to ground range. 

Brilliance Control  

38. The brilliance controls for the height tube and P.P.I. appear as variable 
controls on the indicator panel to permit adjustment by the 0.2.8. Operator. 

Presets  

39. Numerous preset controls are included in the equipment but these are 
primarily the concern of the Radar Mechanic and are more conveniently discussed 
when dealing with the associated circuits. 

Fishpond 

40. The Fishpond indicator unit is used by the Wireless Operator. It pro-
vides a P.P.I. display with a timebase which is synchronised to that of the 
0.2.5. displays. It differs from the N.M. F.B.I. display in that the scan 
is essentially linear and gives a range coverage of 4 - 5 miles independent of 
the scan in use on the H.2.8. indicator. The effective scan begins when the 
transmitter fires instead of when the height marker forms. The heading marker 
appears on this display at the same bearing as on the 0.2.3. P.P.I. The tube 
is provided with a bearing ring similar to that on the 0.2.8. indicator. The 
effective Fishpond scan begins about a half inch Pram the Vibe oentre when the 
transmitter fires and the coverage is only 4 - 5,miles, i.e. just over the normal 
aircraft height. Hence, the only indications from points on the ground that 
will appear at operational heights will be a ground echo ring around the outside 
of the tube. The only indications that can appear inside this ground echo 
ring will be due to reflections from aircraft which may be present in a hemi-
shpexe below the aircraft with centre at the aircraft and radius equal to the 
aircraft height. The position of any such aircraft indications with respect 
to the heading marker will indicate whether the reflecting aircraft is astern, 
ahead, on the beam, or on any quarter. There is, however, no definite 
indication as to its position in elevation. Bane idea of elevation maybe 
obtained by banking. If banking causes the indication to cross the heading 
marker the reflecting aircraft must be well below the receiving aircraft. If 
banking causes very little displacement relative to the heading marker the 
reflecting aircraft must be at much the same height as the receiving aircraft. 
Indications produced by hostile aircraft can be identified by noting whether 
they alter course to follow the receiving aircraft when it takes evasive 
action. 

41. To get a quick estimate of range a set of marker rings representing 
0, 1, 2, 3, 4, 5 miles can be put on the display by means of a push-button 
switch. A variable gain and brilliance control are provided as the panel. 
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Power Switches  

42. The power switches for the complete installation are located on the 
switch unit. When the push-button switch labelled 	ON" is pressed a 
green pilot lamp lights. After about 40 seconds a relay in the power unit 
closes. If the nest push-button labelled "Ha. ON" is now pressed a yellow 
pilot light lights up. If this button is pressed before the relay in the 
power unit has closed the yellow pilot lamp will not light up, indicating 
that the button has been pressed too ston. After a further delay of about 
the same interval a red pilot lamp lights up and the transmitter starts 
operating provided a toggle switch an the modulator unit is in the "Down" 
position. The entire equipment is switched off if the push-button labelled 

OPP" is pressed. If the button "L. T. ON" is pressed when the equipment 
is running the transmitter becomes inoperative but the rest of the equipment 
remains operative. The transmitter can be brought on again after the usual 
delay by again pressing the "N.T. ON" button. A toggle switch an the switch 
unit labelled "MOTOR" is used to switch the scanner motor on and off. A. 
Dimling switch adjacent to the scanner switch labelled "LINE CO FLIGHT" is 
used to switch the heading marker an and off. 
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CHAPTER 2 as,  WHAT THE H.2.3. INSTALLATION COMPRISES 

Introduction  

	

43. 	In Chapter 1 we discussed H.2.S. fran the standpoint of the nature of the 
system and the facilities it provides operationally. We must now consider the 
equipment more specifically from the radar mechanic's point of view and note 
the basic functional sub-divisions of the installation and the way these 
functional sub-divisions are distributed in units. 

Functional Sub-Divisions  

	

44. 	Prom a functional point of view we may regard the H.2.3. installation as 
canprising the following:- 

Power supplies and safety circuits. 
H.2.S. timebase circuits far both the P.P.I. and height 
tube presentations. 
A. transmitter chain which will include: - 

(i Synchronising and timing circuits. 
(ii Circuits to develop the modulating pulse. 

(iii The transmitter proper. 
(iv The output system. 

(d) A receiver Chain which will comprise 
(i A. TR. switch. 

(ii Crystal mixer. 
(iii aystron local oscillator. 
(iv Head amplifier. 
(v I.F. strip. 

(vi Second detector. 
(vii Output stage. 

(viii Suppression circuit. 
Marker circuits which will comprise 

(i) Heading or track marker circuits, and their 
automatic and manual controlling stages. 

(ii) Height marker circuits. 
(iii) Range marker circuits. 

If

il The roll-stabilisation circuits for the scanner. 

i Luoero. 
Fishpond. 

Bright-up, mixing, output and display circuits. 

45. 	With the exception of Lucero and Fishpond these functional sequences 
are not arranged in units but have nub-divisions and controls scattered in 
different units. This arises partly from the necessity of having such controls 
as will be required by the H.2.3. operator at his table, while at the same 
time arranging a suitable weight distribution of units in the aircraft. The 
sub-division of the H.2.S. installation into units is, therefore, quite different 
Tram its partition into functional sequences. Since the radar mechanism must 
work with units, although he must think in terms of functional sub-divisions 
scattered throughout those units, it is proposed to state at this point what 
units are used and then to proceed in the following chapters to study the 
functional sequences and the distribution of their subsections in these unite. 
How these units are linked up in the aircraft installations is shown in the 
cabling diagrams, fig.13, Mark /IC, and fig. 14, Mark ILIA. 
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The Mark IIC installation, ARI.5590, caxprises the following items:- 

Item TM" Ref.No. Width Length Depth Weight 

Transmitter Unit (T2R) T2.3191 1018/1003 9.5° 15.75" 7" 42 lbs. 
or TR3159 10//13/ 867 9.5" 15.75" 7" 42 lbs. 

Modulator Type 64 IOLA/ 956 8.5" 21" 12" 47 lbs. 
Power Unit Type 280 

or 
IOU/ 747 11.5" 18" 12" 30 lbs. 

Type 224 iCEM/ 512 11.5" 18" 12" 30 lbs. 
Waveform Generator Type 34  

or 
10914/6056 11.5" 10" 8" 15 lbs. 

TYPe 35 109A/6057 11.5" 10" 	. 8" 15 lbs. 
Switoh Unit Type 207B 10We:15 12" 6" Be 14 lbs. 
Receiver-timing Unit 8.3515 i0n8/6060 11.5" 18" 8" 30 lbs. 

or 8.3516 1ouNt6061 11.5" 18" 8" 30 lbs. 
Indicator Type 184 100/6035 8.5" 18" 12" 44 lbs. 

or 184k 10QB/6181 8.5" 18" 12" 44 lbs. 
Timing Unit Type 207 1008/61189 8.5" 9" 5.75" 13 lbs. 
Heading Control Unit Type 446 I014/6053 6.5" 3.5" 5.5" 4 lbs. 
Junction Box Type 247 10}51/6499 4.5" 5.5" 3.5" 2 lbs. 
scanner ripe 63 10AB/6343 60 lbs. 
Amplifier Unit 	sPo) Type A55621100B/6041 8.5" 12.5" 7.5" 21.5 lbs. 
Amplifier Unit 	Gramco) or A3562A 100R/6078 8.5" 12.5" 7.5" 21.5 lbs. 
Track Marker Control Type 468 1CLB/6091 2 lbs. 
Unit 

Scanner Speed 	" 	Unit Type 477 78.8/610e 4.75" 4.3" 2.5" 1 lb. 
Gyro Control Unit Type 453 I8.8/6074 6.135 7.175 A 3.1:e.2oz 

di. 
Motor Generator Type 74 1010/ 954 
Junction Box Type 246 1012/2497 6.5" 6" 2"  118 lbs. 
Stabilised Platform Type 26 10AB/6522 
Main Junction Box Type 83 10AB/2212 8.5" 5.8" 3"  6 lbs. 
Fishpond Indicator Type 182 loc0/6o51 8.5n 18. 8. 261bs. 

or 	182A 10QB/6037 8.5" 18" 	' 8" 26 lbs. 
Fishpond Junction Box Type 222 los8/6331 7.1" 3.7" 2.75" 3 lbs. 
Fishpond Bright up MFG Type 43 1098/6155 8.5" 6.5" 4,75° 8. lamer° Mark II TR.516o icam4/ 868 8.5" 18" 36 lbs. 
Lunen) Control Unit Type 2224.1MM/6010 ' 6.13" 6.02" 3.2" if lbs. 
Lucero Aerials Type 184 101)8/2171 
Adapter Frame for Lancaster 10A8/6524 14 lbs. 
Stab. Platform Halifax ios8/6525 14. lbs. 

Scanner Heater 
Connector Set ref.no. 

r 
Lancasterro 
Halifax for con- 

plate set 
Voltage Control Panel Type 5 8.5" 10.75n 7.675" 18  lbs. 
Alternator Type U 

50/363 
5Q/349 38 lbs. 
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47. The Mark IIIA installation, ARI.5583, comprises the following items:- 

Item Type Ref.NO. Width Length Depth Weight 

Transmitter unit (BF box) TR.3555B 10KM/6916 10" 11.875" 21" 83 lbs. 
or 35550 10AB/6917 10" 11.875" 27" 83 lbs. 
or 3523A 10DB/6647 10" 11.875" 27" 52.5 lbs. 

Modulator Type 64. 1CO3/ 956 8.5" 21" 12" 47 lbs. 
Power Unit Type 280 1018/ 747 11.5" 18" 12" 30 lbs. 

or 	224 10KB/ 512 11.5" 18" 12" 30 lbs. 
Waveform Generator Type 	34 10q16056 11.5" 10" 8" 15 lbs. 

or 	35 10VB/6057 11.5" 10" 8" 15 lbs. 
Switch Unit Type 2078 10M/6115 12" 6" 8" 14. lbs. 
Receiver-timing 'Unit Type R.355310DB/6305 11.5" 18" 8" 32 lbs. 

or 	R.55541COB/6306 11.5" 18" 8" 32 lbs. 
Indicator Type 184 100/6035' 8.5" 18" 12" 44. lbs. 

or 1844 100/6181 8.5" 18" 12" 44 lbs. 
Timing Unit Type 444 10LB/6051 6.5" 3.5" 6" 3 lbs. 

or 499 101A/6185 
Heading Control Unit Type 446 10LB/6053 6.5" 3.5" 5.5" 4 lbs. 
Junction Box Type 247 10AB/6499 4.5" 5.5" 3.5" 2 lbs. 
Scanner Type 	71 10AB/6454 60 lbs. 
Amplifier Unit (RPU) Type A.3562 10p/60w 8.5" 12.5" 7.5" 21.5 lbs. 
. 	° 	(Gramoo) or A.3562A 10UB/6078 8.5" 12.5" 7.5" 21.5 lbs. 

Track Marker Control Unit Type 468 101.EV6091 6.5" 3.5" 6" 2 lbs. 
Scanner Speed 	" 	" Type 477 10LB/6102 4-75" 4.3" 2.5" 1 lb. 
Gyro Control Unit Type 453  101m/6074 6.135 7.175" 4.1k20as 

di. 
Motor Generator Type 74 10r8/ 954 
Junction Box 
Stabilised Platform 

Type 246 
Type 26 

10/2/2497 
100/6522 

6.5" 6" 2" 118 lbs. 

Main Junction Box Type 231 10AB/6370 9.5" 5.75" 3.25" 4.75 lbs 
Fishpond Indicator Type 182 iNA/6031 8.5" 18" 8" 26 lbs. 

or 182A 100/6037 8.5" 18" 8" 26 lbs. 
Fishpond Junction Box Type 222 10A3/6331 7.1" 3.7" 2.75" 3 lbs. 
Fishpond Bright Up TMG Type 	43 10n/6155 8.5" 6.5" 4.75" 
Lucero Mark II TR.3160 ices/ 868 8.5" 18" 8" 36 lbs. 
Lacer° Control Unit Type 222k 10L2/6010 6.13" 6.02" 3.2" 1.5 lbs. 
Incero Aerials Type 184 10I2/2171 
Adaptor frame for Lancaster 10AH/6524 14 lbs. 
Stab. Platform Halifax 10AB/6523 14.1be. 

Scanner Heater 
Connector Set Lancaster) ref.no. 

Halifax 'for com- 
plete set. 

Voltage Control Panel Type 5 5U/ 363 8.5" 10.75" 7.875" 18 lbs. 
Alternator Type U 5U/ 349 38 lbs. 

Component Numbering. 

48. 	To reduce confusion which might arise from identical nunbering of 
components in different units, a system of blocks of numbers was allotted to 
the respective units in the first H.2.8. installation. As a consequence of 
the introduction of units or sUb-units common to other equipments there is now 
sane duplication of component nudbering. The present nomenclature is as follows:- 
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Unit Nueber Block 

1 - 	99 EX. section of Rs. - T. unit. 
100 - 	149 Mk. IIC Transmitter Unit. 
150 - 	199 Switch Unit. 
200 - 	299 Modulator 65 (obsolete). 
300 - 	399 Power Unit 
400  - 	499 Timing Section of Itt. - T. unit. 
500 - 	599 Waveform Generator. 
650 - 	749 Indicator 162 (obsolete). 
800 - 	899 Indicator 1848 (Gramco). 

1 - 	99 Indicator 184. (R.P.U.). 
1 - 	99 Indicator 182 or 182A (Fishpond). 
1 - 	99 Modulator 64 (Universal Unit). 
1 - 	99 T.R. 3160 (Luoero Mark II) 

in each sub-unit. 

Location of Units in the Aircraft  

The following units will be located at the navigator's table:-
4) Indicator 184 or 184A. 

(ii) Tuning Unit 207 (Mark IIO) or 444 (Mark IIIAvith 
TR.3555 series) or 499 (Mark IIIA with TR.3523 series). 

(iii Beading Control Unit Type 446. 
(iv Switch Unit 207B. 
(v Lucero Control Unit Type 222A. 
(vi Scanner Speed Control Unit Type 477. 

(b) The Fishpond indioator ( Find its bright-up generator, WPG Type 43) 
will be at the wireless operator's position. 

The following will form part of the stabilised scanner 
installation at or near the perspem cupola:- 

(i Adaptor frame for the stabilised platform. 
(ii Platform and scanner. 
(iii Transmitter unit. 
(iv Amplifier unit A.3562. 
(v Gyro Control Unit Type 453. 
(vi Motor generator Type 74. 
(vii :unction boxes 246 and 247. 

(d) The track marker control unit type 468 is mounted at the Mark 14. 
bombsight position. 

l 
The remaining units are mainly located in suitable racks amid-
ships. The details will vary somewhat from one aircraft to 
another and may be modified as required to provide for other 
radar installations. 

49. 	(a) 

(c) 

(a) 
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CHAPTER 3 - POWER SUPPLIES  

Outline  

50. The R.2.8. power supplies are derived from the aircraft 247. D.C. supply 
and a 1&pe U 1200 watt engine-driven alternator. The 247. D.C. supply is taken 
to a control unit, Type 5, which regulates the D.C. field current to the 
alternator so as to maintain the A.C. output voltage from the alternator at a 
constant value of 807. in spite of fluctuations in engine speed. For engine 
speeds varying between 1500 and 2600 r.p.m., the maximum variation of the output 
voltage from the alternator should not exceed t  27. 

51. The 247. D.C. supply and the 807. A.C. supply are taken to the H.2.8. 
power unit from which they are distributed to the other units via a junction 
box. The Mark ITC installation uses a junction box type 83 and the Mark IIIA 
installation a junction box type 231. The 24V. supply is used for operating 
various motors and relays. Details of the distribution channel are shown in 
figo.210 and 211. The 807. supply is distributed for the development of heater 
supplies, biasses and R.T. supplies. 

52. The power unit proper develops the following supplies:-
+300V. from a 5U4G full-wave rectifier stage. 
+ and - 1800V. fran two W.133,  full-wave rectifier 
stages balanced about earth potential. 

M -100V. developed from a bridge metal rectifier. 
The -1800V. supply is tapped down on a bleeder to 
provide a -1000V. output. 

The +3007. and -10007. supplies are distributed via the main junction box. 
The -18000V. supply is transferred directly via a uniplug cable. The +18007. 
supply is not used. 

53. 	The modulator type 64 develops the following supplies: - 

(a) fran a single-ended voltage doubler stage. This supply 
is used to develop the modulating pulse for the transmitter. 
An output is also tapped off which is used to provide the 
bleeder supply for the indicator 184 and Fishpond P.P.I. tubes. 

(b) -1007. bias supply fran a metal rectifier used only inside 
the modulator. 

54. The tuning unit 207 used in the Mark IIC installation contains a +300V. 
5U4G amble half-wave rectifier which is used to supply the R.T. for the 
indicator 164. 

55. The receiver-timing unit used in the Mark IIIA installation contains an 
independent power pack which includes: - 

(a) A +500V. 5U4G full-wave rectifier stage which supplies 
the H.T. for the receiver-timing unit, the H.T. and screen 
voltage for the I.F. strip, and the variable screen voltage 
for the second head amplifier stage. 

(b) A -1007. neon-stabilised metal rectifier for bias voltages. 

56. The indicator 184 has a -3007. metal rectifier supply used as a 
negative rail for the timebase valves. This supply is also used for biasses 
in the TR.3523. 

57. The TR.3555 series transmitter unit has a -Ms VU.111 half-wave rectifier 
pack with special stabilisation arrangements. This pack provides the supply 
voltages for the CV.129 klystron local oscillator and the CV.114 soft rhumbatron 
TR. switch. 
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58. The TR.3523 transmitter unit has a power pack which develops the 
following supplies:- 

(a) A 51140 +300V. full-wave pack with a CV.173 stabiliser stage 
swinging positive from a level of around 300V. fixed by 
the 300V. pack in the power unit. 

(b) A VU.111 - 1000V. half-wave rectifier pack with a tapped down 
-300V. neon-stabilised output. The -1000V. supply is used 
for the CV.221 soft rhumbatron TB. switch. 

Both the +300 and -300V. supplies are used an the 723A local oscillators. 

59. Fishpond has a 5740 4001. full-wave rectifier supply for the 
Fishpond valves. 

60. The Amplifier Unit, Type A.3562, used in the roll stabilised scanner 
has its own power pack which develops the following outputs: - 

(a) A 5114G full-wave rectifier develops a +300V. supply for the 
amplifier valves. 

(b) A selenium rectifier develops a 60V. supply fed to the slab-
wound potentiometer in the Gyro control unit. 

	

61. 	The Luoero Mark II unit contains its own power unit which develops: - 

(a) -.2.51CV. VU.120 half-wave rectifier supply for the Luoero 
transmitter. 

(b) 250V. 5Z40 full-wave rectifier supply for the other Luoero 
stages. 

	

62. 	The W.F.0.34 has a VB.116 voltage stabiliser which drops the 300V. 
supply to provide a stabilised 200V. supply for the master multivibrator 
stages, first three eawtooth stages and the transmitter-timing valve. 

63. The receiver-timing unit has a VB.65 voltage stabiliser stage which 
provides a stabilisedM.P. supply of around 290V. for the height and range 
marker timing and flip-flop stages and for the heading or track marker circuit& 

64. The power unit has a safety circuit stage which operates relays to 
switch the equipment off if an overload develops. 

	

65. 	The modulator type 64 also has a safety circuit valve stage which 
operates relays to switch off the Modulator HT if an overload is applied to 
the modulator -4117. pack. 

The Power Unit 8$IPP"  es 

General 

	

66. 	The power unit circuit is shown in fig.28. 
The distribution thermals are shown in the interconnection 
diagrams, figs. 210 and 211. 

The + and - 18001. Pack  

67. The essentials of this stage are shown in fig.30. goir. A.C. is fed 
to the primary of the high voltage transformer, T.302. V.300 and V.301 
together form a full-wave rectifier which develops an output of +18001. 
smoothed by =300 and C.300 and applied to the yellow W uniplug. Ic30e and 
V.303 form a second full-wave rectifier which develops a -18007. output. 
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This output is smoothed by CK.301 and 0.301 and applied to the green W uniplug. 

68. Across the -18007. output is a bleeder network consisting of R.333, 
8.338, 8.339 and 8.334. About -1000V. is tapped off at the junction of R.338 
and R.339 and taken to pin 14 of the 18-way plug. 

The +300V. Pack  

69. The full-wave rectifier, V.301, is fed from the tapped secondary of 
T.303. The 300V. output, smoothed by CK.302 and. 0.302, is applied to pin 16 
of the 18-way plug. 

The -1007. Supply  

70. 	The metal rectifiers, MR.302 and kM.303, are also fed from the tapped 
secondary of T.303. The -100V. output, smoothed by cm.303 and 0.303, is 
applied to pin 13 of the 18-way plug. 

Summary  

71. Power Unit inputs are:- 

(a) 247. D.C. at red 2C supplied fran aircraft supply via the 
V.C.P. Type 5. 

(b) 8ov. A.C. at the black 2C from the engine-driven1.2HW. 
alternator, regulated by the V.C.P. Type 5. 

72. Power Unit outputs 

a 	

are- 

a -18007. at greenW uniplug. 
b .+18007. at yellow W uniplug (not used). 

-1000Q at pin 14 of the 18-way plug. 
(d +3007. at pin 16 of the 18-may plug. 
(e -100V. at pin 13 of the 18-way plug. 

1 

(f -247. D.C. switched) to pin 2 of 18-way. 
+247. D.C. unewitchedi to pin 3 of 18-way. 
-247. D.C. unewitesed to pin 2 of 6A. 
-24V. D.C. switched) to pins 1, 3, 4, 5, 6 of 6A. 

(g) 80v. A.C. to pins 6 and 7 (strapped) and to pins 8 and 9 
(strapped) an the 18-way when B relay is energised. 

The Power Unit Jack Points  

73. On the front panel of the power unit are 4. jack points for checking 
the +18007., -18007., +300V. and -100?. supplies. A fifth jack marked 
"3009. Peed• gives an indication of the total current drain Prat the 300V. 
rectifier. Apy meter having suitable current ranges may be used for checking. 
The meter positive should go to the jack tip and the negative to the ring for 
all the jack points. Normal readings of the voltage jack points are as 
follows:- 

Jack Normal 
--a 

Readleg Tolerance 
PU 224. 

+1800V. 
-18007. 
-1007. 
+300V. 

1 ma. 
1 ma. 
1 ma. 
1 ma. 

1.8 ma. 
1.8 ma. 
1.0 ma. 
0.3 ma. 

± 10% 
t log 
± 10A 
± 10% 

74. The 300V. feed jack point reading with the H.2.S. Mark II installation 
used to be 1.2 - 1.6 ma. In the Mark TIC and Mark /I/A installations the 
value is of the order of 0.8 - 1.0 ma. as the Mark I/ IA installation has an 
added 3007. peck for the receiver while the Mark /IC installation uses an 
added -300V. peak for the indicator 184. 

The Power Unit Relays and the Switching ON Sequence  

75. The alternator switch at the navigator's table is in series with the 
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V.C.P. switch which will normally be left on. When the alternator switch is 
closed the field supply to the alternator is completed and. the 80V. supply will 
be developed and fed to the power unit. Closing the alternator switch also 
completes the 24V. D.C. supply to the power unit. The BOV. input is rectified 
byMR.300 and energised relay A. Contacts 5 and 6 close and complete the +247. 
D.C. line to the switch unit via 18/3  and 6c/6. 

76. Pressing the "L.T. ON" button on the switch unit completes the D.C. 
circuit through the green lamp (SL.150) and 66/2 to energise B relay whose 
contacts make the following connections:- 

(a) B7/8 complete the 24V. circuit via 6A/3 and the green switch 
lamp so that B relay remains energised when the pressure is 
released on the "L. T. ON" button. 

(b) B5/6 connect 8014 A.C. to the junction box via pins 6 and 7 
of the 18-way. Pins 8 and 9 of the 18-way were connected to 
the other side of the 80V. A.C. when the alternator was 
switched on. 

(c) B9/10 connect the -24V. D.C. to the junction box via 18/2 to 
complete the circuit for the blower motor in the transmitter 
unit. 24V. D.C. is also connected to relay C, relays in the 
RX, WFG, Fishpond and Lucero, and to the scanner motor and 
repeater motors. 

(d) B11/12 complete the 80N4 A.C. supply to the primary of T.303. 
V.304 comes into operation to develop the +300V. output. The 
metal rectifiers MR.302, MR.303 now develop the -100V. bias 
supply. The delay valve, V.305, starts to pass oarrent since 
its filament is supplied from a winding an T. 

77. With relay C unenergised, the contacts C5/6 in the grid circuit are 
closed. Before V.305 commences to pass current its electrodes are at the 
following potentials:- 

(a Anode 	  +300V. 
b 	 +280V. 

	

Grido  
Screen   

 + 15V. 
d Suppressor and cathode  	CV. 

Within a few seconds of pressing the "L.T. ON" button V.305 starts to pass 
current and there is a fall in the anode potential. This fall is fed back to 
the grid via C.304 and contacts 1/2 of relay E. This tendency of the fall 
in anode potential to carry the grid down retards the build-up of anode 
current sufficiently to make a delay of 30-40 seconds before sufficient anode 
current flows to energise relay D (RY.303). 

78. When relay D is energised the following circuit changes occur:- 

Contact 6 breaks from contact 5 and closes to contact 7 to 
remove the shunting resistor R.323 and short out R.322. This 
increases the current through the relay and so holds the relvy 
well energised. 
Contacts DI/2 connect relay C to the "H.T. ON" button on the 
switch unit via pin 4 ce the 6A W -plug. 
Contacts D5/4, which were closed when the relay was unenergised, 
now open and break the -24V. supply to relay E. This has no 
effect at this stage since relay S was not energised. 

79. 	If the "N. T. ON" button is now pressed on the switch unit, the 24V. 
D.C. circuit to relay C is completed via the amber pilot lamp (SL.151) and 
66/4. The following circuit changes occur with the energising of relay Cs - 

(a) Contacts C3/4 close to complete the 24V. supply 'through the 
solenoid via the amber pilot lamp and 6A/5 when pressure is 
released from the 91.T. ON" button. 

(a)  

(b)  

(c)  
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(b) 01/2 close and complete the -24V. line to relay F and 
contact 3 of relay D. 

(c) 07/8 close and complete the 80V. A.C. supply to the primaries 
of T.301 and T.302. This makes the BHT circuits operative and 
the +1800V. -1800V. and -1000V. supplies are developed. 

(d) C5/6 open and remove the positive bias from the grid of the 
delay valve, V.305, which is now left with a negative bias of 
about -20V. on its grid. The anode current commences to fall 
but because of the anode-grid feedback this fall is gradual. 
About 30 seconds elapses before the fall in anode current is 
sufficient to de-energise relay D. 

80. 	When relay D becomes de-energised the following actions take place:- 

(a) DI/2 open and the D.C. circuit between relay C and 6,4/4 is 
broken. This has no effect since relay C is energised through 
W5. 

(b) Contact 6 of relay D breaks from 7 and closes to 5 to put 
R.322 back in V.305 anode load end shunt 8.323 across D relay. 
V.305 is now back in the condition which existed when its 
filament was first heated with the exception that the grid now 
has a negative instead of a positive bias. 

(c) D3/4 closes now and completes the 24V supply through the 
solenoid of relay IS which now becomes energised. 

81. The energising of E relay brings about the following dhangea:- 

(a) E9/10 close to connect +300V: to the modulator via 18/17. 
This is the +300V. switched supply to the modulator. 

(b) E1/2 break and S5/6 close to disconnect the feedback condenser, 
0.304 fret V.305 grid. This leaves V.305 out off an the grid. 

(a) 87/8 close and complete the 247 supply through the red pilot 
lamp (sL.152) and pin 64/6. 

Since the energising of relay E puts the 300V. switched supply into the 
modulator which enables the trigger gap, spark gap and modulating line to go 
into operation, the coming up of the red light means that the whole set should 
be operational. In order to have the transmitter come on with the red light 
the switch on the panel of the modulator 64 must be down. This switch 
completes the 807. A.C. supply to the primary of the transformer which supplies 
the -4KY. pack in the modulator. This pack, in turn, charges the artificial 
line which is used to develop the modulating pulse that operates the magnetron 
transmitting valve. 

82. When relay C is energised contacts 01/2 connect -.247. to one side of 
relay F. The other aide of the winding is connected via 6A/1 to the scanner 
motor switch on the switch unit. The other side of this switch is connected 
to +UV. When the switch is closed any time after the amber light comes 
on relay F is energised. Contacts 1/2 and 5/6 then dlose.to supply 24V. to 
the scanner motor via the 6B plug. 

Smomarr of the Relay Sequence  

A is energised when the 80V. supply is switched on. 
B is energised when the 	ON" button is pressed and 
the green light comes on. 
D is energised after a delay of some 30 seconds while the 
current in the delay valve, V.305, is building up. 
C is energised when the Iff.T. ON" button is pressed and the 
amber light cones on. 
D is de-energised some 30 seconds after C is energised, the 
delay being due to the slow decay of the current in V.305. 
E is energised immediately after D is de-energised. This 
completes the 3007. supply to the trigger valve in the 
modulator and brings on the red light. 
When C is energised .447. is connected to one side of the 
solenoid of F. When the scanner motor switch an the switch 
unit is closed +24V. is connected to the other side of the 
solenoid and the relay is energised to complete the supply 
to the scanner motor. 

83. 
ba,3 

 



ea 

1 

3 
	7 

4 

Ry3og R-i 303 	 Ry 304 

1 
somm,  

L. • 4  

S I • 

2 

F 
Ar 	 

FIG.38 LAYouT OF POWER UNIT RELAY CONTACTS  

FIG.39 

ANY OVERIA5A0 ON T303 pow 
RECTIFIER) WILL INCREASE VOLTAGE 
iriOucto IN 7360 loVERLo0.0 
TKANSFoRMER WINCH WHEN RECTIFIER 
15 APPLIED 112114E 'A' getAv IN 091•0517E 
rot.mt my To THAT FR

A
M 	Soo. THIS 

WILL 0E-ENERGISE 'ARELAY 07T7ING 
OFF THE SOY A C SUPPLY. 

-51-4E OVERLoAD "TRANSFORMER (Tgoo)  

CD. 0896 L 

RY 300 	 0.Y 301 	 RY 3o2. 

T300 
ovEri 8o V A.C. 	 TRANSFott

l oAD 
mEg 

FROM LatCt 

PP: rovve, 
G AcK 
O 

2 wri 
w Loa 
BLACK 

S 

4- 

A 

• 0
4 

2 	1 

3 	4  6.6 
4 	 16 

• 

J. 	I2 

*A 

6 

3 

4 

ea 

3 	6 

E 

4 



C.D.0856L 

Switching Off the H.2.8. Equipment  

84. Pressing the "L.T. OFP" button on the switch unit breaks the D.C. supply 
to relays B and C to cut off the entire power unit and hence alt other units. 
All relays return to their initial condition except relay A which ranains 
energised as long as the 80V. A.C. supply is switched on. 

85. If the 	CIN" button is pressed when the equipment is running the 
H.T. and E.H.T. supplies are switched off but the L.T. is left on to keep the 
filaments Vann. The actual sequence of events is as follows:- 

The +24V. D.C. connection to 6g/5 is broken thus breaking the 
supply through the solenoid of C relay to de-energise the relay. 
07/8 open to cut off the 807. A.O. supply to the primaries of 
T.30e and T.303. There is then no E.H.T. 'supply. 
01/2 open to break the 249. D.C. supply to relays E and F. 
Relay F is de-energised and breaks the supply to the scanner 
motor. 
When relay E is de-energised E9/10 open to cut off the 4.300V. 
supply to 18/17 and the modulator. This means there is no 
H.T. to the trigger valve and no further operation of the 
transmitter. 
B5/6 open to disconnect R.335 from C.304. E1/2 close to connect 
0.304 between anode and grid of the delay valve, V.305. 05/6 
close because C relay is de-energised. V.305 conducts at once 
since 0.304 is completely discharged when it is re-connected 
between anode and grid by E1/2. The grid is therefore pulled 
very positive and E relay is energised at once. The relays 
are now in the same condition as they were after the initial 
delay while the current in V.305 built up sufficiently to 
energise relay D. The 95.T. ON" button can now be pressed to 
initiate the sequence outlined in pares. 79-81. 

The Power Unit Safety Circuits  

86. If the 80V. A.C. supply fails relay A is de-energised since this relay 
is energised by rectified A.C. Contacts A5/6 then open to break the 24V. 
D.C. supply for the other relays. The whole equipment is then switched 
off. A short circuit on the BOY. line will reduce the voltage across MR.300 
and so will cause the same result. 

87. If the 247. D.C. supply fails relays B, C, D, E and F are de-energised 
and the equipment is switched off. A short circuit on the 247. supply will 
burn the contacts 5/6 on A relay or reduce the energising current through 
relays B, C, D, B and F to switch the equipment off. 

88. T.300, the overload transformer, provides protection against overloads 
on the rectifiers. If some fault develops which results an an excessive 
load on any of the rectifiers, and hence, on the 80y. A.C. supply, the currant 
through the primary of T.300 is increased. This increases the output from 
the metal rectifier, MR.301, which is applied to the winding of relay A in 
opposite polarity to the output from MR.300. During an overload the increased 
output from MR.301 cancels out the output frau MR.300 to a sufficient extent 
to de-energise relay A. The 24V. supply is therefore cut-off and the 
equipment is switched off. 

The Modulator Fewer Pack 

89. Circuit details appear in figs. 55, 212 and 213. 

90. 80V. A.C. is fed through an interference suppressor to the primary of 
T.2 which supplies the heater voltage for the VU.133 voltage doubler rectifiers, 
V.1, V.2. T.1 primary is also fed with BOV. A.C. The secondary provides 
heater supplies for the other valves in the modulator. A separate winding 
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provides the input to a half-wave metal rectifier which develops a -100V. bias 
supply for the CV.73  trigger valve. This -100V. supply is also tapped down on 
a bleeder to secure the bias for the modulator safety valve, V.4. 

91. T.3 is the E.H.T. transformer. The 80v. A.C. supply to the primary is 
switched on by the modulator C relay in the anode of the trigger valve. When 
the power unit S relay is energised +300V. is supplied via 18/17 to the CV.73 
trigger valve anode. The flow of current results in the energising of the 
modulator 0 relay and 0/1 closes. If the switch*  8.1, on the modulator panel 
is down the 80f. S.C. input to T.3 primary is completed when the red light 
oomes up on the switch unit. The voltage doubler circuit develops a -4E7. 
output:which is fed to the blue W-uniplug an the modulator panel. Pram this 
plug a cable is taken to the indicator 184 to supply the P.P.I. bleeder. A 
parallel plug is available an the indicator to tap off an output for the Fishpond 

bleeder. Within the modulator the -44-V. supply is connected through the 
64H. choke, L.1, to the artificial line. It is this -4XV. pack which supplies 
the energy to the modulating pulse which is used to operate the magnetron 
transmitter valve. 

92. Since C relay mat be energised in the modulator before the 807. supply 
to the -48V. pack can be oompleted, and C relay current is the current passed 
by the trigger valve, V.7, it follows that 7.7 must be operating if the -48V. 
pack is to operate. It bee been pointed out that V.7 grid is biassed back 1 
the -100V. supply. It is necessary, therefore, that 7.7 grid be pulsed if 
C. relay is to be energised. This pulsing is provided by a positive-going 
20 microsecond pulse. The pulse is obtained by phase reversing the negative-
going 20 microsecond modulator priming pulse developed by the VT.601.7,6. 
V.5 end 146 actually form a multivibratow that develops the pulsing waveform 
for 7.7 grid. This multivibrator must then be operating in order that the 
-4KV. pads may operate. 

The Modulator Safety Circuits  

93. Circuit details are shown in fig•62• 

91,. V.A.prevides a safety circuit similar in principle to the-delay valve, 
V.305, in the power unit. V.4 is brought into operation whenever the 
modulator overload relay, A relay, is energised as the result of an overload on 
the -ay. pack. The full sequence is discussed in Chapter 5„ pares. 256 - 257. 

95. The safety valve will also cane into operation if a fault in the 12,3555 
causes the thermal relay to close. The sequence of events is discussed in 
Chapter 5, perast. 285 - 286. 

The Tuning Unit 207 and Indicator 184 Power Supplies  

96. These supplies are discussed in Chapter 4, pares. 203 - 207. 

The Mark ink Receiver Power Pack 

97. This power pack is discussed in Chapter 6, pares. 417 - 418. 

The TR.3555 Series Power Pack  

98. The local oscillator power pack is dealt with in Chap.6, para.. 389-398. 

Thd 12.3523 Power Pack  

99. Pull details of this pack are not yet available. 

The Fishpond Power Pack  

100. Details of the Fishpond power pack are given in Chap.10, paras.711-712. 

Amplifier Unit, A.3562, Power Pack  

101 	This pack is discussed in Chapter 9, pares. 583 - 585. 

Luxor. Power Pack  

102. betails of the power pack axe given in Chapter 14, paras. 1298-.1301. 
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W.F.G. Voltage Stabiliser  

103. This stage is discussed in Chapter 4, para.188. 

Receiver-timing Unit Voltage Stabiliser  

104. Details of this stage are discussed in Chapter 7, para. 487. 

Voltage Control Panels  

Types in Use in Bomber Command  

105. (a) V.C.P. TYPe 3 (513/1269) fitted with Bi regulator (94/1304) 
(b) 	Type 3 (50265) fitted with 24 regulator (5071504T). 

The 911/13047 regulator is a later model than the 5g/1304 and differs 
only in being fitted with a 50 Ohm trimming resistance. 

106. (a) V.C.P. Type 5 (50/363)  fitted with 83 regulator (513/364) 
(b 	Type 5 (5u/363)fitted with ES re (5U/364T). 

The 5q/364T differs from the earlier 50/364 in having a 50 Ohm trimming 
resistance fitted. The type E3 regulator is the one originally fitted to the 
V.C.P. Type 5. 
107. V.C.P. Type 5 (50/563) fitted with EU regulator (50/2544). 

The EU regulator should be fitted to all V.C.P.'s TYpe 5 used in E.2.8. 
installations. It is a modified type E3  and is being used pending full pro- 
duction of the Type E5. 

108. V.C.P. Type 5 (5U/363) fitted with E5 regulator (513/2274). 

The E5 regulator is to supersede the EU when available. 

The Type EU and E5 Regulators  

109. The circuit is shown in fig.40. 

110. The type EU and E5 regulators are improved versions of the type E5. 
embodying a stabilising circuit. The E5 employs a visual presetting device 
not incorporated in the EU. The stabilising effect is obtained by connecting 
a high resistance winding across the alternator field. This winding is 
enclosed with the main operating winding and a. series winding. The interaction 
of the high resistance shunt winding with the main operating winding prevents 
hunting of the regulator over reasonably wide limits of compression. The 
low resistance series winding is in series with the pile element. Its 
function is to compensate for the ampere turns of the shunt winding. 

111. Six terminals are provided instead of the normal four. In the EU 
this is achieved by adding a terminal block on the end of the regulator. 
In the $5 a new 6-way terminal strip is used. 

112. A 100 obm trimming resistance is fitted to facilitate final adjustment 
of the regulator. This permits variations in the output voltage of about 
+ or - 10V. 

113. These regulators can work as anti-hunting devices only if the feedback 
between the main coil and the shunt stabilising coil is always negative. The 
current flowing through the main coil is fixed in direction by the sense of 
the rectified output from the A.C. applied to the metal rectifier. The 
direction of the current through the shunt winding is fixed by the polarity 
of the.D.C. input to the V.C.P. If this is changed over the sense of the feed-
back is reversed from negative to positive. The result will be persistent 
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oscillation of the carbon pile. The manufacturer's wiring of the V.C.P. 
and regulators is such that Pin 1 should always be connected to the negative 
side and Pin 2 to the positive side of the D.C. supply. Pin 1 should be 
connected to the GREEN terminal of the regulator. 

114. To eliminate difficulty due to positive feedback and resultant carbon 
pile oscillation it is essential that all aircraft, bench andP.E. set 
installations be kept with Pin 1 negative. 

Voltage Measurements  

115. Measurement of the A.C. voltage output in a way that will give an 
indication of the D.C. output that will be obtained from the various power 
packs in radar equipments has always been a difficult problem. Thermal 
meters give the R.M.S. voltage value regardless of the waveshape, but the 
same R.M.B. value for different waveshapes will not necessarily result in the 
same D.C. output from the same power pack. A further difficulty of thermal 
meters is their tendency to become inaccurate. They become a reasonably 
safe measuring instrument only if regularly checked against a thermal meter 
which is well taken care of and kept as a substandard meter. 

116. The rectifier type meter will show a reading that depends on the wave-
shape of the alternator output and the rectifier in the meter. The wave-
shape of the alternator output will depend on the alternator and the nature 
of the load. A load containing a reactive component will result in a differ-
ent waveshape than a purely resistive load. Furthermore, the waveshape may 
be modified by the V.C.P. condenser. The D.C. voltage output from power 
packs will only be the same for a given rectifier meter reading an different 
waveshape alternator outputs if the power pack rectifiers are affected in the 
same way as the meter rectifier by the change in waveshape. 

117. The following table has been compiled from average readings as a 
guide and must not be assumed to hold invariably for a given combination of 
unite and meter. 

V.C.P. Alternator Thermal Meter MO 

Type 3 R 80 83.5 
TYPe 5 U 80 77 

This refers to the AVO Modal D, 75V. range x 2. 

Minor Voltage Adjustments  

118. Before making any voltage adjustments, allow time for any moisture 
on the pile to be dried out by leaving the regulator in operation. 

119. After approximately 120 hours use the voltage may rise slightly due 
to pile wear or shrinkage. 

120. FOr minor voltage adjustments use trimmers whenever these are fitted. 
Where no trimmer is fitted the core adjustment must be used. 

121. If after making trimmer adjustments the regulation is poor, the 
compression and core adjustment will have to be set up as outlined below. 

Setting Up a Regulator (All Types Except E5) 

Connect the V.C.P. to its dumpy load to avoid damage to 
equipment. 
Set the core adjustment' flush with the face plate. A fine 
adjustment is obtained by lining up the plinch marks of the 
core and the face plate. 

122. (a) 

(b) 
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(f) 

Set the trimmer in a midway position. 
Slack off the compression adjustment. 
Connect a voltmeter across the A.O. output. With the 
compression screw completely slackened off the alternator 
field circuit is brdcen. A small A.C. voltage of about 10V. 
will be observed due to the residual magnetism of the field.. 
If the compression adjustment is now advanced, the voltage 
should vary as Shown in fig.40a. The voltage rises rapidly 
to a peak in the region of 110V. Further rotation will 
result in a fall to a level where oscillation occurs, then a 
slow fall to acre minimwn. The oscillation will not appear 
when the EU regulator is used due to the negative feedback 
arrangements. The minimum will vary with different settings 
of the core and should be in the region of 757. Further 
rotation from the minimum point will result in a fairly rapid 
rise. The ccmpresaion adjustment should be set on the slowly 
falling side about 5V. from the minimum. If oscillation occurs 
during adjustment it should not be allowed to =aflame if damage 
to the carbon discos is to be avoided. 

110v 

80v 
75v 

      

   

OSCILLATION 
or 

PI LE 

OPERATING 
POINT 

      

      

Fig.40(a) - Clockwise Movement of Compression Adjustment 

(g) Check the A.O. voltage and make any required fine adjustment on 
the trimmer or an the core adjustment if no trimmer is fitted. 
If large core adjustments are necessary the position of the 
compression adjustment must be rechecked as outlined above. 

Regulation Cheek 

123. Switch off the V.O.P. and alternator. Restart and Sneak regulation 
under varying speeds between 3000 and 6000 	Vary the load by means 
of dummy or equipment loads. Voltage variations Should not exceed + or - 3V. 

Setting-Up the Type 115 Regulator  

1211. The voltage output of these regulators is adjusted by the trimmer. 
If a correct voltage cannot be thus obtained it must be assumed that the 
regulator is out of adjustment. The following adjustments should be made 
using a visual presetting device. 

125. ♦ spring-loaded movable arm, situated on the flange but insulated 
from it, makes contact with a flat disc fixed to the armature spring assembly. 
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It is arranged that the movable arm breaks contact with the disc at the 
point of correct compression. To obtain a visual indication a low voltage 
lamp and leads are used. One lead is connected to the terminal of the 
movable arm on the flange and the other to a convenient point on the frame. 
If the lamp lights the carbon pile is under-compressed. The locking screw 
should be slackened off and the compression screw turned till the light is 
just extinguished. The compression is then back to the manufacturer's 
setting. The locking screw is then tightened. 

126. Should the regulator still prove unstable it must be returned to the 
M.U. for repair. The core must not be touched. 

127. These regulators are carefully adjusted by the manufacturer and sealed. 
It should be possible to compensate for all normal wear due to "pile shrinkage" 
by use of the trimmer. 

128. The current through the main operating coil should be about 140 ma. 

V.C.P. Changeover Panel in 'gum:aster Aircraft  

129. Several cases of V.C.P. damage have occurred through the use of 
incorrect changeover procedure in the air. The navigator's alternator field 
switch must be in the "OFF" position before moving any of the plugs on the 
panel. If this is not done, it may result in having the field of are alter-
nator connected to one V.C.P. and the armature of the same alternator 
connected to the other V.O.P. There is then no regulation of the alternator 
output. The resulting voltage increase may destroy the rectifier and coils 
in the second V.C.P. 

The Alternator Type R  

130. (a) At speeds between 3000 and 6000 r.p.m, this alternator, when 
used in conjunction with a V.O.P. Type 3, should give a full 
output of 6.25 amperes at 80V. R.M.S. to a non-inductive load. 
The frequency range over these speeds is 1300 - 2000 q/e. 

c The normal field current should not exceed 2 amperes at 28V. 

Maintenance  

131. (a) At intervals of 120 flying hours the outer bearing caps should be 
removed and the felt lubrication pads soaked in oil (34A/80). 
A little oil should be applied to the bearing itself. 

(b) The bearing caps are secured by 6 small hexagonal nuts at the 
driving end and 3 similar nuts at the outer end. 

Alternator Type U 

132. As for the type R, except that a current of 12 amps. can be supplied. 

Modification to Y.C.P. Type 5  

133. When the radar load is removed from the V.C.P., there is a tendency for 
the A.C. voltage to rise. To counteract this the carbon pile goes out to 
its extreme limits. This may result in damage to the carbon pile. To 
reduce the risk of such damage a 31 ohm resistor is fitted in parallel with 
the alternator field. 
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CRAFTER 11. - TEE R.2.S. TNEBASE CIRCUITS 

Introduction 

134. In Chapter 1 it was pointed out that two displays were used in R.2.S. 
proper. The first one disousaed was the height tube display which employs a 
vertical scan running frau the bottom to the top with a deflection type of 
presentation. This display is used for measurement of height by setting the 
height marker to the beginning of the ground echo, for honing on beacons, and 
for setting-up purposes. It is also very useful as a monitor tube for fault 
finding. 

135. It was also pointed out in Chapter 1 that the main display uses a 
P.P.I. presentation to show target indications in the form of a relief map 
where strong returns fit rugged coastlines and heavily built-up areas show 
as bright patches, while water shows up nearly black against the background 
luminosity produced by the general ground returns. The following features 
of this display were pointed outs- 

(a) In order that the centre of the display may represent the 
point on the earth's surface directly below the aircraft 
for all aircraft heights, the timebase circuit must be 
triggered by the height marker which must have been set to 
the beginning of the ground echo. The scan will then start 
at the tube centre when the ground echo reaches the aircraft. 

(b) The timebase must be synchronised with the transmitter and 
therefore gives one sweep for every transmission, i.e. 670 
sweeps per second or sweeps at 1500 miorosecond intervals. 

(c) The timebase must be nonlinear in order to obtain a 
distortion-free display, i.e. a display in which target 
indications appear at distances from the centre which are 
proportional to their ground range. 

(d) In order that this freedom from distortion may be obtained 
at all aircraft heights it is necessary to make a correction 
for height. This is done by means of a distortion corrector 
control an the indicator panel. 

(e) the radial fleabane sweeps move around the face of the tube 
in synchronism with the rotation of the scanner. If the 
scanner rotates at 1 r.p.s. the timebase makes 670 radial 
sweeps per revolution. These sweeps must then owl= at 
intervals of * or slightly more than* degree. For 

faster scanner speeds the interval will be greater whim:hay 
tend to give the display a pleated effect. 

(f) A scammetker switch on the switch unit can be set to give 
three different velocity scans and, hence, different ground 
range coverages. The available ground range coverages are 
approximately 10, 20 and. 40 statute miles. 

(g) By setting switches on the indicator and heading control 
unit to "Course" and using a.setting knob, the brightened-up 
timebase sweeps occurring at the instant the scanner goes 
through the dead-ahead position can be made to appear at any 
bearing on the display. By setting the bearing ring to the 
aircraft course and adjusting the setting knob until the 
brightened-up timebase sweeps (or heading marker) coincide 
with the bearing pointer, it is arranged that the bearing 
along which any sweep takes place is the bearing of the 
direction in which the scanner is then looking, referred to 
the top of the display as North. Target indications will 
then appear at the correct bearing on the display and the 
H.2.S. map is correctly set. 

(h).  If the heading control unit switch is set to "Auto" the D.R. 
compass is linked into the installation to keep the map 
correctly set as the aircraft alters course. 
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Outline of the Timebase Circuits  

136. (a) Fig. 42 gives the major sub-sections in the development 
of the timebases in block schematic form. 
Figs. 41 and 46 give the major circuit details. 
Figs. 43, 49, 50 and 54 display the primary waveforms. 

(4) Fig. 44 shows the principle of the magslip. 
(431 ) Fig. 45 shows the type  of non-linear timebase velocities 

used for the P.P.I. timebase. 

The Master Multivibrator 

137. V500 and V501 in the waveform generator form a cathode-coupled master 
multivibrator free-running at approximately 670 q/s. When the scan-marker 
switch on the switch unit is operated one of the results is a switching of 
circuit components in this stage. When this switch is set for scans of 10, 
20 and 40 miles, respectively, the multivibrator delivers a square wave at the 
anode of V501 with proportions as follows:- 

Scan Negative Positive Period 

10 mile 
20 mile 
40 mile 

24.0ius 
7202us 

1200/us 

1250/u.s 
780>us 
300/us 

1500/us 
1500/us 
15002me 

An antiphase square wave appears at the anode of V500. 

The switching Valve, V502  

138. The master square wave from V501 anode is applied to V502 diode anodes 
and serves to cut the triode section of V502 an and off. airing the negative 
part of the master square wave input the triode conducts and the anode of V502 
tends to fall exponentially. During the positive part of the master square 
wave the triode part of V502 is cut-off and the anode tends to rise exponentially 

The Lineariser, V503  

139. If V503 is removed a large amplitude exponential rise and fall can be 
observed at V502 anode but when V503 is inserted only a small waveform is 
observed. 

140. Outputs from V502 anode are applied to both grid and cathode of V503. 
The cathode input serves as a form of negative feedback. Additional negative 
feedback is applied to the grid of V503 fran its anode. These negative feed-
back arrangements are employed to produce a linear aawtooth at V503 anode. 

The Bass Boost Valve?  V504 

141. The output impedance of V503 is so high that the sawtooth cannot be 
applied to a low impedance cable fran V503 anode. V504 is used as a negative 
feedback amplifier to provide a low impedance output that can be matched to a 
low impedance cable. To allow for the fact that low frequency losses are 
experienced in subsequent stages a discriminating negative feedback is 
employed. This is achieved by feeding back fran anode to grid through two 
.0015 condensers in parallel. The sawtooth with a recurrence frequency of 
670 q/s. can be regarded as being synthesised Pram a 670 c/s. sinewave with 
harmonics of suitable amplitudes and. phases. A capacity of .003 microfarads 
will offer low impedance to the high frequency components but high impedance 
to the low frequency components. The impedance at 1000 q/s. is greater than 
5Z. Hence, the negative feedback in the low frequency range of the eawtooth 
components is less than at the higher frequencies. V504 will therefore tend 
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to give greater amplification to the low-frequency conponenta than to the 
high frequency components. The subsequent low frequency losses are thus 
provided for before they oocur. The stage comprising V504 and the trans-
former T501 therefore performs two functions: - 

(a) Anticipates low frequenoy losses by providing excess low 
frequency amplification at "bass boast". 

(b) Serves as an impedance transformer by mean of which 
a push-pull sawtooth of about 50 volts amplitude from 
a centre-tapped secondary can be applied to a low 
impedance (20 Ohs) cable far transfer to the magalip in 
the scanner. 

Synchronisation  

:42. The transformer T501 also provides another eawtooth output, which swings 
between about -150 v. and earth, from another secondary winding earthed at the 
high end. This output is used to develop a bright-up square wave and the 
transmitter-timing pulse. the locking of the bright-up waveform and signals 
to the timebase is accomplished by using the master multivibrator to develop 
both the sawtooth which produces the timebase, and also the sawtooth which is 
used in the development of the bright-up and transmitter-timing waveforms. 
The tranamitter-timing pulse is also used to develop the waveform which is 
used to trigger the height and range markers so these also are locked to the 
timebase. 

The Height Tube Timebase  

14.3r The timebase sawtooth output from T501 divides at the waveform generator 
panel. One output is taken from a two-pin plug to the Indicator 164 where it 
is applied to the primary of a sawtooth transformer. This transformer amplifies 
the sawtooth about six times to give approximately 300 volts push-pull across 
the Y-plates of the height tube for the linear height tube time-base. 

144. As the transmitter fires at approximately the centre of the sawtooth 
the first half of the height tube scan is of no part molar interest. A 
vertical shift control is provided by means of which the useful part of the 
scan can be mans to caomence near the bottom of the height tube. As was 
pointed out earlier*  the I.P. amplifier is suppressed for a 20 microsecond 
period, terminating approximatelyat the end of the main transmitter pulse. 
This 20 microsecond quiescent period shows as a noise-free break on the height 
tube display. The position an the scan of this suppression break can be 
varied over a limited range by means of a screw-driver preset on the front of 
the receiver-timing unit. If this suppression control is correctly adjusted 
the height tube display will show just the "tail" of the transmitter pulse as 
a small blip to the right at the end of the suppression break. This "tail" 
indicates the approximate position of the time zero on the asactooth, i.e. when 
the transmitter fires. When the height tube vertical shift control is ad-
justed to bring the suppressior 11,-eak as nearly as possible to the bottom of 
the tube the maximum useful n 	coverage will be provided. The approximate 
coverages available for the different settings of the scan-marker switch are 
as follows:- 

Position Eurati on of Sastooth 
Range Coverage 
Statute Miles 	_ 

10/10 240 microseconds 8 miles 	ground) 
10/20 720 	" 30 miles 	slant 
30/20 720 	" 30 miles 	slant 
100/20 720 	" 30 miles 	slant 
100/40 1200 	" 50 miles 	slant 
100/4.0-80 1200 	a 40-90 miles 	slant 
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145. When the scan-marker switch is in the 100/140-80 position the trans-
mitter fires approximately 500 microseconds ahead of the centre of the saw-
tooth. The suppression break will then be off the tube and the first signals 
that can be displayed will be fran about 40 miles away. This position of the 
scan-marker switch is used when Lucero is being used with honing beacons. 

The Masotti)  

146. A second sawtooth output in parallel with that taken to the indicator 
for the height tube is taken to the scanner via Pins 2 and 6 on the GA plug. 
This sawtooth is applied to the rotor of a magslip or rotary transformer. 
The magslip has two stators in which the rotor induces sawtooth voltages which 
are 90P out of phase and whose amplitudes are always such that the resultant 
of these two components, when they are added vectoriafly, will be a sawtooth 
of the same amplitude as that applied to the rotor. When the rotor is making 
full coupling with Stator 1 it makes zero coupling with the Stator 2. The 
output from Stator 1 is then equal to the input voltage and the output from 
Stator 2 is zero. If the magslip rotor now turns through 900  the output fret 
Stator 1 drops to zero while that from Stator 2 rises to a maxim= equal to 
the input voltage. During the next quarter turn the output from Stator 2 
drops to zero while that from Stator 1 rises from zero to a maximum in the sense 
opposite to that at the commencement of the turn. During the third quarter 
turn the output fran Stator 1 falls to zero while that of Stator 2 builds pp 
from zero to a madman in the reverse sense to that which it had at the end of 
the first quarter turn. During the final quarter turn the output fran Stator 2 
falls to zero again while that of Stator 1 builds up from zero to &maximum in 
the same sense as when the turn camuenced. The magalip rotor is geared to the 
scanner shaft and rotates in synchronism with the scanner at all times. Hence, 
as the scanner turns, the magalip stators are developing sawtooth outputs which 
fulfil the following csonditicns: - 

(a) Each goes through the following cycle for one turn of the rotor: 
(i) Zero to maximum in one direction. 
(ii) Maximum to zero. 
(iii) Zero to maximum in reverse direction. 
(iv Maximum to zero. 

The two outputs are always 90P out of phase. 
(c) The maximum amplitudes are equal to the rotor input voltage. 
d The vector sum of the outputs is always equal to the rotor 

input voltage. 

147. The sawtooth outputs from the magalip stators are taken from the scanner 
direct to the Indicator 184. if Fishpond is not used, and to the Junction Box 
Type 222 if Fishpond is included in the installation. In the latter case 
parallel outputs are taken from the Junction Box Type 222 to the Fishpond 
Indicator and the H.2.S. indicator. It is the use of this sawtooth output 
to develop the timebases for both the H.2.5. P.F.I. display and the Fishpond 
F.P.I. display that serves to synchronise these displays. 

Timebase Working Strokes  

148. In para.137 the durations of the positive and negative-going phases of 
the master square wave were listed. In para.138 it was noted that the master 
square wave was used to cut 1130e triode an and off to produce a falling ex-
ponential at 11502 anode during the negative phase of the master square 'gave 
and a rising exponential during the positive phase. In para.140 it was pointed 
out that V503 served to linearize these expcnentials and develop the actual 
sawtooth. The working stroke of the sawtooth, i.e. the part used for the 
development of timebases, is the part corresponding to the negative part of 
the master square wave. The stroke occurring during the positive part of the 
master square wave produces the flyback in all the timebases. From the data in 
para.138 it follows then that the available working strobe durations are 240, 
720 and 1200 microsecoMs. The reason for these time values arises out of 
the design of the indicators used in earlier Marks of H.2.5. ln these earlier 
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indicators 10, 30 and 50 mile linear scans were used which carried the cathode 
ray tube electron beam across a tube diameter on the working stroke of the 
sawtooth. The first half of this stroke was blacked out to leave only the 
second half of the sweep effective, i.e. an effective radial timebase was 
employed. The echo times for 10, 30 and 50 miles would be 107, 321 and 535 
microseconds respectively. It is apparent then that working strokes of 240, 
720 and 1200 microseconds duration would be, when halved, of ample duration 
to carry the spot fran centre to circumference in these echo times without 
employing the peaks of the sawtooth voltages which tend tote rounded off. 

Shaping of the P.P.I. Timebase  

149. The varying amplitude linear sawtooth voltages from the magslip stators 
are used to develop the non-linear radial scans used on the H.2.S. P.P.I. The 
10, 20 and 40 mile scans are developed from the 240, 720 and 1200 microseconds 
working strokes, recpectively. Before proceeding to study how these linear 
sawtooth voltages are used to develop non-linear timebase voltages it may be 
profitable to consider what type of waveform is required. We know that the 
scans are to meet the following conditions:- 

Commence when the height marker forms which involves some 
form of triggering by the height marker. 
Have such velocities that target indications will appear 
at distances from the centre proportional to their ground 
range for all aircraft heights. 
Provide ground range coverage of approximately 10, 20 and 
40 statute miles. 

suppose we consider an aircraft at a height of 4  miles using an indicator 
that provides the desired type of scans an a tube of 2i" radius. Curves 1, 
2 and 3 in Pig.45 show the type of velocity curves that would be required. 
The data used for constructing these canes is shown in the accompanying 
table. Column 1 lists target ground ranges from 0 - 40 miles; columns 
2, 3, and 4 list the distance from the centre at which indications from 
targets at these ranges should appear to make distance from centre propor-
tional to ground range. Column 5 gives the slant range corresponding to a 
height of 4 miles and the ground range in column 1. Since the speed of radio 
waves is 10.7 microseconds per mile return we can determine the corresponding 
echo times by multiplying the slant range by 10.7. These echo times, re-
presenting the time interval between the instant the transmitter fires and 
the instant the echo returns to the aircraft, are shown in column 6. Since 
the electron beam must not leave the tube centre until the height marker forms, 
i.e. when the ground echo returns, the time of travel of the cathode ray tube 
spot is found by deducting from the echo time the echo time for the grand 
echo. For a height of 4 miles the echo time for the ground echo is 4 x 10.7 = 
42.8 microseconds. Deducting this value from each figure in column 6 we 
obtain the figures in column 7. If we now plot the values in column 2, 3 
and 4 as ordinates, against those in column 7 as abscissae, we obtain curves 
1, 2 and 3. These cones show how the cathode ray tube spot must move on 
each of the three scans, to be at such a distance from the centre when any 
echo arrives to brighten up the sweep, that the indication is at the desired 
distance from the centre. The steepness of the curves at the beginning of 
the sweep indicate that the spot must move very rapidly at first. The spot 
then gradually slows down to a nearly constant speed since the curves become 
nearly straight lines, indicating an almost constant velocity. The develop-
ment of waveforms of this shape is achieved by amplifying the linear aawtooth 
outputs from the magslip stators by means of transformers, then differentiating 
these amplified sawtooth waveforms to produce square waves which are applied 
to two charging C.R. combinations. The timebase developments are indicated in 
the block schematic, Pig. 42. The actual components can be seen in the circuit 
diagram Fig.46. The differentiation of the sawtooth from the secondary is 
done by C4, R4, and C3, R3 performs the same function for the sawtooth on the 
secondary of T3. The square wave appearing at the top of 114 serves as a 
rharving voltage for the network formed by C10, 012, 013, VIA, VR5, R4. 
Similarly, the square wave appearing at the top of R3 serves as a charging 
voltage for the network formed by C17.  C18, 019, VR6, VR7, R3. 
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Differentiation of a Sax tooth  

150. The development of a square wave by differentiation of a sawtooth may 
seem puzzling to the Radar Mechanic who is accustomed to the differentiation 
of rectangular waveforms to produce pips. The subject may perhaps be most 
simply approached by recalling the nature of both square and sawtooth waveforms. 
try such waveform may be synthesised from a fundamental sinewave of frequency 
equal to the p.r.f. of the waveform, plus harmonics of this fundamental sine-
wave of correct amplitudes and relative phases. The steeper the edges of a 
waveform, the greater the proportion of high frequency campanents. A square 
wave, therefore, has a higher proportion of high frequency ccmpanents than a 
sawtooth of the same p.r.f. When any waveform is applied to a differentiating 
circuit consisting of a small condenser and large resistor, the resistor offers 
equal impedance to all frequencies but the condenser offers an impedance which 
decreases as frequency rises. The voltage developed across the resistor will 
then be a higher proportion of the applied voltage for the high frequencies 
than for the low frequencies. The voltage appearing across the resistor (and 
anything else in series with it) will thus tend to be squared (fig.48). The 
amplitude will be reduced, due to the loss of the greater amplitude low 
frequency components across the small condenser. Ale thus obtain from the 
sawtooth input to 03 a squared wave whose voltage appears across R3 and the 
C.R. network in series with it. The same result is produced across R4 and 
its series C.R. network by the sawtooth applied to 04. 

Action of the Distortion Corrector Control  

151. Curve 4 has been included to dhow how a change in aircraft height 
influences the shape of the timebase waveform that is required to maintain a 
display with constant ground range coverage, i.e. which keeps the target 
indications of a given ground range at the same distance from the tube centre 
as slant range changes. Column 8 tabulates slant ranges for an aircraft 
height of 3 miles and column 9 tabulates the 'corresponding echo times. For 
a height of 3 miles the ground echo time is 3 x 10.7 or 32.1 microseconds. 
The times of travel for the cathode ray tube spot are found by deducting 32.1 
microseconds from the echo times. These values are shown in column 10. 
Plotting the values in column 2 against those in column 10, gives curve 4. 
It can be seen from the curve and from the figures in column 10, that the 
spot has longer time intervals in which to travel the same distance than when 
the height is 4 miles. Hence, as the aircraft height decreases the velocity 
must be decreased. These changes are achieved by varying the setting of the 
potentiometers in the two charging C.R'a by means of the distortion corrector 
control. The pointer of this control tracks across a scale which is cali-
brated in intervals of 5,000 feet of height. When set to the aircraft height 
the potentiometers in the charging 0.R's are set to the value which will give 
a charging waveform of the required shape. The potentiometers VR4,  VR5, 
VR6, VR7 are ganged and move together when the distortion corrector control is 
operated. 

Developing the P.P.I. Timebase  

152. The method of employing the charging curves developed when the square 
waves obtained by differentiating the linear sawtooth waveforms are used as 
charging voltages on our two charging C.R. networks, is implied in the block 
schematic. The details are shown in the circuit diagram Pig.46 and waveforms 
in Figs. 50 and 54. The charging waveforms, correctly shaped by the design 
of the charging C.R. network, are applied to the grids of V6 and V8. V6 and V7 
form a cathode-coupled paraphase amplifier which develops amplified antiphase 
versions of the charging waveform applied to V6 grid, at the anodes of v6 and V7. 
These antiphase outputs provide the push-pull tinebase waveform applied to the 
I-plates of the P.P.I. VREI controls the gain of this stage so serves as an 
I-amplitude control. VS and V9 form a similar paraphase amplifier which feeds 
antiphase waveforms of the requisite shape to the Y -plates and VR11 serves as 
a Y-amplitude control. 

153. Since the outputs of the magslip stators are always 9CP out of phase 
the charging square waves obtrinad by differentiating the sawtooth wave forms 
are likewise 9CP cut of phase. Hence the charging waveforms on the grids of 
V6 and V8 are 900  oat of phase. This means that the push-pull voltage applied 
across the X-plates is always 9C0  out of phase with the voltage simultaneously 
appearing across the 'I -plates. Suppoae that at some instant the magslip rotor 
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makes full coupling with the stator that feeds T4. It will then be making 
zero coupling with the stator that feeds T3. Hence we have the maximum 
amplitude sawtooth on T4 primary, and hence the mavimcm  charging square wave 
applied to the charging C.R. at V6 grid. We will then have maximum amplitude 
antiphase waveforms at the anodes of V6 and V7. Since the rotor is now making 
zero coupling with the stator that feeds T3 the sawtooth applied to T3 primary 
has zero amplitude. Hence there is no charging square wave to operate on the 
charging C.R. at V8 grid and no output from the anodes of V8 and v9. The 
cathode ray spot is then subject only to a timebese voltage across the X-plates. 
Let us assume that the sense of this deflection is such as to cause a horizontal 
sweep from the centre to the right. During the next quarter turn of the mag-
slip rotor the sawtooth input to T4 drops to zero while the input to T3 rises 
to a maximum. We will now only have a charging square wave on V8 grid and a 
deflecting voltage only across the Y-plates. This will be of such a sense as 
to carry the spot from the tube centre downward. A quarter turn later there 
will be zero amplitude charging square wave for V8 and a maximum amplitude 
square wave for V6 but in the reverse sense. The spot will therefore travel 
horizontally fran the centre to the left. At the end of another quarter 
turn it will be travelling vertically upward from the centre. When the magslip 
stator is making a partial coupling with both stators there will be charging 
square waves for both charging C.R's. These will be 90° out of phase since 
the sawtooth voltages from which they are produced are 900  out of phase. The 
amplitudes of these square waves are such as to produce charging waveforms on 
the grids of V6 and V8 whose vector sum is equal to the maximum amplitude 
appearing at either grid. The vector sum of the outputs fran both paraphase 
amplifiers will therefore always be equal to the maximum amplitude applied 
across either set of plates. Hence, the amplitude of the radial scan should 
remain constant as the scanner and magslip turn and cause constantly varying 
amplitudes across the X and Y plates whose vector sum gives a resultant scan 
that rotates in synchronism with the scanner. This is not quite true because 
the X and Y plates have different sensitivities. 

Development of the Different Scans  

154. The next point to consider is how altering the setting of the scan-marker 
switch, and hence the proportions of the master square wave and sawtooth output 
from the magslip stators, serves to develop different velocity timebaees on the 
P.P.I. To deal with this question we must first consider what determines the 
rate at which the grids of V6 and V8 rise or fall when a charging square wave 
acts on the charging C.R's. As in a simple C.R., the charging rate depends on 
the charging voltage. Hence the greater the charging voltage provided by the 
charging square wave at the instant the height marker forms, the greater will 
be the rate at which the grid potential changes due to the charging of the G.R. 
If the square waves resulting from sawtooth differentiation are examined at 
the junction of C3, R3 or C4, R4 for any position of the scanner it will be 
observed that the square wave amplitude developed by the 240 microsecond saw-
tooth is greatest, that developed by the 1200 microsecond sawtooth canes next and 
that from the 720 microsecond sawtooth is smallest. On the face of things this 
seems rather contradictory to what we might intuitively have expected. We 
must remember that as the scan-marker switch setting is varied to produce 
different scans, relays in the waveform generator switch circuit components in 
the master multivibrator and switching valve stages. The effect of these 
changes gives us sawtooth waveforms with different working strokes but constant 
p.r.f's and nearly constant amplitudes. We may, therefore, regard our saw-
tooth waveforms as being made up by the synthesis of the same fundamental 670 
o/s. sinewave and its harmonics. The differences consist in different 
amplitude and phase relations between these harmonics. It was pointed out 
earlier that the steeper the edges of a waveform the greater the proportion 
of high frequency components present. The 240 microsecond sawtooth has a 
working stroke of 240 microseconds and the 1200 microsecond sawtooth has a 
flyback of 300 microseconds. These waveforms have, therefore, a higher pro-
portion of high frequency components than the 720 microsecond sawtooth which 
has a 720 microsecond working stroke and 780 microsecond flyback. Since the 
condensers C3 and 04 cause low frequengy losses, the 720 microsecond waveform 
is affected more than the other two as it has the greatest proportion of low 
frequency components. Hence, we get the maximum amplitude square wave from 
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the 240 microsecond sawtooth which has the lowest proportion of low frequency 
components and the next greatest amplitude from the 1200 microsecond sawtooth 
with the 300 microsecond flyback, since it has the next lowest proportion of 
law frequehoy components. 

155. we have accounted for the unexpected relationship between the amplitudes 
of the charging square waves, but we must still account for the fact that the 
smaller square wave from the 720 microsecond sawtooth provides a greater 
charging voltage and develops a higher velocity scan than the greater amplitude 
square wave from the 1200 microsecond sawtooth. The Radar Mechanic knows 
that when, a waveform is passed through a condenser it centres itself about the 
D.O. level to which the condenser leak is returned. For 03 and 04 the leaks, 
R3 and R4, are effectively returned through the clamping diodes to about -100V. 
The square waves will then be centred about this level, i.e. the part of the 
waveform area above this level must be equal to the portion below it. For 
the narrow charging square wave developed from the 240 microsecond sawtooth 
the major part of the square wave amplitude will be above the -100v. level so 
we have a high effective charging voltage, since the charging voltage is fixed 
by the potential difference between the mean and peak levels. The mean level 
of the square wave from the 1200 microsecond sawtooth will be well up on the 
waveform because the charging square wave has a width of about 4/5 of the 
waveform. Hence, the actual charging voltage is relatively low, although the 
square wave amplitude is great. The square wave developed from the 720 micro-
second sawtooth is roughky symmetric hence its mean level is near the centre 
and the charging voltage is roichly equal to half the amplitude. This pro-
vides a considerably greater charging voltage than that furnishedhy the 1200 
microsecond sawtooth. 

156. When the scan-marker switch is set to the different scan positions we 
then apply such charging voltages to the charging networks that our 240 micro-
second sawtooth develops anon-linear scan whose velocity is such as to give 
approximately 10 miles ground range coverage, the 720 microsecond sawtooth 
develops a 20 mile coverage, and 1200 microsecond sawtooth develops a 40 mile 
coverage. 

The Diode Clamping circuit  

157. The next problem we must consider is how it is arranged that the 
height marker should start the radial sweep of the timebsse from the tube 
centre. This is accomplished by means of the phantastron stage, V2, and the 
diode clamping circuits of V3, Mi. and V5. The common point of the secondaries 
of T3 and T4 and the common point of the diodes Via and V3b are tied to a point 
which is held at about -100 volts by means of a bleeder network between -300 
volts and earth and decoupled by C11 + 014. The components in this bleeder 
are R28 and 7R9, TRIO and R25. The anodes of the diodes Via, V4a and V5a 
are strapped, as are the cathodes of V3b, V4b and V5b. The controls, V112 and 
vR3, can be used to adjust these strapped lines to approximately -100 volts. 
Since the grid of V8 is tied to the common point of V4a and V4b, and the grid 
of VS is tied to the common point of 15a and V5b, these grids cannot shift 
from the -100 volt level as diode conduction will occur in one diode section 
if the grids try to rise, and in the other section if the grids try to fall. 
Hence the charging square waves applied to the Ca's on the grids of V6 and V8 
will not cause any movement of these grids while the diodes are able to con-
duct. We say, therefore, that the diodes are clamping the grids. 

The Phantastron 

158. V2 is a phantastron stage. A phantastron is essentially a care-'valve 
flip-flop which develops antiphaze square waves at the screen and cathode. 
In its stable state the cathode current raises the cathode potential sufficient-
ly high to cut off the anode current by means of suppressor bias since the sup-
pressor is returned to earth through the transformer, T2. All the cathode 
current is then passing to the screen which is at its minimum potential to 
the cathode is at its maximum potential. The diode V1 limits the potential 
to which the anode can rise to the value at the junction of R64 and 265. 
When V2 is in this stable state, the strapped diodes anodes and cathodes 
should both be at about -100 volts. If the height marker (amplified by T2 to 
about 20 volts) is now applied to the suppressor, it over-rides the suppressor 
bias sufficiently to cause a sharp flow of current to the anode. The screen 
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potential then rises sharply and carries up the strapped diode cathodes. 
At the same time the fall at the anode is transmitted via C.5 to the 
grid_and the cathode current diminishes. 	The cathode potential now falls 
sufficiently to remove the suppressor bias after the height marker ends. This 
sharp fall at the cathode, which is coincident with the rise at the screen, 
pulls down the strapped diode cathodes. The six diode sections are thus cut 
off simultaneously when the height marker forms. Since the grids of v6 and 
98 are now unclamped, the charging square waves are now able to act on the 
charging C.R's and develop waveforms on the grids of 96 and 18 of the required 
non-linear type. These, as discussed previously, are mnplidied by the pars-
phase amplifiers to develop the push-pull voltages applied to the deflecting 
plates which produce the radial timebase sweeps. The radial timebase therefore 
canmences its sweep when the height marker forms. If the height marker has 	' 
previously been set to the beginning of the ground echo the sweep begins when 
the ground echo reaches the aircraft. The centre of the display now represents 
the point on the earth's surface directly beneath the aircraft. 

159. The height marker which is used totrigger the phantastron is developed 
in the receiver-tieing unit. It is brought out from the receiver-timing unit 
at the white lye plug. If Luoero is not included in the 11.2.5. installation 
a Eye cable takes the height marker directly from the white Eye plug on the 
receiver-timing unit to the yellow Pye plug at the indicator. If Lucero is 
used ane cable goes from the white Pye plug on the receiver-timing unit to the 
white Pye plug on Lucero. A second cable from the yellow Pye plug on Lucero 
to the yellow Eye plug an the indicator then completes the channel. 

160. The grid of V2 is returned through R5 + R6 to the junction of R64 + R65. 
When V2 is in its stable state the grid will rise until its potential is just 
above that of the cathode. Grid current will then flow until the voltage 
drop developed across R5 + B6 holds the grid just slightly above the cathode. 
When the arrival of the height marker on V2 suppressor twitches part of the 
screen current to the anode, the fall at the anode carries the grid down until 
an equilibrium point is reached where a further fall at the grid results in a 
reduction of anode current which tends to make the anode rise. The reason 
why the grid can fall considerably and the anode current increase simultaneously, 
is the fact that the reduction of the cathode current by a falling grid, potential 
drops the cathode potential and so removes the suppressor bias. This causes 
the anode current to increase at the expense of the screen current. Renee, 
although the cathode current has dropped the anode current has increased. 
When the equilibrium point is reached*  electrons leak away from the lower plate 
of 05 through R5 + R6 thus causing the grid potential to rise. The cathode 
current therefore rises and the cathode follows up with the grid. The anode 
current then tends to rise and cause a further flo►  of electrons to the top 
plate of 05. Since this flow is slower than the leak-away from the lower 
plate of 05 the grid and cathode potentials rise slowly in accordance with the 
net rate of discharge of 05 through R5 + R6. The anode meanwhile continues to 
fall because of the slam rise in anode current as the grid potential rises. 

161. This stage continues until the cathode potential has risen sufficiently 
to again bring suppressor bias into operation and cause a reduction of anode 
current. This reduction causes the anode to rise and carry the grid and 
cathode up together to increase the suppressor bias still further. The cycle 
is cumulative so the anode current is quickly cut off by suppressor bias; the 
cathode and grid rise to their stable state levels, and the screen falls to 
its stable state level. The diodes are now again conducting so the grids 
of V6 and V8 are quickly returned to their clamped level. The paraphrase 
amplifiers are now passing a steady current since the grids are stationary, 
and the anode potentials are therefore stationary. Since the anodes of the 
paraphase amplifiers are directly coupled to the 	deflecting plates the 
cathode ray tube spot will return to a position determined by the static poten-
tials at the amplifier anodes. By suitably adjusting the grid potentials of 
V7 and V9 by means of the controls VR9 and VR10, these anode potentials can 
be adjusted. to centre the spot, i.e. to have the radial scans start at the 
tube centre. wip is therefore the X--shift and IMO the Y-shift. 



C.D.0896L 

162. The grids of V6 and V8 are unclamped for the period that V2 passes 
anode current, i.e. until the leak-away at V2 grid has increased the cathode 
current sufficiently to bring suppressor bias into operation again. This 
period is determined by the C.R. of C5 R5 and lasts about 1000 microseconds, 
allowing ample time for the completion of even the slowest scan. Since the 
height marker p.r.f. is the same as that of the master multivibrator it occurs 
at 1500 microsecond intervals. As the grids of V6 and V8 are unclemped for 
1000 microseconds they must be clamped for a 500 microsecond period before 
the height marker forms. 

Effects of VR2 and VR3  

1.63. So far the only mention made of the controls VR2 and VR3 has been to 
state that they can be used to set the D.C. levels at which the strapped 
diode anode and cathode lines sit to about -100 volts. From Fig.46 it can 
be seen that we have a bleeder network between +300 volts and -300 volts 
formed.by VR15, ES, 29, RI6, R17, VR3. Altering VR3 will then vary the total 
resistance in the bleeder and hence the bleeder current. This change in 
bleeder current will cause a variation in the D.C. potential at the junction 
of ES and R16, i.e. the potential to which the strapped diode cathodes are 
tied. At the same time there will be a variation in the D.C. potential 
applied to V2 screen. VR2 appears in a bleeder network between -300v. and 
earth, made up of R12, 227, R14, 215, VR2, R10, R13. Altering VR2 alters the 
equivalent resistance and hence the bleeder current. Hence, by varying VR2 
the D.C. potential to which the strapped diode anodes are returned can be 
varied. Simultaneously the D.C. potential to which V2 cathode is returned 
will be altered. Hence VR2 and VR3 appear to do two things simultaneously:- 

Vary the operating conditions of the phantastron, V2. 
Vary the potentials to which the strapped diode anode and 
cathode lines are returned. 

Action of V3  

164.. Let us suppose that the common point of V3a and V3b is returned to 
approximately -100v. and the D.C. potential of the strapped cathodes is more 
negative than this value. V3b will then pass current until the diode current 
flowing through the bleeder network raises the potential at the junction of 
R8 and R17 to just below -100v. Similarly, if the potential to which the 
strapped diode anodes are returned is positive to -100v. V3a will pass current 
through the other bleeder until the potential at the junction of R11 and R14 
is just above -1010v. Hence V3b will pull the diode cathode line to approxi-
mately -100v. provided the D.C. potential to which this line is tied is not 
too far negative to this-value. Similarly, V3a will pull the diode anode 
line to approximately -100v. provided the D.C. potential to which this line 
is returned is not too positive to this value. It follows then that VR3 can 
have a limited range of settings that return the diode cathode line to a value 
negative to the decoupled potential at the cannon point of V3a and V3b without 
appreciably altering the D.C. level at the junction of R9 and E16. 
VR2 can have a limited range of settings that return the diode anode line to 
a value positive to the decoupled potential at the common point of V3a and 
V3b without materially altering the D.C. level at the Junction of R11 and 214. 
Hence, as long as VR2 and VR3 are within these limits the strapped diode anode 
and diode cathode lines will be very nearly at the same potential as the de-
coupled potential at the junction of V3e. and V3b. Since the sections of VII. 
and V5 are in parallel with those of V3 and have essentially the same impedance, 
they will pans the same currents. The D.C. potential at the common point of 
V4a and V4b and the common point of V5a and V5b, will then be essentially the 
same as the decoupled potential at the junction of Via and V3b while the 
settings of VR2 and VR3 are within this range. Since the grids of V6 and 18 
are respectively tied to the common points of V5a, V5b and V4a, V4b, these 
grids will then also be at the decoupled potential of the junction of V3a, V3h. 
13 thus serves to fix the clamped levels of V6 and V8 grids to a steady value 
for a limited range of settings of VR2 and VR3. Obviously V3 cannot perform  
these functions if VR3  is so set as to return the strapped diode cathodes to  
a potential positive to that at the Junction of Via, V3b or V22 is so mat as  
to return the strapped diode anodes to a potential negative to that at the  
Junction of Via, V3b. 
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Phantaatron Stability 

165. It would appear, then, that as long as the settings of VR2 and VR3 
remained within the limits discussed, these controls would influence neither 
the potentials of the strapped diode lines nor the operating conditions of 
the phantastron. This is not, however, quite the case. Although V3 tends to 
return the junctions of B9, R16 and Rii, Rik to a constant value by super-
imposing a suitable diode current on top of the bleeder currents, the bleeder 
currents are still different. Bence, altering VR3 alters the bleeder current 
through R9 and hence the potential of V2 screen. Similarly, altering VR2 
alters the bleeder current through R27 and hence V2 cathode potential. These 
controls can, therefore, influence V2 operating condition without altering 
the potentials to which V6 and v8 grids are clasped. V1115 provides  an 
additional means of altering the operating point of V2 screen. For V2 to 
operate reliably the following conditions should be fulfilled:- 

In the stable state the cathode, anode and screen 
potentials should be such that the suppressor bias 
is able to cut off anode current cceplete4. If 
this condition is not fulfilled changes in surel 
voltages and piok-up voltages may cause increase  
anode current which will cause the grid to fall and 
initiate spurious triggering. 

When triggered, the reduction in cathode current due 
to grid fall must drop the cathode potential sufficient-
ly to ranove the suppressor bias by the time the trigger 
waveform is terminated. 

Since both these conditions are contingent on suitable operating potentials 
for the screen and cathode, the permissible settings of VR2, VR3, and V1115 
for phantastron stability must be such as to fulfil these conditions in 
addition to those which enable V3 to fulfil its functions. 

166. V2 will be giving stable phantastron operation if the screen waveform 
shows a steady constant amplitude square wave with a p.r.f. of 670 q/s. and 
positive and negative portions of approximately 1000 and 500 microseconds 
duration respectively. This square wave must move along the height tube  
trace as the height oaatrol is operated and must diaa ear if the height  

rigger 	is in removed from—'V2 suppressor by disconnecting the SiXime 
Pye lead at the indicator. 

Phantastron Square Wave Amplitude and "Squaring" Effects  

167. VR2 and VR3 have a further effect which we have not so far =maid:bred. 
We have pointed out that V2 develops at its screen a square wave with a 
positive portion of 1000 microseconds and negative portion of 500 microseconds, 
and an anaphase waveform at the cathode. We have pointed out that these 
waveforms are used to unclamp the grids of v6 and VS for 1000 microseconds 
after the height marker forms, and to clamp than for the 500 microsecond 
period before the next height marker forms. Obviously, the amplitudes of 
these waveforms must be in excess of the maximum swings occurring at the 
grids of V6 and v8 in the scanning periods. If the amplitudes fall below 
this value either section of Vk or VS may be opened before the completion of 
the scan. This will happen if, say, V5a cathode swings negative with V6 
grid until the cathode potential has fallen more than the drop impressed an 
V5a anode by the negative-going square wave. Similarly V5b would open if 
the anode were carried positive with V6 grid by more than the rise impressed 
an the strapped cathode line by the positive-going square wave. If the 
diodes open in this way before the scans are completed, the radial scan will 
develop a squarish pattern on the P.P.I. This squaring results fran the 
fact that the grid swings at V6 and. VS are a maximum when the scan is nearing 
the horizontal and vertical positions respectively, since the one charging 
square wave is then of large amplitude and the other small. In the inter-
mediate position the dharging square waves are more nearly equal and the 
grid swings are more nearly equal and well below their maximum value. It 
follows than that the square waves applied to the strapped diode anodes and 
cathodes must have an amplitude that does not fall below some minimum value. 
Since the amplitude of the square wave applied to the strapped diode cathodes 

(a) 
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is determined by the potential divider formed by R9, 1116, R17 and VR3, the set-
ting of VR3 influences this amplitude as well as the operating potential of 
V2 screen. Similarly, VR2 influences the amplitude of the square wave applied 
to the strapped diode cathodes as well as the operating potential of 12 cathode. 
VR2 and. VR3, therefore, have three simultaneous conditions to fulfil:- 

(a) May not fix the potentials to Which the strapped diode 
anodes and cathodes are returned at values repectively 
negative and positive to the decoupled potential at the 
V3a, V3b junction in order to permit V3 to clamp the 
grids of 116 and V8 to this decoupled potential. 

(b) Must not drop the' amplitudes of the square waves on 
the strapped diode lines below the amplitude of the 
maximum swing on the grids of v6 and V8. 

(o) Must be so adjusted as to permit stable phantastron 
operation. 

The inclusion of the control, VR15, makes it possible to obtain condition 
(c) at the same time and as conditions (a) and (b). It is therefore called the 
sync. control. VR2 and VR3 may be termed phentaatron cathode and screen volts 
controls, for lack of more appropriate names. 

168. "Squaring" may also occur if the timebase amplifiers "bottom" before 
the scan is completed. That is, while passing minimum current the anode poten-
tial drops so nearly to the cathode potential that a futther grid rise or cathode 
fall does not cause a further anode fall. 

Unstable Timbales Centre Effects  

169. We may now consider what the effects will be if condition (a) in 
pera.167 is not fulfilled. Suppose the diode cathode line is somewhat 
positive to the deooupled potential at the junction of V3a, V3b. V3b will 
then be cut off during the 500 microsecond clamping period and the strapped 
cathode line will not be pulled in to the decoupled potential, but will sit at 
a higher level. The cannon point of the secondaries of T3 and T4 is still 
returned to the lower decoupled potential. For a positive-going flyback, i.e. 
when the charging square wave is negative-going, the grids of V6 and V8 can 
rise until they reach the level of the strapped diode cathode line, i.e. to a 
value more positive than the decoupled potential. For a negative-going fly-
back, i.e. when the charging square wave is negative-going, the grids of 18 and 
V8 can fall until they reach the level of the strapped diode anodes, which is 
essentially equal to the decoupled potential. Hence VS and V8 grids return 
to different D.C. levels when the sense of the charging square wave changes. 
This means that the D.C. levels of the paraphase amplifier anodes will shift. 
Hence the C.R.T. spot will not come to rest at the same point on the tube at 
the end of every flyback. If the scanner is rotating the radial scan will 
therefore commence at different points and give the effect of an unstable centre 
Obviously, the same type of effect will be produced if the strapped diode 
anodes are returned to a potential below that of the decoupled potential. The 
amount of instability at the tube centre will depend on whether or not both the 
diode lines are simultaneously maladjusted and the amount of maladjustment. 

Saantary of F.F.I. Timebase Controls  

170. Fran the preceding paragraphs it follows that setting up the P.P.I. 
timebase controls involv,a the following major points:- 

(a) Adjustment of VR2, VR3 and VR15 to give the simultaneous 
requirements of: - 

(i phantastron stability. 
(ii stable centre. 
(iii no "squaring". 

(b) Adjusting  the scanning centre to coincide with the tube centre 
with the shift controls VR8 and VR11. 

(o) Adjust the gain of the paraphase amplifiers with VR9 and VR10 
to obtain a radial scan of constant amplitude which is such 
as to provide the desired ground range coverages. 
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Atrther details will be discussed when dealing with setting up procedures. 
It might, however, be noted at this point that there will be some inter-
action between the shift and amplitude controls an each paraphase amplifier 
since both controls the affect overall push-pull output and the D.C. currents 
passed by the valves. 

Setting-up the P.P.I. Nap  

171. We have traced the development of the timebases and the part played by 
the various controls which enter into the development of the scanning waveform. 
We have not, as yet, considered the part played by the setting control on the 
heading control unit. It was pointed out that this control can be used to 
make the heading marker flash up at any desired bearing on the 	The 
mechanical details of what goes on when this control is operated will be dis-
cussed in para. 420. The effect of the control may profitably be considered 
now. The bearing at which the radial scan sweeps out from the tube centre at 
any instant in the rotation of the scanner is determined by the relative ampli-
tudes of the instantaneous deflecting voltages across the X and Y-plates of the 
P.P.I. This follows since the path along which the spot moves is the direction 
of the resultant obtained when the X and Y voltages are added vectorielly. But 
the amplitude of the instantaneous X and Y voltages are determined by the ampli-
tude of the instantaneous swings at the grids of V6 and V8. These grid swings, 
in turn, are determined by the charging voltage developed by the charging square 
waves. The amplitudes of these square waves is determined by the instantaneous 
amplitudes of the sawtooth outputs from the magslip stators. The instantaneous 
value of these sawtooth amplitudes is governed by the coupling between the rotor 
and each of the two stators. When the rotor makes full coupling with the stator 
that feeds T4, only 176 and V7 are operating and the scan is vertical. If we 
want the scan to travel vertically upward when the scanner looks due North, we 
moat arrange that at that instant the rotor shall make full coupling in the 
appropriate sense with the stator that feeds T3 and the Y-asplifier, 118, V9. 
Since the rotor is geared to the scanner shaft no adjustment can be made to the 
rotor. Hence the adjustment can only be made by moving the stators relative 
to the rotor until this condition is fulfilled. Operating the setting knob 
on the heading control unit when the switch is set to the "Coursew"position 
brings a repeater motor into play in the scanner. This repeater motor rotates 
the magslip stators. 	They can thus be set to make any desired coupling with 
the rotor at any point in the scanner rotation. If the bearing ring has been 
set to 0900, say, and the setting knob is operated until the heading marker 
flashes along the bearing ring pointer, the coupling between the rotors and 
stators must be such as to make full coupling with the stator that feeds T4 at 
the instant the scanner goes through the dead-ahead position. A quarter turn 
earlier in the rotation of the scanner and rotor, the rotor will have made full 
coupling with the stator feeding T3 and the scan will have been travelling 
straight up. Hence, if the magelip stators have once been set to bring the 
heading marker up at the bearing on which the aircraft is heading, the bearing 
of the scan at any instant will be identical with the bearing of the direction in 
which the scanner is looking at that instant. This will, however, only be true 
SS long as the aircraft continues on the same course or heading. 

Need for D.R. Compass Control  

172. Suppose the map is set when an aircraft is heading due East. The heading 
marker then flashes horizontally to the right every time the scanner goes through 
the dead-ahead position. The magslip rotor is then making full coupling with 
the stator that feeds T4 and the 8-amplifier, at the instant the scanner looks 
dead-ahead and due East. If the aircraft now turns 900  in a clockwise direction 
and heads due South, the magslip rotor is still making full coupling with the 
stator that feeds T4.when the scanner goes through the dead-ahead position, since 
turning the aircraft in no way affects the scanner or magslip. The heading 
marker will therefore continue to flash horizontally to the right when the 
scanner looks dead-ahead, i.e. due South. Hence target indications from the 
South will WOW appear at the right of the tube, i.e. the P.P.I. map has slipped 
back 90e. Hence when the aircraft turns the heading marker remains stationary 
and the map rotates through the same angle as the aircraft but in the opposite 
direction. Such a state of affairs may be confusing to an Operator who wants 
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the top of the map to be North at all times and also wants the heading marker 
to move as the aircraft turns. Such a result can only be achieved by suit-
ably turning the magalip stators as the aircraft turns. The D.R. compass is 
utilised to effect this rotation of the magalip stators when the switch on the 
heading control unit is set to the "Auto" position after once correctly setting 
the map. 

Type of Control Reauirai  

173. The question now arises as to which way the magalip stators should turn 
when the aircraft turns. We noted that when the aircraft turns clockwise that 
the picture slips counterclockwise through the same angle. What we really want 
to happen by the time the aircraft completes its turn from East to South, is to 
have the magalip stators turn in such a way that the rotor makes full coupling 
with the stator that feeds T3 when the scanner goes through the new dead-ahead 
position. The coupling must be in such a sense that the sweep of the scan is 
then vertically dowrmvard. Suppose the aircraft took a minute to make the 
quarter turn, and assume the scanner turns at 60 r.p.m. The timebase will then 
make 60 x 670 sweeps in the turning interval. If the magalip stators were 
stationary the scans would be travelling horizontally to that right at the end 
of the minute since the rotor is at the same position with respect to the stators 
after 60 complete turns as it was when the first turn began. In order to have 
the timebase sweeping vertically downward the 60 x 670 sweeps should have 
carried the scan around the tube face not 60 times, but 601 times. That is, the 
rotor Should have made 60i turns with respect to the stators. This result would 
be achieved if the stators moved a  turn.counterclockwise while the rotor made 
60 turns clockwise, i.e. while the aircraft made a quarter turn clockwise. Hence, 
we want the magalip stators to move through the same angle as the aircraft but in 
the opposite direction. The map will then appear stationary and the heading 
marker will rotate through the same angle as the aircraft turns. 

Method of Obtaining the Required Control  

174. When the aircraft turns the compass mounting turns with it while the com-
pass needle tends to retain the same position, i.e. along the lines of force of 
the earth's magnetic field. Hence, whenever an aircraft turns there is relative 
motion between the compass mounting and the needle. This motion is utilised 
to operate the repeater motor in the scanner instead of using the setting knob 
and operating it by hand. If the wiring is correct in the heading control unit 
and D.P. compass box the relative movement between the compass mounting and needle 
will cause the repeater motor in the scanner to impress the correct rotation on 
the magalip stators. Should the wiring be incorrect the impressed rotation may 
be in the reverse sense and the heading marker will then go around the wrong way. 
A turn from East to South would then cause the heading marker to go from East to 
North an the H.2.S. display. 

Blackout of Flyback  

175. The blacking out of the flyback an the height tube is discussed in 
para.. 562 - 564. Blackout of the flyback an the 	is wrapped up with 
bright-up waveforms so cannot be dealt with until the development of these 
bright-up waveforms has been studied. 

VALVE FUNDAMENTALS  

Introduction 

176. The Radar Mechanic who is interested in a detailed analysis of circuit 
action may feel that the master multivibrator, switching valve, lineariser, 
base boost valve and the indicator paraphase amplifiers, have received scant 
attention. This temporary neglect has been deemed desirable because these 
circuits cannot be discussed in detail without elaborating on ideals of cathode 
coupling and negative feedback. To introduce these digressions while pursuing 
our study of the way the timebases are developed would tend to distract atten-
tion fran our primary theme to side issues. Hence we have traced the develop-
ment of the timebases by focussing our attention on the stages where major 
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adjustments are involved. We shall now go back to gather up the aids issue. 

Action of the Control Grid 

177. Before going into the subject of cathode coupling it may be well to 
form a clear mental picture of some valve fundamentals. The Radar Mechanic 
is so accustomed to the standard practice of applying signals to grids and 
obtaining entiphase signals at anodes that he tends to assume that a valve 
will always phase invert, regardless of how the signal is applied. Since 
many stages in the H.2.5. installation do not invert, such habits of thinking 
can only result in hopeless confusion. Let us begin by recalling that when 
the cathode of a valve is heated, electrons are emitted. If a positive 
potential is applied to the anode these electrons, since they are negatively 
charged particles, are attracted to the anode. If the grid is held at the 
same potential as the cathode it exerts no appreciable effect on the flow of 
electrons from cathode to anode. If the grid is held at a potential that is 
more negative that that of the cathode it will repel the electrons back towards 
the cathode and thus reduce the flow to the anode. There will then be an 
accumulation of electrons between the grid and cathode which will repel elect-
rons trying to leave the cathode. The total emission from the cathode will 
therefore diminish because of the 'space charge' that accumulates in the grid-
cathode space. If the grid is held sufficiently negative to the cathode the 
force of repulsion will be so great as to stop the flow through the grid mesh 
completely. We say the grid is then "cut off on the grid". The number of 
volts by which the grid must be negative to the cathode to cause this cut-off 
is called the grid base of the valve. If the grid is held at a potential 
above that of the cathode it will attract electrons to itself. Hence part 
of the cathode emission will flow to the grid and part to the anode. If the 
grid is made so highly positive that a heavy flow of electrons passes to the 
grid the actual flow to the anode may diminish due to this "robbing" although 
the cathode emission is higher than it was when the anode current had a higher 
value. Hence for a fixed anode potential we may trace the following changes 
in anode current as the grid potential is varied:- 

(i) For a grid potential negative to that of the cathode by an 
=wont greater than some value called the grid base, no 
electrons reach the anode. 
For grid potentials that are negative to cathode but inside 
the grid base, anode current increases as the grid potential 
rises. This increase is non-uniform at first, i.e. we have 
a lower bend on the grid volts-anode current characteristic 
then increase proportionately with the rise in grid voltage 
along the linear part of the Characteristic. 

When the grid swings positive to the cathode grid current 
starts to flow, and for a highly positive grid voltage this 
flow may be so great as to cause an actual reduction in the 
flow to the anode. 

Valve Amplification 

178. If we have an anode load in circuit but no cathode load the cathode 
remains at the potential to which it is returned but the anode potential falls 
below the H.T. voltage by the number of volts in the I.R. drop across the anode 
load. Hence, if a signal swings the grid above cut-off, current flows through 
the anode load and the anode potential falls to produce a negative-going signal 
at the anode,for a positive-going signal at the grid. The voltage change at 
the anode for a given swing an the grid is given by the product of the anode 
load and the change in anode current. Since this product may be many times 
as great as the signal applied to the grid, we say the valve amplifies. If 
the grid is above oat-off and swings negative, the electron flow to the mods is 
reduced. Hence, the voltage drop across the anode load diminishes and the anode 
potential rises by the product of the's:lode load and the decrease of anode 
current. We thus obtain the familiar amplification and phase inversion when 
signals are applied to the grid. 



C.D.0896L 

The0athode Follower 

179. Suppose that we now consider a valve with only a cathode load and no 
anode load. Assume the grid is tied to earth through a grid leak. The hot 
cathode will emit electrons which will be attracted to the anode when H.T. is 
applied. Electrons will flow from earth through the cathode load to replace 
the emitted electrons. This flow will cause an I.R. drop acmes the cathode 
load and the cathode potential will rise. The grid, meanehile, is returned to 
earth potential. As the cathode rises above earth potential while the grid is 
held,.we progressively make the cathode more positive with respect to the grid 
as the cathode warms up and the emission increases. Rut saying the cathode is 
becoming increasingly positive to the grid is equivalent to saying that the grid 
is becoming increasingly negative to the cathode, even though the grid potential 
is stationary. Hence, en equilibrium point is reached when the cathode current 
reaches such a value that any further increase will result in such a repulsion 
from the grid that no more electrons will pass through the grid mesh to the anode. 

180. Suppose that we MOM apply a positive-going signal to the grid. The 
repulsion of the grid will be reduced, and the cathode can now emit more strongly. 
Hence the cathode current increases and the cathode potential follows up as the 
grid rises. If the grid is swung negative by a signal the force of repulsion 
an the electrons increases and the ervmmIlation of space charge causes reduced 
emission. The cathode current then falls and the cathode potential falls. 
This is the familiar cathode Deflower action which does mot result in amplifica-
tion, but delivers nearly the same output as input without phase inversion and 
at a low outtput impedance. This low output impedance is frequently utilised 
to match to low impedance cables. 

181. Suppose that we consider next a stage utilising both anode and cathode 
loads. Let us 80511M0 the control grid is returned to earth through a grid 
leak. When H.T. is applied the hot cathode will emit electrons which will 
flow to the anode. The I.E. drop across the anode load will result in a fall 
at the anode. The flow through the cathode load will result in a rise of the 
cathode potential. Equilibrium. will again be reached when the cathode current 
reaches such a value that the grid is so negative to the cathode that its 
repulsion prevents a further increase in the flow to the anode. If we now 
apply a positive signal to the grid the force of repulsion is reduced and the 
emission increases. Hence the anode potential falls and the cathode potential 
rises. We thus obtain from a positive signal on the grid a positive signal 
at the cathode and a negative signal at the anode. This gives us a phase-
splitter circuit with antiphase outputs from a single stage. The relative 
amplitudes of the two outputs will depend on the relative magnitudes of the 
anode and cathode loads. 

Degenerative or Negative Feedback  

182. We stated previously that the output at the anode in a simple amplifier 
with the cathode returned to earthy was equal to the product of the anode load 
and the change in anode current produced by the change in grid voltage. To 
get a large output we must get a large change in anode current. But the change 
in anode current is determined by the swing of the grid relative to the cathode. 
If there is no cathode load the cathode remains stationary as the grid moves. 
If, however, there is a cathode load we have seen that the cathode follows the 
voltage changes at the grid. If a 6 volt change at a grid causes a current 
change of 3 ma. in a value. using an anode load of 40 E. and no cathode load, the 
output is 120 volts and we have an amplification of 20. If we have a cathode 
load of 1 E. and again apply a 6 volt signal to the grid, the cathode voltage 
will rise with the grid as the emission tends to increase. Smithies- following-
up by the cathode means that the swing of the grid relative to the cathode is 
much reduced. Hence, the actual increase in anode current, which depends on  
how much the grid swings up relative to the cathode, and not on the grid swing 
relative to earth, will be much less than before. The output at the anode 
will therefore be materially reduced. We say, therefore, that an undecoupled 
cathode load introduces degenerative or negative feedback since its action 
is  to reduce amplification. 
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183. Negative feedback can also occur in other ways. Any circuit arrange-
ment which serves to reduce the swing of the grid relative to the cathode 
achieves the same result of reduced amplification. Three methods are used 
in the lineariser stage. In-phase signals are applied to V503 grid and cathode 
Pram V502 anode which serve to carry the cathode and grid up and down together 
and thus reduce the swing of the grid relative to the cathode. The cathode 
load is undecoupled to begin with, so the cathode would follow up even if no 
in-phase signal were applied to the cathode. Finally, the anode is coupled 
back to the grid so that as the grid tries to move in any direction the anode 
feeds back an antiphase voltage that opposes the grid movement. 

Cathode Drive  

184. So far we have discussed only grid drive, i.e. the application of signals 
to the control grid. We have, however, emphasised the fact that the change in 
anode current due to a signal on the grid, is determined by the swing of the 
grid relative to the cathode. Suppose that now we consiaar an amplifier whose 
grid is tied to some decoupled positive potential and whose cathode is returned 
to earth through a resistor. If H.T. is applied the hot cathode emits electrons 
which flow to the anode. The anode potential falls and the cathode potential 
rises. The cathode rise will continue until the cathode potential is suffic-
iently above that of the grid that the repulsion exercised by the grid prevents 
any further increase in emission. Note that both cathode and grid are positive 
to earth but the cathode is more positive than the grid. Hence the grid is 
negative to the cathode and we have a negative bias. Suppose we now apply a 
positive going signal to the cathode. This makes the cathode still more 
positive so that the grid, though stationary, is becoming more negative with 
respect to the cathode. The repulsion exerted on the electrons emitted by the 
cathode increases. Hence, the flow through the grid mesh to the anode is 
decreased and the anode potential rises. A positive signal on the cathode thus 
produces a positive signal at the anode. Had the cathode been driven negative 
the result would be to make the grid less negative with respect to the anode. 
It would therefore exert less repulsion on the electrons and the flow through 
the grid mesh to the anode would increase. Hence, the anode potential would 
fall. It follows then that cathode drive can be used when we desire amplifica-
tion without phase inversion. It should be borne in mind that with cathode 
drive it may be necessary to centre tap heaters to a potential in the neigh-
bourhood of the mean cathode potential. If this is not done trouble may arise 
due to leakage or insulation breakdown between heater and cathode. It may be 
noted that cathode drive will provide a low input impedance so will match a low 
impedance source. 

The Timebase Faraphase Amplifiers  

185. We are now ready to study the operation of the timebase paraphase ampli-
fiers in more detail. Let us assume that V6 grid is being carried positive 
by the action of a positive-going charging square wave. As the grid rises V6 
passes more current. V6 anode falls and V6 cathode rises so we have negative 
feedback which reduces the gain of V6. Suppose the grid rise is 22 volts and 
the cathode follows up 12 volts to leave an effective swing of grid with respect 
to cathode of 10 volts. The cathode rise also appears across VR8 + R24, in 
parallel with R23. If the ratio 	is 	the rise impressed on V7 cathode 

+ R24 
is ix 12 or 10 volts. But V7 grid is returned to the potential of VR9 slider 

which is decoupled by 015. Hence we have v7 cathode swinging 10 volts positive 
with respect to V7 grid. This is equivalent to swinging 17 grid 10 volts 
negative with respect to its cathode. Hence the signal applied to V6 grid 
serves effectively to drive V6 and v7 in antiphase to develop a push-pull out-
put from the pair. V8 and V9 operate in the same fashion. Cathode-coupled 
amplifier circuits of this type are commonly known as long-tailed pairs. 

The Amplitude Controls  

186. VR8 determines what part of the change at V6 cathode is transferred to 
v7 cathode. Hence varying the setting of VR8 varies the output at the anode 
of v7. Since the effective cathode load of V6 is R23 in parallel with 

R24, this cathode load is increased as VR8 is increased. Hence the 
negative feedback in 98 is increased at the same time as the input to V7 is 
reduced. Increaseing VR8 then simultaneously reduces the outputs of both 
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V7 and V8 but affects V7 output most. Decreasing VR8 will reduce the 
negative feedback operating on V6 and increase V6 output. At the same time, 
although the total voltage impressed across VR8 + R24 has decreased, the 
actual voltage impressed on v7 cathode may be increased, as a greater propor-
tion of the change at V6 cathode is applied to V7 cathode. Hence, as VR8 is 
decreased the amplitudes of both v7 and V8 outputs will increase until a point 
is reached where they will fall sharply if the maximum negative input is applied 
to V6 grid. This unexpected development occurs when V7 cathode is driven so 
far negative that V7 runs into grid current. This grid current biasses back 
77 grid and so reduces the gain of v7. Since part of this current is drawn 
through R23 the D.C. potential of V6 cathode is raised, thus increasing the 
bias on V6 and also reducing v6 gain. 

The Shift Controls  

187. As was pointed out earlier, vR9 and VR10 are used to adjust the D.C. 
potentials at V7 and 79 anodes during the 500 microsecond clamped period, to 
such a value that the cathode ray tube spot is returned to the tube centre by 
the flyback. If the electrode alignment of the F.B.I. is not distorted in any 
way the anode potentials of the valves in each amplifier pair must then be 
identical. Since there is a fairly wide tolerance in the values of the anode 
loads this equality of potential may call for rather different currents through 
the two valves in a pair. Hence, the operating point set for 97 with VR9 may 
not be the same as that fixed by V3 for V6. Hence, when the scan is centred 
with the shift controls the gain of v7 and v9 may be altered slightly, resulting 
in sane change in scan amplitude. Also, since altering the amplitude controls 
alters the effective cathode loads of the amplifiers, an appreciable alteration 
in the settings of VR8 and VR11 may necessitate a slight adjustment to the shift 
controls. 

The Waveform Generator Voltage Stabiliser 

188. Before embarking on a further study of the master multivibrator and wave-
form generator sawtooth stages, we should consider the voltage stabiliser that 
provides 200 volts stabilised H.T. for V500, V501, 7502, V503 and the trans-
mitter-timing valve V505. This is V511, a 72116 connected as a triode cathode 
follower. The cathode load is that provided by the valve stages which it 
supplies. R586 (li) and R587 (2M) form a voltage divider across the unstalilised 
300 v. line. 7511 grid is tied to the junction of 2586 and 8587, i.e. the 200 
volt point, through the 2.2M leak, R585. 0538, (6 me.) provides deccupling. 
With the grid thus returned to 200 v. the valve will pass current until the 
cathode potential rises to the equilibrium point where the grid bias is such 
that no further increase in cathode emission is possible without increasing the 
grid or anode potential. The cathode will then sit close to the 200 volt 
level since the grid base of a VR116 is short. Should a transient change in 
the 300 volt supply cause the potential at the junction of R586 and 8587 to 
change, the change would only appear at 7511 grid after a time governed by the 
C.R. of R586 and 0538. As the C.R. is 13.2 seconds, brief transients will not 
affect the potential at 9511 cathode. Similarly, any small amount of 1000 c/s. 
ripple will not have any effect. Hence, provided the V.C,P. is set up correctly 
and functioning normally, and the 300 v. power pack in the power unit is not 
faulty, V511 will furnish a very stable H.T. supply at approximately 200 volts 
to 7500, 7501, 7502, 0503 and 7505. 

The Nester Multivibrator 

189. This stage, which controls the timebases, transmitter and height and 
range markers, is another application of cathode coupling. The following 
details should be noted:- 

(a) The grid of 7500 is returned to a decoupled potential of 
about 50 volts. 

M
V500 anode is tied to V501 grid through C504. 
0504 leak is 8514 returned to the decoupled 50 volt point. 
The anode load of 7500 and cathode loads of V500 and 9301 
are switched by relays M and N when the soarrwarker switch 
is operated at the switch unit. 

(e) The cathodes of V500 and 1501 are coupled capacitively by 
.03 mt. (0505,  506 and 507 in parallel). 
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(f) The anode load of V501 is 35K. while V500 will always have 
more resistance than this between the anode and H.T. line. 

190. When we switch on, both valves will pass current and both cathodes will 
rise. But as V500 anode falls it carries V50I grid down and so reduces the 
current passed by V501. The cathode potential of V501 then tends to fall and 
pull down V500 cathode through the coupling capacity. This is equivalent to 
a positive signal on V500 grid so V500 passes more current and its anode drops 
still further. We may, therefore, expect that V500 carves into full conduction 
and carries V501 grid down so far that cut-off occurs. With V500 in full 
conduction the current passed will be such that the cathode sits above the 
grid by several volts. Since 11501 is cut off the other aide of the cathode 
coupling capacity will be leaking away toward earth potential through the cathode 
load of 3501. At the same time the grid of V501 will be climbing sloWly as 
0504 leaks away through the 111 leak, 8514.  Since this C.R. is 10,000 micro-
seconds the rise of V501 grid will be much slower than the fall at the cathode. 
When the cathode has fallen to a point where it is positive to the grid by less 
than the grid base V501 will again pass current. This will cause the cathode 
potential to rise and carry up the cathode of V500 via the coupling 
capacity. This positive drive on V500 cathode is equivalent to a negative 
signal on the grid. Hence, V500 passes leas current and its anode rises. 
This serves to pull up V504 grid and increase the current passed by V504. The 
Cycle is cumulative, and quickly cuts off V500 and brings V501 an hard. The 
cathode of V500 will have been carried up by en amount equal to the rise at 
V501 cathode so the cathode is at a potential well above that of the grid. We 
shall then have the cathode coupling capacity leaking away through the cathode 
load of V500 until the cathode potential has fallen to a level above the grid 
potential by less than the grid base. When this occurs V500 again starts to 
pass current. The anode then falls and carries down V501 grid. This reduces 
the current through 11501 and its cathode potential so it conducts more heavily. 
The cycle is cumulative and quickly cuts V501 off and brings V500 on hard to 
complete one full cycle. 

191. The time that V501 is cut off depends on how long it takes the cathode 
coupling capacity to leak away through the cathode load of V501 to a level where 
11501 can again conduct. This will depend partly on how far V501 grid was 
carried down when V500 came into conduction. This, in turn, will depend on 
the ratio of V500 anode load to its cathode load. How long it takes the 
coupling capacity to leak away through any specific number of volts depends on 
the value of 11501 cathode load. Hence V501 cut-off time, which fixes the 
sawtooth flyback period, depends an: 

(a) 17501 cathode load. 
(b) Ratio of V500 anode and cathode loads. 

192. The time that V500 is cut off depends on how long it takes V501 cathode 
to fall from the level to which it is carried by the rise at V501 cathode to 
within its grid base of the decoupled grid potential. This depends mainly on 
the cathode load of V500. Hence, the V501 conducting period, which fixes the 
working strOke of the sawtooth, depends mainly on V500 cathode load. 

193. To obtain the required working strokes we therefore switch V500 cathode 
load. This alters the current passed by V500 in its conducting period and 
hence the drop applied to V501 grid. In order to keep this drop constant, 
we then switch V500 anode load. To keep the p.r.f. constant at 670 eis. we 
must then vary the cut-off time of V501 so that the sum of this cattier time 
and the V500 cut-off time remains at 1500 microseconds. Hence, we switch V501 
cathode load to achieve this result. 

M and N Relay Contacts  

1914.. When the scan-marker switch is set for the different scans the positions 
of the M and N relay contacts are as follows:- 
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setting m1(5/6) m2(7/8) 30(3/4) m4(1/2) 115(9/10) m1(5/6) N2(7/8) m3(3/4) 114(9/10)175(i) 

10/10 Closed Open Closed Closed Closed Open Closed Open Open Open 
10/20 Open Closed Open Open Open Open Closed Open Open Open 
30/20 Open Closed Open Open Open Open Closed Open Open Open 
100/20 Open Closed Open Open Open Open Closed Open Open Open 
100/40 Open Closed Open Open Open Closed Open Closed Closed Closed 
104 &40C0pen Closed Open Open Open Closed Open Closed Closed Closed 

The Switching Valve, 7502  

195. It was pointed out earlier that the negative part of the master square wave 
switched on the triode part of v50e while the positive part switched it off. 
These results are obtained through an indirect form of cathode drive. The 
following points should be noted:- 

The grid of V502 is returned to different decoupled potentials 
by switching components in a bleeder network as the scan-marker 
switch is operated. 

(b) The cathode load of v5402 is switched at the same time. 
(c) The master square wave is applied to the strapped diode anodes 

of V502. 
The anode of v502 is tied to earth through 0514 (.1) in series 
with 8538 (2.2)1.). 
The anode of V502 is coupled to V503 grid at the junction of 
0514.azd 8538. 
The output developed across 8531 is applied to V503 cathode 
via 0512, 8539. 

196. When the positive part of the master square appears on the strapped diode 
anodes the diode current rises and carries V502 cathode potential above the 
decoupled grid potential and outs off the triode section. The anode then tends 
to rise exponentially as 0514 charges exponentially through 8531, R532 and 2538 
and C512 charges through 2531  and 2539. If V509 is removed, a large positive-
going exponential appears at V502 anode. When the negative part of the master 
square wave is applied to the diode anodes the diode current falls and v50e 
cathode potential falls sufficiently to permit the triode to conduct. 0514 can 
then discharge through the series impedance of the valve and 2538. 0512 can 
discharge through 2532, the valve impedance and 2539. With V503 removed we then 
obtain a large amplitude falling exponential at V502 anode. 

197. If V503 is inserted we drive V503 grid and cathode with the outputs from 
V502. If we merely applied a signal to V503 grid we should have an amplified 
antiphase signal at the anode. Degenerative feedback due to the undercoupled 
cathode would reduce stage gain. By feeding in.phase signals to grid and cathode 
this gain is still further reduced. A further reduction is obtained by feeding 
back from V503 anode to grid through 0513 and C514. It is this antiphase signal 
that results in only a small signal at v5ce anode when V503 is inserted. Driving 
both grid and cathode with expcnential waveforms of the same phase but different 
amplitudes tends to linearise the output of V503. The antiphase feedback from 
anode to grid furthers this linearisation by tending to counteract the curvature 
of the grid waveform by applying a curvature in the opposite sense. We thus 
obtain at V503 anode a reasonably linear sawtooth which is positive-going when 
V502 anode is negative-going, i.e. during the period that the negative part of 
the master square wave holds down 7502 diode anodes. It is this positive-going 
sweep that is the working stroke of the sawtooth. 

198. The different sawtooth slopes are obtained by altering the current passed 
by V503 during the triode conducting period. This is achieved by suitably 
switching the bleeder components to vary the decoupled potentials to which the 
grid is returned,and by simultaneously switching V503 cathode load. The relay 
positions are sheen in para. 194. 

The Bass Boost Valve, 11504 

199. It has previously been pointed out that this stage fulfils two functions:- 

(a) 
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Provides discriminating negative feedback to deliberately 
introduce distortion by giving excess low frequency 
amplification. This is done in anticipation of subsequent 
low frequency losses which will balance out this deliberate 
distortion. 

(b) Provides a aawtooth output at a sufficiently low output 
impedance to match into the low impedance cable. 

R542 and 11.543 form a voltage divider which applies about 4/5 of the output from 
V503 anode to V504 grid. A. feedback winding on the transformer T501 has am 
end tied to V504 cathode and the other end feeds back to the grid a signal in 
anaphase to the input. All frequency components are equally attenuated in 
the resistors 11.545 + R544. C539 + 0518 (.003) provides the discriminating 
feedback. The for frequency covenants are considerably attenuated but the 
high frequency components are offered only a law impedance. Hence the net input 
on 7504 grid has a greater proportion of low frequency components than is re-
wired for a linear sawtooth. The output sawtooth therefore has an excess of 
low frequency components which allows for later losses. 

200. The amplitude at V504 anode is around 300 v. and the amplitude at V503 
anode is around. 75 volts. The gain of V504 is thus obviously low because of 
the negative feedback. The centre-tapped output winding provides a step-down 
of about 1 a 6 to apply about a 50 volts push-pull output which is taken to the 
magalip rotor and the height tube sawtooth transformer. 

201. 0519 and 8547 are included to counteract a tendency for the phase of the 
feedback to become positive at the high frequency end. Such an effect would 
tend to cause instability and must therefore be prevented. 

202. 0537 serves to bypass to earth any R.P. voltages that may be picked up 
at V504 grid.. 

Power Supplies for the Indicatcs. 184  

203. As the +3007. power pack in the power unit is not capable of supplying 
the added stages in the indicator 184 which were not included in older indicators, 
it has been necessary to introduce another +300V supply. In the case of 
Mark LIC, this power pack is in the tuning unit 207 which also homes the 
klyetron local oscillator. Circuit details are shown in fig. 228. A 574G 
double half-wave rectifier is employed. 80V A.C. is brought to the trans-
former primary on pine 6, 7 (strapped) and 8, 9 (strapped) of the 18-way yellow. 
The smoothed output is taken to pin 16 of the yellow-green 18-way whence it is 
carried by cable to the 18-way yellow on the indicator 184. 

204. In the Mark TIM. installation, the +3007 supply for the indicator 184 is 
drawn from the +300V. pack in the power unit via 18/16. To relieve the added 
drain imposed on this pack by the indicator 184, an independent +3007 supply is 
provided in the Mark IIIA receiver-timing unit. 

205. The -300V negative rail supply used in the indicator 184 is developed 
from a bridge metal rectifier in the indicator itself. Circuit details are 
shown in fig.228. 80V A.C. is brought to the indicator on 18/6,7 and 18/8,9 
and applied to T.1 primary. One secondary feeds the bridge metal rectifier 
whose -3007 output is snoothed by the choke L.1 and condenser 0.25. 

206. Other secondary windings on T.1 supply the various heater voltages. 
R.85 (6808.) and 8.84 (3308. provide a bridge between -300V and earth whose 
Junction is at about -100V. The heaters for the valves V.3 to 7.9 are held 
at this D.C. level since their cathodes are operating at a voltage in the 
vicinity of -100V. 

207. In the earlier 184. indicators, which are not fitted with a centre-tapped 
heater system, trouble arises due to 1000 cVs pick-up from the heater line. 
To minimise the effect of this pick-up 300 ohm balancing potentianeter across 
the heater line was fitted retrospectively. 

(a) 



C.D.0896 L 

DEVELOPMENT OF ?PI "TIME SASE 
SO MILE SCAN  

-105V 

CHARGING 
VOLTAGE 

CHARGING SQvARE 
WAVES SAwloo•G4 

WAVEFORMS EIGFERENTI ATE0 

Wy 	 WY 
E R4 	 CS E. R3 

HEtOtcr MARKER 
siSE0 To TRitCER 
rKAN-rACTRoN. 

ieseu-SEGS. 

TRWARE WAVE 
014ANTASIAON RE EN 
TO CLAMPING DIODE 
CATHODES. -4 I- 
	r FROM ReANTASietoN 

CAT0o9ES To 
Otora ANooSS: 

pioogs Oil OFF AND 
Gatos ARE PRES To 
MOVE AS CHARGING 
SQUARE WAVES CHARGE CR 

-145v 

v9 ANODE 	 VS Anion 

1-y t  PLATES 

V‘ GOD 

laN a

n 0 v

4 V 4  % N  

Vi /MOPE 

'I' PLATES 

MASTER SAwToo-n4 
FRoM 7501 IN 
WAVEFORM OENERAToR 

KR SCAN R 
lb R NEola OF MAGSLIF 

W  

PRIMARIES a SCAN 
TRANSPoRmEAS (Inv testa) 

A I • .0 	• 

F 	
• • • • • 

T3 F 
• 

11111111111111111 

-10Sy 

4101.1 

RESULT AN SC DANIREGlioN 
OR  

F IG.54 

VC•ANoPE 



C D 0896L  

r 
12/01 
	0+3001v 

—0.4-012/91  
8/ 3 , " SWITCHED 

i2/4 I 

Ft at 
3-3K 

24v PC 
1•15 

Ci2 
F 

YNC PULSE' 
OUT TO MODULATOR 

3091 
sa) 

C 73 
TRIGGER 
VALVE 

PYE SLUE 	%/5 
-Cr-I CT

°°Z (V RI 
SYNC. PULSE R.59 
IN FROM vIEG KIK 
(NEGATrvE 

GOING) 

!ORNY' 
too 	I 

I

r - 
OK 

60YAc 

UNIPLUG 

PULSE Coo l  OS 1 

I 

I 

1 

I du SEC. BURST 

O3oFoOR FMr15 
TO SCANNER 

OvERSWING son. 
DIODE 	R11 mootrBen (y..1:0) 	(cv 43) Coy L) 	R26 

I10.4 C TO 
OS L 	 T2 R TYPE TR SILN 

R
,
3
a
.54 

160 
R27 

0 
  -10 0 V 

e4 
I MODULATOR TYPE 64 

2 0 	SECPYES 
 VIOLET  
PRIM 11G PULSE OUT 

U 'PLUG SEC-3 71M.1 Pul.58 PLAIN — 
TP T2 R. 1.1 65.1 I UNIPLUG BLUE =es 618 

300 

I 1 
R 

12/8 

SAFITy 
VALVE 

R 91)  

I -4KV OUT 

I TO INDICATOR 1/54. 

/2/ii 6/i17 
500v 

STAB 
12/2.6 15/2  

P C./i R ARTIFICIAL 
LINE 

SCANNER TYPE 65 

51 L 	  
RIB I  

RANGE 5W ITCH 

470K 

OM ZERO 
R 153 

120 K 

12/12 I 
0--0 70 v I 

1 
SWITCH UNIT TYPE 207 B 

VI 1/2  (vu 130) 
VOLTAGE DOUBLER Y 

POWER PACK 
PYES 

i
PrE

g 
RS 68 	 °RANCE / WHITE BLUE 	E  

CURRENT MONITOR 
VOLTAGE MONITOR 

L 	  _J 

TRANSMITTER CHAIN. 
MARKII C 

FIG.55 FIG.55 

Rico 
220 K 



C.D.0896L 
CHAPTER 5 - THE H.2.3. TRANSMITTER CHAIN 

Summary 

208. It has previously been pointed out that the H.2.S. transmitter has a 
pulse width of 1 microsecond and A p.r.f. of 670 o/s. In the H.2.S. Nark IIC 
installatim a wave length of about 9.1 aim. is employed, while in H.2.8. 
Mark IIIA, a wavelength of about 3 ans. is utilised. Magnetron transmitter 
valves are employed in both installations. The Mark IIC transmitter has a 
peak power of roughly 30 - 55 K.W. and an efficiency of 20 - 404. Iii the 
Mark III& transmitter the peak power is about 18 - 40 K.W., and the efficienOY 
about 13 - 30, when the T.R.3555 series transmitter units are used. In the 
transmitter chain the following functions are involved:- 

(a) Synchronisation of the transmitter pulse to the timebase and 
control of timing of the transmitter pulse, i.e., of the point 
an the sawtooth where the transmitter fires. 

(b) Development and shaping of the modulation waveform. 
(o) Development of the actual R.F. transmitted pulse. 
(d) Transferring the transmitter pulse from the magnetron-

transmitter valve to a suitable radiating array where 
it is launched into space. This involves suitable 
feeder arrangements and matching adjustments, a wave-
guide mirror feed and the scanning mirror. 

(e) Isolation of the transmitter pulse from the receiver 
chain by a suitable T.R. switch. 

Stages (a) and (b) are essentially identical in the two installations. 
Stages (o), (d) and (a) differ in mechanical details but not in principle. 

209. a A.block schematic of the H.2.S. transmitter is given in fig.56. 
b 	Circuit details for Mark TIC are given in fig.55. 
c Circuit details for Mark IIIA are given in fig.64. 
d Mark IIC transmitter unit details are shown in fig. 217-218. 
e Mark IIIA transmitter unit details (T.R.3555 series) are 

shown in fig. 219 - 222. 
f Relevant waveform generator 34 details are given in figs.223-225. 
g Modulator type 64 details are given in fig.212-214. 
h Relevant switch unit type 207H details are given in figs.226-227. 

Outline of the Transmitter Synchronisation and Timing  

210. The stages in the development and radiation of the transmitter output 
can be traced most readily on fig.55 for H.2.S. Nark TIC and in fig.64 for 
H.2.S. Mark lin. The chain commences with the synchronising and timing 
stages. These include V505 in the W.P.G4, its controls in the switch unit, 
and V.5, V.6  and V.7 in the modulator type 64.. V505 is the transmitter-
timing valve. It is switched on and off by the sawtooth output from the 
single-ended secondary in T501. This sawtooth swings between approximately 
-150V and earth. It will centre itself an the grid side of C520 at the D.C. 
level to which V505 grid is returned. It can be seen that V505 grid is UNd 
to the moving arm of a switch in the switch unit by means of which it can be 
returned to different positive potentials. Suppose that V505 were tied to a 
potential of +40V. The sawtooth would then have its mid-point at +40V. and 
would try to awing V505 grid up 757 and down 75V from this level. That is, 
7505 grid would try to swing between -35V and +115V. The cathode of V505 is 
returned to earth. Assuming the grid base to be 2 volts, V505 will remain 
out off until the working stroke of the sawtooth carries the grid up from 
-35V. to -2V., i.e., through 27V. This means that 7505 grid canes into con-
duction 33/150 the. or about .22 of the way up the sawtooth. Obviously, if 
V505 grid is returned to a different potential the valve will be brought into 
conduction at a different point on the sawtooth. We see then that the switch 
unit portion of our circuit ie devised to permit a variation in the point on 
the sawtooth at which 7505 canes into conduction. 
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211. It is arranged that when v5115 comes into conduction it develops a 
negative-going pip at its anode. This pip will then have a p.r.f. equal to 
that of the sawtooth and hence of the master multivibrator. The point on the 
sawtooth at which it occurs is governed by the switch unit components of our 
circuit. This pip is taken from V505 anode to the blue gye plug on the W.F.G. 
panel and by cable to the blue Pye plug on the modulator type 64. V.5, V.6 
in the modulator type 64 form a free-running multivibrator whose p.r.f. can be 
varied by means of the potentiometer, R24. This is a ratchet type preset at 
the back of the modulator chassis. It varies the positive potential to which 
V.6 grid is returned and therefore varies the length of time it tales V.6 to 
come back into conduction. We shall call this preset the modulator multivi-
brator P.R.F. control. This is set so that a free-running p.r.f. of about 
600 c/s. is obtained. The circuit is so designed that V.6 only conducts for 
20 microseconds, i.e., V.5 is conducting most of the period and 146 grid has 
a long exponential rise. The negative-going pip from V505 anode is applied 
to V.5 grid while V.5 is conducting and V.6 grid is rising exponentially toward 
cut off. The pip carries V.5 grid down thus causing V.5 anode to rise sharply. 
This sharp rise carries V.6 grid above cut-off and initiates V.6's 20 microsecond 
conducting period. That is, the negative-going pip from V505 anode is syn-
chronising the modulator multivibrator to run at the same p.r.f. as the master 
multivibrator and causes a negative-going 20 microsecond pulse to appear at V.6 
anode every time the sawtooth carries V505 grid above cut-off. 

212. The transformer, T.4, in V.6 anode phase reverses the 20 microsecond 
pulse and amplifies it to around 140V. The circuit shows V.7 grid returned 
to -100V. and V.7 cathode returned to earth. Bence, V.7 will be cut off at 
all times, except fo• the 20 microsecond period that the positive pulse is 
applied to its grid. That is, the 20 microsecond pulse cuts 11.7 on and off. 
In the anode of V.7 we have the choke L.4. Its stray capacity tunes this 
duke to resonate at about 400 kc/s. When the back edge of the 20 microsecond 
pulse cuts V.7 off, a positive ring of about 10KV. amplitude is developed at 
the resonant frequency. This ring is applied to the trigger electrode of the 
spark gap switch, V.3. The first awing of the ring will be positive-going as 
V.7 is cutting off and the anode potential is rising. As the potential of the 
trigger electrode swings up towards a 10KV. peak amplitude, the potential 
difference between the trigger and the earthed ring electrode rises to about 
3KV. when flash-over occurs. This flash-over initiates the formation of the 
1 microsecond modulating pulse which fires the transmitter. The ringing at 
V.7 anode is, of course, quickly damped out when flash-over occurs so the 
undamped amplitude of the 10KV will not be obtained if V.3 is operating. 

213. Summarising, we have the following chain of events:- 

The sawtooth on V595 grid carries V505 above cut-off 
at a point on the sawtooth which depends on the 
potential to which V505 grid is returned in the 
switch unit. 
When V505 crosses cut-off a negative-going pip appears 
at V505 anode. 

This negative-going pip synchronises the 600 cis free-
running modulator multivibrator to run at the master 
multivibrator p.r.f. 

(d) The appearance of the negative-going pip on V.5 grid 
brings V.6 into conduction for its 20 microsecond conducting 
period to develop a negative-going 20 microsecond pulse at V.6 
anode which is phase reversed by a transformer and applied to 
V.7 grid. 
This 20 microsecond pulse brings V.7 on for 20 microseconds. 
On the back edge of the pulse V.7 cuts off and the choke in its 
anode rings at 400 kc/s, the first ring being positive-going 
and of about 10KV amplitude if not damped by conduction in 
V.3. 

(a)  

(b)  

(0) 

(e) 
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This 10KV ring is applied to the trigger electrode of the 
spark gap switch, V.3 and causes flash-over between the 
trigger and the ring electrode through which the trigger 
passes. 

This flash-over initiates the formation of the 1 microsecond 
modulating pulse which fires the transmitter to produce a 
1 microsecond burst of R.F. 

214. Since the pip at V505 anode thus determines the point on the sawtooth 
at which the transmitter fires we call this pip the transmitter-timing 
pulse and V505 the transmitter-timing valve. 

215. The 20 microsecond pulse applied to V.7 grid is termed the modulator 
priming pulse. 

216. The 10KV ring developed at V.7 anode is called the trigger pulse, and 
V.7 is called the trigger valve. 

217. We may now restate our ammmary as follows:- 

(a) The transmitter-timing pulse determines the start of the 
20 microsecond modulator priming pulse. 

(b) The trigger pulse is formed on the back edge of the 
priming pulse. 

(c) The 1 ricrosecond modulating pulse forms just after the 
trigger pulse. There is actually a slight delay between 
the back edge of the 20 microsecond priming pulse and the 
beginning of the modulating pulse. This is the combined 
effect of the time of rise of the trigger pulse and a 
delay in the action cf the spark-gap switch, V.8. 

(d) The modulating pulse fires the transmitter to develop a 
1 microsecond burst of R.?. The wavelength will be 9.1 ass. 
for H.2.S. Mark IIC and about 3.2 cms. for H.2.S. Mk.IIIA. 

Synchronisation of Signals and Markers to the Timebase  

218. Fboussing our attention on the subject of synchronisation of the 
transmitter pulse (and hence of signals) to the timebase, we note the 
following points:- 

The timebase is developed from the sawtooth taken from the 
centre-tapped secondary on T501 in V504. anode. 
The transmitter-timing pulse, and hence also the actual 
transmitter pulse, are controlled by the single-ended 
secondary output from T50I. 
There is therefore one transmitter pulse for each timebase 
sweep. 
As long as the potential to which V505 grid is returned in 
the switch unit is kept constant the transmitter-timing 
pulse will occur at a fixed point in the timebase sweep. 
The actual transmitter pulse will occur after this timing 
pulse by a fixed interval of about 22 microseconds determined 
by:- 

(i) The duration of the modulator priming pulse. 
(ii) The amplitude to which the trigger pulse has to 

rise before the trigger gap flashes over. 
(iii) The further delay before the spark gap switch 

becomes fully conducting. 

Since this interval will remain fixed in a serviceable set, 
the transmitter pulse must occur at a fixed point in the 
timebase sweep if the amplitude of the sawtooth from V504. remains 
constant, and the amplitude of the timebase paraphase amplifier 
output remains constant. Signals must then appear at a fixed 
point in the timebase sweep, and therefore at a fixed distance 
from the F.P.I. centre or a fixed distance up the height tube 
trace. This is equivalent to saying that the transmitter 
pulse and the signals are locked to the timebase. 
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219. The height and range marker circuits commence their measurement of time 
at the back edge of the 20 microsecond priming pulse. These markers are 
therefore also locked to the timebase. 

220. It was pointed out earlier that the modulator multivibrator will free-
run at about 600 q/s. Should the transmitting-timing pulse not be applied 
to V.5 anode, or be ineffective for arty reason, the modulator priming pulse 
will still be developed but at a p.r.f. of about 600 Ws. The transmitter 
pulse, signals, and the height and range markers will then be developed at a 
p.r.f. of 600 q/s. The timebase will, however, have a p.r.f. of 670 e/s. 
There will, therefore, be no synchronisation of the signals and markers to the 
timebase and the signals and markers will drift. It is apparent then that 
the transmitter timing pulse is the actual synchronising or locking agent. 

Control of Transmitter Timings 

221. We shall next consider how the transmitter timing can be varied and 
what effect such variation will have on the display. We have seen that the 
point at which V505 goes into conduction to form the transmitter-timing pulse 
is governed by the D.C. potential to which V505 grid is tied. We can, there-
fore, vary the point on the sawtooth at which the transmitter pulse is formed 
by varying this D.C. potential. Examination of our circuit diagram, fig.55, 
shows V505 grid returned to the moving contact of a switch. This moving 
contact is one of the three moving contacts on the scan-marker switch. We 
have Already dealt with one contact which serves to operate the relays that 
switch the circuit components in the master multivibrator and timebase 
switching valve stages. The third contact is used for operating relays to 
switch components in the height and range marker circuits in the receiver-
timing unit. Returning to the moving contact in which we are interested at 
present, we note that when we set the scan-marker switch to its respective 
settings, we have V505 grid returned to the following points if the various 
links are in the B (Bomber Command) positions:- 

Position Scan 55 	rid 
returned to Name of Control Vari

Range 
 of atin 

10/10 
10/20 
30/20 

100/20 
100/40 
100/40-80 

10 mi. 
20 mi. 
20 mi. 
20 mi. 
7+0 mi. 

40-80 mi. 

VR.153 slider 
VR.152 slider 
VR.152 slider 
VR.152 slider 

Earth 
+62V. 

10 Mi. Zero 
30 Mi. Zero 
30 Mi. Zero 
30 Mi. Zero 

None 
None 

0 to +60 V. 
0 to + 5. V. 
0 to + 5. V. 
0 	" 	. 

None 
None 

Prom our table it appears that V505 grid can be returned to a potential variable 
between 0 and +60V. by means of the switch unit control labelled the 10-mile 
zero. In the next three positions it can be varied between 0 to +5. V. by a 
control called the 30-mile zero. These presets on the switch unit can be used 
to alter the point on the sawtooth at which the transmitter-timing pulse forms. 
The result will be a variation in the point on the sawtooth where the back 
edge of the 20 microsecond priming pulse forms and the point where the trans-
mitter pulse forms just slightly later. As the height and range marker 
circuits commence their measurement of time from the back edge of the 20 micro-
second priming pulse the markers will form at different points on the sawtooth 
and hence will move on the displays as the setting of the 10 or 30 mile zero 
is altered. Since the point at which the transmitted pulse occurs is being 
varied the point at which the signals appear is also varied. The distance 
from the centre of the 	at which signals appear and their distance up 
the height tube trace will therefore change as the settings of these controls 
are altered. As V505 grid is made more positive (clockwise rotation of 
controls), the valve goes into conduction earlier and signals and markers 
form earlier on the sawtooth so more towards the 	centre and dawn the 
height tube trace. If the controls are turned counterclockwise to make 1505 
grid less positive the signals and markers form later on the sawtooth and 
therefore move away from the 	centre and up the height tube trace. 
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222. The table above shows that V505 grid is returned to earth potential in 
the switch unit when the scan-marker switch is in the 100/40 position. The 
points on the sawtooth at which the 20 microsecond priming pulse and the 
transmitter pulse are formed are then fixed. Assuming a grid base of 2V in 
V505 and a 150V. sawtooth centred at earth potential, we shall have the sawtooth 
trying to carry V505 grid between +75V and -75V. V505 will come into con-
duction when the grid reaches -2V., i.e. after the sawtooth has swung up 73V. 
Hence, the Tx-timing pulse begins about 73/150ths. of the way up the sawtooth 
which has a 1200 microsecond working stroke. The transmitter-timing pulse 
will then form about 73/150ths x 1200 = 584 microseconds from the beginning 
of the sawtooth. The 20 odd microsecond priming pulse will then bring the 
transmitter pulse shortly beyond the mid-point of the sawtooth. This rerult 
is of interest in Fishpond. The Fishpond zero marker is formed on the back 
edge of the 20 microsecond priming pulse. When the scan-marker switch is set 
to the 100/40 position the Fishpond scan is developed from the 1200 micro-
second sawtooth. Since the back edge of the 20 microsecond priming pulse and 
the zero marker are occurring beyond the centre of the sawtooth, the zero 
marker will appear about i" from the tube centre. 

223. Since the 10-mile zero and 30-mile zero vary the point on the sawtooth 
at which the 20 microsecond priming pulse forms, they will also shift the 
markers on the Fishpond display. These controls can therefore be used to 
shift the point at which the 20 microsecond priming pulse forms on the sawtooth 
to keep the diameter of the Fishpond zero marker essentially constant as the 
settings of the scan-marker switch are varied. 

224. When the scan-marker switch is in the 100/40-80 position, the grid of 
V505 is returned to +60v. The 150v sawtooth then tries to swing V505 grid 
between -15V and +135V. Since V505 will go into conduction at -2V the 
sawtooth will only swing through 13 volts of its 150V swing before V.505 
conducts. Hance, the transmitter-timing pulse occurs 13/150ths x 1200 = 100 
microseconds after the sawtooth begins, i.e., almost 500 microsecond: before 
the mid-point of the sawtooth. We have. seen that on the 100/40 pos4tion the 
transmitter fires just after the centre of the sawtooth. Per the first 4 
positions of the scan-marker switch, the transmitter pulse will normally also 
be forming very nearly at the centre of the sawtooth. Nov we noted in 
Chapter 3 that the height tube shift is set to bring the suppression break 
at the bottom of the height tube. But this 20 microsecond suppression break 
is caused by a second output from the modulator multivibrator. Hence, it 
represents approximately the middle of the sawtooth. If this break appears 
at the bottom of the height tube on the first 5 positions of the scan-marker 
switch most of the first half of the timebese sweep is off the tube. Hence, 
when the scan-marker switch is set to the 100/40-80 position and this suppression 
break occurs 500 microseconds earlier, it disappears off the bottom of the tube. 
The first signals that can then appear on the height tube will be those arriving 
just short of the middle of the sawtooth. These will be from 40 to 50 miles 
away. We thus obtain a range coverage on the height tube of around 40 to 
90 miles. The 100/S0-80 position of the scan-marker switch is therefore used 
when it is desired to pick up homing beacons triggered by the Iscrro trans-
mitter. Since the method of developing the P.P.I. scan is not designed for 
use with this position of the scan-marker switch, there is no point in discussing 
the P.P.I. displgy obtained with the 100/40-80 position of the scan-marker 
switch. 

225. It may seem strange that the control which alters the transmitter-timing 
on the 20 mile scan is called a 30 mile zero. This anomaly arises out of the 
fact that older indicators provided 10, 30 and 50 mile scans, and that Coastal 
Command still uses such indicators with the present switch unit. As the 
control originally operated on a 30 mile scan and still does so in Coastal 
Command installations the name has not been altered on the switch unit. 
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Outline of Development of  the Modulating Pulse  

226. It has been pointed out that the 1 microsecond modulating pulse occurs 
just after the trigger pulse from V7 grid causes the trigger gap of the 
spark-gap switch, V.3 to flash-over. We Shall now consider the development 
of this modulating pulses From the circuit diagram, fig.55 we note the 
following points:- 

We have a -4KV supply (developed by a power pack in the 
modulator) connected in series with a 64 henry choke, a 
six stage L.C. network and a 1.1 ohm monitor resistor, R.13. 
We have the spark-gap switch V.3, and the resistors R10, P81, 
R12 in parallel with the L.C. network and R13. 
In parallel with R10, R11, R12 we have a uniplug pulse-cable 
to the transmitter unit and the primary of a pulse transformer 
of the auto-transformer type. 
The secondary end of this pulse transformer is connected to the 
leg of the magnetron transmitting valve heater to which the 
magnetron cathode is strapped. 

A high current diode, V.0.111, in series with suitable resistance, 
is connected across the pulse transformer with the diode anode 
linked to the secondary end of the pulse transformer. In the 
Mark IIC transmitter unit a 4K resistor is used in series with 
the diode anode. In the Mark IIIA transmitter a 325 ohm 
resistor is placed in series with the anode, and a 27 ohm 
resistor in series with a thermal-relay is placed across the 
diode and its cathode resistor in the Mk.IIIA transmitter unit. 

227. When the "H.T. ON" push-button is pressed on the switch-unit the amber 
light canes en. After a delay the red light canes up and the main gap, i.e. 
the gap between the main electrodes of V.3, starts flashing provided the 
switch on the front panel of the modulator 64 is darn. If this switch is 
up V.3 will only show flashing at the trigger gap which will cause a bluish 
glow only in the lower part of V.3 and will cause a weak 670 o/s. note. 
When the main gap is flashing a strong bluish glow fills the middle of the 
valve and a pronounced 670 q/s. note is heard. When the red light comes up 
on the switch unit the H.T. supply to the trigger valve is completed and the 
trigger pulse developed at V.7 anode causes the trigger gap of V.3 to flash 
over at a p.r.f. of 670 lis. Hence we obtain the glow at the bottom of the 
valve and the weak 670 q/s. note. 

228. To understand the cause of the flashing across the main gap when the 
modulator switch is down as the red light comes up on the switch unit, we 
must study the role of the L.C. network across V.3 and the -4KV modulator 
power pack. 

229. The transformer for this power pack is Tj. The heater transformer is 
22. 	When the 	ON" button is pressed on the switch unit the heater supply 
comes an. When, following the usual delay after pressing the "H.T. ON" button, 
H.T. is applied to V.7 and the trigger gap of V.3 goes into operation, the 
current passed by V.7 energises the C relay in the modulator and the contact 
C.1 closes. If now the modulator switch, S.1, is flicked down, the 80V supply 
to the primary of T.3 is completed and the -111M supply is developed. Since 
the L.C. network is in series with this -4KV supply, the condensers of the net-
work charge through the 64 henry choke. The network is called an artificial 
line since it exhibits the same characteristics with regard to storing energy 
and to charging and discharging time as a 500" length of ideal coaxial line 
of suitable dimensions. As the condensers charge up the p.d. developed across 
them is applied across the electrodes forming the main gap of V.3. The voltage 
developed is not, however, sufficiently great to break down the main gap unless 
a spark is first produced at the trigger gap. If we have the trigger gap 
flashing over and then close 8.1, the voltage across the main gap will cause 
flash-over each time the trigger gap flashes over. We then obtain the glow 
in the middle part of V.3 and the load 670 cis. note when S.1 is closed. 

230. When the main gap breaks down, its resistance drops to a few ohms and 
we have the charged artificial line in series with the conducting resistance 
of the spark-gap, the pulse cable to the transmitter unit, and the primary 



C.D. 0896 

DEVELOPMENT OF MOOVLATING E R F PULSE  

IR 
15°0...WS el 

Sew•rrooTw 
Tcoi 
lEcomomty 

VANCAArtTER 
TIMING  PULSE 1 

Do5ITION ON SAINToOTH 
VARIADLE ON 10 C. 20 MILE SCANS 
Si IC AND 3o MILE ZEROS 

lou.SEC 
PRIMING 
PULSE 

TRIGGER 
Put% 

V 

3.1K v 

3110.1 NEGATIVE - 
MAORI OD NUE 
TAMTEPoAmEA 

Ov 

14KV NEGATIVE 
FROM ft/LSE 
VANS"Potmeit 
fecon0Arty APPLIED 
TO MAGNETRON 
CATino6 

II 	 II 

..41.I

I
y~ 

L ~ a.,fE4. 

TRANSMITTER 
DuLOS 

15 00 SECS FI G.60  



C.D60896L 

of the pulse transformer. The line, which has stored up energy in the 'Con-
denser, now discharges its energy in a 1 microsecond burst. There is then a 
current flow of 40 - 50 amps. through the pulse transformer primary far 
1 microsecond. The magnetron transmitter valve applies a resistive load of 
around 1,500 ohms across the secondary, i.e., the whole winding. The turn 
ratio is such that this resistance looks like about 74 ohms on the primary side. 
Hence the artificial line discharges a 1 microsecond burst of about 40 - 50 
amps. through a useful load of about 74 ohms. The voltage appearing across 
the pulse transformer pri.utry is then of the order of 74. x 5o = 3.7u. The 
sense of the current flow is such as to make the earthy end of the transformer 
the high potential side. The tapping point is then taken up to a potential 
of up to -3.7KV. The turn ratio is such as to step this up to about 14KV 
across the secondary. The magnetron cathode is therefore taken suddenly from 
earth potential to about -14KV when the trigger pulse Iran V.7 anode breaks 
down the trigger gap. At the end of 1 microsecond the artificial line has 
completed its discharge and the magnetron cathode returns to earth potential. 
\e thus hold the magnetron cathode about 14EV negative to earth for 1 micro-
second every time the trigger pulse from V.7 anode appears on V.3 trigger 
electrode. This gives us our 1 microsecond modulating pulse just after the 
back edge of the 20 microsecond modulator primary pulse developed by the 
mcdulgtor multivibrator. If the modulator multivibrator is synchronised by 
the transmitter-timing pulse, the modulator pulse will have a p.r.f. of 670 c/s, 
i.e., the same p.r.f. as the timebase. If the modulator is free-running the 
modulating pulse will have the same p.r.f. as the modulator multivibrator and 
will not be locked to the timebase. 

231. If the blue Bye lead carrying the transmitter-timing pulse is discon-
nected the spark-gap will continue to operate but the pent'. note of the gap 
will drop indicating that it is now operating at the lower, free-running p.r.f. 
If the p.r.f. control settin.: is now varied the changing p.r.f. can be detected 
by listening to the change in the p.r.f. note of V.3. Whether or not a normal 
transmitter-timing pulse will synchronise the modulator multivibrator depends 
on the setting of the p.r.f. control. If this is set for a p.r.f. above that 
of the master multivibrator synchronisation is obviously impossible. 

232. The control shows red, yellow and blue dots. Synchronisation should 
be obtainable in a normal set when the ratchet is set within + or - 3 notches 
of the red dot but this will not always be the case. If the control. is set 
for a high p.r.f. and high note from 743 and then adjusted to lower the pitch, 
the point at Which stable locking is obtained can readily be observed as the 
pitch of the note then changes noticeably. The control should be set back 
3 notches beyond the locking point. 

Development of the Transmitter Pulse and Behaviour of Magnetrons  

233. Transferring our attention now to the actual transmitter valve stage, 
we note the following points:- 

The magnetron transmitter valve is actually a diode with its 
anode earthed and its cathode strapped directly to one side 
of a heater. This heater has its own heater transformer. 
No tuned circuit is apparent. 
Examination of an actual transmitter unit will show that the 
magnetron is placed between the poles of a powerful permanent 
magnet. 

The magnetic field appears to be along the axis of the 
cylindrical anode of the magnetron. 

The magnetron is provided with cooling flanges and a 
blower motor. 
The output from the magnetron in a Mark TIC installation is 
taken from the internal cavity by means of a probe projecting 
into a coaxial line. 
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(g) The output from the magnetron in a Mark IIIA (TR.3555) 
transmitter unit is taken from the internal cavity by means 
of a probe extending into a waveguide. 

(h) The feed to the scanner is by coaxial feeder in the 162.s. 
Mark TIC installation aid by waveguide in the Mark IIIA 
installation. 

(i) The feed through the scanner is by a coaxial feeder with a 
capacity joint in Mark IIC and by waveguide with a rotating 
joint in Mark IIIA. 

(j) The actual radiator is a waveguide terminating in a horn in 
both installations. 

234. The magnetron as used in these installations is essentially a form of 
cavity resonator. When the 1 microsecond -14/0/ pulse is applied to the 
cathode we have 14KV. between the cathode and earthed anode. There is then 
intense emission from the cathode but the presence of the magnetic field forces 
the emitted electrons to traverse complicated paths in the honeycomb structure 
that fans the interior of the cavity. We may regard these oscillating 
electrons as exciting the cavity and causing the development of an intense 
electro-magnetic field inside it. A loop projecting into this field, but 
insulated from the earthed cylindrical anode along its output lead, will have 
induced on it a voltage at the freqaency of the oscillations in the cavity. 
If this loop is linked to the inner of a coaxial line whose outer is earthed 
the R.F. output will be transmitted along the coaxial line. If the loop 
terminates in a probe projecting into a waveguide the probe will act as an 
aerial and launch a wave into the guide. 

235. Since we have an oscillating electromagnetic field developed inside 
the magnetron, the magnetron combines the functions of a transmitter valve and 
oscillatory circuit. Obviously, the first consideration will be the power 
output obtainable from the magnetron. We could specify efficiency instead of 
power output since we supply only a fixed amount of power in the 1 microsecond 
modulating pulse. How much R.F. power is developed by the magnetron depends 
on its efficiency. The actual power supplied to the magnetron in the modu-
lating pulse is 125 - 14b K.W., i.e., about 9 - 70 amps. at around 1i. RV. Hew 
much power appears at the aerial will depend on the conversion efficiency of 
the magnetron and the matching of the magnetron to its output circuits. 

236. The maximum R.F. power output is not, however, the sole consideration. 
Depending on its internal structure and operating conditions a magnetron may 
show:- 

r

c

i Mauling. 
b Frequency splitting. 

Frequency pulling. 

Ry "moding" we mean operating at random on two different frequencies. That 
is, some bursts may be at one frequency, and others at an appreciably different 
frequenqy. If the local oscillator is tuned to beat with one of these so as 
to develop the frequency to which the I.F. amplifier responds, the other fre-
quency may develop a beat which will be outside the pass-band of the I.F. 
amplifier. "Frequency splitting" involves the simultaneous development of 
two different frequencies. The I.F. amplifier may only be able to amplify 
the beat note developed by one of these. "frequency pulling" means that the 
frequency developed by the magnetron when the installation is lined up may vary 
with any variation in the impedance presented to the magnetron by its output 
system. What the radar mechanic must aim to achieve is the maximum output 
that can be obtained under operating conditions that will produce a single 
stable frequency. 

237. We shall now consider that factors influence the frequency developed 
by magnetrons, their frequency stability, and the power radiated from the 
scanner into space. The chief factors which have a bearing on these points 
are:- 

(a) The physical dimensions and structure of the cavity. 
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r0? 
 The strength of the magnetic field. 

The amplitude and shape of the modulating pulse applied 
to the cathode. 

(d) The load presented to the magnetron by its output circuits, 
i.e., the feeder, waveguide and scanner. 

e The emission of the magnetron. 
The leakage resistance of the magnetron. 

g The inner surface of the waveguide feed. 
h The cleanliness of the perspex cupola. 

238. The physical dimensions of the cavity determine what range of fre-
quencies any particular magnetron will be able to develop under all possible 
operating conditions and fixes the frequency band for which any particular 
magnetron is suitable. . The dimensions of the C0.6k used in H.2.S. Mark TIC 
are such as to give a wavelength in the vicinity of 9.1 cma. The dimensions 
of the CV.108, CV.208 and 725A used in 11.2.5. Mark ILIA are designed to develop 
a wavelength in the 3.2 om. region. The design of the internal cavity has a 
significant bearing an the frequency stability and efficiency of the magnetron. 
The CV.64 will provide outputs of 35 - 5110‘at around 9.1 ams. The CV.108 
will develop about 18 KW. and the CV.208 about 25 KW. at around 3.2 ass. The 
CV.208 may show frequency pulling and sometimes frequency-splitting. The CV.64 
and CV.108 may show both moding and frequency pulling. 

239. Magnet field strength appears to affect the particular frequency range 
over which any particular magnetron will operate with reasonable efficiency 
and also the frequency stability, i.e., the tendency for the frequency to remain 
fixed under a range of loading conditions. When magnets fall below a certain 
minimum value the efficiency and hence the output will fall sharply and the 
frequency may be unstable. For 11.2.S. Mark TIC the strength of the magnet 
should not be less than about 1250 gauss, measured with the magnet in position 
on the chassis and the cover on the transmitted unit. For H.2.S. Mark III& 
the strength of the magnet should be at least 2500 gauss with the magnet on the 
chassis and the cover on in the TR.3555 series transmitter units. In the 
TR.3523 transmitter units the strength should be at least 	gauss. 

240. When we came to the modulating pulse we must consider the effects of 
both amplitude and pulse shape. The amplitude will effect the efficiency 
considerably and may also influence the frequency developed. Changing the 
modulator used with a given transmitter unit calls, therefore, for a check of 
the R.F. alignment of the transmitter unit. The shape of the modulating pulse 
will have an appreciable bearing on frequency stability and hence on the con-
version efficiency at any particular frequency. For frequency stability it 
is essential that the modulating pulse have a very steep edge and a flat top. 
The rise to maximum should occur in 0.1 microseconds. The maximum amplitude 
should be maintained constant within ±5% for the pulse duration. Decay to 
zero should occur in not more than 0.4 microseconds. 

241. The load presented to a magnetron by its output circuits effects fre-
quency, frequency stability, and conversion efficiency. We know that apy 
oscillatory system will oscillate at a frequency which makes its reactance 
zero. This reactance will be the resultant value obtained by canbining the 
reactance of the oscillatory circuit proper and the reactance coupled into it 
when the output circuit is attached. The frequency at which the magnetron 
oscillates will then vary if for any reason the output circuits present a 
changing reactance to the magnetron. In this way frequency pulling becomes 
possible. If the dimensions of the cavity and the elements in the output 
coaxial or waveguide feeder system are sufficiently modified by temperature 
changes there may be a progressive frequency shift. If the perspex cupola 
is assymetric, there may be changes in the reactance coupled back into the 
magnetron at different points in the rotation of the scanner. This reactance 
change may result in frequency pulling during part of each revolution of the 
scanner. Since the beat frequency resulting from the mixing of the L.O. 
signal and R.F. signal is then not equal to the I.F., radial gaps will appear 
on the P.F.I. display. These will coincide with those points on the scanner 
rotation where frequency pulling occurs. 
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242. When an oscillator tank circuit is coupled to an aerial circuit the 
resonant frequency of the entire system may show zero reactance for two tuning 
positions of the aerial circuit. The transmitter may then show the phenomenon 
of frequency jump, i.e., the aerial may radiate on either of two frequencies. 
The difficulty can be avoided by using a light coupling which will, of course, 
reduce the energy transferred from the transmitter to the aerial. To achieve 
a frequency response curve that has only a single peak, i.e., frequency stability, 
it is necessary to reduce coupling and sacrifice output, i.e., efficiency. This 
same conflict may appear in the H.2.S. transmitter. We have already spoken of 
the double frequency problems of moding and frequency splitting. These problems 
are most likely to appear when a magnetron has been matched to its output circuit, 
i.e., when the power output is at maximum. In lining lip an H.2.S. transmitter it 
may, therefore, be necessary to depart from the setting of the matching adjust-
ments which gives maximum power output in order to obtain a greater measure of 
frequency stability. 

245. The gain in frequency stability at the expenae of output power applies to 
the problem of frequency pulling as well as those of moding and frequency 
splitting. 

244a The magnetron emission, i.e., the magnetron current for a given monoiating  
voltage, also plays a part in the efficiency and frequency stability of the H.2.S. 
transmitter. As the emission falls the frequency stability diminishes and the 
efficiency falls. 

245. When a magnetron starts to go "soft", i.e., the insulation from either 
side of the heater to the anode (earth) starts to go down, the resistance it 
presents to the pulse transformer secondary alters. The tarn ratio is then no 
longer correct for the transformation of the magnetron hot impedance to a value 
that matches the characteristic impedance of the pulse cable. Part of the 
energy from the artificial line will then be reflected and only part applied to 
the magnetron. The power output therefore falls. A succession of reflected 
pulses will then travel along the pulse cable causing a series of weak magnetron 
pulses. These pulses may be seen as a block of constant amplitude pulses in 
the height tube immediately after the suppression break when a magnetron is going 
soft. If the pulse transformer or filament transformer insulation is going down 
a similar indication may be observed since these defects also cause a mismatch 
and result in similar reflections on the pulse cable. The pulses will continue 
until the voltage developed across the spark-gap by the artificial line is not 
sufficiently great to keep the gap in en ionised or conducting state. 

246. If the magnetron emission goes down its effective resistance increases 
and mismatch. Conditions arise which will cause the reduced efficiency 
mentioned above. 

247. If dirt or moisture appears on the surface of the waveguide and horn 
radiator in the Mark US scanner, or the inner surface of the waveguide feed a 
radiating system in the Mark IIIA scanner, considerable attenuation will take 
place. The power output will therefore fall off. These effects became more 
serious as the wavelength becomes shorter. 

248. Oil, dirt, etc. on the perspex cupola can likewise cause heavy attenuation 
of the R.F. beam during its passage from the mirror out into space. rue to the 
reduction in power actually going out in the beam the returns will then be weak. 

Shaping of the Modn•lating Pulse  

249. So far we have not discussed the function of the diode and resistance 
connected in series across the pulse transformer. The function of these can-
ponents is to prevent spurious triggering of the magnetron after the modulating 
pulse has been completed. To appreciate how such triggering could occur we 
must consider the pulse transformer at the instant the current pulse delivered 
by the artificial line is starting to decay. A certain amount of energy will 
be stored in the magnetic field surrounding the primary. as the current from 
the artificial line decays the collapse of the magnetic field will cause ringing 
at a frequency determined by the inductance and self-capacity of the transformer. 
The first positive overawing cannot cause magnetron triggering as the cathode of 
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the magnetron is being carried positive to the earthed anode. The following 
negative overawing will, however, tend to cause the magnetron to radiate a 
second burst shortly after the first. FUrther negative overawings may cause 
additional radiation. These spurious pulses will tend to result in a main eaho 
with feeble echoes tagging along behind it. The effect on the P.P.I. display 
will be to swamp the receiver by deans of transmitter break through after the 
suppression ends and thus greatly reduce minimum range. These spurious pulses 
will appear on the height tube as a series of pulses of diminishing amplitude 
directly after the suppression break if the diode or the series resistance is 
faulty. This indication should not be confused with that produced by a"soft" 
magnetron or a faulty pulse or filament transformer which appears as a series 
of constant amplitude pulses. 

250. If the diode and series resistance are functioning, the positive overawing 
carries the diode into heavy current and puts the low conducting resistance of 
the diode in series with the relatively low associated resistance across the 
transformer. This serves to damp the ringing so heavily that it dies out with-
out developing an amplitude capable of causing any material pulsing of the mag-
netron. The first negative overawing cannot, however, be fully damped out, 
and receiver suppression must be adjusted to continue through this period if 
breakthrough is to be prevented entirely. 

251. If the emission of a magnetron is falling and the-resistance it impresses 
across the pulse transformer is high, the voltage across the secondary may be 
so high as to cause arcing in the diode. This arcing may also appear before 
the magnetron emission has reached its full value when a cold set is first 
switched on. Such arcing in a set which has had time to warm up should put the 
magnetron immediately under suspicion. The diode itself may, of course, be 
faulty. This can be checked by first changing diodes. 

252. If the aluminium spray on the ends of the Alt. resistor (used in Mark IIC) 
flakes uhf and a high resistance contact develops between the resistor and the 
metal grip, the effective resistance goes up to such a high value that damping 
of the pulse transformer ringing becomes negligible and the series of spurious 
pulses with diminishing amplitude shows up on the height tube. 

The Modulating Pulse Current Monitor Point  

253. On the front of the modulator 64 panel are two brown and white Pye plugs. 
bamination of the circuit diagram, fig.55, shows that these plugs are strapped 
and tapped in between the artificial line and the 1.1 ohm monitor resistor. 
Sooping at either of these plugs will show the waveform developed across the 
resistor by the current discharged from the artificial line during the modu-
lating pulse. The amplitude of this waveform can be measured in volts by means 
of the calibrated I-shift on the Monitor 28. Since E = IR, I = 

= R 1.1 
would 

give the current which flows out of the line. Treating the 1.1 ohm resistor 
as 1 Ohm we can say that the current in amperes is given approximately by the 
amplitude measured on the Monitor 28 in volts. 

The Modulating Pulse Voltage Monitor Point  

254. The modulator 64 panel also dhows a blue and white monitor point. From 
a circuit diagram it is apparent that this plug is tapped between R.11 and R.12 
in the resistance chain between the spark gap and earth. But R. 	R.11 and 
R.12 are in parallel with the pulse cable and the pulse transformer primary. 
Hence the voltage across R.10, R.11, R.12 must be equal to that across the 
pulse transformer primary while the artificial line is discharging. The 
voltage developed across R.12 will be 150/955Oths. or about 1/64th of the total. 
Hence, by measuring the voltage developed across R.12 at the blue and white 
monitor plug on the Monitor 28 and multiplying by 64 we have the approximate 
Amplitude of the voltage output from the modulating line. This will be of the 
order of 3.5KV. The normal pulse will show as a negative-going pulse with a 
slight heavily damped positive overawing and a smaller negative overawing. 

255. Since the pulse transformer is an auto-transformer and does not, therefore, 
cause a phase inversion, the waveform at the voltage monitor point will be in 
the same phase as that at the magnetron cathode. Any ringing due to a faulty 
diode or 4IC. resistor will then appear at this point as a series of rings 
following the initial negative-going pulse. If a faulty magnetron, pulse 
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transformer of filament transformer is resulting in a mismatchlto the pulse 
cable and consequent reflections, the reflected pulses can also be seen in 
their appropriate phase at this point. Scoping at this point on daily 
inspection will therefore give a convenient check as to whether or not all is 
well in the overawing diode, pulse transformer, filament transformer and mag-
netron. Scoping at the current monitor point will serve the same purpose but 
will show phase-reversed waveforms. 

The Modulator Overload Trip Safety Circuit  

256. To prevent damage to the modulator power pack due to say form of overload 
resulting from a fault in the modulator or transmitter unit, an overload relay 
is included in the modulator. This is relay A in the modulator 64. The 
associated safety circuit is Shown in fig.62. R.8, across the relay solenoid, 
is in series with the earth line, and the power pack. The voltage developed 
across the solenoid by the normal mean current is not sufficient to energise 
the relay. The appearance of any fault which results in any appreciable 
increase in thin mean current will raise the voltage across R.8 sufficiently 
to energise the relay. The safety valve, V.4, in the modulator, is then 
brought into operation and relay B is energised. This results in cutting off 
the H.T. supply to the trigger valve. Relay C is then de-energised and the 
80V A.C. input to T.3 is broken and the rectifier taken out of operation. 
When the safety valve has completed its cycle the trigger valve comes back an 
and the supply to T.2 is again completed. If the fault has disappeared the 
equipment will now operate normally. If the fault persists the overload relay 
will again be energised and the cycle will be repeated. 

257. The details of the sequence of events are tabulated below:- 

(a) When an overload energises A relay, contact A/1 in the grid 
circuit of V.4 opens. This removes the negative bias from 
the grid and the valve passes current. Relay B in its anode 
circuit is then energised. 

(b) When relay B is energised the contacts B/1 and pin are operated 
(i) B/1 breaks the +5007 supply to the trigger valve V.7. 

This results in a cessation of spark-gap operation and 
hence of transmitter operation. Also, since V.7 is 
not passing current, C relay is de-energised. 

(ii) A/2 connects the feedback condenser, 0.5, between the 
anode and grid of V.4. 

(c) When C relay is de-energised C/1 opens and the 80V input to T.3 
primary is broken so the 4.KV power pack ceases to operate. 
This, of course, removes the current through A relay solenoid 
which caused the original tripping and A relay is de-energised. 

(d) When A relay is de-energised a/1 closes and reconnects the 
negative bias to V.4 grid which tends to out the valve off. 
Due to the presence of C.5 between anode and grid the attempt 
of the anode potential to rise tends to carry the grid with it 
and thus delays cut-off and makes the decay of anode current 
gradual. In about 10 seconds the decay will have proceeded 
far enough to make B relay de-energise. 

(e) When B relay is de-energised W2 switches C.5 out to restore 
the safety valve circuit to its normal state and A/1 reconnects 
the 500V supply to V.7. 

(f) The renewed flow of current in V.7 again energises C relay and 
C/1 closes. 

(g) The closing of C/1 restores the 80V A.C. input to T.3 primary 
and the -INK, pack goes bank into operation. 

(h) The circuit is now fully operational again. If the fault has 
been cleared normal operation is resumed. If it still persists 
A relay will trip again and the same qyole will repeat. 
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The Mark IIC Feeder System 

256. Exmnination of a Mark no installation will reveal the following points:- 

(a) Projecting from a glass seal passing into the cylindrical cavity 
of the CY.64 magnetron is a metal probe. The other end of this 
probe terminates in a loop whose end is tied to the earthed anode. 
The oscillating H.F. field that appears in the cavity during the 
'I microsecond modulation period induces a voltage an the loop. 
The potential of the output end of the loop, i.e., the probe coming 
through the glass seal, then rises and falls sinusoidallywith 
respect to earth at the radio frequency of the cavity oscillations. 
This probe fits into a flexible section of the inner of a coaxial 
line whose outer is earthed. The R.F. voltage then appears between 
the inner and outer of the coaxial line which terminates at an 
output plug an the panel of the transmitter unit. 

(b) In this section of coaxial line is an adjustable quarter-wave 
matching slug which is merely a section of metal cylinder sliding 
on the inside of the outer of the coaxial line. 

(c) Passing from the output plug to the scanner Type 63 is a dielectric-
filled high power feeder which terminates in a plug at the scanner. 

(d) If the scanner is stripped down it will Show a tarther section of 
coaxial feeder clamped rigidly where it enters the scanner by means 
of a suitable clamping band. This feeder section terminates in 
the fixed pert of a capacity joint shown in fig.63. 

(e) Fitting into this fixed section of the capacity joint is another 
suitably designed section of the coaxial feeder. At the high 
frequencies involved the narrow air gaps are as effective as an 
actual metallic contact but provide relative movement between 
the two sections which axe coupled capacitively across the air 
gaps. We thus obtain electrical continuity at the radio 
frequency in a rotating capacity joint. 

(f) The rotating member of the joint passes up through a tube which is 
attached to the rotating member of the scanner main bearing. The 
free end of the tube is segmented into six tapered sections. A 
tapered locking not screws up over this end. As this nut is 
tightened up the feeder section passing up through the tube is 
gripped firmly and held properly control with respect to the fixed 
section of the capacity joint. The feeder section thus gripped 
rotates with the motor-driven mirror. 

(g) The rotating section of the feeder passes through the back of the 
mirror and terminates at a plug on the side of a section of 
rectangular waveguide. The inner of the line, embedded in poly-
strene, projects part way across the narrow dimension of the 
guide. This projection serves to launch the R.F. energy into the 
waveguide in much the same way as an aerial launches R.F. energy 
into free space. An electromagnetic wave guided by the walls of 
the guide, travels towards the mouth of the guide. To avoid heavy 
reflections at the guide mouth where the wave must pass from its 
guided form into the free space form, it is necessary to have 
the guide mouth suitably flared. 

(h) The flaring at the end of the waveguide is called a aectoral horn. 
The shape and dimensions of this horn and its position with respect 
to the focus of the paraboloid mirror play a large part in the polar 
diagram of the transmitted beam. Any damage to the horn or to its 
supports may therefore be expected to upset the shape of the 11.2.8. 
been. 

(i) The wave radiated from the horn mouth will have the E vector across 
the narrow.  dimension of the horn, i.e., in the horizontal plans. 
The B62.8. beam is therefore horizontally polarised. The azimuth 
beam width of the main lobe for the type 63 scanner is about 40. 

(j) Returning to the transmitter unit we note that between the slug 
and the output plug a branch line comes off at right angles to the 
coaxial output line. This line passes to a 07.43 T.R. switch 
which flashes over when the magnetron pulses. When the CV. 43 
flashes over the result is to practically short the branch line an 
odd =saber of quarter wavelengths from the junction. The branch 
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line then presents a high impedance at the junction when the 
transmitter pulses and there is no appreciable flow of energy 
down the branch line. This branch line is actually the receiver 
channel through which received signals pass to the crystal mixer 
chamber through the CV.k3 T.R. switch. 

259. Having noted the channel along which the R.F. pulses developed by the 
CV.64 must travel, we must now consider the functions of the matching slug. For 
the maximum transfer of energy from the magnetron cavity out into space we must 
arrange that:- 

Resistive losses in the feeder system are kept to a minimum. 
The magnetron is matched to the feeder and the feeder to the array. 
The flow of R.F. energy down the branch line is kept down to 
a minimum 

260. To minimise losses the following simple precautions are necessary:- 

(a) Ensuring that the output probe of the CV.64 is properly fitted into 
the flexible inner section of the coaxial output line and has not 
pushed the flexible line to one side. 

(b) Ensuring that the plug cmnections are tight at both the scanner 
and the transmitter unit. 

(c) That there is no accumulation of dirt or moisture in the 
waveguide radiator to cause attenuation. 
That the perspex cupola is free from dirt and oil films. 

e That standing waves be kept down to the minimum throughout the 
feeder system. 

Should sparking be occurring in the plugs due to poor contacts, or at a faulty 
contact between the CV.64 output probe and the flexible inner link, the effect 
will be, not only to reduce output due to losses, but to greatly increase noise. 
On the 	display this will appear as flashing or spoking, that is when the 
gain is high enough to bring up signals the high noise level will brighten up 
the full timebase sweeps. 

261. The problem of minimising standing waves in the feeder system involves 
some form of matching wherever a discontinuity occurs. Most of these points 
are taken care of in the actual design and do not call for aey adjustment by 
the radar mechanic. 

The Mark IIC R.F. Output Matching 

262. Complete presetting of the magnetron matohing arrangements is not, however, 
possible as magnetrons differ in the impedance they present to the feeder system. 
We may then regard the problem as a matter of transforming the impedance of the 
high power feeder at the transmitter unit output plug to a value at the magnetron 
that matches the output impedance of the magnetron. If we assume that the 
feeder offers a purely resistive impedance, the length of coaxial between the 
plug and the quarter-wave slug transforms the characteristic resistance to a 
new value depending on the length of line. The quarter-wave slug has itself 
some characteristic impedance determined by its diameter and the diameter of the 
common inner. Let us assume the value is Zo  and the impedance presented to the 
plug side of the plug is Z1. This impedance will be transformed to some value 
given by Z2 = Z02/2.1 if the frequency of the signal is such as to make the slug 
a quarter wavelength. This impedance value is again transformed by the line 
section beyond the slug to a value determined by the length of this section. 
The position and range of movement of the slug have been so chosen that by moving 
it through its travel a point can be found where the resistive component of the 
impedance presented to the normal magnetron matches the hot impedance of the 
magnetron. If the impedance presented to the magnetron also includes reactance 
the effective reactance 	the oscillatory system is not the same as it would be 
if the impedance presented were purely resistive. The frequency of the 
oscillations is therefore modified to a value where the net reactance of the 
system is zero. AA the position of the matching slug is varied the paver output 
from the horn radiator will increase as the resistive match is improved. At the 
same time frequency changes may appear due to changes in the reactance coupled 
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back into the magnetron oscillatory circuit. For certain slug positions a 
small change in position may result in appreciable frequency changes. This 
position may, in some cases, coincides with the position for maximum power output 
and maximum signal amplitude. 

263. If, with such a setting of the slug, the standing wave in the cupola due 
to reflections from the perspex and parts of the fuselage differs at different 
points in the scanner rotation the reactance coupled back into the magnetron may 
vary appreciably during the scanner rotation. The result will be frequency 
pulling which will result in signals returning on different frequencies during 
different parts of the scanner rotation. This, in turn, will result in radial 
fades or gape as the I.F. developed in the mixer will not be constant and may 
swing in and out of the pass-band of the I.F. amplifier. Altering the 
tuning may then alter the portions of the scanner rotation where the I.F. output 
from the mixer is within the I.F. amplifier pass band. The radial gaps will 
then shift. If the pulled frequency is outside the peas bard of the CV.43 this 
gap shifting by the L.O. tuning will not occur. 

2644  The tendency for small changes in the reactance at the scanner end to be 
transformed into appreciable reactance changes (and hence frequency changes) at 
the magnetron, depends very largely on the position of the matching slug. 
During portions of its travel the result will be mainly to alter the resistive 
match without coupling back much reactance. In this range the power output 
will change without any appreciable frequency Change occurring. The beet 
position of the matching slug is therefore a position where the slug can be moved 
* inch either way without altering frequency much while at the same time not 
sacrificing power output by more than is necessary to ensure reasonable frequency 
stability. With a good magnetron, good magnet, and satisfactory modulating 
pulse, it should be possible to find a matching slug position that permits dis-
placement of the slug by + or - * inch without causing frequency changes of more 
than + or - 4.Mo/s. and without reducing power output by more than 10 - 2Q of 
the maximum value. If the L.C. is not returned and the amplitude of signals 
does not drop by more than 59% as the slug is moved + and - * inch, the magnetron 
frequency change is less than 4 Nn/s. With such a setting gapping should not 
occur. If the magnetron emission falls, magnet strength goes below about 1250 
gauss, or modulating pulse has inadequate amplitude or poor shape, the occurrence 
of radial gaps or fades will be much more likely. 

265. Although more clearly allied with the receiver chain it may be instructive 
to Consider at this point the relation of the matching slug to returned signals. 
These signals pass down the waveguide, through the capacity joint, and along the 
high power coaxial feeder to the transmitter unit. From the R.F. plug they pass 
to the coaxial line in the unit. At the junction of the branch line the incoming 
signal has the choice of two paths. The first of these is straight ahead toward 
the magnetron and the second is down the branch line. As the impedance of the 
cold magnetron is almost wholly reactive, the flow to the magnetron is reflected 
and this reflected wave may interfere with the wave flowing directly into the 
receiver branch line. Such interference will be minimised if the position of the 
matching slug so modifies the phase of the reflected wave as to bring it into 
phase with the direct wave. de say the slug has then transformed the cad 
magnetron impedance to a high value at the branch line junction since the effect 
is the same as if there had been no flow to the magnetron due to a high opposing 
impedance. As the setting of the slug is varied to match the hot impedance of 
the magnetron to the output system, the cold impedance presented at the branch 
line junction will also vary. It may be found that maximum output will occur 
at a slug setting that will permit an appreciable interference between the wave 
flowing directly into the branch line and the wave reflected from the magnetron. 
Practice in the past in Bowler Command has therefore been to adjust the slug on 
the ground for maximum permanent echo signal output from the receiver as observed 
on the Monitor 28. This method is open to the objection that such a method of 
setting may leave the slug in a position where small changes in the reactance 
coupled back into the magnetron may cause an appreciable change in the Magnetron 
frequency. Alternatively, small changes in supply voltage causing changes in 
the magnetron emission or in the modulating pulse amplitude, may also cause un-
stable frequency conditions. What constitutes the most reliable way of obtaining 
the best compromise between frequency stability and strength of returned signals 
remains one of the uncertainties in the use of the transmitter unit employed in 
the various H.2.S. installations. 
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266. To ensure that the flow of R.F. energy down the receiver branch line is 
kept to a minim= during tranamittion it is only necessary to ensure that the 
cv.43 T.R. switch is functioning properly. Fuller details of this valve will 
be given when dealing with its functions in the receiver chain. Its functions 
in the transmitter chain is to flash-over when the transmitter pulse commences 
and thus make the branch line appear effectively a aborted quarter wave stub at 
the junction with the main line, thus reducing to a trickle the energy flow 
down the trench line while the transmitter pulses. This flash-over will occur 
earlier in the transmitter pulse rise and will develop a more effective short 
when the CV.43 resonant cavity is tuned to the same frequency as the magnetron. 
Hence, CP.43 tuning has a bearing on the transmitter output radiated fran the 
scanner. The losses down the branch line are, however, more significant from 
the standpoint of damage to the crystal than from the standpoint of reduced range 
due to reduced power output. 
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The Mark IIIA Feeder System 

2671. The Mark IIIA feeder system is much more elaborate than that used in 
Mark II0 for the following reasons: - 

(a) In the 3 cm. band dielectric losses in coaxial feeders become so 
great that it becomes necessary to devise some form of tranamission 
channel to the scanner that introduces a much lower attenuation. 
The only form of transmission channel capable of meeting this 
requirement is a waveguide system. 

(b) Propagation in waveguides can take place by means of different modes, 
i.e., different electromagnetic field patterns, which will behave 
differently at discontinuities, bends, etc. with regard to the 
introduction of standing waves. Standing waves may result in 
voltage maxima of such amplitudes that corona discharges may develop 
across the guide. Such discharges will cause large energy losses 
and will develop noise. It becomes necessary, therefore, to use 
mode filters at various points to cut out unwanted modes which will 
introduce unwanted standing waves and unwanted losses. 

(c) To prevent the appearance of unwanted modes as much as possible and. 
at the same time carry the energy around tends, across a vibrating 
joint, and across a rotating joint, it is necessary to use both 
circular and rectangular guide sections. The transitions from one 
to the other call for suitable matching adjustments. 

(d) To operate with a common T and R array we require: - 
(i) Matching adjustments to match the magnetron to its 

output system. 
(ii) Adjustments to match the cannon array to the receiver 

channel. 
(iii) To transform the cold impedance of the magnetron to a 

high value at the receiver branch line junction. 

It is these matching adjustments with which the radar mechanic will be primarily 
concerned. The various mode filters and fixed matching adjustments are of 
interest to the scientifically-minded mechanic but are not a major concern. 

268. Examination of an H.2.S. Mark IIIA installation fitted with a transmitter 
unit of the T.R.3555 series will reveal the following points:- 

The oscillatory voltage developed in the magnetron cavity is 
induced on a loop inside the cavity. One end, of the loop is tied 
to the earthed anode and the other cones out as a probe inside a 
glass seal. 
The probe of the CV.108 terminates in a rounded knob which projects 
into a circular guide section. The rounded lamb is used to prevent 
sparking across to the guide wall. The cir.208 probe differs Pram 
that of the CV.108 in that it is not rounded at the end. As an 
alternative method of preventing sparking or corona discharge the 
glass seal is extended to enclose the entire probe. For both valve 
types the guide is held stationary with respect to the magnetron by 
means of a suitable locking ring arrangement. The R.F. energy is 
launched into the circular guide section from the end of the probe 
in saaewhat the same way as energy is launched from an aerial into 
space. 
In the earlier units in the T.R.3555 series the two output matching 
adjustments provided consisted of an adjustable shorting piston in 
the end of the circular guide, and an adjustable iris between the 
probe and the junction of the circular guide and the rectangular 
guide section into Which it feeds. In some units of the TR.3555 
series, instead of the piston and the adjustable iris two silica 
tuning probes on en adjustable carriage are fitted to a square 
section inserted in the circular guide. The distance that these 
probes project into the guide can be varied. The two adjustments 
then consist in moving the carriage and the position of the matching 
probes and in varying the distance the probes project into the 
guide. 
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(d) The circular guide, instead of being mechanically connected to 
the rectangular guide, is terminated in a circular flange. A 
short circular section is fitted to the rectangular guide. This 
short section likewise terminates in a circular flange separated from 
that on the main circular guide by a narrow air gap. The primary 
purpose of this gap is to allow for tolerances in the dimensions of 
the magnetrons. To prevent escape of R.F. energy through this gap 
it must appear to the wave in the guide as if no gap were present. 
To assist in achieving this result, ditches, a quarter-wave deep and 
a quarter-wave out from the inner guide surface, are cut in the 
lower flange. These serve effectively as R.F. chokes. 

(e) The end of the rectangular guide is fitted with a 49°  inclined 
plate. The purpose of this plate is to take the R.P. energy 
around the right angle bend without introducing appreciable 
reflections back up the circular guide. 

(f) Proceeding along the rectangular guide we note a short rectangular 
branch at the bottom of the guide. The base of this branch is 
shorted. Into the aide is fitted a circular section with an ad-
justable tuning piston. A little gas-filled valve, 07.115, with 
a copper diaphragm sealed into the envelope, is fitted at the 
junction of these circular and rectangular sections. 

(g) A little farther along the guide is the receiver branch line. 
Thin line includes the T.R. switch, 07.114, the crystal mixer, and 
another section of circular guide fitted with a shorted tuning 
piston. This piston and the one mentioned in (f) are the Amp. 
input matching adjustments. 

(h) The rectangular guide, with its narrow dimension vertical, 
terminates at the panel of the R.F. box. Connection to the 
scanner type 71 waveguide system is made by means of a circular 
section of flexible rubber guide. 

(i) The rubber guide section feeds into a further rectangular section 
that feeds into a circular section at right angles to it. A 
perspex seal is inserted at the entrance to this rectangular section. 
This seal, together with another near the waveguide horn, forms an 
airtight system which breathes through a drying agent bottle. It 
also prevents any dirt, etc. in the cupola frees working back into 
the H.P. box waveguide sections. The perepex is essentially trans-
parent to the R.F. pulses and signals. 

(j) The circular section into which the rectangular section in (i) feeds 
forms the fixed member of a rotating waveguide joint. 

(k) A further section of circular guide, separated by 1 mm. from that 
in (j), forms the rotating member of the joint. This section 
moves with the mirror as it turns. 

(1) Circular mode filter rings, mounted on trolitul supports, appear 
in each of the circular sections that form the rotating joint. 

(m) The rotating circular section feeds at right angles into a 
rectangular section with the long dimension of its cross-section 
in the horizontal plane. Thies:lotion is taken around a gradual 
bend and terminates in a waveguide union which couples to a 
further section of rectangular guide. This section continues the 
bend but is also twisted through 90°  to finish up with the guide 
mouth facing the paraboloid mirror with the long dimension of its 
cross-section in the vertical plane and the narrow are in the 
horizontal plane. 

(K) The guide is terminated in a sectoral horn, i.e., the narrow 
cross-section dimension is kept constant but the long one is 
increased. The wave emerging fret the guide has the B vector 
in the horizontal plane, i.e., the radiation is horizontally 
polarised. The main lobe of the radiated beam has an 
azimuth width of about 9i° in the scanner type 71. 

(o) Another matching iris is fitted at the back of the horn. 
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269. Transmission line and waveguide principles are discussed in Chap.13. 

The Output Controls of the TR.3555 Series H.F. System 

270. We have discussed the mechanical details of the waveguide feeder systan. 
We shall now consider the functions to be fulfilled by controls and the controls 
provided to fulfil these functions. In order to obtain the maximum flow of 
energy from the magnetron output probe along the feeder system and out into 
space, we must arrange:- 

(a) That the maximum energy flow leaves the probe and passes into the 
guide. This requires that the output system present to the probe 
a resistive impedance component equal to that of the probe. 

(b) That the maximum fraction of the energy launched into the guide be 
radiated into space. This means that we must:- 

(i) Minimise standing waves in the guide since these represent 
energy reflecting back and forth in the guide system thus 
introducing losses by heating the inner guide surface and 
by causing corona discharges at points where the standing 
saves show voltage maxima. 

(ii) Effectively prevent the flow of energy through gaps and 
down parallel branches instead of along the main feeder. 

To minimise standing waves it is necessary to arrange that the reactance 
presented to the probe by the output system be equal in magnitude and opposite 
in sense to the reactive component of the probe output impedance. To effec-
tively prevent the flow of energy into the branch lines and gaps during the 
duration of the transmitter pulse it is necessary to arrange that these appear to 
present electrical continuity, i.e., as if there were no gap in the surface. 

271. In considering the controls which axe adjusted to obtain a good R.F. 
output it may be helpful to consider the transmission line analogy. Suppose 
we have an ordinary transmitter which is coupled to an aerial by means of a 
feeder. To get the maximum energy transfer from the tank circuit to the feeder 
the feeder and tank circuit must be matehed. This is normally done by some 
form of transformer coupling. The feeder may be tapped in directly on the 
coil which then serves as an auto-transformer. Alternatively, depending on 
the type of feed used at the aerial, it may be preferable to use a second coil 
coupled to the tank coil to give a mutual transformer arrangement. In either 
case the turn ratio of the primarysnd secondary bindings must be given by 

Secondary Turns - Z Tank Circuit  
Primary Turns 	 Z feeder 

where Z Tank Circuit is the dynamic resistance of the tank circuit and Z feeder 
is the characteristic resistance of the line. 

272. Matching the tank circuit to the feeder serves to get the maximum output 
on the feeder but does not guarantee that this output is radiated from the 
aerial. To get the maximum energy radiated the feeder must be matched to the 
aerial. The aerial will present a certain impedance to the feeder at any 
specific frequency. This impedance depends on the aerial dimensions and design, 
If the aerial is resonant this impedance will be pure resistance. For a non-
resonant aerial the impedance will contain both resistive and reactive compcom. 
ents. To have the R.F. energy travel down the feeder to the aerial without 
reflection, i.e., without causing a standing wave on the feeder, the resistive 
component of the aerial impedance must be matched to the characteristic resis-
tance of the line and the net reactance of the system must be brought to zero. 
These two results are often achieved by some form of stub-matching. A tapping 
point is located at which the resistive component of the aerial impedance has 
been transformed to a value equal to the Characteristic resistance of the feeder 
The impedance transformer is, of course, the length of feeder between the 
tapping point and the aerial. The reactive component appearing at the tapping 
point is then cancelled out by putting a short-circuited or open-circuited stub 
of suitable length across the line at the tapping point. When the two condition 
of resistive match and zero net reactance have been fulfilled the energy will 
flow from transmitter to aerial in the form of a travelling wave. The standing 
wave which is produced when reflections occur as the result of a mismatch will 
then be absent and there will be no voltage maxima and minima along the main 
feeder. 
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273. Returning to our H.F. box feeder system we are faced with a similar 
type of problem. There is a difference, however, since the introduction of the 
output probe of the magnetron into the waveguide results in the appearance of 
both reactive and resistive components in the output impedance of the magnetron. 
To get the maximum flow of energy into the guide we must meet the same conditions 
that are necessary to get the maxLnum,energy radiated era: an aerial. In the 
first place we must match the resistive component of the probe's output imped-
ance to the wave impedance of the guide. The second condition to be met is 
to match out the reactive component of the probe's output impedance. The first 
condition calls for acme form of impedance transformation and the second for the 
introduction of a reactance which is equal in magnitude and opposite in sense to 
that of the probe. 

274. To pursue these points further without going into a detailed study of 
waveguidee at this point it will be necessary to accept the following points: - 

(a) The tern wave impedance is the waveguide term that corresponds 
to characteristic impedance of a feeder. The value of the wave 
impedance depends on dimensions, shape, frequency and the type 
of wave. 

(b) Reactances introduced in feeders cause reflections and standing 
waves but cannot absorb power since current and voltage are 900  
out of phase. In the same way reactances in a guide cause 
reflections and standing waves but do not absorb power. Renee 
when a standing wave appears due to an unbalanced reactive 
component we can effectively eliminate it by introducing some 
form of reflector that causes a standing wave of the same ampli-
tude but exactly in antiphase. Tae two will then cancel out 
and we may say that the net reactance is zero. 

(c) In transmission line matching the quarter-wave transformer is 
often employed. This matching device is essentially a section 
of transmission line of a different characteristic impedance 
fran the main feeder. In guides, quarter-wave irises, i.e., 
sections with different dimensions o• a different dielectric 
are often employed. Instead of a different guide section two 
projections into the guide separated by a quarter wavelength may 
be used. If the distance that such a pair of projections extend 
into a guide is made variable, they can serve simultaneously as a 
quarter wave transformer to obtain resistive matching and a 
variable reactance to match cut an unwanted reactive compcment. 

(d) Guide dimensions must be of a certain minimum size before a wave 
can be propagated inside them for any appreciable distance. These 
minimum dimensions are called the cut-off dimensions. 

(e) The wavelength in a guide depends on the wave type or mode. 
For a wave that has a free-space wavelength of 3.2  ems., the 
wavelength in the rectangular guide is 4.14 ans. and the wave-
length in the circular guide is 5.95 moms. 

275. Let us consider now the actual matching adjustments used in the earlier 
H.P. boxes in the TR.3555  series. Principles are discussed in pares. 1227 - 
1225. Details are shorn in figs.65, 180 and 220. The piston can be adjusted 
to a position where the resistive component presented by the probe is trans-
formed to a value that matches the wave impedance of the guide. There will, 
however, be a standing wave in the guide section between the probe side of the 
iris and the piston. By moving the iris the phase of the reflection fran 
the iris can be adjusted to be opposite to that from the probe. It is not 
likely that complete cancellation will occur due to amplitude differenoes. 
A readjustment of the piston will now give an improved cancellation of the 
iris reflection. Thus, by alternately varying the two adjustments, a can-
bination of settings can be found which results in the maximum flow of energy 
down the guide system. 

276. What happens to this energy depends an:- 

a Whether the guide is correctly matched at its output end. 
b 	Whether there are losses in gaps and branch lines. 
c Whether the successive sections are matched to each other. 
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The radar mechanic is not in a position to do anything about these points in so 
far as adjustments are concerned, but should be aware of the provisions made and 
how their failure may result in low output from a good magnetron. 

277. Matching the waveguide proper to its output stage is done by properly 
locating the guide with respect to the mirror and by suitably flaring the guide 
mouth. Any damage to the guide that alters its position or distorts the horn 
termination will result in a reduced output and probably in polar diagram dis-
tortion. 

278. Matching of the guide sections to one another is done by suitably choosing 
the dimensions used and by introducing fixed adjustments. Suitable filter ring 
are inserted to prevent the passage of unwanted wave types or modes which may 
appear at discontinuities. These rings serve the same purpose as wavetraps an 
filters in the more familiar types of R.F. circuits. Care must be exercised in 
scanner and H.F. box maintenance to avoid any distortion or derangement of the 
waveguide feeder system if the fixed matching and filtering devices are to 
function properly. Care must also be exercised to prevent oil, dust, or moist 
from getting into the guide system and causing heavy attenuation of the output. 

279. To prevent R.F. energy from flowing into the receiver branch line when 
the transmitter fires we have a T.R. cell, 07.11/1, an electrical wavelength up 
the receiver branch line. This cell has a low pressure water vapour filling 
which flashes over when the cavity is shocked into violent oscillation by the 
energy flowing down the branch line during the first oyoles of the transmitter 
pulse. There is then an effective short circuit a wavelength from the junction 
of the branch line, and the output line. When the wave reaches the shorted end 
it is reflected and travels back towards the main line. Since it has travelled 
two full wavelengths it is in phase with the wave travelling down the main line 
t...o the effect is the same as if there were electrical continuity straight acme 
the mouth of the branch line. There is then no appreciable loss down the 
receiver branch line and no interference at the junction. Should the CV.114 be 
faulty and fail to flash over the transmitter output will obviously be reduced, 
but what is more significant, the crystal will be ruined. 

280. The purpose of the second branch line may not be immediately apparent. 
Its function is wrapped up with reception of signals rather than transmission. 
Suffice it to say at this point that tuning piston 2 is included so that incoming 
signals arriving at the branch line will see a high impedance in the direction 
the magnetron so will travel down the receiver branch line. Since this brand) 
live has been included some provision is necessary to effectively prevent the 
flaw of transmitter output into it. The rectangular section of the branch is 
a wavelength long and is Shorted at the end. Fitted in the aide is an anti-
T.R. cell, CII.115. This valve is argon-filled. A copper diaphragm with a 
resonant slot appears half-way down the wall of the wavelength of rectangular 
guide. The CV.115 must be inserted to have the slot horizontal. When the 
transmitter fires the resonant slot arcs over to effectively give the wavelength 
of rectangular guide two continuous sidewalls. The wave then travels to the 
shorted bottom, reflects, and travels back. As the path traversed down the 
branch line and back is two wavelengths the reflected wave will be in phase with 
the wave continuing down the main guide. The result is then again the same as 
if the main guide wall were continuous and there were no branch line present. 
Should the 07.115 be left out, faulty, or fitted with the slot vertical, energy 
will flow through the slot and reflect back to arrive in the main line with a 
phase that will depend on the setting of the piston. If there is a large phase 
displacement, the reflected and direct waves and the output will interfere with 
fall. Tuning pistons 2 and 3 are receiver adjustments so will be dealt with 
in the receiver chain. 

281. The loss of energy at the vibrating joint is prevented by means of the 
quarter-wave ditches at right angles to the S-vector. As the R.F. currents 
flaw in the guide walls the wave travelling through the gaps will produce a 
certain current distribution in the upper flange. On the lower flange the 
currents must travel down the one side of the quarter-wave slot and up the other 
so are out of phase by half a wavelength or 1800  when they reach the flange 
surface. The fields set up in the upper and lower flanges beyond the ditch axe 
then in antiphase so cancel out. Hence there is no flow of energy out through 
the joint. The ditches thus serve as R.F. Chokes. 
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282. To prevent sparking between the pistons and guide walls across the gap 
that must obviously be left to permit piston movement, the piston faces are 
arranged as shown in fig.180. The energy travelling down that side, into the 
ditch and back again, will have travelled a full wavelength so will be in phase 
with the wave reflecting from the piston face. The effect is then the same as 
if the piston face were actually making metallic contact with the guide wall and 
there were no gap at all. 

283. In the latter H.F. boxes of the T.11.5555 series the iris and tuning piston 
1 are replaced by a moveable carriage carrying two adjustable silica tuning 
probes separated by a quarter wavelength. As the two probes are discontinuities 
a quarter-wavelength apart, we may regard them as forming a quarter-wave matching 
transformer with a characteristic impedance dependent on the distance they pro-
ject into the guide. If we start with the probes projecting in about d  inch 
and slide the carriage we can find the point that gives the best output down the 
guide. There will probably still be some unbalanced reactance, i.e., a standing 
wave between the control and the top of the guide. Hy increasing the distance 
the probes project into the guide by a inch and again adjusting the carriage, a 
better setting may be found with a smaller standing wave. By increasing the 
distance tue probe projects into the guide in i inch steps and finding the best 
carriage position it is possible to find the position for maximum power output. 

284. So far we have assumed that the guide is correctly terminated so that 
there will be no standing wave along its length. When setting up with a Test 
Set 205 this will be the case. Actual scanners may not, however, provide this 
correct match. The guide may then show a fairly pronounced standing wave. 
This is equivalent to coupling additional reactance into the magnetron which 
may cause frequency pulling, frequency splitting or moding. In the case of 
the CV.108 moding is the more common result and in the CV.208 frequency pulling 
is the more usual effect. These effects will be most pronounced when the 
heaviest loading is applied to the magnetron, i.e., when the matching adjust-
meats are set for maximum output. The effect will be unstable returned signals 
in the case of moding, and falling off signals with frequency pulling. The 
unstable signal strength results from the fact that the one mode of oscillation 
may give a signal which comes within the I.F. pass-band after beating with the 
L.O. signal while the other mode results in an I.P. signal near the edge or 
outside the I.F. pass-band. To prevent frequency pulling or moding it is 
necessary to reduce the loading on the magnetron by introducing a deliberate 
mismatch at the magnetron. This process is analagons to loose coupling in 
short wave transmitters in order to secure a higher frequency stability. A. 
suitable mismatch unit which introduces a standing wave with an amplitude of the 
same cyder as that caused by the worst scanner is used to ascertain what settings 
of the two H.F. output controls will sustain a stable frequency as the phase of 
standing wave is varied throughout its full range. When this setting of the 
control is found it is reasonable to assume that the magnetron can be relied 
an to give a sufficiently stable frequency for pperational purposes when the 

box is installed in an aircraft. 

How the Magnetron is protected in the T.R.3555 Series  

285. Details of the protective circuit are shown in fig.66. Provision is 
made to ensure thats- 

(a) Magnetron heater voltage is always applied when there is no 
modulating pulse on the magnetron cathode. 

(b) As soon as the modulating ?Wag is applied the heater voltage 
is out off. 

These precautions are taken to protect the magnetron. Once the cathode has been 
heated until its steady emission is taking place the application of a modulating 
pulse will result in sufficient bombardment of the cathode by oscillating else-
trona to sustain the correct emitting temperature. Should the heater voltage 
be continued the emission would continue to rise until the cathode was des-
treyed. If the modulating voltage is applied without previously applying 
heater voltage to warm the cathode the magnetron current will be low. The 
magnetron will then present an abnormally high impedance to the pulse trans-
former and the resultant mismatch will apply such a heavy voltage across the 
thermal relay shown in fig.64 that the neon, CV.189, ionises and energises the 
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thermal relay. The safety valve in the modulator then goes into operation 
to produce the following results:- 

(a) 300V supply to the trigger valve, 7.7, is broken and the spark-gap 
switch, V.3, no longer operates to discharge the artificial line 
and produce a modulating pulse. 

(b) The 807 A.C. input to the primary of the transformer, T.4, whose 
secondary feeds the -4KV rectifier stage is broken. This means 
there is no longer any E.H.T. to charge the modulating line. 

(c) The heater supply to the magnetron is again completed. 

The CV.189 will arc over when the voltage across the secondary of the pulse 
transformer reaches about 161M. 

286. The cycle of events is as follows:- 

When the CV.189 arcs over the thermal relay (bi-metallic strip 
type) closes and earths the Junction of R.15, R.18 in the grid 
circuit of the modulator safety valve, 17.4. 
Due to the removal of the negative bias the valve conducts and 
B relay is energised. 
Contact B/1 is then opened and the 3007  supply to the trigger 
valve is broken and the spark-gap ceases to operate, and there 
is no further application of the modulation pulse to the magnetron 
cathode. 
Duo to the cessation of current in V.7, C relay is da-energised. 
C/1 then opens and breaks the 80V A.C. input to T.3 primary so 
the -4KV pack ceases to operate. 
C/2 closes and reconnects the heater voltage input to the primary 
of the magnetron filament transformer. 

287. If any other fault develops which causes the rectifiers in the .41CV 
pack to pass excessive current the overload relay tripe and puts the safety 
valve into operation to produce the same results as outlined in pars+256-257. 
When C relay is energised contact C/2 reconnects the 80V input to the primary 
of the magnetron filament transformer. 

288. The cycle of events when the equipment is switched on is as follows:- 

(a) When the "L.T. ON" button is preened relay C in the modulator 
is still in an unenergised state. The oontact C/2 is closed, 
so the 80V A.C. supply to the filament transformer of the 
magnetron is completed. C/1 is open so there is no 80V input 
to 11.3. 

(b) After the "H.T.ON" batten is pressed there is a delay of about 
30 seconds after which the red light canes on. The appearance 
of the red light coincides with the energising of E relay in 
the power unit to switch on the +300V supply to the trigger 
valve in the modulator. 
The anode current taken by the trigger valve energises C relay in 
modulator. Contact q/i now closes to complete the 80V supply 
to the primary of T.3 and bring the -.4KV power pack and the 
artificial line into operation. As the trigger valve and the 
spark-gap are operating the modulating pulse is now applied 
to the magnetron cathode. Contact 0/2 meanwhile has opened and 
broken the 80V input to the magnetron filament transformer. 
Hence, as the red light comes up the modulating pulse is applied 
to the magnetron and the filament supply is eimultanecusly 
broken by C relay. 

289. If the modulating pulse is removed from the magnetron cathode by operating 
the switch on the modulator panel, the contact, S.1, breaks the 80V input to 
T.3 and the oontact, S.2, completes the 80V supply to the primary of the fila-
ment transformer. 

(0) 
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The T.R.3523  

290. The TR.3523 is the transmitter unit which is intended to supersede 
the TR.3555 series. It offers the following advantages:- 

(a) Much greater power than is Obtainable from the C14108 and CV.208. 
This power is obtained by using an American 725A type magnetron 
feeding into a pressurised waveguide section which is intended to 
sustain atmospheric pressure at all operational heights and so 
prevent flashover at the higher power. 

(b) An automatic frequency control system by means of which the 
difference between the frequency of the klystron.L.O. and the 
magnetron is automatically held at 45 MO/s. 

(c) The power available from the magnetron is sufficiently great to 
permit pre-plumbing. That is, it is not necessary for the radar 
mechanic to make any R.F. output matching adjustments. 

(d) In the main production models, two klystron local oscillators 
with independent mixers will be incorporated. The second of 
these local oscillators will be suitably detuned from the first 
for operation on 3 cm. ground beacons. This facility cannot be 
used without the incorporation of a new modulator which can provide 
a 2 microsecond modulating pulse for beacon triggering in addition 
to the normal 1 microsecond pulse as used at present. 

(e) Both head amplifier stages will have their screen voltage 
regulated by the gain control. 

(f) An improved pulse and filament transformer arrangement is incor-
porated in which there is no direct connection between the 
primary of the pulse transformer and its own secondary and the 
secondary of the filament transformer. This eliminates the 
application of the single-ended modulating pulse to the filament 
transformer. The pulse transformer is of the mutual type with 
a split secondary whose two halves are in the two heater legs to 
give a aymmetric system which is effectively centre-tapped to 
earth in so far as the heater and filament transformer secondary 
are concerned. The pulse transformer windings are in an oil- 
filled container 	In so far as the modulating pulse is concerned, 
the two halves of the split secondary are effectively in parallel and 
the sense is such as to drive the magnetron cathode down on the 
usual modulator 64 pulse. 

291. Details of the circuit operation and maintenance of the new unit will 
be issued when it becomes available. 
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Further Details on Individual Stages  

292. So far we have concentrated our attention on the development and control 
of the transmitter pulse and have given rather scant attention to the operatics. 
of the controlling stages. We shall now examine more carefully the operation 
of some of the stages whose functicarwe have merely stated without going into 
a study of how the function is performed. 

The Transmitter Timing Valve, V.505  

293. We have stressed that V.505 develops a negative pip at the anode when the 
sawtooth input on the grid carries the valve into conduction. To see why this 
pip is developed it is necessary to note the design of the stage which may be 
regarded as a delayed-action transitron. We note the following points about 
the circuit:- 

(a) The anode is returned to a D.C. potential determined by the bleeder, 
R.553 (11‘) and 2.555 (.120 across the stabilised 2009 line. The 
static D.C. potential is therefore about +1811. 

(b) The screen is returned to the potential determined by the bleeder 
2.551 (.211.) and 2.552 (.112.), again across the stabilised 200V. 
line 	The static D.C. potential will then be about 67V. 
The screen is lightly decoupled to earth by 0.521 (.002). 

d The screen is tied to the suppressor through C.522 (.05).2.554 
(2.2K.) serves as suppressor leak and half of V.509 serves to 
prevent V.505 suppressor from swinging positive. 

(e) As discussed previously, V.505 grid is returned via R.556 (68K.) 
and pin 8 on the orange 12-way to a variable potential in the 
switch unit. 

(f) R.500 (.22K) and 2.501 (.114) form a bleeder acmes the un- 
stabilised 300V. line with a potential of about 909. at the 
junction. R.558 (3.311.) and 2.556 (6820 form a bleeder between 
this point and the potential to which 2.556 is returned in the 
switch unit. This bleeder will tend to raise the effective D.C. 
level to which 7.505 grid is tied above the potential to which 
8.556 is tied in the switch unit by 68/3968the or about 1/50th 
of the difference between 90V. and the potential to which 2.556 
is returned. When R.556 is returned to OV. the effect will be 
to return V.505 grid to about +2IN When 2.556 is returned to 
+607.the effect will be to return V.505 grid to about 60.2V. 
V.505 cathode is returned to earth. 

h The input to V.505 grid is a rising sawtooth of about 150V. 
amplitude which will be centred at the effective D.C. level 
of V.505 grid. 

294. Let us assume for the moment that R.556 is returned to earth potential 
in the switch unit and V.505 grid is at about +2IC The sawtooth then swings 
between -73V and +77V. With the anode at +18V. and the screen at +67V, V.505 
has a grid base of only a few volts. Hence the valve will conduct when the 
grid reaches -2 to 44.7. The anode potential will then drop to nearly OV. 
The screen potential will not drop instantly because at 0.521 which must 
charge negatively through the cathode-screen impedance of the valve. The drop 
at the screen is therefore exponential. This drop is impressed on the suppressor 
through 0.522 (.05). As the suppressor falls exponentially with the screen 
the anode current is quickly cut off and the anode potential rises at a rate 
determined by the capacity of the cable from the anode cutout point (Pye blue) 
to the modulator and the W. anode load. The anode waveform will then be a 
negative pip with en exponential tail. 

295. When the sawtooth carries the grid up to about the 27 point grid 
current flora through the 11L stopper, 8.550, into 0.520. The leak-away of 
this grid current through 2.556 will develop a negative auto-bias that will 
reduce the mean D.C. level of V.505 grid. This is essentially counteracted 
by the arrangement discussed in pare.293(f). The flow of grid current will, 
of course, cut off the balance of the sawtooth. 

296. When the scan-marker switch is in the 100/40 - 80 position, and when 
it is in the 10/10 position and the 10-mile sero is fully clockwise, V.505 
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grid is returned to about +60V. (assuming that autobias due to grid current is 
cancelled out). The sawtooth will then swing up from a level below +60V. by 
half the sawtooth amplitude. We have assumed this amplitude is 150V. In this 
case the sawtooth would carry V.505 grid down to -15V. If the sawtooth ampli-
tude is low, V.505 grid may not reach cut-off and consequently will never cut-
off under these operating conditions. In this case there will be no timing 
pip at V.505 anode, and hence no locking of modulator multivibrator. A check 
should therefore be made when a new set is being lined up and on main inspections 
that the sawtooth amplitude is sufficiently great to prevent this fault occurring 
The check can be made by scoping the waveform an V.505 grid with the scan marker 
switch in the 100/40 position then switching to the 100/40 - 80 position. If 
the sawtooth is of normal amplitude a small-sawtooth will remain on V.505 grid 
in the latter position. If the sawtooth amplitude is low the waveform at V.505 
grid may show merely an unstable kink or no displacement at all. Under these 
conditions the modulator will probably unlock or only lock erratically. An 
increase in sawtooth amplitude can be obtained by increasing R.544 in 25K steps 
until the trouble is cleared. This assumes, of course, that the fault is due 
to a sawtooth amplitude well below the 150V. value with a normal valve in V.504 
position. Since increasing R.544 reduces the negative feedback from V.504 
anode to V.504 grid the gain of V.504 is increased and an increased sawtooth 
amplitude therefore obtained. 

The Modulator multivibrator, V.5, V.6  

297. We have pointed out previously that:- 

(a) This stage is a free-running multivibrator which is set for a 
free-ruining p.r.f. of about 600 ois. 

(b) The output at V.6 anode is a rectangular wave with a negative 
phase of 20 microseconds. 

(c) When the transmitter-timing pip is applied to V.5 grid the 
multivibrator is synchronised to run at the master multivibrator 
p.r.f. of about 670 a/s. 

(d) The height and range marker circuits are triggered on the bank 
edge of the 20 microseconds priming pulse developed by this 
stage. 

We shall now Oral]e this stage in more detail to discover the principles 
employed. 

298. The following circuit details are worth noting:- 

V.5 anode coupled to V.6 grid via 0.8. 
Grid leak of V.6 is R.23 + R.22 (3.9 Megs. each) returned 
to a variable positive potential (For use in Bomber Command 
R.33 is Shorted out by means of the link ihown). 
Cathode load of V.6 is R.26 (110 ohms) + R.27 (160 ohms). 
Cathode load of V.5 is 2.27 (160 Ohms). 
Grid leak of V.5 is R.20 (1000 returned to V.6 cathode. 
V.5 grid can only rise as fast as C.6 can charge positively 
by having electrons leak away through R.20. 

299. The valves used in this stage are a VR.91 (V.5) and VT.6018 (V.6). The 
V2.51 is a high slope R.F. pentode. The VT.60A is a power tetrode. It is 
capable of passing 50-60 ma. steady current and has a long grid base of ..601/. 
When switched on the heavy current passed by V.6 will carry V.5 cathode up to 
about +30V. and V.5 cathode up to about +5011. V.5 grid tries to follow 4.6 
cathode up but would take a time determined by the O.R. of 0.6, R.20, to reach 
V.6 cathode potential while V.5 cathode rises instantly. Since this C.A. 
is 300 x.1 or 30 microseconds V.5 is therefore cut off until the grid can 
come within the grid base of +30V. This time is about 20 microseconds hence 
we have V.6 coming on and V.5 cutting off for 20 microseconds. V.5 anode 
rises towards H.T. but the 20 microseconds interval is not long enough to let 
sufficient electrons from 0.8 leak away through R.21 to bring V.5 anode up 
more than part of the way. At the end of the 20 microseconds interval V.5 
grid crosses cut-off and anode current flows. v.6 then passes loss current 
so the flow through R.26 + R.27 diminishes. This decrease drops V.5 cathode 
potential instantly. There is also a tendency for V.5 grid potential to fall 
but 0.6, 2.20 prevent any instantaneous response. The drop at V 5 cathode 
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is actually sufficient to cause V.5 to pass grid current which flows into 0.6 
and the leak away develops a voltage across 8.20 that helps carry V.5 grid 
down. This flow of grid current causes V.5 anode to drop to a low level from 
which it rises to a steady level in accordance with the current passed by V.5 
after grid current has ceased to flow. As the fall at V.5 anode carries V.6 
grid below cut-off, V.6 anode swings up. The effective anode load of V.6 is 
partly resistive and partly inductive. The resistive component is the resis-
tance reflected into the primary circuit by R.29 (3.9K.) on the secondary side 
of T.4•  The inductive component is due to the fact that sane of the primary 
flux does not thread the secondary of T.4. As a result of this inductive 
component, the potential at V.6 anode overshoots the H.T. voltage and then 
decays to the H.T. level because of the heavy damping introduced by R.29. 

300. How long V.6 remains cut off depends on the time taken for the grid 
potential to rise to cut-off. This, in turn, is determined by the setting of 
the p.r.f. control, R.24. This control, as was mentioned earlier, is a ratchet 
control located at the back of the modulator chassis. For a normal modulator 
with R.33 shorted out and the p.r.f. control within ± 3 notches of the red dot, 
the time of rise of V.6 grid will be so slow as to give a p.r.f. of about 6000‘ 
When V.6 grid crosses cut-off the rush of current through R.27 again carries 
V.5 cathode up and cuts V.5 off on the grid for 20 microseconds while V.5 grid 
climbs exponentially to cut off. The cut-off period of V.5 and conducting 
period of V.6 is always 20 microseconds regardless of the setting of the p.r.f. 
control which determines only how far apart these 20 microsecond periods occur. 

301. The negative-going 20 microsecond pulse from V.6 anode is the modulator 
priming pulse which is used to develop the trigger pulse for firing the trans-
mitter. A positive-going 20 microsecond pulse is taken from V.6 cathode through 
the 100 ohm matching resistor to 4 parallel Rye plugs coded violet on the modu-
lator panel. An output from one of these Eye plugs triggers the height and 
range marker circuits in the receiver-timing unit. An output from another 
provides triggering for the Lucero transmitter when Lucero is included in the 
installation. A third output provides suppression for I.F.F. The fourth 
output is used in aircraft fitted with Fishpond to trigger the Fishpaid marker 
circuit. An output from one of these Rye plugs is used on the work bench or 
in the aircraft to trigger the monitor 28 when a triggered timebase is required. 

302. Synchronisation of the modulator has been dealt with previously. For the 
sake of completeness we recall that the transmitter timing pip from V.505 anode 
is applied to V.5 grid via the blue Eye cable. The arrival of this pip in the 
V.5 conducting period will drive V.5 grid down and the anode up. The rise at 
V.5 anode carries V.6 grid above cut-off and brings V.6 into conduction earlier 
to obtain a synchronised pent. equal to that of the master milt/vibrator. 

The Trigger Valve, V.7  

303. In tracing the development of the modulating waveform it was stated that 
V.7 was switched on and off by the modulator priming pulse and that the positive 
ring appearing at the anode on the back edge of the priming pulse was used to 
trigger the spark-gap, V.3. To study this stage in more detail it is necessary 
to note the following points:- 

The grid is returned through R.29 to a decoupled negative 
potential of -100V. from a metal rectifier in the modulator. 
The cathode is returned to earth. 
The anode load is a 4mh. choke tuned by its self-capacity 
to about 400 Ko/s. 
The screen is fed through a tuned circuit L3,011 damped by 
R.31 (2.2K.). The resonant frequency of L3,C11 is about 
25Ko/s. giving a half-period of about 20 microseconds. 
v.7 is a OV.73 beam tetrode, capable of passing a heavy 
current. 
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304.. The -100V. bias an V.7 grid will hold the valve cut off during the 
interval between the 20 microsecond positive pulses on the grid. On the 
leading edge of the priming pulse, V.7 grid is carried up to around +40V. so 
a very heavy current is passed. If only R.31 were in the screen supply the 
screen would fall to a steady level._ Doe to the presence of the ringing circuit 
in the screen the screen voltage will show a 25 Re/s damped ring. The initial 
swing will be negative due to the flow of screen current. As the period is 
about 40 microseconds the first half cycle will be completed by the time the 
priming pulse terminates. As the screen is back to the H.T. level the valve 
will then be passing a very heavy anode current of about 500 ma. There will 
then be considerable energy stored in the magnetic field of the inductance LI, at 
the instant that anode current is cut off when the grid is carried dawn on the 
back edge of the 20 microsecond priming pulse. Hence, as the anode current is 
cut off the collapsing field develops a terrific overawing at V.7 anode. If 
undamped, this ring would have an amplitude of about 10107. on its first upward 
swing. As the resonant frequency of the choke is about 400 Keis the first half 
cycle would take 1.25 microseconds. In practice this positive swing causes the 
trigger gap of V.3 to break down when the amplitude reaches a value of around 
3ICV. The current flow to the trigger electrode then damps the ring so that 
there is no further increase in amplitude. The heavy current passed by the 
valve when it runs into grid current on the leading edge of the priming pulse 
serves to provide sufficient damping to eliminate any consequent anode ringing. 

The Spark Gap Switch, v.3  

305. V.3 is filled with argon +3A oxygen at a pressure of 3 atmospheres or 
about 45 pounds per square init. To minimise danger from flying glass in case 
of explosion of the envelope the glass envelope is enclosed in a shellacked net 
arrangement. The main gap consists of two saucer shaped molybdenum electrodes. 
The lower one has a hole drilled through it to permit the insertion of the 
tungsten trigger electrode with only a small clearance. This email clearance 
provides the trigger gap which ionises when the trigger is carried positive by 
the ring at V.7 anode on the back edge of the modulator priming pulse. The 
ring electrode is held at D.C. earth potential through the monitor chain R.10, 
R.11, R.12 and the parallel path through the uniplug pulse cable to the trans-
mitter unit and the pulse transformer primary. When the potential difference 
across the trigger gap reaches about 3KV. the trigger gap breaks down to give 
free electrons that will flaw to the positive trigger-electrode and positive 
ions that will flow to the negative electrode of the main gap. If a sufficient-
ly high voltage exists across the wide main gap these positive ions will travel 
with a sufficiently great velocity to knock electrons off the neutral molecules 
in the main gap. These molecules will be under considerable electrical strain 
due to the voltage impressed across the main gap by the charged modulating line. 
This strain is not sufficiently great to cause breakdown by itself but collision 
of high speed positive ions with the strained molecules will cause breakdown and 
produce more positive icon to collide with more strained neutral molecules. 
There is thus a progressive ionisation once the trigger gap flashes over. It 
is the lag due to this progressive ionisation together with the finite time of 
rise of the trigger pulse that causes the transmitter pulse to occur slightly 
after the back edge of the modulator priming pulse. 

306. After the artificial line has completed its discharge through the spark 
gap the voltage across the main gap is zero and the positive ions tend to 
gravitate to the trigger which will exhibit a negative charge due to the 
electrons that flowed into C.13 when the trigger gap flashed over. The posi-
tive ions are then neutralised at the trigger to again become neutral molecules 
and the gap returns to its nom-conducting state. 

307. A small percentage of oxygen is included in the filling to start the 
flash-over as oxygen is much more readily ionised than argon. When the oxygen 
is largely used up in the formation of oxides of tungsten and molybdenum during 
the flash-over intervals the gap will become erratic and unserviceable. 

The Modulating Linn and Charging Choke  

308. We may regard the inductance of the charging choke and the elements of 
the artificial line as caubining to form a resonant circuit that tends to ring 
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when the -4KV. supply is connected in series with it. The mean level of the 
ring will be the -4KV. level. The crests will be OV. and the troughs -8KV. 
We may imagine same such sequence as follows. Suppose the line has just 
completed its discharge through the spark gap and the condensers are completely 
discharged. The spark gap de-ionises and the -4KV. supply is connected in 
series with the 64 henry choke, the discharged line, and the resistor R.8 (in 
parallel with the solenoid of the overload relay). The charging current will 
be approximately sinusoidal. When the condensers are charged to -4KV. we 
might expect the flow of electrons into the condensers to cease. But as the 
rising back e.m.f. developed by the charging condensers tends to reduce the 
current flowing through the choke, the collapsing magnetic field keeps the 
electron flow going in the same direction in accordance with Lenz's Law. 
Flitting it differently, the energy stored in the magnetic field of the choke 
is used up to complete the storage of energy in the condensers of the line. 
When the dhoke has lost all its energy, i.e., the magnetic field has collapsed 
completely and the charging current is zero, the condensers are charged to -8KV. 
There is then au. across the main gap of V.3, but no current flowing. When 
the trigger gap is now fired and the main gap breaks down as a result of the 
collision between ions formed in the trigger gap and strained neutral molecules 
in the man gap, the resistance of the gap drops to a few ohms. We now have 
the line with its stored energy connected in series with the low gap resistance, 
the pulse cable, the resistance reflected into the pulse transformer primary 
by the magnetron, and the 1.1 monitor resistor. We shall assume the artificial 
line has a characteristic impedance of about 80 ohms, the gap has a resistance 
of about 5 ohms, and that the resistance reflected into the pulse transformer 
primary is about 74 ohms. We may then regard the 80 ohm line as matched to a 
total load of about 80 ohms if we count in the monitor resistor. We may 
regard this arrangement as a battery charged to -8KV. with an internal resistance 
of 80 ohms connected to an 80 ohm load. The current will then be 8000  a 50 amps 

The drop across the line will be 80 x 50 = 4KV. and the drop across the pulse 
transformer primary will be 50 x 74 a 3.7KV. Since the secondary of the trans-
former is the full winding and the fixed end is at earth potential, the tapping 
point goes to -3.7KV. and the output end gives the stepped up voltage of about 
-14KV for the magnetron cathode. The components in the line are so chosen that 
the energy stored is discharged in a 1 microsecond burst if the line is matched 
to its load. The current discharged should build up to its 50 amp. value in 
about 0.1 microseconds. The inductances in the line serve to maintain the 
current reasonably constant during the discharge period. The decay of the 
current involves a collapse of the magnetic field around the pulse transformer 
winding which will be in the form of the first quarter cycle of a ring whose 
frequency is fixed by the inductance and self-capacitance of the pulse trans-
former. This decay will take a little longer than the build-up. As the 
pulse duration is determined by the amount of energy stored in the line, it 
depends on the value of the line components and the number of sections. 

309. Suppose that the load were 720 ohms instead of 80 ohms. The current 	' 
would then be 80 or 10 amps. instead of 50 amps. The drop across the line 

-ZRZ 
would be only 80 x 10 or 800 volts and the drop across the load would be 
10 x 720 or 7,200 volts. The voltage across the pulse transformer secondary 
would then be so high that arcing would probably occur in the transmitter unit, 
to put an effective short across the pulse transformer secondary. In the 
Mark IIIA H.P. box the CV.189 arcs over and the thermal relay operates as 
discussed in pares. 285-286. The resultant reflections on the pulse cable will 
tend to keep the spark gap ionised so long that the current flowing through the 
gap, the choke and R.8 and the overload relay solenoid will build up to a mean 
value that causes the overload relay to trip. This then operates the safety 
valve V.4 to break the input to the -4KV. pack and the 11.T. to V.7. Details 
are given in pares. 256-257. The same effect will be produced by arty other 
fault that puts a short across the pulse transformer output. In general any 
fault that permits the current flowing through the gap from the -4KV. supply 
to build up due to prolonged ionisation will clause the overload relAy to trip. 
It will also trip if the p.r.f. is raised to suet/ a high value that the mean 
current through the solenoid of the overload relay becomes sufficiently great 
to energise it. 
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Dumpy Loads 

310. Since overload relay tripping or failure to switch an can be caused by 
a number of faults in either the mciallator or transmitter units some form of 
systematic elimination procedure is called for. For this purpose a dummy load 
is provided to replace the transmitter unit and provide an approximate match 
to the artificial line in the modulator when it is connected across the pulse 
output plug. This is the 80 ohm dummy load resistance unit type 228. If the 
trouble persists the fault may logicAlly be expected to be in the modulator. 
If the fault disappears either the pulse cable or the transmitter unit mart be 
at fault. The pulse cable can be checked by placing the dummy load across the 
output end of the cable. If the fault is localised to the transmitter unit, 
the pulse transformer, magnetron filament transformer, magnetron and overawing 
diode circuits fall under suspicion, so some form of elimination procedure is 
called for. A 1.5K. dummy load, resistance unit type 230, is provided for this 
purpose. This dummy load is intended as an approximate equivalent for the 
magnetron so is placed across the secondary of the pulse transformer. If the 
fault disappears the magnetron was faulty. If the fault continues, the pulse 
and filament transformers are the main suspects. Disconnecting the filament 
transformer makes it possible to tell whether the pulse transformer is faulty. 
If not, the filament transformer is the logical suspect. If the pulse trans-
former is faulty it must be replaced. If the fault is still cleared when the 
filament transformer is reconnected the filament transformer is all right. If 
not, replacement must be made. In the Mark IIIAH.F. box the two transformers 
are in one unit so replacement is necessary as soon as the fault continues after 
the dummy load is used to replace the magnetron. A fuller outline of trouble-
shooting on insulation breakdown faults is given in Chapter 12, paras.1085-1088. 
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CHAPTER 6 - THE RECEIVER CHAIR  

General Considerations  

311. Before commencing a study of the H.2.S. receiver chain it may be pro-
fitable to recall sane relevant facts that must have a bearing on its design 
and on the way the stages are distributed in the installation. 

(a) It is a cm. receiver. In the Mark NIA installation signals 
are received on a wavelength of about 3.2 cms. and in the Mark IIC 
installation the wavelength is about 9.1 ass. R.F. amplification 
is impossible at these frequencies so the first stage must be a 
frequency changing stage. 

(b) As received signals will be weak signal to noise ratio becomes 
a major consideration and the frequency changing stage must be 
designed with a view to obtaining the best possible signal to 
noise ratio. This consideration has required the use of a 
crystal mixer. 

(c) Since dielectric losses in feeders reach very high values at 
3.2 one. the Mark IIIA R.F. system must use waveguides. The 
crystal mixer is therefore mounted in a waveguide. In the 
Mark IIC installation the crystal mixer is mounted in a section 
of coaxial line. In both cases the shielding thus provided 
prevents the superimposition of large quantities of external 
noise on the noise generated by the crystal itself. 

(d) Since the first stage is a frequency changer the local 
oscillator must be capable of generating a C.W. output in the 
same wavelength band as the magnetron transmitting valve wave-
length. This calls for a local oscillator of the resonant 
cavity type. 

(e) To achieve the maximum simplicity in I.F. amplifier design 
it is necessary to use preset I.F. tuning. As the magnetron 
frequency is certain to vary and cannot readily be controlled 
the local oscillator must be tunable. The requirement of a 
local oscillator which is capable of generating a C.W. output 
in the appropriate cm. band and which can also be easily tuned 
makes it preferable to use a resonant cavity oscillator of the 
reflector klystron type. 

(f) Since the H.2.5. operator must be able to tune the local 
oscillator from his position on the aircraft the tuning control 
must be at his table. This means that either the oscillator 
itself must be there or sane form of remote tuning is necessary. 
In the Mark IIC installation the local oscillator is in a tuning 
unit at the H.2.S. operator's table. In the Mark IIIA instal-
lation using the TR.3555 series transmitter unit the local 
oscillator is incorporated in the transmitter unit and a remote 
tuning control is provided at the H.2.S. operator's table. 

(g) To minmise R.F. losses in both transmitter output and in 
returned signals it is necessary to keep the R.F. paths as short 
as possible. The transmitter unit is therefore mounted as near 
to the scanner as possible and the crystal mixer is located in 
the transmitter unit. This means that the L.O. signal must 
either be generated in the transmitter unit or brought to the 
transmitter unit. In the 3 an. band feeder losses make it 
imperative to put the local oscillator in the transmitter unit. 
Hence we have the remote control tuning unit at the H.2.5. 
operator's table. In the Mark IIC installation the power 
obtainable from the local oscillator is ample to allow for 
feeder losses and the klystron is therefore located in a tuning 
unit at the H.2.5. operator's table. 

(h) Since the receiver is a pulse receiver it must have a band-
width sufficiently wide to pass the pulses without undue 
distortion. The bandwidth of the I.F. amplifier is therefore 
about 4 Moils. in H.2.5. Mark IIIA- In H.2.S. Mark IIC, the 
bandwidth is about 6 Re/s. 
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(i) The  I.F. chosen is 13.5 Me,/s. in H.2.3. Mark IIC and 4.5 

MO/a. in H.2.8. Mark IIIA. 
(j) Since it is not feasible to incorporate the I.F. amplifier 

in the transmitter unit it would appear to be necessary to 
transfer the weak I F mixer output via cable from the trans-
mitter unit to another unit housing the I.F. amplifier. AM 
additional noise picked up en route would then receive the 
full amplification of the I.F. amplifier. Since the mixer 
output signals have had no amplification whatever any 
appreciable addition of noise before amplification occurred 
would seriously impair the signal to noise ratio. In an 
attempt to overcome this problem a measure of I.F. amplifi-
cation is introduced in the transmitter unit. In the Mark /IC 
transmitter unit only one stage is used while the Mark IIIA 
transmitter unit two stages are employed. This section of the 
receiver is termed the head amplifier. 

(k) The I.F. amplifier proper is housed in the receiver-timing unit 
for convenience in mixing signals and markers. Variable gain 
is required. The gain control must, of course, be located at 
the H.2.5. operator's table. 

(1) Since g.2.8. is a cannon T. and R. system a TR switch must be 
incorporated to seal off the receiver branch line in the 
transmitter unit as much as possible for the duration of the 
transmitter pulse. The valves used for this purpose are called 
soft rhunbatrons. They are resonant cavities filled with water 
vapour at a low pressure. They flash over when the resonant 
cavity goes into violent oscillation during the transmitter pulse 
period. 

(m) Although the soft rhumbatron TR switch flashes over on the leading 
edge of the transmitter pulse it does not completely isolate the 
receiver during the transmitter pulse period. Sufficient R.F. 
energy will ream the crystal and then pass into the I.F. 
amplifier to cause overloading of the I.F. amplifier if it remains 
in a fully sensitive condition while the transmitter is pulsing. 
To overtone this problem the sensitivity must be reduced during 
the pulse period. This is accomplished by applying a suppression 
pulse to are of the stages in the I.F. amplifier which reduces the 
sensitivity of these stages very nearly to zero. 

(n) Since a cation T. and R. system is employed suitable provisions 
must be made to prevent signals travelling down the transmitter 
and reflecting back in such a phase as to interfere with the 
signals passing directly into the receiver branch line. 

312. Bumming wp, we may now visualise the H.2.2. receiver as consisting of 
the following primary sub-divisions:- 

Input matching devices to avoid interference from received signals 
travelling down the transmitter line and reflecting. 
TR. switch of the soft rhumbatron type to isolate the receiver as 
much as possible during the transmitter pulse period. 
A suitable crystal mixer stage. 
A reflector klystron local oscillator with suitable tuning 
arrangements at the H.2.8. operator's table. Automatic 
adjustment of the klystron frequency to folios, the changes in 
magnetron frequency would be desirable. 
A head amplifier in the transmitter unit. 
An I.F. strip with second detector and a suitable output stage. 
Variable gain facilities will be incorporated. The control 
itself must be remote in order to permit its location at the 
H.2.5. operator's table. 
A suppression generator synchronised with the transmitter to 
prevent the transmitter break-through that gets past the soft 
rhumbatron TR. switch fran overloading the I.F. amplifier 
and preventing its response to short range signals. 
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The Mark IIC Receiver 

313. The main details of the Mark IIC Receiver are shown in fig. 72. 

Input Matching  

314. It has been pointed out in Chapter 5 that the matching slug in the Mark IIC 
transmitter unit is required to perform two functions simultaneously. The first 
of these ftmctiaia is to arrange that the coaxial high power feeder is matched 
to the magnetron. If a thermo-couple is used to measure the R.F. output the 
matching slug can be set to a position which gives the maximum R.F. output 
indication. The second condition the natrhira slug should fulfil at the same time 
is the transformation of the cold impedance of the magnetron to show a very high 
value in the direction of the magnetron at the junction of the receiver branch 
line with the main one. What we really mean by saying that the magnetron cold 
impedance is transformed to a high value is that the phase of the wave reflected 
by the reactive load presented by the cold magnetron is so modified by the slug 
that it continues down the branch line in phase with the incoming wave. The 
effect is then the same as if no energy were penetrating past the receiver branch 
line. Now the matching slug may not fulfil both conditions perfectly with the 
same setting. The usual procedure in Bomber Command has been to monitor the 
receiver output and adjust the matching slug for the maximum signal amplitude. 
This adjustment assumes that if the adjustment gives the maximum signal amplitude 
for returns from one particular echo it will do so for all other echoes. While 
this assumption may be true in the majority of cases it is not necessarily always 
true. The frequency of the magnetron is dependent to same extent on the matching 
slug setting. The interference pattern produced by waves travelling directly 
to the target and back and waves reflecting off the ground to the target and 
back, may result in reinforcement and abnormally strong signals at one particular 
frequency for same particular echo. If the set is taken into the air and these 
interference effects no longer appear poor signals may be obtained 

315. The method of setting the matching slug for maximum signals is also open 
to the danger that the alug setting so obtained is sometimes such as to leave 
the magnetron very susceptible to =ding or frequency pulling with the resultant 
development of gapping or unstable signals. The radar mechanic is therefore 
warned that, while setting the matching slug for maximum signals an a particular 
permanent echo will give a satisfactory performance in the majority of cases, 
there may be exceptions. The only alternative method available at present is to 
find a position of the matching slug where the power output as noted on a thermo-
couple meter is not reduced by more than 10 - 20:;; from the normal figure given 
by good sets, and where a variation of + or - y inch in the slug position does 
not result in a frequency shift of more than 4 MO/s. This frequency shift may 
be measured with en echo box wavemeter by adjusting the echo box for maximum 
signal on the height tube trace for the selected slug position and each of the 
displaced positions. The frequency change in the magnetron will be the change 
read on the calibrated scale of the wavemeter, if the local oscillator tuning is 
not varied. A simpler teat is observation of the change in the amplitude of 
permanent echo signals. If the L.O. is not returned and the amplitude does not 
drop by more than 5C$  as the slug is moved + or - inch, the frequency shift 
is less than A:Mc/s. 

The Soft Rhumbatron TR. switch, CV.43  

316. The construction of this valve and its electrical equivalent are shown 
in fig. 73(a) and (b). When the transmitter pulses, an electromagnetic wave 
travels along the output line, part going to the scanner and part travelling 
down the branch line. When this wave reaches the coupling loop that extends 
into the CV.A3 resonant cavity, the cavity oscillates violently and develops 
a high voltage across the lips. This R.F. voltage causes the water vapour to 
ionise and develop a conducting patch across the lips. The position of the 
CV.43 in the branch line is so chosen that the short appears an odd nuMber of 
quarter wavelengths fran the branch line junction. The effect is then to pro-
dnae a shorted quarter wave stub. In such a shorted coaxial stub a phase 
change of 1800  occurs on reflection. The reflected wave, after travelling down 
and tack, i.e., an odd amber of half wavelengths, will be back in phase with the 
wave going down the main line when it reaches the junction. This follows since 
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it has made a detour of an odd number of half wavelengths plus a phase change 
of 180°  (equivalent to a half wavelength), the sum of which is equivalent to 
a detour of an integral nuMber of wavelengths. The effect is then the same 
as if no detour had been made so we say the stub offers a high impedance at 
the junction with the main line and the effect, in so far as R.F. output is con- 
cerned, is essentially the same as if there were no branch line. This state- 
ment is not quite correct as the C1.43 does not present a perfect short and 
some energy does pass through it to the crystal mixers. It is this leakage 
or transmitter break-through that makes it necessary to have a suppression 
circuit to suppress the I.F. amplifier while the transmitter pulses. 

317. We may think of this leakage or break-through in the following wag. 
When flash-over occurs a low resistance is effectively placed across the 
resonant cavity. This has the same effect of damping the oscillation in the 
cavity as a low resistance across an ordinary tuned circuit. Since it is not 
quite a dead short the oscillation is not, however, completely damped out. 
Hence the output loop has same voltage induced on it which is fed to the mixer 
cavity. 

318. When the transmitter pulse ends the voltage on the input loop into the 
CV.43 dies out and there is no further excitation of the cavity. The oscilla-
tions are then soon damped out. The positive and negative ions now recombine 
to form neutral molecules and the short across the lips is removed and our stub 
becomes an open instead of a short-circuited stub. Such a stub offers a low 
impedance at the junction with the main line. If the matching slug has been 
adjusted to make the cold magnetron offer a high impedance the bulk of the 
incoming signal energy flows down the branch line. When a signal wave reaches 
the input loop the resonant cavity is again excited but the R.F. voltage 
developed across the lips is not sufficiently great to cause the water vapour 
to ionise. Hence, there is no shorted stub to cause reflection and no heavy 
damping of the resonant cavity. The cavity therefore continues to oscillate 
while signals cane in. The oscillating field induces a voltage on the output 
loop so the energy is fed into the mixer chamber. While signals are coming 
in we may regard the resonant cavity as a 1.1 transformer or a half wavelength 
of transmission line. 

The CV.43 Probe  

319. To protect the crystal it is essential that the CV.43 flash over on 
the early cycles of the transmitter pulse before it reaches its full amplitude. 
To speed up the flash-over a trigger probe is introduced. This probe is con-
nected to a potential of around -7001., obtained by tapping in at the junction 
of 8.100 (430K.) and 8.101 (1M.) placed across the -1000V. line coming in from 
the power unit an pin VI of the 12-may. The 01.43 cavity is at earth potential. 
Hence, there is a steady potential difference of about 700V. between the end 
of the trigger prate and the earthed cavity. This voltage is sufficient to 
keep a small amount of ionisation in this gap, independent of whether or not 
the transmitter is operating. This continual ionisation can be Observed by 
connecting an AVO between the probe and the lead to the -700V. tapping point. 
The positive terminal of the AVO must, of course, be connected to the probe 
and the negative one to the lead. There will be a steady ionising current 
depending on the design of the CV.43• Cross-section and ionising currents are 
shown in fig.73(d). The different types can be recognised by removing the 
tuning plunger which comes out through the transmitter unit panel and looking at 
the design of the lips. When the cavity is thrown into violent oscillation by 
the arrival of the leading edge of the transmitter pulse, the positive ions in 
the gap surge across the lips as the far side swings to a high negative value. 
Their collisions with the neutral =Semites between the lips will came these 
to break down at a lower voltage across the lips than would be the case if the 
ions were not present. Hence, flash-over occurs earlier than it would if no 
probe were employed. Consequently less R.F. energy hits the crystal. The 
incorporation of the probe is thus a means of speeding up ionisation in order to 
give added protection to the crystal. 

320. The presence of the probe assists rapid de-ionisation as well as rapid 
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ionisation. When the transmitter pulse ends the positive ions in the gap will 
be attracted to the negative probe where they can speedily become neutralised 
to form neutral molecules. If no probe were used ionisation could only occur 
by collision between positive ions and electrons detached when flash-over occurred, 
or by contact between positive ions and the earthed cavity wall. The completion 
of the probe supply and the presence of the correct probe voltage are therefore 
necessary if the CV.43  is to afford the maximum protection to the crystal and is 
to show speedy de-ionisation. 

CV.43 Taming 

321. In order that the oscillations developed in the CV.43 cavity may have the
amplitude when signals are being received the cavity must be resonant at 

the magnetron frequency. Should the resonant frequency be different the oscilla-
tions will be of the same nature as the oscillations developed in a ringing cir-
cuit by shock excitation. Their frequency will be the natural frequency of the 
cavity. Since the input will be at a different frequency it will not tend to 
build up the amplitude so the output will be low. Hence it is necessary to tune 
the 07.43 cavity to the magnetron frequency to get the maximum signal amplitude 
into the crystal and hence out of the receiver. This tuning is done by varying 
the volume of the cavity. To raise frequency, the volume must be decreased. 
To decrease frequency the volume must be increased. These changes in frequency 
are made by means of a tuning plunger which projects through the panel of the 
transmitter unit. There are also two fixed plungers which must be preset to 
give a bandspread on the tuning plunger that suitably covers the normal range 
of magnetron frequencies. These plungers should be so set that signal amplitude 
can be dropped to 5q,/, of maximum by not more than two turns of the tuning plunger 
in either direction. 

07.43 Overcouplins 

322. It may be found when lining up a transmitter unit that the 07.43 tunes 
very flatly and that the sensitivity of the set is poor. If this is the case 
the tuning plunger should be completely removed and the cavity viewed through 
the aperture thus provided. It is very likely that a diffused purple glow will 
fill the whole centre of the cavity. Such an indication points to overconPlin8 
of the transmitter pulse into the cavity by having the input loop projecting too 
far into the cavity. The effect is to set up such violent oscillation when the 
transmitter pulses that ionisation is not restricted to the region between the 
lips but extends throughout much of the cavity. This widespread ionisation 
results in such a long de-ionisation period that the cavity is damped consider-
ably for a long time after the transmitter pulse ends. This prolonged damping 
results, of course, in feeble oscillation when signals are received and hence 
low input to the mixer and therefore low signal output. The only cure is to 
reduce coupling until the normal ionisation across the lips only is obtained. 

323. To make this adjustment it is necessary to loosen the grub-screw in the 
main output line which holds the inner of the branch line, the pinch-collar, and 
the knurled locking ring holding the branch line at the CV.43. The branch line 
can then be worked away slightly from the 07.43 and towards the main line thus 
withdrawing the coupling loop. Displacements of the order of 1/32" to 1/16 " 
are normally sufficient. Obviously, care must be taken not to remove the 
coupling loop too far or undercoupling will result and the signal amplitude will 
again suffer. The loop should be withdrawn until the ionisation glow appears 
across the lips only and the plunger then replaced and a check made on sharpness 
of tuning and signal amplitude. Checks should then be made to see whether the 
signal amplitude can be improved by further slight increases or decreases in 
coupling. When the optimum position ham thus been found a washer of the approp-
riate thickness will have to be fitted between the bush which screws into the 
cavity and the cavity proper. Otherwise the knurled locking ring will pull the 
loop back into its original position when the reassembling is done. Care must 
then be taken to tighten the grub-screw, pinch-collar and knurled locking ring 
to prevent apy further displacement due to vibration. 



ScerMER 

RECEIVER CHAIN 	BLOCK SCH Cm Frric 
	

C.D.0896L 

MARK if 
	

MARK III 

mArcio-4fi 

SLUG 
GFINd ER 

Oul-PuT 
martil 0/6 
DEV aS 

Ran - 
TR CELL 

.\\ 

LOCAL-
OSCILLffroR 

TUNING 
CO erniUL 

LIPPE.SSIor4 

VALVE 

TR Ski 1FER 

V 

CRYSTAL 

MIXII-1§ 

HEAD 
AMPLIFIER 

IF A HPLIFI 

VI 

IF AMPLIFIER 

V2 

TR.5Nr2H 

V 

CRYSTAL 

mIX1rIG 

V 
HEAD 

AMPLI FIER 

V2 

IFAMPLI FIER 

VI 

4, 
IF AMPLIFIER 

112 

LOCAL 
IC 

OSCILLATOR 

RLMOTt 
Turi MEI 
COraleol. 

SuPPRESSiori 

VALVE 

1' 
F AMPLIFIER 

V3 
Gatti 
cortypt. 

IFAMPLIFIER 

V If 

4, 
IF AMPLIFIER 

Vs 
IF 13-5 Mc's 

\1--- 	IFAmPuriER 
WI rI 	 V4-

CortlikoL 

F dS pi cis 

WI kJ 

VALVE 

IF AMPLI FI 

V3 

4, 
F AMPLIFl 

VS 

IF AMPLIFIER 

V 12 

Erta-oR 
	

Cirrion 
FOLLowER 

4,  

RECEIVER 
	

RECEIVER 

ourPur* 
	

OltiPtrir 
VALVE 
	

YR LVE 

fo MIXING SID GES 
	

To MiXgrig STAGES. 

F I G.71 



RIAL Hol-PER 

vtou-rvi. WASHER 

RTAL 

METAL SLEEVE 
IOHTEL/T TAKEN 
PROM TAG 
ATTACHED TA 11101 

LeCAC 
OfOLLAYAR 
inovt 

CV43 
TuTfuT 
LINE / 

CAPACITY 
COUPLING 

1102 
TERMINATING 
RESiSTAwa 

L 

(8) 

C.D. 0896 L 

      

F I G.74 
PRESSURE 
SCREW 

LACHiNC 
SCREW 

TUNGSTEN 
WHI NEP 

SILICON 
CITISTAL 

      

CURRENT 

   

(a) 
POTENTIAL (b) • 

    

    

CANSTRLIGTION OF CRYSTAL CHARACTERISTIC OF CRYSTAL RECTIFIER 

   

   

EQUIVALENT GROAT Of CRYSTAL rsAricER 
	

(c) 

DIAGRAM Of MIXER LINE 



C.D.0896L 

CV.43 Faults  

324.. Should crystals be continually turning out, it may logically be expected 
that the CV.43 is not functioning. This can be checked by looking for the 
ionisation across the lips. If this is absent and the normal voltage is on the 
probe the CV.43 must be replaced. The vacuum has probably been lost due to a 
cracked glass or broken copper-glass seals. 

325. Should crystal life be short it is reasonable to suspect too much trans-
mitter break-through is reaching the crystal because the flash-over is not 
sufficiently rapid. This may be due to a poorly shaped magnetron pulse which 
rises too slowly or to a faulty CV.43. The only available CV.43 check is on the 
ionising current. Should this value fall below 75% of the values quoted in 
fig.73(d) a check should be made that the correct voltage is in the probe. If 
this is present, the CV.43 should then be replaced. 

326. If recurrence of the trouble is experienced along with low sensitivity 
generally it is probable that the magnet is below the required value of 1250 
gauss, measured with the magnet on the thassis and the cover on. This measure-
ment should be made with a flux-meter using a cover with a suitable hole cut in 
the side to permit insertion of the search coil. Further details are given in 
Chapter 11, para.842. A faulty magnetron might also be responsible for a 
poorly shaped pulse. A further rather remote possibility is that the modulator 
is supplying a poor modulating pulse. This can be checked by running the 
modulator into the 80 ohm dummy load and noting the pulse shape at the voltage 
monitor point. A check on the magnetron can be made by noting the pulse shape 
at the same point when the magnetron is used and when it is replaced by the 
1500 ohm dummy load. 

CV.43 Heater Jacket 

327. The CV.43  is provided with a 24V heater jacket to keep the cavity tempera-
ture constant to prevent changes in gas pressure with falling temperature and 
consequent delayed ionisation. Care must be taken in assembling this jacket to 
join the + and - 24V supply leads by one of the bolts holding the two sections 
together. If the circuit is not tate completed the heater jacket is inoperative. 

The Crystal Mixer Stage  

328. 	al The structure of the crystal itself is shown in fig.74(0. 
b Mechanical details of the mixer line are shown in fig.74.(d). 
c The major details of the circuit arrangements are shown in fig.72. 
d The electrical equivalent is shown in fig.74(o). 

;3 
The theoretical waveforms are shown in fig.75. 
The voltage - current characteristic is shown in fig.74(b). 

The Crystal  

329. The rectifying crystals used commonly as cm. mixers employ a tungsten 
whisker embedded in a silicon crystal. Structural details are shown in fig.74(a). 
When a D.C. voltage is connected with the positive side to the silicon and the 
negative to the tungsten whisker electrons will flow from the whisker to the 
crystal and the contact will present a resistance of the order 120-200 ohms. 
When the supply is reversed the current flow is greatly reduced and the apparent 
resistance is of the order of 1000 to 10,000 ohms. Hence if an A.C. voltage is 
applied the current passed on the half-cycles that oarry the silicon positive 
will be much greater than the current passed on the half-cycles that carry the 
silicon negative. The crystal will therefore operate as a rectifier since the 
current passed is predominantly in one direction. 

The Nixing Circuit 

330. The crystal is inserted in a section of coaxial line Shorted at one end 
as shown in fig.74(d). The crystal and the smoothing condenser formed by the 
trolitul washer between the two metal flanges linked to the inner and outer are 
effectively in series between the inner and outer of the coaxial line. The 
length of the coaxial line is chosen to make it a resonant cavity at the mean 
frequency to be expected from magnetrons. The R.F. signals are coupled into 
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this cavity from the CV.43 -avity by connecting the inner of the CV.43 output 
line directly into the inner of the mixer line. Hence, when an echo is being 
received the R.F. voltage passed to the mixer line excites the cavity. The 
C.W. output from the k],ystron local oscillator is also coupled into the mixer 
cavity by means of a capacity attenuator. The 75 ohm terminating resistor in 
the probe which terminates the local oscillator feeder is connected to a thick 
piece of wire which fits into a little trolitul disc. When the probe is pressed 
in all the way this trolitul disc rests against the inner of the mixer cavity. 
The maximum voltage is then transferred from the feeder to the cavity if the 
only attenuation is that due to the voltage drop across the capacity between the 
two inners. If the probe is pulled out an air gap appears and the dielectric 
of the input condenser consists of the trolitul and the air gap. This input 
condenser will now have a lower capacity and a higher impedance. Hence the 
C.W. input applied to the mixer cavity is reduced, i.e. attenuated. The setting 
of this probe can thus be used to regulate the C.W. input applied to the mixer 
cavity. When the local oscillator is correctly tuned the frequency of the C.W. 
input to the mixer will differ from the R.F. input by the I.F. of 13.5 No/s. 
As the P.F. is of the order of 3300 Me/a, the two signals will differ in fre-
quency by 0.4$. This difference is so small that the mixer cavity will resonate 
both. The two signals therefore beat whenever an echo is received and the R.F. 
voltage applied to the crystal and its series condenser has a frequency equal 
to the mean of the beating frequencies and an amplitude varying at their differ-
ence frequency, i.e., at the I.F. In a single microsecond echo pulse there 
will be about 3300 'voles of R.F. as the frequency is about 3300 Nn/s. or 3300 
cycles per microsecond. Since the I.F. is 13.5 Mels or 13.5 cycles per micro-
second the modulation envelope of the pulse will show 13.5 cycles. The crystal 
only passes appreciable electrons from the whisker to the silicon. Hence the 
condenser must charge positively. Its function is to smooth the R.F. and 
impress on the Nye output cable the resultant I.F. envelope. 

The Crystal Current  

331. The waveform impressed on the Nye output cable will include both a D.C. 
component and a 13.5 NO/s A.C. component. The D.C. component is the mean 
voltage developed across the condenser by smoothing the rectified C.W. input in 
the intervals between echo signals. Since the C.W. is coming in all the time 
but echoes only for 1 microsecond in every 1500 microseconds, the contribution 
of signals to the D.C. level is negligible. Hence, the D.C. component is a 
means of checking the amplitude of the C.W. input to the mixer since the mag-
nitude of the smoothed D.C. voltage developed is determined by the amplitude 
of the C.W. signal applied and the rectification efficiency of the crystal. TO 
see how measurements can be made we must trace out the path taken by the mixer 
output, shown in fig.76(a). The inner goes to a Nye plug and thence to the 
primary of the input transformer of the head amplifier. The other end of this 
primary is kept at R.F. earth by means of the condenser 0.126 (.0023)12). This 
condenser blocks off the D.C. 'component but serves to apply the full A.C. com-
ponent to the transformer. Fan the top of 0.126 a 13.5 MO/s. chdce passes to 
one aide of a jack point. The other side is tied to earth. Now the mixer 
output voltage is between the inner and outer of the Nye cable to the head 
amplifier. The inner is connected to the one side of the jack. The outer is 
earthed and hence effectively connected to the other side of the jack. The 
I.F. choke blocks the A.C. component from the jack-point but the D.C. component 
is applied across it. Hence, by jacking in a meter, the current developed in 
the meter by this D.C. component of the mixer output voltage can be read. 
This reading is called the "crystal current". In the indicator 162 a meter 
was fitted on the panel which connected to one side of a back contact on this 
jack-point. The crystal current could then be read at the indicator. This 
facility is not available in the indicator 1% and crystal current can only be 
Checked at the transmitter unit jack-point in the H.2.S. Mark II0 installation. 

Crystal Checks and Tests  

332. The "crystal current" reading obtained by jacking in a meter at the 
transmitter unit is dependent on:- 

What C.W. input is applied to the crystal. 
b How efficiently this input is rectified. 

Hence, a comparison of the current values obtained from different crystals with 
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the same C.W. input is a means of comparing the rectification efficiency of 
different crystals. Sy simultaneously noting noise level on the height tabs 
for a given gain setting a comparison can be made of the noise developed by 
different crystals. The higher the current reading obtained and the lower the 
noise level generated the better the crystal. Conversely, the lower the current 
passed and the higher the noise level the poorer the crystal. 

333. By plugging in the meter on the Ohmmeter range with the set switched off, 
we can apply the cell voltage across the crystal. This follows since the tung-
sten whisker is connected to the one side of the jack-point and the silicon 
crystal is earthed at the shorted and of the mixer line. Hence by switching 
the jack connections both the "back" and "forward" resistance of the crystal can 
be measured. By "back" resistance we mean the D.C. resistance offered when the 
positive side of the supply goes to the tungsten whisker and the negative side 
of the supply goes to the silicon crystal. Since electrons only tend to flow 
readily in the opposite direction the observed resistance will be reasonably 
high, anywhere from 1K. to 10K. in a good crystal. When the jack connections 
are reversed we apply the cell voltage in the direction of normal flow and the 
observed resistance is low, of the order of 120-200 ohms. These indications 
are used as crystal checks but they are not fool-proof checks as the D.C. charac-
teristics of a crystal are not necessarily a check of its R.F. rectification 
properties. The following procedure for crystal checks on n.I.Is is recommended:- 

(a) Measure both back and forward resistance and note that forward 
resistance does not exceed 180 to 200 ohms and that the back 
resistance is not less than 1000 ohms. 

(b) Log the back resistance on a card kept with the T2R. 
(c) Should the back resistance have dropped to less than half the 

value logged on the previous day, it should be rejected, although 
the value may still exceed 1000 ohms. 

(d) If a crystal is rejected and replaced by a new one it should be 
checked as in (a) and the modulator then switched on and off 5 or 
6 times and the values again checked to test the resistance of 
the crystal to surges. If the values of the back and forward 
resistance are still satisfactory the back resistance should be 
logged and an indication made to show that a new crystal has been 
fitted. It must be, stressed that these crystal checks may be 
passed and a crystal still give poor R.F. rectification efficiency. 
Conversely, the teats may not be passed and the crystal may be 
giving a satisfactory performance. Such cases are, however, the 
exception. The final test is always receiver sensitivity. If 
good signal amplitude and a good signal to noise ratio are 
obtained when the received output is observed on the monitor 28 
(or on the height tube) the crystal must be operating satisfactorily. 
From experience the mechanic will learn what amplitude and signal 
to noise ratio may normally be expected at each dispersal point 
from aqy particular permanent echo. If sensitivity seems to be 
low the first check is to substitute a known good crystal and note 
whether any improvement is obtained. The checking of back and 
forward resistance serves mainly to check whether crystals have 
deteriorated since the previous check and gives an indication of 
probable reliability that can be counted on in the majority of 
cases but not in all cases. 

Crystals for H.2.S. Mark /IC  

334. The crystal normally used in 1162.8. Mark /IC is the CV.101, a yellow spot 
crystal which should not be called on to pass a steady current that will give a 
reading in excess of 0.6 ma. If a subsidiary orange spot appears in addition 
to the yellow spot it is a CV.102 which will stand a rather higher voltage. If 
a subsidiary red spot is used the crystal is a CV.10 which will stand still 
higher voltages. 

The Local Oscillator  

335. (a) The structure of the 0V.67 type of reflector klystron 
is shown in fig.78. 

(b) The major circuit details are shown in fig.77. 
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Requirements of On. Lora,  Oscillator Circuit 

336. Since R.F. amplification is impracticable in the on. band we use a 
frequency changer as the first stage. Hence, the local oscillator must be 
capable of providing sufficient C.W. output in the an. band to secure adequate 
heterodyning. To fulfil these requirements a resonant cavity type of oscilla-
tor is used. Before studying this as. oscillator in detail we shall recall 
the requirements it must meet:- 

(g) 

Adequate C.W. output to give efficient heterodyning. 
Tunable from the H.2.S. operator's position to allow-  for 
variations in the frequency of both the magnetron and the Ic.lystron. 
As high a frequency stability as is reasonably obtainable. 
Adjustable feedback to permit control of amplitude for 
oscillation. 
As high an output stability as is reasonably obtainable. 
Adjustable loading to set the amplitude of oscillation to a 
point where the current drain is not sufficiently high to 
endanger the valve when frequency and output are stable. 
Control of input to mixer to get optimum heterodyning without 
modifying the loading. 

These requirements call for a stabilised power suppLy, and Tuning, feedback, 
loading, and output controls. 

Details of the Circuit  

337. Before attempting to study the action of the local oscillator, we note 
the following items in the local oscillator circuit in fig.77. 

(a) A resonant cavity of the toroidal or rhumbatron type which 
corresponds to the IC. tank circuit of the normal oscillator. 

(b) An eleotron gun which is used to excite the cavity and which 
plays the part of the valve in a normal oscillator. 

(c) A three section glass envelope sealed to'the rhuabatran by 
means of copper glass seals. 

(d) A reflector electrode whose voltage can be varied with respect 
to the cathode by means of a potentiometer. This serves as 
the feedback control. 

(e) Three preset and one variable plunger. These are the tuning 
controls. 

(f) A rotatable coupling loop. This is the loading or coupling 
control. 

(g) An adjustable capacity probe into the mixer cavity on the end 
of the L.O. feeder. This probe has already been mentioned as 
providing a mixer input control. 

(h) A neon stabilised power supply to obtain a stable frequency 
and amplitude. 

Principles  

338. We shall commence cur study of the operation of this microwave C.W. 
oscillator by recalling the essentials of any fora of regenerative oscillator. 
The first requirement is a ringing circuit which, if excited, will develop 
sinusoidal oscillations whose amplitude decays exponent ally. The lower the 
circuit losses, i.e., the higher its Q, the more slowly these oscillations 
would decay. The second essential is a suitable agency for exciting the 
ringing circuit. The third requirement is acme method of supplying positive 
feedback to make up the losses in the ringing circuit and thus keep the ampli-
tude of the oscillations constant. We may then regard the regenerative 
oscillator as consisting essentially of a ringing circuit which develops the 
R.F. energy, and a maintaining circuit which excites it and provides the 
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requisite amount of energy in the correct phase to overcome losses. D.C. 
energy must be supplied to the maintaining circuit while R.F. energy can be 
obtained by loading the ringing circuit. In the familiar L.C. valve 
oscillator the L.C. circuit provides the ringing circuit. The moving magnetic 
field associated with the initial current flow p.m.ides the excitation that 
starts oscillation. Some of the R.F. energy of the oscillatory circuit is 
impressed on the grid in such a phase that the amplified output is returned to 
the oscillatory circuit to make up the energy supplied to the grid, the ohmic 
losses in the oscillatory circuit, and the output supplied to the aerial. The 
oscillations are kept at that constant amplitude where the input returned to the 
grid just makes up all these losses after amplification in the valve. The valve 
is purely a convenient maintaining circuit which takes the energy from the H.T. 
supply and passes it to the oscillatory circuit for conversion into R.F. energy. 

339. When the current is building up in the inductance of an L.C. circuit 
energy is stored in the magnetic field. When the current reaches a steady 
value the magnetic field collapses and the current overshoots to charge up the 
condenser to a value above the mean anode potential and the energy of the mag-
netic field is stored in the electric field of the condenser. When the magnetic 
field has completely collapsed there is no further charging e.m.f. across the 
condenser which then discharges through the coil in the reverse direction to 
again store the energy in the field of the coil. It is only because the coil 
and condenser are not completely resistanceless that this oscillation will not 
go on indefinitely without any positive feedback arrangements. 

340. Just as any length of wire exhibits inductance, so does the metal of the 
resonant cavity or rhumhatron of the klystran. What is less apparent is how 
the two sections of the rhuabatron can exhibit capacitance although they are 
connected through the outer casing. This phenomenon arises out of the fact 
that at very high frequencies the distribution of R.F. currents in conductors 
makes it possible for different parts of the same conductor to have a different 
R.F. potential. If these parts are separated by a dielectric we have an electric 
field in which R.F. energy can be stored which is just another way of saying that 
we have capacitance. The rhumbatron is then just a microwave equivalent of the 
familiar L.C. circuit. 

Excitation  

341. The CV.67 operates with the rhudbatron at D.C. earth, the cathode at about 
-1200 volts and the reflector at around -1500 volts. There is therefore a 
potential difference of about 1200 volts between the cathode and rhumbe.tals6 
Hence, when the cathode starts to emit, the electrons travel at high speed toward 
the rhumbatron. The grid and screen, although tied to the cathode, by virtue 
of the fields induced in them by the electrons serve to shape the emitted 
electrons into a fairly sharp beam which is directed through the orifice in the 
lip structure. 

342. When the electron beam passes through the riumihatron orifice it has a 
magnetic field around it since it is just as much an electric current as the 
electron flow in a wire. This field cuts the metal of the rhumbatron cavity 
and starts electron displacements in the metal. These electron displacements 
cause the cavity to start ringing just as the initial current flow in the coil 
started the ringing of the L.C. circuit. The effect of this ringing is to make 
the two halves of the rhunbatron swing alternately positive and negative at a 
frequency determined by the cavity volume. This results in the appearance of 
an electromagnetic field in the cavity which has its electric vector perpen-
dicular to the two copper plates forming the toroidal cavity. This field is 
most intense across the lips where the plates are close together. The mutual 
repulsion of the lines of force cause them to bulge out into the orifice. This 
field rises and falls sinusoidally at a frequency of around 3300 Reis. 

Velocity Modulation 

34,3. As the constant velocity electron stream from the gun enters the orifice 
the velocity of the electrons is modified in accordance with the instantaneous 
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sense and magnitude of the electric field bulging into the orifice. Let us 
assume that the field is at a maximum with the upper plate positive and the 
lower plate negative. An electron entering the field is then accelerated and 
travels at an increased rate after getting through the orifice. A quarter 
cycle later the field will be zero as both plates will be back to R.F. earth as 
well as D.C. earth potential. An electron passing through at that instant will 
then travel at the same speed after emerging as it did before entering the space 
between the lips. After another quarter cycle has occurred the field will be 
a maximum in the opposite sense, i.e. the top plate will be negative and the 
lower plate will be positive. An electron now entering the field will be slowed 
down or decelerated. We see then that the ringing of the cavity is modifying 
the velocity of the electrons passing through the orifice. That is, the ringing 
cavity is causing a velocity modulation of the electron stream. 

344. TO,  appreciate the significance of this velocity modulation we must now 
transfer our attention to the space between the earthed rhwabatron and the 
reflector which is at about -1500 volts. In this space there is a steady D.C. 
field that will urge electrons away fran the highly negative reflector towards 
the relatively positive rhuMbatron. Shooting through the orifice into this 
field we have the velocity-modulated electron stream. The opposing field will 
bring them all to a halt and turn them around to shoot back into the orifice 
since the D.C. field between the reflector and rhumbatron is 1500 volts, while 
the D.C. field between the cathode and rhumbatron is only 1200 volts. But since 
the electron stream has been velocity modulated while passing through the orifice 
the first time there will be differences in how, close the electrons come to the 
reflector before they turn around. The accelerated electrons will penetrate 
farthest. Electrons coming later which met the zero field will be travelling 
less rapidly. These will turn around earlier and will tend to fall in step 
with the accelerated ones that had travelled farther but spent the quarter 
period in travelling and returning the extra distance. The decelerated elec-
trons coming along a further quarter cycle later will turn around still earlier 
so will tend to fall in step with both the preceding lots. The combined effect 
of the reflector and the velocity modulator is therefore a tendency of the elect-
ron stream to show bunching, i.e., heavy concentrations of electrons separated 
by more trickles. We say the stream has been density modulated 	If the 
reflector voltage is correctly adjusted with respect to the cathode voltage and 
the distance between the reflector and the orifice, we can arrange that the 
bunches in the reversed stream meet an opposing field when entering the space 
between the lips on their return journey. The trickles between the bunches 
meet the accelerating field a half-cycle later. 

Density Modulation and Positive Feedback  

345. If the dense parts of the reversed stream met an opposing field while the 
sparse parts meet the accelerating field we will have the majority of the elect-
rons slowed down on their second passage through the field and only a small 
proportion will be speeded up. In their first passage as many will be speeded 
up on the average as will be slowed down. The result of suitably adjusting the 
reflector voltage is then to slow down far more electrons than are accelerated. 
Now if electrons are speeded up they have taken energy from the oscillating 
electromagnetic field, i.e., they have damped the ringing. But when they are 
slaved down they have given up energy to the field and have provided positive 
feedback. Hence, by correctly adjusting the reflector voltage we obtain 
positive feedback and sustained oscillations in the resonant cavity. As long 
as the energy returned to the cavity exceeds the energy taken fram it by ohmic 
losses, in heating the inner surface, by accelerated electrons, and by output 
circuits, the klystron will oscillate. The amplitude of oscillation will set 
itself at the level where the total losses balance the energy taken from the 
electron stream. How much energy is taken from the electron stream depends 
on the number of electrons meeting an opposing field. It is the opposing 
field strength which determines the amount of deceleration and hence the amount 
of kinetic energy taken fran the slowed-up electrons. Both the number de-
celerated and amount of deceleration are altered by varying the reflector 
voltage since this quantity determines the spacing between the bunches. If 
the bunches are spaced so that their centre meets the opposing field when it 
has its maximum value the maximum energy is taken from the electron stream and 
the amplitude of the oscillations reaches its maximum value. If the bunches 
meet the opposing field when it has a low intensity the amplitude of oscillation 
falls since less energy is taken fran the electron stream. Altering the 
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reflector voltage then serves primarily to alter the spacing and phasing of 
the bunches with respect to the oscillating R.F. field between the rhudbatron 
lips and thus performs as a feedback or amplitude control. The oscillating 
field may have different modes, i.e., different electric and magnetic field 
patterns which correspond to different frequencies. These modes may change 
as the reflector voltage is varied. Hence although the reflector volts 
control serves as a feedback control in the CV.67, it may have secondary 
effects on frequency. 

Operating Conditions  

346. The actual spacing between bunches can only remain constant if the cathode 
and reflector potentials remain constant. Hence, for stability of output 
provision must be made to keep these potentials as steady as possible. To 
fulfil this requirement, the neon stabiliser circuit is provided across the 
-1800V. supply brought into the tuning unit 207 from the power unit. 

547. The reflector volts potentiometer permits a variation in the reflector 
potential of around -1400 to -1600V. when the klystron is oscillating. The 
normal cathode potential is about -1200V. Should this potential fall to the 
vicinity of -1000V., the klystron operation will become critical. An electro-
static voltmeter must be used to measure the klystron voltages. 

348. The normal operating current of the klystron is about 8 ma. This can be 
measured by connecting a meter between the -1800V. input plug and the 39K. 
resistor, R.2. The electron flow path is through R.2, the stabilising network, 
emission from the klystron cathode, and an ultimate flow to the earthed khum-
batron and through the earth line to power unit. Since this is a series circuit, 
all the current passed flows through the klystron. As the reflector is more 
negative than the cathode, there is no electron flow to the reflector. 

Frequency Control  

549. The frequency of the oscillations in the CV.67 is primarily controlled 
by means of a knob on the front of the tuning unit 207. This knob alters the 
distance a variable tuning plunger projects into the rhunbatron cavity. The 
range available on this control should be such as to permit tuning the klystron 
through 13.5 Mc/s. either above or below the magnetron frequency with some lee-
way at each end. If these conditions cannot be fulfilled, the two preset 
plungers require adjustment until this condition is fulfilled. It must be 
remembered that screwing these plungers in shifts the band covered toward a 
higher frequency, while screwing them out, shifts the band covered to a lower 
frequency. The desirability of being able to tune the 07.67 above or below 
the magnetron by the I.F. of 13.5 Mg/s. arises out of the fact that the mixer 
line is out to a fixed length. If the magnetron frequency happens to be near 
the end of the band to which the mixer cavity responds, say near the low end, 
then the response to a L.O. signal tuned 13.5 Mc/s. lower will be much poorer 
than the response to a L.O. signal tuned 13.5 Mc/s. above the magnetron frequency. 
Hence two-point tuning on the klystron permits selection of the klystron fre-
quency that gives the teat response in the mixer cavity and hence the best 
signal to noise ratio. 

350. As pointed out above, the reflector voltage may have a secondary effect 
on frequency. 

Output Control 

351. It was pointed out earlier that the electric vector of the oscillating 
field in the klystron cavity is always directed so as to be perpendicular to 
the two rhudbatron plates. The magnetic vector will take the form of closed 
loops in a plane at right angles to the E lines which they circle. If a 
section of coaxial line with the inner terminated in a loop (whose end is 
soldered to the outer) is threaded into the cavity, any of the magnetic lines 
of force threading the loop will induce an R.F. voltage between the inner and 
outer of the coaxial line. The outer of the line will be in contact with the 
rhumbatron casing and therefore at earth potential. How large an R.F. voltage 
is developed between the inner and outer of the coaxial line will depend an how 
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many magnetic lines of force thread the terminating loop. This will be a 
maximum when the plane of the loop is perpendicular to the magnetic vector in 
the cavity. Hence, by altering the angle of the coupling loop the R.F. voltage 
applied to the line may be varied. This coupling line is brought to the L.O. 
output plug on the tuning unit 207 panel. A. uniradio 21 feeder is connected 
at the plug and picks up the output voltage for transfer to the mixer cavity. 
Since the angle of the coupling loop determines how much energy is taken from 
the cavity by the feeder, i.e., the klystron loading, a variable coupling loop 
angle provides an output or loading control. A screw-driver preset labelled 
"coupling" appears on the tuning unit panel. This control varies the coupling 
loop by means of a suitable lever arrangement. If the coupling is very light 
and the reflector voltage is set to give a heavy positive feedbadc the klystron 
will oscillate very violently and will take a current which may be sufficiently 
heavy to damage the valve. If the coupling is at maximum to provide a heavy 
loading, far more energy is transferred to the cable than can possibly be used 
at the mixer cavity for efficient heterodyning. It is therefore usual to set 
the coupling loop at about 30°  - 45°  to the H vector (or maximum coupling) to 
get an intermediate coupling. Radar mechanics familiar with the indicator 162 
must bear in mind that in the tuning unit 207 the klystron is mounted horizon-
tally instead of vertically as was the case in the indicator 162. The coupling 
indication is given by the position of the slot in the coupling preset. A full 
range of coupling from minimum to maximum is obtainable by varying the slot 
between the horizontal and vertical positions. 

Setting of Coupling Loop and Capacity Probe  

352. As was mentioned in discussing the mixer the L.O. input to the mixer is 
introduced by means of a capacity probe. This capacity probe with its 75 ohm 
matching resistor is the termination of the uniradio 21 feeder from the tuning 
unit 207 to the mixer in the transmitter unit. This capacity probe provides 
a means of attenuating the local oscillator signal to a suitable value for 
efficient heterodyning of the R.P. signal. Prom experience it has been found 
that a crystal current reading of about 0.4 ma. gives the optimum operating 
conditions. It is customary to set the coupling to an intermediate value with 
the loop at 30° - 45° to the maximum coupling position and the capacity probe 
to a setting such that the maximum crystal current reading obtainable by varying 
the reflector voltage does not exceed 0.6 ma. This precaution is taken to 
prevent damage to the crystal. The reflector voltage is finally adjusted to 
give a current reading of 0.4. ma. 

Setting-Up the Reflector Voltage and Crystal Current  

353. A point to be watched for is the possibility of getting 0.4 ma. crystal 
current for two different settings of the reflector voltage. A full crystal 
current characteristic will show two sides, a "steep" side, and a "slow" side. 
By the term "steep" side, we mean that over part of the movement range available 
on the reflector voltage preset the crystal current will rise sharply to a peak 
(which may in sane cases be unstable) for a small rotation of the preset. This 
means that if the reflector voltage is set to a point within this range a small 
variation in supply voltages due to changing engine speed, etc., will cause 
appreciable changes in crystal current. This means that the klystron operation 
is likely to be erratic and probably noisy as well. Should the reflector 
voltage be set up in this "steep" or unreliable side of the crystal characteris-
tic on the ground airborne operation will in all probability be unsatisfactory. 
By the term "slow" side, we mean that over an appreciable part of the movement 
range available on the reflector volts preset the crystal current will vary 
very gradually. The more usual performance will be a sharp rise to a peak as 
the control is turned oloekwise and then a slow fall away. Occasionally a 
slow fall may came first and then the sharp rise. The important considerations 
are:- 

(a) That the current should never exceed 0.6 ma. as the reflector 
voltage is varied through its full range. 

(b) That the final operating point be aet for about 0.4. ma. on 
the slow or reliable part of the crystal characteristic. 

A crystal current characteristic is shown in fig.76(b). 

Interaction between Tuning and Crystal Control  

354. Since altering klystron tuning varies the frequency of the oscillating 
field, it is varying the period in which the electric field across the lips 
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is completing a qycle. Now the reflector voltage setting fixes the spacing 
between bunches. When these bunches meet an opposing field, we have klystron 
oscillation and crystal current from the rectified C.W. How much crystal 
current is produced depends on the amplitude of the C.W. input to the mixer, 
which depends on the amount of positive feedback. But the amount of positive 
feedback depends on the strength of the opposing field met by the bunches. 
If the tuning is altered, the bunches will meet the apposing field at a different 
point in its qycle. Hence the positive feedback may vary and the result may 
be to vary the amplitude of oscillation and therefore the crystal current. 
It follows then that when a set is being lined up on the bench or in an aircraft, 
the crystal current value should be checked if the klystron tuning is altered 
after the crystal current was set up. 

The Crystal Adaptor Check of Klystron 

355. When the common fault of low crystal current is encountered the fault is 
usually in the crystal. It is, however, desirable to have some ready method 
of dhedking that the klystron is actually producing a C.W. output at the output 
plug on the tuning unit 207. This can be done by means of a crystal adaptor 
which can be connected directly to the output plug. This adaptor is just a 
crystal rectifier in a suitable mounting. When an APO is connected to the 
adaptor the rectifier output current can be measured. Values of about 8-12 ma. 
are normal. Since this value is well above the value that the crystal can 
safely carry for any appreciable time interval the adaptor should just be touched 
to the output plug long enough to see whether or not a satisfactory output is 
being developed. The actual crystal current value obtained will depend a great 
deal on the condition of the crystal used. The presence of a reasonable current 
is sufficient to indicate that the klystron is oscillating. 

Klystron Faults  

356. The only common klystron faults are as follows:- 

(a) Coupling loop so long that it pushes against the glass 
envelope and either breaks the loop or bends it back on itself 
so that it is effectively shorted out. 

(b) Loss of vacuum due to cracks or breakage of copper-glass seals. 
(o) Wear in the output plug and socket resulting in poor contact 

and poor output and noise when airborne. 
(d) Loss of emission due to life factor. 

(e) Damage due to passage of excessive current due to undercoupling 
and heavy positive feedback. 

(f) Change in component values resulting in incorrect cathode and 
reflector voltages. 

The Head Amplifier  

357. It was pointed out in para.311 (j) that the head amplifier is included 
in the transmitter unit to give some amplification (gain of about 4) of the 
mixer output before applying it to the cable passing to the I.F. amplifier in 
the receiver-timing unit. Whether or not the inclusion of the head amplifier 
results in a better signal to noise ratio in the receiver output depends 
entirely on whether the signal to noise ratio of the Input to the I.F. strip 
is better when the head amplifier is included than when it is omitted. This, 
in turn, will depend on vbether the signal amplification in the head amplifier 
stage exceeds the canbined effects of noise picked up and noise developed in 
the stage. It follows then that the head amplifier stage may become a 
liability rather than an asset if the stage becomes very noisy. The chief 
causes of noise are bad earthing connections anywhere in the stage. A low 
emission VR.136 will also be noisy. A check on the stage can be made by by-
passing the head amplifier and feeding directly from the mixer into the I.F. 
strip. If the signal to noise ratio shows considerable improvement the head 
amplifier stage is obviously a hindrance rather than a help. 

Miscellaneous Transmitter Unit Faults  

358. To avoid confusing noise from noisy blower motors which is getting into 
the head amplifier with noise due to a faulty head amplifier stage or R.F. noise 
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pick up, the noise level in the receiver output under normal operating con-
ditions should be canpared with the value observed when the blower motor is 
made inoperative. 

359. A check can be made on the noise contribution of a particular transmitter 
unit by comparing the noise level in the receiver output when the transmitter is 
operating with the level when the modulator is switched off. By substituting 
a transmitter unit known to be satisfactory for the suspected one and fitting 
the crystal from the suspected unit in the good one, a check can be made for 
abnormally high transmitter unit noise from causes other than the crystal. 

360. Other causes of noise, intermittent signals, weak signals, no signals, 
etc., may be:- 

Burning of, or bad contacts by, the pin on the 01464 output line 
which connects to the aerial feeder inner. 
Binding of the nut connecting the outer of the aerial feeder and 
resulting in a poor contact. 
Loose inner contact at pulse input plug socket. 
Absence of earth on screening of pulse lead from the input plug 
to the pulse transformer. 
Insufficient clearance between the leads to the magnetron legs 
and the 4K. morganite rod. Short circuits and sparking may then 
occur under conditions of vibration, high altitudes and low 
pressures. 
Straps for clamping the capacity probe may be broken or missing. 
Faulty joints between 75 ohm resistor in capacity probe and the 
inner of the feeder. 
Rotation of trolitul sleeve in the capacity probe permitting contact 
between these joints and the outer to short out the C.W. input 
intermittently or continuously. 
The inner of local oscillator input plug may push into the poly- 
styrene and fail to make proper contact or break connection inside 
the probe to the mixer. 
The thread on the outer of the local oscillator input plug may 
bind so that the lead from the indicator does not make rigid 
connection to the plug. 
Inner of the mixer line failing to make good contact with the pin 
on the end of the crystal. The split end of this inner may 
require pinching by careful manipulation of two long-shafted screw- 
drivers. 
The black cap of the crystal holder failing to screw in far enough 
to clamp the crystal firmly in the holder. 
Absence of spring clamp to hold domed cap of mixer line. 
Dry Joints or broken wires at the I.F. connection to the outer 
of the crystal at the top of the metal sleeve. 
Loose or missing grub-screws in the Rye plug on the I.F. input 
to the head amplifier. 
Loose nuts on the Rye sockets on the input and output of the head 
amplifier permitting the sockets to rotate when the plugs are 
handled with resultant breakage of the leads inside. 
Bad contacts in the VR.136 holder in the head amplifier stage. 
Bad contacts in the crystal current jack. 
Insulation breakdown in the crabtree supply plug to the head 
amplifier unit between the 300V. input pin (1) and the earth 
pin (2). 
Dust cores in head amplifier input or output transformers dis- 
placed or dropped out due to faulty sealing. 
Faulty suppressor unit on blower motor or scanner motor. 
Blower motor running rough due to faulty lubrication and 
causing excessive vibration. 
Faulty brushes on blower motor. 
Faulty sealing between chassis and rubber mounting of blower motor. 
Beacon switch in the B or HA positions so that HT supply to the 
head amplifier is cut off. 
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The I.F. Amplifier 

361. The six-stage (VR.65) I.F. amplifier, the diode detector (VR.52) and 
the receiver output valve (VR.53) are mounted on a sub-chassis in the receiver- 
timing unit. The tuned anode transformer in the head amplifier is suitably 
damped on the secondary side to match the Eye cable carrying the head amplifier 
output from the green Eye plug on the transmitter unit to the corresponding 
plug on the receiver-timing unit. The input from the green Eye plug on the 
receiver is applied to the grid of the first I.F. stage via a tuned dust-core 
transformer, suitably damped on the secondary side to match the Eye cable. 
A second lead taps into this input transformer from a brava Bye plug on the receiver 
panel. This plug is used to feed the output of the Luoero unit into the I.F. 
amplifier. The beacon returns from the receiver section of the Incero unit 
are passed into the I.F. amplifier when the beacon switch on the switch unit 
is in the B + H, B or BA position. In the B + H position, the H.T. supply to 
the head amplifier is completed and inputs are fed into the I.F. strip at both 
the green and brown Eye plugs. When the switch is on the B position only 
Lucero signals from the long range beacons reach the I.F. amplifier. In the 
BA position a different local oscillator is switched in at the Lucero unit and 
the input to the I.F. amplifier consists of signals from the Lucero blind 
approach beacon. In both the B and BA positions the H.T. supply to the head 
amplifier is broken so that there is no H.2.S. signal input at the green Eye 
plug. In the OFF position, the Lucero unit is inoperative and only H.2.S. 
signals are applied to the Z.F. amplifier. The taps on the input transformer 
are chosen to give suitable matching and signal to noise ratio for both input 
channels. 

Gain Control  

362. The coupling between the six stages is by dust-core transformers suitably 
damped on both sides. The overall band width is 13.5 ± 3 Mc/s. The gain is 
controlled by varying the cathode bias applied to stages 2 and 4. The 2K gain 
control potentiometer on the switch unit is in parallel with R.61 (22K) in the 
receiver. This parallel combination is connected in series with R.60 (75K.) 
between the 300V H.T. line and earth. When the gain control is fully counter-
clockwise the whole 2K is in circuit and a bias voltage of about -8V. is tapped 
off which is sufficient to cut the valves off. When the control is fully Cloak-
wise the bias line is returned to earth and stages 2 and 4 operate with the same 
normal auto-bias as is used in the remaining stages. The amplifier then has 
its maximum gain. 

Suppression 

363. It has been pointed out that the CV.43 cannot ionise instantly and 
always permits the passage of sane transmitter pulse energy to the crystal. The 
mixer output from this breakthrough is of such amplitude that it can overload the 
I.F. amplifier and cause temporary paralysis of the receiver after each trans-
mitter pulse. To overcome this difficulty the I.F. amplifier must be suppres-
sed until the main transmitter pulse is completed. It has also been pointed 
out that the back edge of the 20 microsecond modulator priming pulse fires the 
trigger valve and. spark gap to initiate the 1 microsecond transmitter pulse. 
The positive-going 20 microsecond pulse taken from the oathode of the VT.60A in 
the modulator multivibrator is therefore a convenient waveform to generate the 
required suppression pulse since it is always locked to the transmitter pulse. 

364. Details of the suppression generator are shown in fig.80. The positive-
going 20 microsecond pulse from the VT.60A. cathode is applied to the four 
parallel violet Eye plugs on the modulator panel through the 110 ohm terminating 
resistor, R.35. From one of these violet plugs, the pulse is taken to the 
violet plug on the receiver-timing unit. As the transmitter fires 1 to 2 
microseconds after the back edge of the modulator priming pulse it is necessary 
to delay the input to the suppression generator in order to get a suppression 
waveform that continues until the transmitter pulse is completed. For this 
reason a delay network with a switoh that can be set to provide a delay that 
is variable between 0 and. 8 microseconds is inserted in the input to the 
suppression generator, V.4.12. The positive-going 20 microsecond pulse will 
norma13,7 have an amplitude•of 40 - 50 volts at the violet input plug. This 
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amplitude is dropped by the bleeder R.455 (1.5K.) and R.456 (3K.). The 
effective input impedance is that of R.456 shunted by the characteristic 
impedance of the network. This results in an input amplitude of 12 - 15 
volts. The 1K terminating resistance prevents reflections from the output 
end of the network. The network therefore applies to V.412 grid a 20 micro-
second positive-going pulse delayer-relative to the input by 0 - 8 microseconds 
according to the setting of the switch which is operated by an unlabelled screw-
driver preset on the receiver-timing unit panel. The amplitude on V.412 grid 
is about 13 volts. The effect of this positive pulse is to carry V.412 into 
grid current for the pulse duration. This grid current flows into 0.452 (0.1) 
and charges it negatively. When the positive pulse collapses the leak-away,  
of the electrons through 8.458 (111.) develops sufficient self bias to keep V.412 
cut-off an the grid until the next positive pulse appears. V.412 anode there-
fore falls for 20 microseconds in every 1500 microseconds. The anode load of 
V.412 is R.5 (40K.) in the screen supply line to the 1st and 3rd I.F. stages. 
The normal screen current to these valves through R.5 makes the out-off potential 
of V.412 about +150V. When V.412 goes into grid current the current passed by 
V.412 results in a drop at the junction of R.5 and R.6 of about 140V. This 
fall carries the screens of the 1st and 3rd I.F. stages so low that the valves 
are effectively out off. When V.412 outs off again the screens of V.1 and V.3 
will return to a sensitive state at a rate determined by their associated time 
constants. The position of the suppression period can be varied by means of 
the suppression preset until only a wisp of the breakthrough tail shows on the 
height tube trace. Due to the first negative overawing on the pulse trans-
former resulting in a measure of oscillation in the magnetron, it may be neces-
sary to set the suppression control to cover both the primary magnetron pulse 
and this spurious overawing pulse if breakthrough is to be completely eliminated. 
This problem has been the faotor which limits the minimum range of Fishpond. 

The Second Detector  

365. The output of the last I.F. stage is applied to the cathode of the VR.92 
second detector. The rectified voltage is developed acmes R.54 (6.2K.) as 
negative-going 13.5 Mc/s. pulses. 0.34 (5 pf.) smooths these to give the 
envelope of the echo signal. L.5 is an I.F. choke. 0.49 (.1) and R.64 
(100K.) provide A.C. coupling to the receiver output valve. A.C. coupling 
is used in preference to D.C. coupling to minimise the possibility of C.W. 
Jamming on the I.F. frequency. With D.C. coupling the back-biassing of the 
detector anode by a C.W. signal could carry the grid of the output valve to 
cut-off. 

The Monitor Network  

366. R.55, R.56, 0.36, 0.37 provide a monitor network. By connecting a 
0 - 500 microanmeter between tag 5 and earth the rectified current produced by 
C.W. input to the I.F. amplifier can be measured. 10V. D.C. output on V.7 
anode gives a current of 185 microemps. between tag 5 and earth. By applying 
a C.W. input from the signal generator type 52A or its equivalent type 106, the 
overall bandwidth can be checked. As the frequency of the input is varied the 
meter reading will rise sharply as the pass-band is entered. On going out of 
the pass-band the reading will fall sharply. Normal band width is 13.5 = 3 1[c/s. 
If the input frequency is set to mid band an input setting can be found that 
will be well short of saturation on a normal set and the meter reading noted. 
If the same input is applied to a suspected I.F. amplifier the output reading 
can be compared with that obtained from the good set. In this way a comparative 
check can be made on suspected insensitive I.F. strips. Conversely, the input 
required to produce a given output short of saturation may be compared instead. 

The Receiver Output Stage  

367. The receiver output valve is a variable-mu pentode (VR.53) with the cathode 
returned to earth and a 10K. grid stopper. Since the pulse input on the grid 
is negative-going the valve passes the maximum current for zero signal input 
and its anode potential will then be at its lowest Level. As signals are 
applied to drive the grid negative the anode potential will rise to give a 
positive-going output. A -8V. signal on the grid will out the valve off. 
Hence grid cut-off introduces limiting on apy signal input in excess of this 
value. The effective anode load is R.451 (1K.) in the timing unit section. 
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R.452 is effectively decoupled by C.440 (1pt.). The anode of the receiver 
output valve is taken to tag 7 on the numbered receiver tapboard through the 
I.F. choke, L.6. From the tagboard a lead completes the connection to 
8.451 on the timing unit chassis. 

368. The suppressor of the receiver output valve is normally returned to 
earth through one half of the double diode, V.410. Provided the heading 
marker switch on the switch unit is closed, circuits in the timing unit section 
apply a negative pulse to the suppressor and cut anode current off on the 
suppressor for around 2000 - 3000 microseconds once for every revolution of the 
scanner. The output of the valve will then consist of signals and noise for 
all timebase sweeps except those occurring whilst the valve is cut-off on the 
suppressor. If a timebase making 1 sweep per second were available to observe 
the anode waveform it would show the following details:- 

A. suppression break of around 20 microseconds duration at 1500 
microsecond intervals. 
A positive-going transmitter pulse tail after each suppression 
break. 
Noise during the non-suppressed portions of each 1500 microsecond 
interval. 
Positive-going echo pulses recurring in each 1500 microsecond 
interval at intervals after the transmitter pulse tail governed 
by the range of the targets. 
The amplitude of the echo pulses will vary with the strength of 
the reflected signals for a given setting of the gain control. 
The amplitude of the signals and noise will be a maximum when the 
gain control is fully clockwise and minimum when the gain control 
is fully counterclockwise. 
Any signals developing a awing of more than -8V. at the grid will 
be limited by grid cut-off so will show the same output amplitude. 
Once for every revolution of the scanner, i.e, once per second for 
a speed of 60 r.p.m., a maximum amplitude positive-going pulse of 
about 2000 - 3000 microseconds duration will appear when anode 
current is cut-off on the suppressor by the negative pulse from the 
heading marker circuit in the timing unit. 

369. If the switch on the indicator 184 panel is set to "Course" the heading 
marker pulse is formed when the scanner goes through the dead-ahead position. 
If this switch is set to the "Track" position the pulse forms earlier or later 
depending on the drift angle. Since the receiver output is ultimately applied 
to the P.P.I. grid as a positive-going signal, this pulse brightens up one full 
scan and all or part of another ones in every scanner revolution. If the 
map is correctly set up by means of the setting knob on the heading control unit, 
this brightened up scan appears at the bearing of the aircraft heading when the 
indicator 184 switch is set to "Course". If the switch is set to "Track", and 
the Admiralty transmitter in the control unit 468 has been correctly set up by 
means of the setting knob on the heading control unit, the positive pulse at 
the anode of V.8 is so displaced as to make the brightened-up scans on the 
P.P.I. appear at the bearing of the actual aircraft track. The heading (course) 
marker or the alternative track marker are then a part of the receiver output 
that appear only once in every scanner revolution while all other signals 
appear once for every transmitter pulse. 
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The Mark IIIA Receiver Csby T.R. 3555 Series 

Outline 

370. The differences between the Mark TIC and Mark MA receivers are primarily 
consequences of the fact that a wavelength of about 3.2 ems. is used instead 
of 9.1 ems. The chief differences are as follows:- 

(a) More elaborate input matching arrangements to prevent interference 
due to passage of received signals down the transmitter line which 
reflect and partly cancel direct incoming signals. 

(b) The T.R. switch, CV.114, has a much smaller cavity, uses pressure 
tuning, and is mounted in a waveguide. 

(c) A different crystal, CV.111, instead of CV.101 is used. This 
crystal has a higher current capacity and smaller stray capacity. 
Adjustable matching is provided for the mixer cavity which is a 
section of waveguide. 

(d) The local oscillator stage employs a C9.129 reflector klystron, also 
with a much smaller cavity and pressure tuning. The local 
oscillator with its independent power pack is housed in the trans-
mitter unit. A remote tuning control unit is provided at the H.2.S. 
operator's table. 

(e) A two-stage 45 MC/s. head amplifier unit is used. This is a 
universal unit employing VR.91's instead of the VR.136. 

(f) The I.F. strip is another universal unit. It comprises a 5 stage 
(VR.91) I.F. amplifier instead of six VR.65 stages. A cathode 
follower (W6.91) is interposed between the detector and the out-
put valve (VR.53). A gain control valve is used to vary the 
screen voltage of the second head amplifier valve and the first 
four I.F. stages. Fixed negative grid biasses are also used. 
These are derived fran a -100V. negative rail. 

(g) Suppression is applied to the suppressors of the first three I.F. 
stages as opposed to the screens of the 2nd and 4th in the Mark II 
I.F. strip. The same suppression generator circuit is employed. 

Diagrams  

371. (a) The major essentials of the Mark IIIA (TR.3555) receiver circuit 
are shown in fig.82. 
Mechanical details of the waveguide adjustments are shown in fig.83. 

c The gain control and Lucero switch circuit details are shown in 

Input Matahing 

372. As a result of the short wavelength employed input matching is much more 
critical than in the Mark IIC receiver. When the reflected echo pulses came 
into the transmitter unit they have opticmal paths:- 

Along the main output line bade toward the magnetron. 
Down the branch line housing the anti-TR. cell (0V.115) and 
tuning piston 2. 
Down the receiver branch line, through the CV.114 TR. switch, 
and into the mixer chamber. 

Obviously, what we want to happen is that all the energy of the reflected pulses 
flows into the mixer =wity for conversion into I.F. pulses. We must set our 
output controls with only output considerations in mind. Hence, we have no 
control over the phase of the reflected wave that comes back to the receiver 
branch line junction from the magnetron waveguide chamber. In sane oases the 
phase may be such that it is correct to reinforoe the incoming wave going 
directly into the receiver branch line. In this case the two waves do not inter-
fere and the effect is the same as if all the energy had game directly into the 
receiver branch line. This case is the exception rather than the rule. Same 
form of correcting adjustment is therefore required. 

(b; 
(c) 
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373. This adjustment is tuning piston 2. The chamber is sealed off during 
the transmitter pulse period by the flash-over in the CV.115 which effectively 
makes the end wall continuous. When echo signals came in, the excitation of 
the resonant slot in the OV.115 is not sufficiently intense to cause flash-over. 
!Meru then flows through the slot, reflects at the piston and comes back again. 
If the reflections from the magnetron are so phased as to interfere with the 
wave going directly down the branch line, we can adjust tuning piston 2 to cause 
a second reflected wave whose phase is such as to cancel out the wave reflection 
from the cold magnetron. Once the optimum position of the piston is found, 
there is least interference between the reflected waves and the direct wave 
into the receiver branch line. In transmission line terminology, we say that 
the piston is adjusted to introduce an impedance, which, when added vectorially 
to the magnetron impedance causes the incoming wave to see a high impedance 
along the main output line when it reaches the receiver branch line junction. 
The wave is then pictured as flowing mainly into the receiver line. To adjust 
the piston acme form of observation of receiver output is necessary. The 
piston is then adjusted for maximum output. 

374.. Cases may occur where altering the piston setting appears to have 
negligible effect on the receiver output. When this happens, the reflections 
from the magnetron chamber are already coming back in the approximately correct 
phase and no appreciable correction is called for. 

The soft Rhumbatron, CV.114. TR. Switch  

375. The function of the CV.114. is the same as that of the GV.43 in the Mark 
IIC installation, i.e., to isolate the receiver from the transmitter when the 
transmitter fires. This isolation is necessary to get the maximum energy 
into the radiated beam and to protect the crystal. Details of the construction 
of the CV.114 are shown in fig.84. The cavity is designed to be resonant in 
the 3 an. band. Pressure tuning is used to vary the resonant frequency by 
varying the cavity volume by means of a slight distortion of the cavity. 

376. The cavity is filled with water vapour at a few mms. pressure. When 
the cavity is excited by the flow of energy into the branch line as the trans-
mitter pulse begins, the voltage across the lips causes flash-over and intro-
duces an effective short across the guide. The wave then reflects back into 
the main guide. The CV.114 is situated a wavelength from the junction. The 
reflected wave has then travelled an additional two wavelengths when it gets 
back to the main channel. Hence it is in phase with the outgoing wave and 
does not cause interference and an effective loss of output. As in the CV.43, 
a probe is provided to speed up both ionisation and de-ionisation. Details of 
the probe action in soft rhumbatron TR. switches are discussed in pares. 319-
320. The negative voltage for the CV.114 probe is obtained by connecting the 
probe to the output line of the L.O. power pack through a resistance network, 
R.21, R.22, R.23 (each 1 M.) and R.33 (250EA). The CV.114 ionising current 
is about 0.5 ma. This current can be measured by connecting an AVO in series 
with the probe cap on the CV.114 and RA33. The probe must be connected to the 
positive and the lead to the negative terminal of the meter. Unless this 
ionising current is present the valve is faulty and the crystal will suffer. 
The most probable cause of recurring crystal failure is a faulty 01.114, The 
voltage at the CV.114 probe will be of the order of -4001. This voltage can 
be measured with an electrostatic voltmeter. The thickness of the two glass 
windows is different to permit matching of the cavity to the guide sections on 
the sides adjacent to the windows. The side towards the mixing chamber has 
two holes 9CP apart drilled in the threaded section. The side towards the 
main guide has only one hole. These holes axe about 1/32 in. in diameter. 

377. Wheat the transmitter pulse ends a normal CV.114 will deionise quickly 
and intoning signal waves will not excite the cavity sufficiently to cause 
flash-over. The wave will therefore continue into the mixer chamber. 

The Crystal Mixer 

378. Mechanical details of the mixer assembly are shown in fig.85(a) and the 
equivalent circuit in fig.85(b). The E vector in the wave-trait advancing 
along the guide will be diametrical. The crystal is inserted into the guide 
along a diameter so as to be parallel to the E vector and thus have the 
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maximum E.F. voltage applied to it. The end of the guide must be closed to 
prevent the wave travelling on past the crystal and out into space again. But 
when the guide is closed with a metallic short the part of the wave which is 
not dissipated in developing a voltage across the crystal travels on to the 
short and reflects. If the component of the reflected wave appearing across 
the crystal is not in phase with the direct wave there will be interference and 
partial cancellation. By closing the end of the guide with an adjustable piston 
the phase of the reflected wave can be adjusted to be in phase with the direct 
wave at the crystal. We then abstract the maximum energy from the wave in the 
crystal. In the transmission line terms, this is described as matching the 
crystal to the guide. 

379. The probe from the silicon crystal in the crystal capsule makes contact 
with a connector pin caning in fran a Eye socket mounted on the guide, diametri-
cally opposite the crystal mounting. This connector pin contacts the inner of 
the Eye socket inner. The connector pin is insulated from the guide wall by 
a mica washer through which it enters the guide. The tungsten whisker of the 
crystal makes metallic connection with a metallic crystal holder which threads 
into the guide wall. As the outer of the Eye socket and the guide well are at 
earth potential, the mica washer is effectively in parallel with the crystal and 
across the elements of the Eye socket. The mica washer therefore serves as a 
smoothing condenser for the rectified half-cycles of R.F. passed by the crystal. 
As the electron flow is fran the tungsten whisker to the silicon crystal, the 
condenser charges negatively and the output from the Eye socket will always be 
negative-going. 

380. The C.W. output from the CV.129 L.O. is brought to the mixing chambers by 
a short section of coaxial line. The inner of this coaxial projects radially 
into the guide at right angles to the diameter linking the crystal and the Eye 
mixer output socket. This projecting inner serves to capacitatively couple 
the L.O. output to the crystal. That is, there is a steady C.W. wave in the 
guide with a diametrical E vector, and also an R.F. voltage which only appears 
intermittently when signals came in. The voltage applied to the crystal at 
any instant is the result of the two voltages across it. As the two voltages 
have different frequencies, and hence different wavelengths, they will keep 
going in and out of step. When they are in phase at the crystal their amplitudes 
add. When in antiphase, the amplitudes subtract. The voltage across the 
crystal therefore fluctuates between these two limits. That is, whenever an 
echo signal appears in the guide, the two signals beat to apply a voltage across 
the crystal that varies in amplitude at the difference frequency. If the 
klystron is correctly tuned this difference frequency is 45 Mq/s., the I.F. 
frequency. 

381. While echo waves are in the guide the voltage at the Eye mixer output 
socket will be the smoothed modulation envelope of the rectified crystal output. 
That is, bursts of 45 Mo/s. sinewave will appear with a p.r.f. of 670 q/s. 
Assuming an echo to be of 1 microsecond duration, one such echo burst will 
contain 45 cycles of 45 Me/s. sinewaves. 

382. In the intervals between echo waves only the steady C.W. wave from the 
L.O. will be in the guide. The crystal output will then be passing a steady 
sequence of half-cycles of the L.O. sinewave. These will be smoothed by the 
mica washer smoothing condenser to provide a standing D.C. voltage at the Eye 
socket. The amplitude of this D.C. voltage will depend on the C.W. input 
applied to the guide and the rectification efficiency of the crystal. For a 
good crystal the voltage will be a measure of the C.W. input and hence of the 
klystron output. 

383. We see then that there are two components in the signal appearing at the 
Eye mixer output socket. The one is a D.C. component obtained by smoothing 
the rectified L.O. signal. The other is an A.C. component consisting of 1 
microsecond bursts of 45 MC/s. sinewaves at a p.r.f. of 670 c/s. These com-
ponents are taken by a short length of Eye cable to the grid of the first head 
amplifier stage. 

The Crystal Current Jack  

384. Between the input to the head amplifier and earth we have an I.F. choke 
and a .001 condenser, C.1. This condenser offers negligible impedance at 
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45 Mb/a. so the whole A.C. component of the mixer output appears across the 
choke and is applied via C42 (100 pf.) to the input coil. The D.C. 

component is blocked from earth by C.1 so this voltage appears across C.1 and 
Charges it negatively. By jacking in a meter this D.C. component of the mixer 
output can be read as a current indication. The tip of the jack will have to 
go to the negative side of the meter and the sleeve to the positive side. The 
normal value of crystal current is about 1.5 ma. The value should not exceed 
6 ma. or the crystal will be damaged. The unconventional jack polarity arises 
because the head amplifier was designed for use with a crystal mixer having the 
silison crystal earthed instead of the tungsten wire as in the present case. 

Crystal for H.2.8. Mark IIIA  

385. The crystals used in the H.2.S. Mark II/ equipments are CV.111's indicated 
by a green spot instead of the yellow spot used on the CV.101's for H.2.S. Mark IL 
The CV.111 has a higher current rating than the CV.101 and smaller strays. Sub-
sidiary spot markings are used to indicate the order of the voltage to which the 
crystal should stand up. These markings are orange and red spots. A crystal 
with only a green spot is capable of passing the required current for Mark III 
H.2.8. gear but will not stand a very high voltage. If a subsidiary orange 
spot is added to the green spot a medium voltage can be handled and if a sub-
sidiary red spot is added the crystal has a high voltage breakdown. The green 
spot crystal with a subsidiary orange spot is called a CV.112. If a green spot 
crystal bears the subsidiary red spot it is called a CV.113. 

The CV.129 Local Oscillator  

386. The H.2.S. Mark III& local oscillator is a CV.129 type of reflector 
klystron. To overcame the problem of feeder losses, the CV.129 and its 
associated power pack and stabilising circuits are located in the transmitter 
unit. Tuning is done by varying the cavity volume by means of a pressure ring. 
The pressure exerted on the flexible cavity by this pressure ring is varied by 
means of a differential thread tuning control. A crank and gear drive arrange-
ment for manual tuning is provided as a gear box attachment mounted external to 
the transmitter unit case. In the TR.3555 series transmitter units designed 
for use with the roll-stabilised scanner Type 71 this gear box is on the side 
of the unit. In the older TR.3555 series units the gear box was mounted on the 
front. A remote control unit, tuning unit type 444, is provided at the H.2.8. 
operator's table. This unit has a crank and gear arrangement which operates 
an Admiralty transmitter that switches the D.C. supply connections to a repeater 
motor mounted in the transmitter unit gear box. The repeater motor armature 
rotation is used to operate the klystron tuning shaft through a suitable gear 
train to give sufficiently slow frequency variation. 

Mechanical details of the CV.129 are shown in fig.86. 
(b)Circuit details are sham in fig.87. 

Operating Conditions 

387. The principles underlying the operation of the reflector klystron are 
discussed in detail in paras.338-354. These principles also apply in the case 
of the CV.129. The essential differences between the CV.129 and CV.67 are in 
size, method of tuning, voltages required and power pack design. The CV.67 is 
operated with the cathode at about -1200V and the reflector at about -15007. 
The CV.129 is operated with the cathode not more than 1600V negative to earth. 
The reflector voltage is 350 - 5507. negative to the cathode. The normal 
operating current of the CV.129 is around 6 ma. and the coupling into the mixer 
is adjusted for a crystal current reading at the crystal jack of about 1.5 ma. 

The Local Oscillator Power Pack  

388. In view of the small dimensions involved in the CV.129 and the short 
wavelength employed, it is obvious that any appreciable fluctuation in the 
voltages applied to the reflector and cathode will result in sufficient change 
in the spacing of the bunches to radically upset the feedback phasing. Shifts 



A ouf07 STAGE 
“51,0r451 

HEAD AMPLIFIER  

AmPt.iNi416 0r42 
7.1PF Soil A 

• ircreasnoE 4 
Oultv T 0.Enbr5E 

C • ovecuLL RESPONSE 

2 

065 

3 

S 

41 41 

C 	FtegFoNISE of 
Fothro4 524C4 

0.6 Ms% OF 
FIFTH froac 

E 	oveAma. IlectosS6 

1 

4 
40 	4, 	42 	43 	44 	45 	44 

0 

DBS 

2 

3 

4 

2 
STRIP 

0.6 CE rvWG L4-1 
1-194 153 	 41 

A 	REFforitE of ONG of 	 0 
F10.52 THAfit STAGES 

B 

B 	AESPoNVF of MAST 
14444 'MOSS TOGETHER 1•  065 

2 

3 

-4 

4o 44 42 43 44 45 4b 7 43 49 
MC IS 

-5 

C.D. 0896 LI 

40 41 42 3 44 45 4b 47 40 49 
Mot./ 

Molt 

Fl G.8 8 



C.D. 0 896 L 

PULEClog 
ASSEMBLY 

TUNING DANE - 
VABIEs TENSION 
ON PRESSURE (ZINC 

PRESSURE RING 	j SE MIN° ON 
[ 

OUTPUT-  lb 	•••^- • 
— 

CAVITY 

WOXFK • 

SPRING 

CAVITY CLASS ENVELOPE 

ELECTRODE 
ASSEMBLY 

META 
CASE rL  

CONS-1111) CRON OF CVI29 KLYSTRON 

F I G.86 

frofivieg 

VTIT7 

(vs) 

oCAL 05OLLAToa 

Lo at 
OSCIL

C 
 LATog 

CV129 

(V 7) 

NEON 
STABILISER 

0/0 

(v6) 

Poweg PACK 

F 10.87 



C.D.0896L 

in these potentials must therefore incorporate elaborate stabilising arrange-
ments. 

389. Circuit details of the L.O. power pack are shown in fig.87. Examination 
of the circuit shows the following points. 

(a) T.1 provides the stepped up 1000 cis output which is brought 
in through a suitable noise filter. 

a VU.111, is the actual half-wave rectifier. 
The effective cathode load of V.4 is the beam tetrode stabiliser 
V.5, a VT.127. 

(d) The screen voltage for the stabiliser, V.5, is obtained by 
bridging the screen in on a bleeder between +300V. and earth, 
formed by R.30 (22K.) and the V5.70 neon stabiliser, V.5. The 
+300V. line is supplied from the +300V. pack in the power unit. 
The VS.70 serves to stabilise the screen voltage of V.5 to +100V. 

(e) V.5 grid is tapped in at a variable point on the bleeder between 
the stabilised screen and the power pack output line. 
V.5 is shunted by the 1.5 hL resistor, RA19. 

g The current passed by V.4 can be measured at the jackpoint, J.2. 

390. To appreciate how the output voltage is being stabilised we must consider 
V.5 as a cathode load whose impedance is varied in such a way that when the 
input to T.1 fluctuates the variations in the impedance of V.5 will serve to 
keep the output D.C. voltage constant within very small limits. This variation 
in the impedance of V.5 is achieved by feeding back a fraction of any change in 
the output voltage to V.5 grid. The tapping point to which V.5 grid is 
returned must provide a suitable operating potential for V.5 grid. This 
potential should be about -20V. as the cathode is returned to earth. Let us 
assume the output voltage is of the order of -2KV. If the grid were to be 
tapped in on a bleeder between -2KV. and earth at a -20V. point, the tapping 
point would be only.  1/100th of the way up the bleeder. The output voltage 
would then have to change by 100 volts. to cause a 1 volt change at V.5 grid. 
The control obtainable would not be satisfactory with such an arrangement. 
By connecting the bleeder from the -2KV. output line to the stabilised +100V. 
point, we have 2100V. across the bleeder. Tapping at -20V will be 120V up the 
bleeder, i.e., about 1/18 th of the way up. Hence, a change of less than 20V 
(i.e. of 1$) in the output voltage will cause a change of 1 volt at V.5 grid. 
The control exercised by V.5 therefore becomes much more effective. 

391. Let us assume that the 80V input to T.1 primary fran the V.O.P. shows 
a transient increase due to increased engine speed. The -2KV output line will 
then tend to swing more negative. Approximately 57 of the increase is applied 
to V.5 grid to carry it more negative. Hence V.5 passes less current, i.e., in 
impedance rises. There is then a reduced flow of electrons into the reservoir 
condensers, 0.21 and C.22. By correctly adjusting VR.1, the variation in V.5 
impedance can be made to counterbalance the normal variations that may be 
expected in the 80V supply to T.1 primary. The -2KV output is then effectively 
stabilised. 

392. Not only must the klystron supply voltage be stable, but it must be correct 
or the CV.129 will not operate reliably and efficiently. The circuit design 
must therefore be such that the selected setting of VR.1 for stability also 
gives V.5 such an impedance that the output voltage is correct. Since the 
operating conditions necessary for satisfactory klystron operation are extremely 
critical the major requirement is actually a correct output voltage. We may, 
therefore, say that the design must be such as to give adequate stabilisation 
when the correct output is obtained by suitable adjustment of vRi. 

393. The leak, R.19, serves to prevent flash-over in V.5 when the equipment 
is switched on. The 80V input to T.1 and T.2 will be applied when the "L. T. ON" 
button is pressed on the switch unit. When V.5 is cold its impedance will be 
high and the proportion of the T.1 secondary voltage appearing between V.5 anode 
and earth might well cause flash-over. Hy providing R.19 in parallel with V.5 
this danger is avoided. R.19 also serves as a discharge path for C.22 when the 
gear is switched off. 

394. 0.20 prevents R.F. pick-up from influencing the potential of V.5 grid. 
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The Klystron Circuit 

395. Examination of fig.87 gives us the following information about the 
klystron circuit:- 

The reflector potential is that of the output line of the L.O. 
power pack. 
The cathode potential of the CV.129 is determined by the output 
line voltage and the potential drop across VR.2, R.29 and VR.3. 
But this potential drop is determined by the klystron current. 
The klystron current will depend on the klystron impedance which 
will be modified by the setting of VR.3 since this varies the 
grid voltage. We may actually regard VR.2, R.29, VR.3 and the 
klystron impedance as forming a bleeder between the output line 
and earth. As variation of VR.2 and VR.3 vary the effective 
resistance of this bleeder, both controls vary the cathode potential 
of the klystron and the klystron current. 
The current taken from the L.O. power pack flows in three channels:- 

(i) Through the klystron network and the klystron to the 
earthed rhumbacron. 

(iii 
(1 Through the bleeder formed by R.25, VR.1, R.26, R.27, R.28. 
(i 	Through the CV.114 network to the probe and thence to 

the earthed rhuMbatron via the ionisation leakage from 
the probe to the rhumbatron. 

396. The voltage of the power pack output line will obviously depend on the 
current drain imposed on it. It follows then that we cannot set up VR.1 to 
sane arbitrary voltage level and then adjust the klystron controls to get a 
suitable operating point for the klystron, since adjustment of the klystron 
controls alters the current drain and hence the reflector voltage. Setting 
up the klystron controls, VR.2 and VR.3, and the power pack control, VR.1 are 
therefore not independent operations. Setting up actually calls for conse-
cutive adjustment of the controls in a series of successive approximations 
which must terminate with stable klystron operation at a suitable amplitude 
level. Fran operational experience it has been found that the final conditions 
called for are:- 

(a) 	cathode not negative to earth by more than 1600V. 
b Total E.R.T. current drain not greater than 7.5 ma. (about 

6 ma. to klystron). 
(o) Crystal current at the crystal jack of 1.5 ma. 

The crystal current value is dependent on adequate oscillation in the klystron 
so is essentially a consequence of the first two conditions rather than an 
additional condition. 

397. The 7.5 ma. current drain is a figure found from experience. It 
represents about 6 ma. klystron current, 0.5 ma. soft rhumbatron current 
(CV.114), and 1 ma. bleeder current. To have a constant visual indication of 
this current drain a meter is jacked in at the jackpoint, J.2. The tip of 
the jack must go to the meter positive and the sleeve of the jack to the meter 
negative terminal. The jack tip will be at a potential of about -1000V. with 
respect to earth. 	The resistor, R.18 (10K.), serves to avoid the danger of 
a faulty jack point disconnecting V.5 and leaving V.4 without its stabilising 
cathode load. 

398. To permit observation of the klystron cathode potential while setting 
up VR.1, VR.2 and VR.3, an electrostatic voltmeter must be et:enacted between 
the klystron cathode and earth. 

Klystron Output Controls  

399. The principle of picking up an R.F. voltage from the resonant cavity of 
a klystron is discussed in para.351. In the case of the CV.129, a very tiny 
coupling loop is used to pick up the klystron output and impress it on a short 
length of coaxial feeder. The voltage impressed on this feeder can, of 
course, be varied by varying the plane of the coupling loop. The other end 

(a)  

(b)  

(0) 
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of this coaxial line has its inner projecting radially into the mixing chamber 
to serve as a capacity probe. The intensity of the current set up in the 
crystal chamber by the L.O. Input depends on the distance between the end of the 
probe and the crystal. This distance is adjustable so serves as an input 
control. In practice, the klystron coupling loop is set for MOViMUM coupling 
to put the maximum R.F. voltage on the coaxial line. The distance that the 
launching probe projects into the mixing chamber is then adjusted to give a 
crystal current reading of 1.5 ma. on a meter jacked in at the crystal jack-
point. The reason for this arrangement is to prevent the loss of signal power 
via the coaxial line to the L.O. Obviously, such losses are minimised by 
reducing the distance that the coaxial probe extends into the mixing chamber 
as much as possible. This arrangement calls for maximum coupling at the klystron 
to get sufficient C.W. into the mixing chamber with the minimum input coupling and 
hence the minimum reverse coupling. 

The Head Amplifier 

400. Circuit details of the two stage VR.91 head amplifier are shown in fig.82. 
The overall gain of the two stages is about 17 for a screen potential of about 
170 volts. The voltage applied to the screen of the second stage is varied by 
means of the gain control on the switch unit. The H.T. supply and screen 
supply to both valves should be broken when the Lucero switch is set for either 
B or BA. Details of the channels are shown in fig.89. 

404. A grid bias of -1.5V. is applied to the second stage. R.6(1.5K.) and 
R.7 (licoR.) form a bleeder between -100V. and earth and the grid is tapped in 
at the junction. The -400V. supply is obtained from the -100V. neon stabilised 
negative rail in the receiver-timing unit. 

402. When a valve has been replaced it is desirable that circuits immediately 
before and after the particular valve should be realigned. The tune fre-
quencies for the various circuits are as follows:- 

input circuit 45 Mc/s. 
Coupling between stages 47.5 Mc/s (two tuning adjustments) 
Output Circuit 45 Mc/s. 

For the purpose of tuning up a C.W. output from a signal generator should be 
fed into the unit through a suitable resistance to bring the effective generator 
output impedance up to 250 ohms. To represent the mixer and cable capacities 
a 3 pf. condenser should be connected across the Pye elbow socket used for 
connecting to the input plug. The output should be connected by the normal 
cable to the I.F. amplifier in the receiver. A suitable meter across the diode 
detector cathode load should be used to observe the response. With this arrange-
ment the circuits are tuned to give a maximum with an input signal of frequency 
corresponding to the particular circuit as tabulated above. The trimmers should 
be sealed after tuning. For the first circuit Durofix should be used. Paraffin 
wax is used for the interstage coupling and the output. 

403. When putting in new valves care must be exercised to ensure that the valve 
pins and spigot are correctly aligned with respect to the valve holder before 
attempting to force the valve into position. Failure to observe these pre-
cautions will invariably result in breakage of the pin seals in the valve base 
or damage to the holder. 

404. The output is at an impedance of 95 ohms suitable for feeding a terminated 
cable of this impedance. For this purpose a uniradio 31 cable is used to link 
the green Pye output plug on the transmitter unit and the green pye input plug 
on the receiver-timing unit. The performance of the head amplifier is indepen-
dent of the cable length when operating into this type of cable and the universal 
type 153 I.F. strip. 

The I.F. Amplifier 

405. Full circuit details are shown in fig.82. 

406. Official response curves are shown in fig.88. 
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407. The 5-stage, v2.91 I.F. amplifier is part of a universal I.F. strip 
known as receiving unit type 153. This universal unit is made as a sub-
assembly suitable for building into standard airborne boxes. The overall 
bandwidth is about 45 ± 2 Mq/s. The overall gain at 45 Mc/s. is of the order 
of 30,000. Gain by stages is as follows:- 

(a) First 3 stages - Each about 8 at 45 MO/s. The mutual coupling is 
adjusted to give a slightly overcoupled response with slight 
double peaking at 43 MU/s. and 47 Mc/s. 

(b) Fourth stage - About 7 at 45 Ms/s. Coupling is such as to give 
a single-peaked response at this frequency. 

(a) Fifth stage - About 9 at 45 Ms/s. Arranged to give a double-
peaked response. 

The overall response Should be reasonably flat over the range 43 - 47 Mn/s. 
The gains quoted above assume a screen voltage of 170 for the first four 
variable gain stages which is above that actually used. 

408. The first 4 stages are run with a fixed negative bias of about 1.5 volts 
on the grids. This voltage is obtained by tapping in at the junction of P434. 
(470 ohms) and R.42 (33K.) placed between the stabilised -100V. rail and earth. 
The fifth stage operates with auto-bias. 

The Gain Control Valve, V.9  

409. V.9 serves as a gain control valve. Details of the gain control circuit 
are shown in fig.89. 2.61 and R.62 in parallel are connected in series with 
R.57 across the 300V. line. The series combination of R.63 in the receiver 
and the gain control potentiometer in the switch unit, is in parallel with 
R.57. Varying the gain setting then varies the D.C. potential to which V.9 
grid is tied and hence the current passed by V.9 which is strapped as a tetrode. 
The cathode is bridged in on the bleeder formed by paralleling R.61 and R.62 in 
series with R.66 to enable V.9 
gain control is as follows:- 

to be cut off. 

Max. Gain 

The range of variation on the 

Half Gain 	Min. Gain 

Grid 2.7 v. lo V. 15 V. 
Cathode 7 	V. 12 V. 16 V. 
Anode 130 	V. 70 V. 30 V. 
Junction of R.64 
and 2.65 

140 	V. 80 V. 45 V. 

These readings were obtained on a D.C. scope with H.T. at 290V. and the 
negative rail at -95v. For a higher H.T. level the readings would vary 
accordingly. 

Effect of the lucero Switch 

410. Relay C is used to switch the controlled screen voltage to the second 
head amplifier stage. If the Lucero switch is set to "OFF" or "B + Br, the 
supply (carving originally from the +300V. pack in the power unit) is completed 
to the solenoid. The head amplifier screen supply is then completed via 18/12. 
If the Lucero switch is set to either B or BA the supply to the relay solenoid 
is broken at the same time as the H.T. to both valves and the screen supply of 
the first valve are broken. There is then no screen supply to the second head 
amplifier valve when its H.T. supply is cut off. This is done to help push 
up the maximum gain of the I.F. amplitude proper for the Lucero signals. If 
the screen supply were left completed when the H.T. is cut off, the second 
head amplifier valve would draw an increased current from the gain control valve 
and would thus lower the controlled voltage to the I.F. amplifier screens. 
Breaking the screen supply reduces the loading on V.9 and thus raises the I.F. 
screen voltages, and hence the I.F. amplifier gain. This is desirable since 
the Iucero input is applied through the attenuating pad formed by R.1 and R.2. 
The gain measured from the brown Lucero input is out by half as compared with 
the gain measured from the green H.2.S. input. 
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Tuning of the I.F.  Stages  

411. When a valve has been replaced it is desirable that the circuits 
immediately before and after the particular valve should be realigned. The 
tune frequencies for the various circuits are as follows:- 

Input circuit 	 Preset 
Coupling between V.1 and V.2 47.0 Mc/s. two adjustments 
Coupling between V.2 and V.3 47.0 Mo/s. 
Coupling between V.3 and V.4 47.0 Mc/s. 	 PI 

f) Coupling between V.5 and V.6 47.3 MO/s. 
Coupling between V.4 and V.5 45.0 Mc/s. 

A C.W. output from a signal generator with an output impedance of 95 ohms 
Should be fed into one of the input plugs and the output observed on a high 
resistance voltmeter connected across R.48 (5.6K.), the load of the diode 
detector. Alternatively, a milliammeter may be connected in series with 
this load. In either case, to prevent feedback a filter should be used in 
the meter lead. A .001 condenser connected to ground followed by 220 ohms in 
series and another .001 to ground will provide a suitable filter. The circuits 
are then tuned to give a peak with an input signal of frequency corresponding 
to the particular circuit as tabulated above. The Durofix used to seal the 
threads of the tuners will peal off easily if the screws is turned gently at 
first. When tuning is completed the screws should be resealed with a small 
quantity of Durofix. 

412. The cautions outlined in para.403 with regard to changing valves 
obviously apply equally well to the I.F. amplifier. 

Suppression 

413. As the CV.114 TR switch will not flash-over instantaneously when the 
transmitter fires and does not provide perfect receiver isolation after flash-
over has occurred, there is always sane transmitter breakthrough into the 
mixing chamber. This breakthrough is amplified by the head amplifier stages 
and applied to the first I.F. stage. The strength of this signal will be 
sufficiently great to cause paralysis at the receiver if no provision is made 
for rendering the receiver insensitive while the transmitter is pulsing. To 
overcame this problem a suppression pulse is applied to the suppressors of the 
first three I.F. stages. V.412 serves as the suppression generator. Details 
of the operation of V.412 are given in para.364. The suppression pulse is 
developed across the anode load (8.470, 5K.). The diode, V.10, connected 
between the suppression line and earth, serves to keep the suppressors from 
swinging positive at the termination of the suppression pulse. The position 
of the suppression waveform with respect to the transmitter pulse is adjusted 
by means of the suppression preset an the panel an the receiver-timing unit 
until only the tail of the transmitter breakthrough shows on the height tube 
(or monitor 28) when the receiver output is seeped). For operation with Fish-
pond this setting may require modification. 

The Diode Detector• 

414• The output of the final I.F. stage is applied to the cathode of V.6 
(VR.92) which develops a negative-going output. C.38, L.17, C.39, L.18 form 
an I.F. filter which smooths the detector output to develop the video pulse 
envelope across the detector load, R.48 (5.6K.). 	0.40, R.49 form a 0.1 sec. 
A.C. coupling to the cathode follower, V.7. This A.C. coupling prevents the 
possibility of jamming by means of C.W. signal in the I.F. band-pass which 
might bias back the detector, and hence the cathode follower grid, if D.C. 
coupling were used: 

The Cathode Follower 

415. V.7 has its cathode bridged in at the junction of R.50 (10K.) and 
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R.51 (15K.). These resistors serve as a bleeder between -100V. and earth. 
If V.7 had no heater voltage its cathode potential would be -60V. As the 
valve warms up and cathode current flows the electron flow from the -100V. 
line is mainly through the valve. Under normal operating conditions, V.7 
cathode potential is then about +3.5V. This bridging arrangement permits 
operating conditions for V.7 which prevent limiting on V.7 grid on strong signals 
without recourse to special arrangements for a positive grid bias. As the 
grid swings dawn the cathode potential can swing negative to earth instead of 
stopping at earth potential which would occur if the cathode load of V.7 were 
returned to earth. R.50 (10K.) is the effective cathode load. The cathode 
follower output waveform can be sopped at the spare Pye plug on the receiver 
panel which is not used. 

The Receiver Output Valve  

416. V.8 (VR.53) serves as the receiver output valve with R.451 (M) serving 
as the effective anode load as R.452 is effectively decoupled by 0.440. 
Pares. 368 and 369 outline briefly the way the course and track marker axe 
introduced at V.8 suppressor and the details of V.8 output. 

The Receiver Power Pack 

417. As the 300V. power pack on the power unit is incapable of supplying the 
necessary current for all the valves running off a 300V. supply, a second 300V. 
pack is included in the receiver-timing unit. Circuit details are shown in 
fig.82. V.13 is a 5U4C full-wave (double half-wave) rectifier which develops 
a nominal 300V. output for the receiver-timing unit and the head amplifier 
stages on the transmitter unit. L.22 and 0.43 provide the necessary smoothing. 

418. The metal rectifiers, V.11 and V.12 provide a second full-wave (double 
half-wave) rectifier stage which develops a -1007. output. L.23 and 0.44 
provide the necessary smoothing and the neon, V.14, provides stabilisations. 
This stabilisation is necessary in order to obtain a steady grid bias for the 
first four I.F. stages and the second head amplifier stage. Any ripple on 
this supply will tend to cause spoking. 
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CHAPTER 7 - THE MARKER CIRCUITS 

General 

419. Three different markers are used in the H.2.S. Mark IIC and Mark IIIA 
displays. The range marker appears as a ring on the P.P.Z. display and a blip 
to the right on the height tube display. The height marker appears as a blip 
to the left on the height tube. The heading (course) marker appears as a 
radial line on the P.F.I. display. When a switch on the indicator 184 is set 
to the "Track" position the radial marker serves to indicate the aircraft 
track. The next phase of our study of H.2.S. will deal with the way these 
markers are developed. 

The Heading Marker 

420. The heading marker circuit is the same in the H.2.5. Mark IIC and 
Mark IIIA installations. retails of the circuit used to develop the heading 
and track markers are shown in fig.93. The circuit used in setting up the 
marker is shown in fig.111. Before making a study of these circuits it may be 
helpful to tabulate the following outline:- 

The actual marker pulse is a positive-going signal applied 
to the P.P.I. grid once in every revolution of the scanner. 
The effect of this marker pulse is to increase the P.P.I. 
emission sufficiently to enable the electron beam to cause 
the screen to fluoresce as the beam moves from the tube 
centre to the circumference. 
The pulse duration is long enough to brighten up one full scan 
and all or part of the next. 
The marker pulse proper is taken off at the anode of the 
receiver output valve. It is developed by driving the 
suppressor down by means of a negative-going pulse of suitable 
amplitude and duration. 
The pulse applied to the suppressor of the receiver output 
valve is initiated by a contact arrangement in the scanner 
which must operate automatically to earth the pulse-forming 
circuits in the receiver-timing unit. 
To enable the H.2.S. operator to take the marker off the 
P.P.I. display without stopping the scanner a switch must be 
provided at the operator's position. This switch is on the 
switch unit and is labelled "Line of Flight". The incorpora- 
tion of such a switch considerably complicates the circuit design 
as the switch must be introdlaed in voltage supply channels 
that originate in other units. 
When a bombing run is being made it is desirable to have a 
track marker instead of a heading marker. Hence it is 
necessary to incorporate another contact in the scanner which 
can be suitably offset from the heading marker contact. 
In order that the H.2.8. operator may choose the heading or 
track marker at will it is necessary to provide a switch at 
his position that will enable him to introduce the appropriate 
scanner contact into the circuit. This switch is fitted on 
the indicator panel and is labelled with the two positions 
"Course" and "Track". Obviously, the incorporation of this 
control again complicates the wiring channels required. 
To set up the scanner "Course" and "Track" contacts the H.2.8. 
operator must have a remote control at his position. This 
control is located in the heading control unit type 446. It 
is essentially a setting knob which operates a set of cams or 
"transmitter" that switches the D.C. connections to "Course" or 
"Track" repeater motors in the scanner. A switch is provided on 
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The heeding control unit which mist be set to "Course" when the 
setting control is used to operate the "course" repeater motor and 
to "Track" when the control is being used to operate the "track" 
repeater motor. This switch must be set to "Auto" once the setting 
up has been done. 

(j) Since the heading marker must move as the aircraft alters course, 
provision must be made to use the aircraft rotation to move the 
heading marker through the same angle as the aircraft turns. This 
is achieved by having the D.R. compass operate a transmitter similar 
to the one on the heading control unit. This transmitter switches 
the D.C. connections to a "course" repeater motor in the scanner. 
The motor armature then drives the magslip stators through a suita-
ble gear train. The gearing used in the D.R. compass drive and in 
the scanner is such that the magslip stators are displaced through 
an angle equal and opposite to the aircraft rotation. The 
map then remains stationary and the marker turns through the same 
angle as the aircraft as discussed in Chap.4, pares. 171, 172, 173, 

, 174. 
(k) Since the D.R. compass transmitter must be disconnected from the 

"course" repeater motor and the hand-operated transmitter in the 
heading control unit connected in its place when the heading 
marker is being set up, the control channel from the D.R. compass 
to the scanner must be routed through the heading control unit. 

(1) Once the track marker contact has been set up an automatic 
adjustment must be made when the drift setting is altered. This 
drift setting is made an the Mark 14 bombsight. In order that 
the bombsight adjustment may result in the correct displacement 
of the "track" contact in the scanner a flexible drive cable 
from the bombsight head operates another transmitter in a control 
unit type 468. The transmitter contacts then switch the D.C. 
connections to a "track" repeater motor in the scanner. The 
motor armature then displaces the "track" contact through the 
appropriate angle by means of a suitable mechanical link. 

(n) Since the bombsight transmitter must be disconnected from the 
"track" repeater motor armature and the hand-operated trans-
mitter in the heading control unit connected in its place when 
the track marker contact is being adjusted, the control channel 
from the control unit type 468 to the scanner must also be routed 
through the heading control unit. 

(n) When the heading control unit switch is set to "Course" the 
control channel from the D.14 compass to the scanner is broken 
in the heading control unit. A 24.V. supply, brought into the 
heading control unit on a 2tpin cable from the power unit, is 
than connected to the "course" repeater motor via the hand-
operated transmitter in the control unit. Opera.ing the setting 
knob then operates the "course" repeater motor armature and the 
magslip stators can be adjusted to bring the heading marker up 
on the bearing of the aircraft heading. The indicator 184 
switch must be set to "Course". 

(o) If the heading control unit switch is set to "Track" the control 
channel from the control unit 468 to the "track" repeater motor 
in the scanner is broken. The transmitter in the heading 
control unit is then connected to the "track" repeater motor. 
If the switch on the indicator 184 is now set to "Track" the 
marker on the indicator is a track marker. If the bombsight 
head is set for zero drift the track marker should coincide with 
the heading marker and the aircraft heading. Hence, to set up 
the track marker contact zero drift is set on the boasight 
head. The heading control unit and indicator 184 switches are 
set to "Track". The setting knob is then used to bring the 
track marker up on the aircraft heading. The "track" contact 
is now correctly adjusted. 
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(p) The heading control unit switch is now set to "Auto". The 
D.R. compass transmitter control channel to the "Course" repeater 
motor is then completed through the heading control unit. 
Similarly, the bombsight control channel from the transmitter in 
the control unit type 468 to the "Track" repeater motor is 
completed through the heading control unit. Any alterations in 
aircraft heading now automatically cause the magslip stators to 
turn through the appropriate angle. Any change in the drift 
setting will now displace the "Track" contact through the 
appropriate angle. 

(q) Which marker appears on the F.P.I. display is determined by the 
setting of the switch on the indicator 184. The switch unit 
"Line of Flight" switch must, of course, be closed to get either 
marker. The indicator switch merely connects the appropriate 
scanner contact to the circuits in the receiver-timing unit which 
generate the pulse that is applied to the suppressor of the 
receiver output valve. 

(r) The switch on the switch unit decides whether or not the 300V 
supply to the circuits in the receiver-timing unit are completed. 

421. Summarising, we may gather up the functions of the various controls as 
follows:- 

(a) The "Line of Flight" switch on the switch unit completes the 300V 
supply to the circuits which form the pulse applied to receive 
output valve suppressor. 

(b) The indicator 184 switch decides whether the "course" or "track" 
contact in the scanner is connected to the pulse-forming circuits. 

(c) The pulse formation is determined automatically by the scanner 
rotation by earthing the pulse-forming circuits via the contact 
selected by the indicator 184 switch. 

(d) The pulse formation will only produce a marker at the correct 
position on the F.P.I. display if the magslip stators have beer 
correctly set up and the "track" contact has been correctly 
set up. 

(e) The magslip stators are set up by setting the indicator switch ant 
heading control unit switch to "Course" and operating the setting 
control on the heading control unit. 

(f) The "track" contact is set up by setting the indicator switch 
and heading control unit switch to "Track" and operating the 
setting control on the heading control unit. 

(g) Automatic correction of the magslip stator setting by the D.R. 
compass, and of the track contact setting by the drift setting 
placed on the bombsight head, is only introduced when the 
heading control unit switch is set to the "Auto" position. 

Mechanical Details 

422. The essentials of the mechanical arrangements in the scanner are shown 
in fig.93. The contact ring is in a flat metal annular ring mounted on top 
of the fibre gear wheel which drives the magslip rotor from the scanner shaft 
The shorting contact is a projection towards the centre, about im long and *" 
wide. Mounted above the contact ring by means of a bracket are two metal 
spring contacts. The outer of this pair is in continuous metallic contact 
with the contact ring. This spring contact we shall call the earthing conta 

as it is earthed in the receiver-timing unit. The inner of the pair is re-
turned to the "Course" side of the indicator 184 switch. Every time the 
scanner rotation brings the shorting contact against the spring tip of the 
"course" contact the "course" contact will be earthed. R.465 in the receiver 
timing unit is then earthed until the two contacts separate. The two contact 
should meet as the scanner goes through the dead-ahead position. The "track" 
contact, returned to the "Track" side of the indicator 184. switch is mounted 
above the fibre gear wheel to which the contact ring is attached. It is 
swivelled on a bearing which coincides with the centre of the gear wheel and 
ring. This "track" contact has an arm extending back from its bearing which 
engages in a slotted bush. The bush tracks up and down a worm driving rod. 
The rod is geared to the "track" repeater motor which is operated by the 
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transmitter in the control unit type 468 when a drift setting is made on the 
bombsight head. If the "track" contact is correctly set up the shorting 
contact earths it when the scanner looks into the direction of the aircraft 
track. 

How the Headin_ Marker Pulse is  Developed 

423. The generation of the marker can most readily be understood by studying 
the basic circuit and waveforms in figs. 91 and 92. When the !Line of Flight" 
switch is closed on the switch unit the following circuit actions occur:- 

300V. is connected in series with R.418 (1 it.) and C.423 (.1). 
0.423 then charges up through R.418 towards 300V. The time 
constant is 100,000 microseconds so the condenser will charge to 
about 200V. in 1/10 second. 
The 300V. supply is also connected in series with E.418 and 0.422 
(.0035). The other side of 0.422 and the suppressor of the 
receiver output valve will be effectively at earth. R.416 (1 M.) 
and half of the double diode V.410 form a bleeder across the 300V. 
line in the receiver-timing unit. As the conducting impedance of 
the diode is small in comparison with 1 ii. the suppressor of the 
output valve will be only a fraction of a volt above earth 
potential. 0.422 will then also charge up to 300V. through R.418. 
The time constant is 3500 microseconds. We shall thus have 0.422 
and 0.423 charged up to 300V. in under a half-second. 

424. Suppose the indicator 184 switch is set to "Course". When the scanner 
goes through the dead-ahead position, the shorting contact earths R.465 (1 K.) 
through the contact ring and earthing contact. C.423, charged to 300V, is 
now earthed through R.465 (1 K.). The condenser will discharge rapidly as the 
time constant is only 100 microseconds. The potential at the junction of 0.422 
and 0.423 falls very rapidly from +300V. towards earth potential. At the 
instant R.465 was earthed the right plate of 0.422 was at +300V. and the left 
plate at nearly CV. That is, the potential difference between the plates was 
300V. While 0.422 was charging electrons flowed away from the right plate 
to H.T. leaving the plate positive. Electrons in the dielectric then moved 
towards this plate and left the opposite side of the dielectric with a deficit 
of electrons which attracted the electrons from the left plate and left it 
positive. Electrons fran the H.T. supply then flowed to the left plate until 
it was back at earth potential. When R.465 is earthed electrons flow from 
earth to the right plate of 0.422 until it falls to earth potential. There is 
then no longer any attraction on the electrons in the dielectric which surge 
back to their neutral positions. The dielectric then is no longer positive 
at the left plate and the electrons previously held now swing back into the 
metal. This leaves the outer surface with an excess of electrons which drives 
it negative. The result of earthing R.465 is then to drop the right plate of 
0.422 from +300V towards OV and the left plate from OV towards -300V. The 
detail above has been given to help the radar mechanic who feels that 0.422 
should discharge through R.465 without exerting any effect on the suppressor of 
the receiver output valve. 

425. As the left plate of 0.422 falls from OV towards -300V., the suppressor 
of the receiver output valve goes down with it and anode current is out off 
on the suppressor. The anode potential then rises sharply to give the leading 
edge of the heading marker pulse which is ultimately applied to the P.P.I. grid. 
Since the time constant of 0.423 and 11.465 is only 100 microseconds the 
suppressor of the output valve will be carried down quite rapidly. When the 
fall ceases electrons will flow fran the left-hand plate of 0.422 through 8.416 
to H.T. The time constant is 3500 microseconds so we may expect the suppressor 
of the output valve to have risen to cut-off in something like 2000 - 2500 
microseconds. In the meantime annie current is cut off. Hence, the positive 
pulse at the anode continues for the 2000 - 2500 microsecond period that 
elapses between the instant that R.465 is earthed via the "course" contact in 
the scanner and the instant when the suppressor gets up to cut-off again. The 
P.P.I. grid is then raised by the heading marker pulse for a sufficiently long 
period to ensure the brightening up of at least one full scan since one scan 
must occur every 1500 microseconds. 



D. C. 0696L 

426. As soon as the shorting contact is carried clear of the "course" contact 
by the scanner rotation, R.465 is again floating. The 300V. supply is then 
again connected across 0.423 and R.419 so 0.423 again charges up to +300V. 
At the same time the right plate of 0.422 will be charging towards +300V. 
through R.419. Both condencers have ample time to complete their charging 
before the scanner has completed another turn to repeat the earthing of R.435. 
0.423 provides an effective earth for pick-up which might otherwise be applied 
to the suppressor of V.8 and thus be mixed with the signals and markers. 

Development of the Track Marker Pulse  

427. If the indicator switch is set to "Track", the only difference is that 
R.4.65 is now earthed when the shorting contact meets the "track" contact. If 
there is zero drift this should occur when the scanner goes through to dead-
ahead position, just as before. If there is drift, R.4.65 may be earthed 
either before or after the instant the scanner passes through the dead-ahead 
position, depending on the wind direction. If the "track" contact has been 
correctly aligned, the track marker will appear at the bearing on the 
which gives the aircraft track. 

The Action of the Repeater Motors  

428. The repeater motor operates on the principle that if a piece of soft iron 
is free to move in a magnetic field it will experience a torque which tries to 
bring the cross-section of the iron at right angles to the field.. The magnetic 
lines of force emerge from the north pole of the magnet or electromagnet and pass 
across the intervening gap to the south pole. If it is an air gap the lines of 
force will pass straight across in the centre and will bulge outside on both 
sides due to mutual repulsion between themselves. That is, the lines will be 
as short as mutual repulsion between themselves will permit. If a piece of 
magnetic metal like soft iron is now introduced into the field the lines of force 
will all try to crowd into the iron as it offers a higher permeability than air. 
Unless the iron is perpendicular to the field the lines will be distorted. In 
the attempt to shorten as much as possible they exert a turning force or torque 
on the iron. If the iron is suitably suspended it will turn until the total 
path in the iron is as long as possible but the total line length is as short 
as possible. 

429. In the repeater motor we have a cylindrical armature with a rectangular 
soft-iron central section. This armature is mounted in suitable end bearings. 
The field is developed by means of current from a 24V. supply passed through a 
suitable field winding arrangement. This field winding actually comprises three 
windings with one point common. If +24V. is connected to one free end and -24.V. 
to another free end electrons will flow through the two windings thus connected 
in series. If +24V. is connected simultaneously to two free ends and -24V. to 
the other free end, electrons will flow through the one winding to the common 
point and then divide equally the two windings leading to the +24V. ends. 
If -24v. is connected simultaneously to two free ends and +24.V. to the third one 
electrons will flow from both -24V. ends through the associated windings to the 
common point. There the two streams will converge and flow through the third 
winding to the +24V. end. Each winding may be regarded as an electromagnet 
developing a field across its pole faces. The poles thus developed produce 
fields across the gap in which the armature is pivoted. The separate fields 
will add vectorially to produce a resultant field. This resultant field will 
then decide the position in which the armature comes to rest so as to provide 
the maximum path length through the soft iron and the shortest total path. As 
the D.C. connections to the free ends of the windings are switched the polarity 
of the separate fields is varied. The direction of the resultant field is then 
varied and the armature is pulled into a new position. If a suitable mechanical 
link is provided the torque developed by the resultant field will not only pull 
the armature through the rotation angle of the resultant field but will also 
provide the motive power for displacing some other mechanism. 

Control Action of the D.R. Compass  

430. A 24V. aupply from the aircraft D.C. supply is taken to the D.R. compass 
box where it is applied to the transmitters used to operate the various repeater 
compasses and the "course" repeater motor. The connections from the trans-
mitter cams are brought ultimately to the free ends of the respective repeater 
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motor armature windings. In the case of the "course" repeater motor the 
connections are brought to the heading control unit (see fig.111) on a 4tpin 
plain from the D.R. compass terminal block. Inside the heading control unit 
connections are made via the switch to pins 1, 2 and 3 of the 6A violet to the 
scanner. If the switch is in the "Auto" position the connections to these 
pins are completed. At the scanner end of the cable these pins are connected 
to the three free ends of the "course" repeater motor field winding. 

431. If the aircraft turns the relative movement between the compass bowl and 
the needle is used to operate the various transmitters. The connections to 
the red, green and blue terminals of the windings then go through the following 
sequenoe: 

Terminal 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 

Red 
Black or Blue 
Green 

+ 
+ 
- 

+ 

- 

+ 
- 
- 

+ 
- 

+ 
- 
+ 

- 
+ 

- 
+ + 

+ 
+ 

+ + + 
+ + 
-----

+ + + 

+ 

+ indicates connection to + 24V. 
- indicates connection to - 24V. 

Blank indicates that terminal is floating. 

It will be noted from the above table that the sequence consists of 12 different 
combinations which then repeat themselves. A turn of i°  by the aircraft causes 
the transmitter to change from its position when the turn commenced to the next 
one on the table. The whole sequence will then occur for a turn of 60. 

432. As the transmitter cams switch from any one of the above positions to the 
next in the series the resultant field operating on the repeater motor armature 
turns through 30°. The armature is then pulled through3o0by the resultant 
torque. This movement is applied to the magslip stators through a 60:1 all 
metal gear train. A i° aircraft turn results in shift of one position on the 
transmitter. This turns the repeater motor armature through 300. The 60:1 
reduction gear then displaces the magslip stators and the timebase through i°. 
The timebase is then displaced through the same angle as the aircraft turn and 
the map therefore remains stationary 	As the rotation of the magslip stators 
has displaced the scan occurring as the scanner goes through the dead-ahead 
position by an angle equal to the aircraft turn, the heading marker is rotated 
through the aircraft turn. The new position of the marker will then indicate 
the new aircraft heading provided it had been correctly set up initially. 

Setting Up the Heading Marker  

433. When the heading control unit switch is set to "Course" the D.R. compass 
transmitter connections to the switch are left floating. The + and - 24V. 
connections coming from the power unit to the heading control unit via the 2B 
plain and thence to the switch are connected to the transmitter in the unit 
and its cams are connected to pins 1, 2 and 3 on the 6A violet to the scanner. 
The field windings of the "course" repeater motor are now connected to these 
cams. Turning the setting knob switches the supply connections through the 
same sequence of 12 combinations as we obtain from the D.R. compass transmitter. 
The setting control thus enables a manual rotation of the magslip stators through 
3600. By means of this control the timebase sweep appearing when the scanner 
goes through the dead-ahead position may be made to appear anywhere on the 
Setting up the heading marker and H.2.S. map then merely involves the following 
routine:- 

Set bearing ring on F.P.I. to aircraft heading as given by 
master compass. 
Set scanner turning with scanner motor switch on switch unit. 
Set "Line of Flight" switch on switch unit to "ON". 
Set indicator 184 switch to "Course". 
Set heading control switch to "Course". 
Operate setting knob on heading control unit till the heading 
marker flashes up along the bearing ring pointer. 

The track marker can then be set up as outlined in para.436. 
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Bombsight Control of the "Track" Contact  

434. It was pointed out in pera.422 that the track contact is swivelled on 
a bearing coinciding with the centre of rotation of the contact ring and that 
an arm extern/Nina back from this bearing engages a slotted bush. This bush 
traoks up and down a worm driving rod which is geared to the "track" repeater 
motor. Rotation of the motor armature then results in a rotation of the "track" 
contact about its bearing. In order that the track marker ny give the correct 
aircraft track this contact must be so placed that the shorting contact meets it 
When the scanner is looking in the direction of the aircraft track. This means 
that contact must be made when the scanner is off the dead-ahead position by the 
drift angle. If there is no cross wind the drift is zero and heading and track 
are coincident. Under these conditions the shorting contact must meet the 
"track" and "course" contacts simultaneously. St there is a cross wind it must 
be allowed for in both bombing and navigdtion. 

435. The drift is found by means of the bombsight computer and is set on the 
sighting head by means of a flexible drive from the computer. This flexible 
drive is intercepted and used to operate a transmitter in the control unit type 
468. This control unit is mounted at the bottom right hand of the bombsight. 
The and - 24.v. D.C. connections to the transmitter in the control unit type 
468 are taken through the heading control unit via the switch. When the switch 
is met to "Auto" connections are made from the 28 plain to pins 5 and 6 of the 
Gt green from the heading control unit to control unit type 468. The cams on 
the transmitter are connected to pins 1, 3 and 4. on the 68 green. In the 
heading control unit cross-connections are made to pins 44 5 and 6 of the 6A. 
violet to the seamen At the scanner end these pins are connected to the 
three free ends of the "track" repeater motor field windings. If the &witch 
is set to "Auto" and any drift adjustment is made at the bombsight, the trans-
mitter in the control unit 468 is-operated and the D.C. connections to the "track" 
repeater motor are switched in accordance with the sequence outlined in pare.4.31. 
The armature rotation drives the linkage to the "track" contact and causes it 
to rotate about its bearing through the drift angle setting made at the computer. 

Setting To& the Track Contact 

436. When the heading control switch is set to "Track" the + and - 247-
connecticns to the transmitter in the control unit type 468 are broken. The 
°track" repeater motor field Winding terminals are now connected to the cams of 
the transmitter in the heading control unit. Operation of the setting control 
will now operate the track repeater motor through the range of movement per-
mitted by the worm drive arrangement in the scanner. The following routine 
will serve to set up the track contact in the air after the heading marker has 
been aligned. These steps could logically follow after step (f) in pare.433. 

g Set indicator 184. switch to "Track". 
h Set heading control unit switch to "Auto". 
i 	Set zero drift at bombsight =moutor. If track marker 

coincides with bearing ring pointer no further adjustment 
is required. Beading control unit switch can then be left 
at "Auto" and the B.P.I. radial marker should indicate correct 
track or heading depending on selection made with switch on 
indicator 184. 

(j) In practice the track marker will not coincide with the bearing 
ring pointer in (i). Set the heading control unit switch to 
"Track". Operate the setting knob until the track marker does 
coincide with the bearing ring pointer. 

(k) Switch back to "Auto". 
(1) when the correct drift is set at the-bombsight computer the 

track marker should be displaced from the bearing ring pointer 
(i.e., the heading) by the correct drift angle. 

(m) The 8.2.S. operator can now use either the track or heading marker 
by setting the indicator 184. switch to the desired marker. 

It should be possible to move the track marker + or - 60°  with respect to the 
heading marker in step (j). 
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Marker Difficulties  

437. If any two of the three field connections of a repeater motor are inter-
changed, the direction of marker displacement will be the reverse of what it 
should be. If only two of three connections are made it may operate when the 
+ and - 24V. is connected to the two terminals. If one of the three is 
connected in error to the blank pin 2 on the 4-way plain or the blank pin 2 
repeated on the 68 green, this difficulty will arise. Dry joints have also 
been a source of trouble. 

438. Inadequate lubrication, wear, etc., may cause sticking of the repeater 
motor armature at same point or points in its rotation. Checks must always be 
on installation, inspections, and after scanner changes that the heading marker 
follows without slipping or binding throughout 3600. A similar Check should 
be made that the track marker can be displaced + or - 60° from the heading marker 
with the setting control. Details of scanner checks for direction of rotation 
and following are given in Chapter 12, paras. 962 - 965. 

439. Another difficulty which may be experienced is a heading marker flashing 
up when the scanner is passing through a position other than the dead-ahead 
position. This difficulty can be cleared by loosening the three bolts that 
hold the washer which clamps the paxolin disc on which the contact ring is 
mounted. When these bolts are loosened the paxolin disc and the contact ring 
wnich is rivetted to it can be moved relative to the gear wheel below. By 
setting the stationary.scanner in the dead-ahead position and rotating the disc 
and ring until the shorting contact meets the earthing contact on the leading 
edge, the correct clamping position is located. The bolts can then be tightened 
to fix the position of the contact ring relative to the driving gear beneath it. 
With the heading marker coming up as the scanner goes through the dead-ahead 
position the normal setting up procedure can be carried out in the air. 

440. Failure of markers to form or very faint markers may often be oaused by 
leakage in cables due to moisture. Reference to fig.93 will show that con-
tinuity and insulation tests can be made very readily by disconnecting the 12-way 
plain at the receiver-timing unit. A check across pins 7 and 11 with the "Line 
of Flight" switch on the switch unit closed will establish continuity of the 
+300V. channel. Meggering with the switch open will provide a leakage test. 
A check across pins 10 and 12 will serve to establish continuity in the earthing 
channel. One mecnanic should rotate the scanner by hand while the other uses 
the meter on the cable. Continuity should be established one per revolution 
regardless of whether the indicator switch is on "Track" or on "Course". By 
using the megger with the scanner set to break continuity a leakage test can 
be made. 

441. No marker will be formed if pin 12 is not earthed in the receiver-timing 
unit as R.465 will then always be floating. A Check should be made that pin 
12 is earthed if trouble is experienced. 

The Course-Track Link in the W.F.G.34 

442. This link must be in the "Course and Track" position when the 1i.P.G.34 
is used in either a Mark IIC or Mark MIA installation. Tracing out the circuit 
in fig.93 will show that the appropriate scanner contact will then be used to 
earth R.465 when the indicator 184 is on either position. 

443. Should the link be left on the "Course" position, R.465 is connected 
through to the "Track" contact in the scanner at all times regardless of the 
indicator switch position. When the switch is set to "Track", the usual 
track marker will appear. If set to "Course", R.465 is also connected to the 
"Course" contact in the scanner via the switch. Hence, for large drift angles, 
the P.P.I. display may show both a track marker and a heading marker. 

444. If the W.F.G.34 and Indicator 184 are used with scanner type 65 or type 3, 
the link should be in the "Course" position and the indicator switch in the 
"Track" position to obtain a normal course marker. Should the link be in the 
"Course and Track" position, the marker will still appear provided the indicator 
switch is on "Track". If the indicator switch is an "Course", no marker will 
appear in "Course" or "Course and Track" positions of the link. This is because 
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the indicator switch short circuits the scanner contact with the link to 
"Course", and leaves it floating with the link to "Course and Track". 
Hence to obtain a course marker with a Scanner Type 65 and W.F.G. Type 34 
and Indicator 184, place the indicator switch to "Track". 

The Basic Height and Range Marker Circuit 

445. To understand the method used to measure range and height with H.2.S. 
it is essential that the radar mechanic understand the principle of the timing 
circuits employed. A basic circuit with descriptive waveforms is shown in 
fig.95. As a prelude to a study of this basic circuit it may be helpful to 
gather up what is involved in measuring height or range with a calibrated 
marker control. We know that echo time is always given by range in miles 4. 
speed of e.m. waves. If we express range in miles and echo time in micro-
seconds we must express speed in miles return per microsecond. If we express 
speed in microseconds per mile return, i.e., 10.7 microseconds per mile return, 
we may write echo time from the formula 

t(microseconds) = range (miles)x 10.7 

We may rewrite this formula to solve for range 

Range (miles) - t (microseconds)  
10.7 

Range will obviously be target distance, i.e., slant range. In the case of 
height measurement we can simply substitute height for range. From this formula 
it follows that if we can measure echo time we can readily determine range or 
height from the above formula. The H.2.S. method of measuring range and height 
actually measures echo time but calibrates the scales to read range by dividing 
the corresponding time values by 10.7. 

446. Since we are measuring time we must have a time zero. This zero must be 
the instant when the transmitter fir as. Arty time measuring circuit must then 
start to measure from that time. This suggests the need for some form of 
electronic switch which closes the time measuring circuit when the transmitter 
fires. In our basic diagram we have shown this switch, V.1, as an actual 
switch since its function is only to determine the start of our time measurement 
by opening the discharge path across the timing condenser, C.1. Ra3 represents 
the conducting resistance of V.1 when in grid current. As C.1 is connected 
between the anode and cathode of V.1 the valve acts as a discharge path when 
conducting and as an open circuit when cut off. Obviously, we must have some 
electrical impulse that will open our switch at zero time by cutting V.1 off. 
For this purpose we use the positive-going 20 microsecond pulse taken from the 
cathode of the VT.60A in the modulator multivibrator. The back edge of this 
pulse coincides with the back edge of the modulator priming pulse which fires 
the trigger valve, and hence, indirectly the transmitter. We actually cut V.1 
off on the cathode to open our switch so require a pulse with the back edge 
positive-going. We therefore invert the positive input at the violet Pye plug 
on the receiver-timing unit with T.1. The amplitude is stepped down from 
about 401.  to about 16V. On the leading edge of the pulse the cathode is taken 
down which is equivalent to driving the grid up. The 16 volt swing is sufficient 
to take the valve into grid current. C.1 can then discharge completely through 
the valve. At the end of the 20 microsecond pulse the cathode canes back up and 
cuts the valve off, i.e. the switch opens. 

447. When the switch opens C.1 is completely discharged with both plates at 
the decoupled potential of the slider of P.1. We now have applied to the time 
constant formed by C.1 R.1 a charging voltage of 30014 - slider potential. C.1 
will charge exponentially through R.1 towards a terminal voltage of +300V. 
As the charging proceeds the upper plate of 0.1 becomes increasingly positive 
and the grid of V.2 rises exponentially with it. We may note at this point 
that the terminal voltage of 300V. can never be reached. V.5 and R.1 form a 
network between +140V. and +300V. The conducting impedance of V.5 will be so 
low in proportion with R.1 as soon as the top plate of C.1 reaches +140V. that 
V.5 and R.1 will form a bleeder which fixes the maximum potential reached by the 
top plate of C.1 at about 140V. Hence, 0.1 charges towards +3001% but is 
prevented from going above about +140V. by the limiter, V.S. 
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445. We must now examine the cathode coupled flip-flop circuits of V.2 and 
V.3. We note that V.3 grid is returned to a variable positive potential. This 
potential will decide how much current V.3 passes through the common cathode load, 
R.5. Transferring our attention now to V.2 grid we note that it must rise and 
fall with the top plate of C.1. Hence, when the leading edge of the 20 micro-
second pulse brings V.1 into conduction to short circuit C.1, V.2 grid falls. 
This fall will carry V.2 grid down. The anode potential then rises and carries 
up V.3 grid with it to bring V.3 into conduction. The current passed by V.3 
through R.5 raises the common cathode potential to about 130 - 140V. which is 
well positive to V.2 grid potential. V.2 is then cut off an the grid every 
time V.1 is opened on the leading edge of the 20 microsecond pulse applied to 
V.1 cathode. V.3, on the other hand, is always brought into conduction at the 
same time. 
449. When the back edge of the 20 microsecond pulse cuts V.1 off to open the 
short circuit across C.1, V.2 grid starts to rise from the level at which the 
upper plate of C.1 begins its exponential climb. This starting level is the 
decoupled slider potential of P.1. Suppose this value is 440V. Now if the 
common cathode potential of V.2 and V.3 is 142V., V.2 grid will have to climb 
to about 134V. before the valve can start to conduct. When this level is reached 
V.2 will start to pass current and the anode will fall. This fall will be 
impressed on V.) grid so V.3 will pass less current through R.5. This reduces 
the bias on V.2 so it conducts more heavily and drives V.3 grid down still more. 
The cycle is cumulative and quickly cuts V.3 off and brings V.2 on. Note that  
this change-aver occurs when V.2 grid crosses cut-off and that this cut-off  
Potential is fixed by P.2 since V.3 grid potential fixes the current passed 
through R.5 by V.3. Before noting the effect of this change-over at 17.3 anode 
we may recall that V.2 grid can continue to rise to the limiting level set by 
V.5. The actual circuit design is such that V.2 out-off is a few volts below 
the limiting level. 

450. When V.2 grid crosses cut-off and the fall at V.2 anode cuts V.3 off on 
the grid V.3 anode rises. If V.3 had a resistor for its anode load the anode 
waveform would obviously be a square wave. The positive-going phase would begin 
when V.2 grid crossed cut-off. It would terminate on the leading edge of the 20 
microsecond pulse when V.2 grid was carried down with the discharge of C.1. 
Instead of only a resistor we have a pulse-forming network. This network 
achieves a result very similar to the effect of a Short CR. When V.3 anode 
fails on the leading edge of the 20 microsecond pulse the negative-going edge of 
When V.2 crosses cut-off and outs off V.3 the rising edge of the square wave at 
V.3 anode is converted into a positive pip. We note then that we get a positive 
pip at V.3 anode every time the rising exponential carries V.2 grid above 
cut-off. 

451. If we had put our pulse-forming line in V.2 anode instead of V.3 anode 
we should have a negative pip every time V.2 grid is carried above cut-off. 
phase inverting with a transformer we could convert the negative pip into a 
positive one. In the actual range marker circuit we use the arrangement shown 
in our basic circuit. In the height marker circuit the pulse-forming line is 
in V.2 anode and a transformer is used to invert the negative marker pip. 

452. Looking next at V.4 we note that it is a cathode follower with the grid 
returned to a nbgative bias of about -7.5V which is sufficient to hold the valve 
cut off unless a positive-going signal is applied. Hence, when the negative 
pip is applied there is no output at the cathode. When the positive pip appears 
the valve passes current and the cathode potential rises to provide a positive-
going marker at the cathode. In the case of the actual height marker circuit 
with the pulse-forming line in V.2 anode the result is the same since the pips 
at the anode are in opposite phase but these are inverted with a transformer 
before applying them to V.4 grid. In each circuit we then obtain a positive 
pip at V.4 cathode every time V.2 grid crosses out-off. This positive pip is our 
marker pulse. 

453. In the case of the range marker it is mixed with the signals and applied 
to the 	grid as a positive-going pulse. As we have one marker pip for 
every 20 microsecond pulse we have one an every timebase sweep. These positive 
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pips will appear at the same point in the timebase sweep as long as we do not 
vary the settings of P.1 and P.2. AA each pip forms a bright dot an the scan 
at sane constant distance from the centre the 670 dots so formed will merge to 
form a range marker ring. This is the P.P.I. range marker ring. 

454.. The range marker is also applied with the signals to the height tube 
deflecting plates where it appears as a blip to the right. 

455. The height marker is applied to the opposite deflecting plate in the 
height tube so appears as a blip to the left. 

Calibration of the Marker Scales  

456. We have seen that we can start C.1 charging at sero time, i.e., on the 
back edge of the modulator priming pulse, and can produce a positive-going 
marker pip after a time delay equal to the time taken by the upper plate of C.1 
to rise exponentially from P.1 slider potential to V.2 cut-off potential. We 
might restate the delay time as the interval in which 0.1 charges to a potential 
difference given by V.2 cut-off - P.1 slider potential. Haw long this time 
delay will be depends an the following factors:- 

(a) The number of volts potential difference that must be 
developed across C.1. 
The time-constant of C.1 and 11.1. 

c The charging voltage applied. 

Factor (a) is governed by both the starting level, i.e., P.1 slider potential, 
and the value of V.2 cut-off potential which depends an the setting of P.2. 
Hence the settings of P.1 and p.2 determine factor ?:.). Factor (b) can be 
predetermined by the canponents selected. Factor c) is given by H.T. voltage 
P.1 slider potential. If we use a stabilised H.T. supply to give a fixed H.T. 
voltage we may say that factor (c) depends entirely on the setting of P.1. 
It follows then that if we use a stabilised H.T. supply, a fixed time constant 
and a preset value of P.2., the delay between the back edge of the modulator 
priming pulse and the appearance of a marker pip on V.4. cathode will depend 
entirely on the setting of P.1. 

457. Since this time delay depends entirely on P.1 when P.2 is preset it is 
possible to calibrate the movement of P.1 in terms of time. By dividing the 
corresponding time intervals by 10.7 we can substitute height or slant range in 
miles. Let us assume that we have a signal generator triggered on the back 
edge of the modulator priming pulse which provides a pip after a known variable 
delay whiCh is calibrated in either thousands of feet or miles. Suppose we 
had a range of 0 - 30 miles on the control calibrated in mile intervals. This 
would really mean time delays calibrated in 10.7 microsecond intervals. If we 
fed the output into the H.2.S. set we could then put rings on the 	which 
represented slant ranges of 1, 2, 3 .......30 miles. Since we are discussing 
the range marker P.1 really represents the range potentiometer on the switch 
unit. This control is a large wire wound potentiometer. Its wiper and a 
drum carrying a scale move as the range control is operated. The scale moves 
past a fixed index. Suppose we started with a blank scale on this range drum. 
If we set the signal generator control for a 1 mile delay a ring would appear 
on the 8.2.S. 	If we now adjusted the range control until our range 
marker ring coincided with it we could put a line on the blank scale opposite 
the fixed index and label it 1 mile. We cold then continue until the whole 
scale was calibrated from 1 - 30 miles. 

458. If we arranged to have 11.1 switched we could put in a larger value so 
that the same settings of P.1 gave longer delays. This is done in the 8.2.S. 
range marker circuit to obtain a range of delays up to 1070 microseconds or 1010 
miles. This scale could be calibrated in the same way. 

459. If we think in terms of the height market P.1 becomes the height control. 
Actually, we use the same wire-wound potentiometer again but the height control 
km* rotates another wiper and another scale. The scale moves behind a window 
with an index line across it. If we set the signal generator control for a 
1000 ft. delay and fed the output to the height tube, we would get a blip on 
the scale. We could then adjust the height control until the height marker 
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coincided with the signal generator blip. A line could then be drawn on the 
blank drum under the index line and labelled 1000 ft. In the same way the 
scale could be calibrated in 1000 ft. intervals from 1000 - 40,000 ft. 

460. We have seen how we could calibrate range scales of 0 - 30 miles and 
0 - 100 miles, and a height scale of dr- 40,000 ft. It must be remembered 
that these calibrations will only hold so long as all the other factors 
affecting the time taken by C.1 to charge through the potential difference 
between P.1 slider volts and V.2 grid cut-off volts remain constant. Scales 
prepared for one switch unit would only be applicable to other switch units if 
the following conditions were fulfilled:- 

a) H.T. voltage was always the same. 

c1
Timing CR. for any range had the same value in all sets. 
V.2 grid cut-off was the same in all sets. 

Condition (a) can be fulfilled by using a voltage stabiliser stage. Condition 
(b) can be fulfilled by providing a small trimmer for C.1 in both height and 
range timing Ma. Condition (c) cannot be preset readily as valves show 
appreciable tolerance. Hence, we have the need for the second adjustment, P.2. 
In the range marker circuit this control is called the range zero. It appears 
as a screw-driver preset on the switch unit labelled "Beacon Zero". In the 
height marker circuit we have a similar preset which also appears as a screw-
driver preset on the switch unit, this time labelled "Altitude Zero". These 
controls must not in any sense be regarded as fine adjustments. They have only 
one possible correct setting. That setting is the one which makes V.2 grid 
cut-off equal to the value used in the standard set an which the prototypes of 
the mass-produced scales were prepared. Calibrating a scale assumes a specific 
value for V.2 grid cut-off. Scales will only read perfectly true if 7.2 grid 
cut-off has that value. The height and range zero are provided to permit a 
limited range of adjustment on V.2 cut-off potential. There can, however, only be 
one setting for each of these controls for which the scales will be perfectly true. 
These settings are the ones whioh cause V.3 to pass such a current that the voltage 
drop across the common cathode load brings V.2 cut-off to the value used in cali-
brating the original scales. Obviously, it will be necessary to check these 
adjustments from time to time. How these checks may be carried out will be 
discussed in para.481 - 486. 

461. It may occur to the radar mechanic that the scales will only remain 
correct as long as the value of the timing CR's remain fixed. This calls for 
accurate values, i.e., very narrow tolerances, and freedom from change due to 
ageing and due to variations in temperature. The resistors used have tolerances 
of 1: ]$ and I g. The condensers have tolerances of t 2$. As has been 
previously pointed out a trimmer is provided for each 

T
iming capacity. These 

trimmers are of the variable air tuning condenser type and are preset by the 
manufacturer. Three condensers are actually employed in each CR, two fixed and 
the one adjustable. By suitably balancing positive and negative temperature 
co-efficients it is possible to get a reasonable independence of temperature. 

462. Before examining in more detail the actual height and range marker circuits 
shown in fig.90, we shall gather up the following major points with regard to 
the operation of the range marker circuit on the 30 and 100 mile marker ranges:- 

The fundamental principle is a calibrated time delay control. 
The variable time factor is the time taken by a timing capacity 
to charge from a variable starting-point to a preset terminal 
voltage. 
The preset terminal voltage is the grid cut-off voltage of the 
first valve in a flip-flop. 
This terminal voltage is adjustable over a range of 7 - 8 volts by 
means of a zero control. 
The effect of the zero control is to vary the potential to which 
the grid of the second flip-flop valve is tied, thereby varying 
the cathode current passed by the valve. This current through 
the common cathode load fixes the cathode potential of the first 
flip-flop valve during its cut-off state. The terminal voltage 
which the grid must reach is the cathode potential - the grid base. 

b13 

(c)  
(d)  

(e)  
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(f) The need for the zero control is to permit adjustment of the 
terminal voltage to the value used in calibrating the prototype 
scales. Unless the terminal voltage is set to this value the 
scale will not track perfectly. 

(g) For a preset terminal voltage the delay time is determined by 
(i) Charging voltage = H.T. - starting level. 
(ii) Time constant of timing CR. 

(h) In order that the same scale may apply to different sets the 
timing CR's used on any Partiruler range must have the same 
value in all sets. This is covered by providing a trimmer 
condenser which is preset by the manufacturer. 

(1) The same H.T. level must also be used if identical scales are 
going to apply to different sets. This requires a stabilised 
H.T. supply. 

(j) With H.T. level, timing CR. value and terminal voltage, all 
at the values used in the standard set used for initial scale 
calibration, the delays for a given value of the starting level 
=at be the same in all sets and must be equal to the value in the 
standard set. This value is shown where the scale crosses a 
suitable index. 

(k) The actual time delay thus measured can be expressed as slant range 
or height since echo time is proportional to distance between aircraft 
and reflecting surface. 

(1) Actual measurements are made by varying the starting level with 
the calibrated delay control until the marker forming at the end 
of the delay coincides with the echo whose distance is to be 
measured. If the marker and the echo coincide the variable 
deley must have the same value as the echo time since the 
condenser charge began when the transmitter fired. Since the 
delay is expressed in distance the height or range can be read 
directly from the calibrated delay control. 

(m) The marker itself is a positive-going pulse taken off frau a 
cathode follower output valve. The input to the cathode 
follower has a negative-going pip coincident with the leading 
edge of the 20 microsecond triggering pulse, and a positive-
going pip coincident with the instant the first flip-flop grid 
is carried above cut-off by the timing exponential. The 
negative pip is eliminated by applying 7.5V. negative bias to 
the grid of the cathode follower. 

(n) The pips are formed by using a pulse-forming line in the anode 
of the second flip-flop for the range marker and in the anode 
of the first flip-flop for the height marker. The pulse line 
serves to convert a square wave to pips. It gives a shape to 
the pips which can be passed through numerous succeeding 
circuits without appreciable rounding off and widening. Had a 
short CR been used instead, the sharp leading edge and exponential 
trailing edge would cause gradually rounding off and widening as 
the pip went through the later stages. In the height marker 
circuit a pulse transformer is used to invert the pips formed 
at the first flip-flop anode to get the correct phase on the 
cathode follower grid. This change is made in the height 
marker circuit as a square wave output has to be taken from the 
anode of the second flip-flop. This square wave is required in 
the development of a 10 mile range marker which measures ground 
range instead of slant range. 

(o) Since we want to have three different delay scales for range 
measurement while using the same delay control (range control), 
we must arrange that the same position of the,  control, i.e., the 
same starting-level, gives three different delays. This is 
accomplished by altering the CR of the timing circuit by switching 
the value of the resistor used. Since the delays for any 
setting of the control must be in the proportion of 10:50:100 
the value of the resistor is least on the 10, greater on the 30, 
and greatest on the 100 mile range. The changes are made by a 
relay which is operated by the scan-marker switch on the switch 
unit. It switches the anode load of the range marker timing 
valve, V.406. 
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To avoid running the first flip-flop valves into excessive 
current by a continued rise of the timing exponential towards 
+300V. after the marker has been found when the valve went into 
conduction, a limiter valve is introduced. This limiter valve 
prevents the grids from rising above about +140V. 
The first valve in each marker circuit is essentially an 
electronic switch or timing valve. The positive-going 20 
microsecond pulse from the modulator violet pye plug is applied 
to the cathode after phase inversion in a transformer. The 
negative-going leading edge takes the valve into grid current 
and discharges the timing capacity which is effectively between 
anode and cathode. The rising edge of the trigger pulse cuts 
the valve off and starts the timing exponential, at the same time 
the trigger valve fires the spark gap and the transmitter. 

The Timing Valve Circuit 

463. Examination of the circuit diagram of the receiver-timing unit will show 
very complex looking circuits for the two timing valves, V.4010 for the height 
marker circuit, and V.406 for the range marker circuit. The use of double-
diode triodes in these stages adds to the difficulty of understanding the action 
of the stage from the standard circuit. Since the diode sections are strapped 
we may regard them as a single diode. As the cathode of the diode and triode 
are common we may redraw the actual range marker timing valve stage as it appears 
in fig.96. 

464.. In our basic circuit we showed the timing valve as a switch which could 
be connected across the timing capacity. Fig.96 shows that the timing capacity 
and the diode section of the timing valve are actually in series between the 
anode and cathode of the timing valve. We also note that the grid and cathode 
of the timing valve are tied to the same decoupled D.C. level which is fixed 
by the control on the switch unit. When the negative pulse from T.400 secondary 
is applied to the cathode the cathode is driven down. The grid would also 
follow down if it were not for 0.427 which will not permit the grid to fall 
more rapidly than 0.427 can charge negatively through 14431. As this time 
constant is long (24,000 microseconds) the grid potential will not fall per-
ceptibly during the pulse duration. As the cathode is taken about 16 volts 
negative to the grid the valve then passes grid current into 0.427. At the 
end of the 20 microsecond pulse the cathode rises again but the discharge of 
grid-current from 0.427 through R.431 develops sufficient bias across R.431 
to keep the valve cut off between successive 20 microsecond pulses on the cathode 

465. Let us suppose that the decoupled slider potential is 50V. and that we 
are considering the situation just before the 20 microsecond pulse is applied. 
The cathode line will then be at +509'. The diode anode and lower plate of the 
timing capacity must also be at this level as R.438 returns them to the decoupled 
point. The top plate of the timing capacity and the triode anode will be at 
the limiting value of +14.07. As the diode anode and cathode are at the same 
potential it will be just conducting. The triode is, of course, cut off by 
grid current bias. 

466. On the leading edge of the 20 microsecond pulse the common cathode is 
carried down about 167. +34V. The triode passes grid current and a heavy 
anode current. Electrons then flow through the timing resistance to H.T. and 
into the timing capacity. The potential of the top plate then falls to 
practically cathode potential, i.e. +347., since the impedance of the triode 
when in grid current is negligible compared with the anode loads As the 
cathode is common to the diode and triode the diode passes current so electrons 
flow to the lower plate of the timing capacity and through R.438 to the de-
coupled slider level of +50V until the lower plate is almost down at +347. 
It will remain slightly higher as the drop across the diode will be a matter of 
about 27. and the drop across R.348 will be abour 145. We thus get both 
plates of the timing capacity down to very nearly +347. 



O.D.0896L 

467. During the 20 microsecond pulse period the pulse will decay.  somewhat as 
the pulse transformer, T.400, will not be able to sustain the flat bottom for 
the 20 microseconds. There will therefore be a rise of 2 - 3 volts at the 
cathode line during the pulse period to, say, +37V. 

468. At the end of the pulse period the full pulse amplitude of 167 will be 
applied to the cathode line to take it up to +53V. The triode is immediately 
cut off by the grid current bias. The diode will be cut off as the cathode is 
now at +53V. and the anode at say 347. + 2V drop in diode +3V climb or +39V. 
We now have the lower plate of the timing capacity at +397. tied through 11.438 
(5.1K.) to +50V. Electrons will then flaw to the +50V. point and the lower 
plate will rise quickly, but not instantly, to +50V. At the same time electrons 
will be flowing from the top plate through the anode load to H.T. Hence the 
potential of both plates is changing until the lower plate has reached its steady 
+50V. level. This means that the timing waveform is not a pure exponential for 
about 2 microseconds after the lack edge of the 20 microsecond pulse. This 
portion of the curve is therefore inaccurate and cannot be calibrated. R.164. 
limits the maximum potential that can be applied to the slider of the control 
from reaching such a high value that the flip-flop grid can be carried into 
conduction by this inaccurate part of the timing curve. The timing exponential 
can never be shorter than 2 microseconds because of the presence of R.164.. This 
applies to both timing valves (V.4.00 and V.406). 

469. So far there has been no apparent reason why we want the diode section 
in the circuit as precisely the same results could have been obtained by 
connecting the timing capacity directly between the anode and cathode of the 
triode. The reason for the diode is the ring appearing on the cathode line on 
the back edge of the trigger pulse, due to the pulse transformer. This ringing 
will continue for several microseconds and would appear on the flip-flop grid if 
0 were tied directly to the cathode. Now we have noted that the common cathode 
line came up to about +537 on the back edge of the pulse. The diode anode, 
however, can only rise to the +507. decoupled potential, so the diode could only 
be brought into conduction by a negative swing of 3 volts or more due to the 
ring. As the amplitude is not sufficiently great the diode remains cut off 
until the ringing has ceased. The ring is thus prevented from reaching the 
timing capacity and the flip-flop grid. Had the ring been permitted to reach 
the grid it might cause a jittery marker by triggering the flip-flop at different 
times. This effect could only occur, of course, for short timing egponentials. 

The Limiter Valve  

470. In our basic circuit we showed the limiter valve as a diode with its 
cathode held at about +14.07. The actual circuit is shown in fig.96. Instead 
of a diode we actually have another double-diode triode, V.405. .To illustrate 
the action of the stage we have again separated the triode and one diode section. 
The triode is connected as a cathode follower. The grid is tied to a +140V. 
potential (half H.T.) obtained from the bleeder in the switch unit which includes 
the wire-wound potentiometer that is used as both height and range control. The 
current passed by the valve through the 51K cathode load raises the cathode 
potential to about +140V. Since the cathode is common, the diode is then cut 
off until its anode potential rises to about +14.0V. Then the diode opens we 
have a bleeder between the H.T. line and the common cathode at about +14.0V. The 
conducting impedance of the diode is so law in proportion with the anode load of 
the timing valve that the diode anode potential is held at about +140V. One 
diode section serves in this way as a limiter for the range marker circuit and 
the other diode section performs the same function in the height marker circuit. 

The Actual Height and Range Marker Circuits  

471. The major details of these circuits is shown in fig.90. Details of the 
constitution of pulse-forming networks used in V.408 anode and 7.401 anode have 
been omitted. The same applies to the 2 microsecond delay network introduced 
in the cathode of the height marker output valve, 7.403. The circuit shown 
is that of the Mark MA receiver-timing unit. This differs from the corres-
ponding Mark II0 circuit mainly in the detail of the receiver output stage. 
Nark IIC receivers with aerial numbers commencing with T will not include the 
shorting links of S.401. This only appears in some Mark IIC receivers with 
a serial number commencing with R. 



PUSS 

VIOLET ?le flu° 

44o0 

Co70c0E 

DEVELOPMENT OF HEIGHT MARKER FIG.97 

  

1E40 1100•7 

0

1 

 

00 ItqcrOE 

-  

1400 

0(00 

V400 

Anio0e AND 

V401 CAW 

flo cro0 FEET 	 40,000 FEET 

45oN 	 Kpv 

—11 	

-45ov 

	 0 i 	• 

I 
I 

1 
1 

011v 1 

J
I 

	  +6.v 

1 
1 .41o• 

1 r 
6 

1 
1 

I 	I I 
ono •140i 

1 

38 

(12v 	 orrbv 	 7-1) 

01.11u 

4125V 
4•11v 

4142V 

0 StiCHTli 	uf tOtiT leolo 

V401 

GgIO 
le 	 ....„."" (13 10 110v 

IlEcONT %Elio 
VagiAdtE illy 

i 	1  
i 

1 	1  
I 	I 

4601I 

V4o2 

ANODE 11  11413 WAWEDDIA4 IS DISTORTED 
oN ADO tomeit 11o5rnor4 
°ARLIN° To V406 

4/14040 LIC•1717/ 
mciorr -Lego 4  

	-11•4 
•143v 41 

deco +1.134v 

4114,04 

1 
14v 

• 

1 1•1•11 Yak 

     

	 4145v 

  

	-44.414 
_1  

  

  

- -6 	 143 1•401 AND 

ARi lifiGH12 et Er V4o1 CA1144•065 

1 

1r4ot 

1.4008 

7401 

      

-44  

   

	Vr--4184 

- - 41Dr 

TAG 5 

        

        

        

          

74o1 

TAG 1 

        

        

        

             

     

44v 

 

- 	 = , 

.114-7--144 	Folle ' 1 	 "0444,C5 
IreLAT 

v403 

447000E 

     

      

,C.D.0896 L 



F I G.9 8 DEVELOPMENT OF RANGE MARKER —30 MILE RANGE 

Zeito gANGE 15 MILES 	 30 MI1_45 

V4o9 

CA-rwo0E. 

V406 

ANODE. ANO 

450 

GlItCo 

1, • 

V401 E 4ot 
CATI4o0ES 

11401 

ANODE 

- 

14; 

—A- - •114v 

Alv 

LEM! of A VAAIMILI 7 VOLTS 
MG tram 

	 1,_41.av 
I 
• 
• 	  .4.17411v 

	

_1 	
• 	

a 
	 lag LO.FaCil Ude 

VAILALLE  VoLIS 

	

_L 	• - -maw 

1 

-4E44  

- --- 114 

45,0 

	flow 

$1.42. 

V40$ 

GRID 

PuLSE 

VIOLET fsiE ?WO 

V41,6 

CATHODE 

V4o4 

DIODE Swope __ 

• 
• 

	 •142,4 

	 -A 	tfIcv 

1  	

.1.8ev 

	ickp--J1 : 24 

1 
1 

• 

1 

.44740 

	xyr 

t115.. 



*V. 

Kv 

• 

•I41v 

T 

r 	 

4b 

I CD 0896  L 

DEVELOPMENT OF RANGE MARKER - 10 MILE SCALE 

74fle $4.06 
-We ueltirr 

ZERO ileriCE 
Isowo FELT 

Itgo JIANG* 
$1.,,000 Feet 

miLes-  gm-CE 
law° FEET 

ii.utIT gargof 
Lat0Clo FEET 

14i 	 14- - • 1v 

.mads„....— 
Wee 

	 •cliv 	 - - - 	 - - 	 --- 	 - - 
I 

I 

- tuls 

v406 	-1 	 4°' 
Pion dionvEr 

- 	--- •Pilv  

•44W 

.14.$ 

4Tv 

-- - - 	414,1 

Tw.wma.ra."'ff  011. 

	 42 

	  lee 

I 
I 

	 I 	 

I 	

-I 
I 
1 

  •142$ 

-I 	-. 

CATHODE 

V406 
C43117 

U401 C v4,1) 
AWOES 

I 	I 

I 
V406 
Wog. 
V.401 	010 
GAIO 

4$42v 

$016.$ 

V40? VeLTS 
GAIo 

cc LevfiL nate, By W Coda t_r  	1._ 
I 

	 411$$ 
V408 
Aso0e 414.• 

•  
1.$4 

Kv .114v 
I I 

_ Giza 
Giza 

Groove 

FIG.99 



C.D.0656L 

472. Assuming the 5.401 links to be in the Bomber Command position we have 
the following conditions:- 

i

The top of T401 primary is tied to H.T. via one link. 
The centre tap on P. 	primary is floating. 
The cathode of V.403 is tied to the 2 microsecond delay line 
in its cathode via a second link. 

(d) The connection from the cathode of the range marker output 
valve, V.409, is floating. 

(e) The cathode of the range marker timing valve, V.406, is 
connected via the third link to a relay contact. When the 
scan-marker switch is set for either the 30 or 100 mile marker 
range the relay completes the connection via contact 5 of the 
secondary of T.400 to give the triggering on the back edge of 
the 20 microsecond pulse, as we have already discussed it. 

These are the conditions in the Mark IIC receivers which do not include the link. 

The 10 Mile Marker Range  

473. When the scan-marker switch is set for a 10 mile marker range the anode 
load of V.406  is reduced to R.464 (.5M). Contacts in the switch unit complete 
the 24V. supplies to relay A solenoid and contact 1 closes to short on R.433 -
R.437. At the same time contact 6 changes over from its unenergised position 
connecting to 5, to contact with 7. We then have V.406 cathode connected to 
V.402 anode instead of to T.400 secondary. The significance of this change-
over can be grasped most readily from a study of the waveforms in fig.99. The 
height marker circuit operates as before to form a height marker at V.403 cathode 
at the instant that V.401 grid is carried above cut-off by the exponential at 
V.400 anode. The reason for the 2 microsecond delay impressed on the height 
marker in V.403 cathode we shall discuss presently. The waveform at V.402 anode 
is a square wave which swings negative when wifee canes on, i.e., when V.401 
cuts off. Hence, we have V.402 anode and 7.406 cathode swinging negative on 
the leading edge of the 20 microsecond pulse applied to V.400 cathode, for it 
is an this edge that V.400 goes into conduction and outs V.401 off. 7.400 and 
V.406 therefore go into conduction simultaneously just as they do when the 
20 microsecond pulse is applied to both cathodes. The delay that ensues before 
7.401 grid is carried above cut-off will depend on the starting level of the 
exponential, i.e., on the setting of the height control in the switch unit. If 
this control has been adjusted to put the height marker opposite the leading 
edge of the ground echo on the height tube, the total delay between the back 
edge of the 20 microsecond pulse and the appearance of the marker on the display 
must be equal to the echo time of the ground echo. Since a 2 microsecond delay 
is impressed on the marker in V.403 cathode the delay introduced by the timing 
exponential must be two microseconds less than the actual echo time. The height 
marker must then actually appear at V.403 cathode 2 microseconds before it appears 
on the height tube. The height scale is, however, calibrated to read the total 
delay and hence the actual height. 

474. Now at the instant the timing exponential carries V.401 grid above cut-off 
V.401 acmes on and V.402 cuts off. Hence, at the instant the height marker is 
actually formed by the line in V.401 anode we have V.402 anode rising. V.406 
cathode will then have been held down by V.402 anode from the leading edge of 
the 20 microsecond pulse until the instant when the height marker actually forms. 
At that instant V.402 anode rises and cuts V.406 off. 7.407 grid then commences 
its exponential rise from a starting level set by the range control at the 
instant the height marker actually forms. How long a delgy ensues before the 
range marker forms is determined by the setting of the range control. Suppose 
the range control is now adjusted to bring the range marker into coincidence 
with an echo blip on the height tube or a target indication on the 	The 
total delay between the back edge of the 20 microsecond pulse and the formation 
of the range marker must then be equal to the echo time which will be 10.7 x slant 
range. The delay introduced by V.400 exponential is 10.7 x height (neglecting 
the 2 microsecond delay which represents about 300 yards). The delay introduced 
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by V.406 exponential is therefore 10.7 x (slant range minus height). Hence, 
when the scan-marker switch is set for a marker range of 10 miles and the height 
marker is set to the ground encho, i.e., to the aircraft height, the range-marker 
exponential actually measures slant range minus height. 

475. If we are given the value of h and s-h for a right-angles triangle we 
can construct the triangle and compute the ground range. For any selected 
height the delay introduced by the timing exponential of V.406 represents some 
specific ground range. However, if the height changes, the same delay repres-
ents a new ground range. Hence, although the rotation of the range control 
wiper could be calibrated to read ground range when V.406 is triggered by V.2412, 
the scale would only be correct for the selected height. It would, of course, 
be possible to arrange a set of parallel scales oorresponding to different 
heights and draw curves through points of equal ground range. This is, in 
effect, what we have on the switch unit range drum. Curves are provided 
labelled in ground range at half-mile intervals. The points an these curves 
may be imagined as lying on sets of parallel scales corresponding to different 
heights. As the height control is operated to set the height marker to the 
beginning of the echo, a metal pointer tracks across the range drum. As the 
range control is then operated to bring the range marker into coincidence with 
the selected target indication the drum moves relative to the pointer. When the 
setting is completed the ground range can be read by noting which ground range 
curve intersects the top of the pointer. If the adjustment leaves the pointer 
tip between two curves the departure from the nearest half-miles curve can be 
estimated. 

Ground Speed Measurement  

476. Since the curves represent ground range if the height marker is correctly 
set up, these scales can be used to measure ground speed. If the track marker 
is used, and the aircraft flies straight and level at a constant speed, the 
movement of a target indication along the track marker will be proportional to 
the ground speed. The range control can be set to say, 8 miles. When the 
target intersects the point where the track and range marker meet a stop-watch 
is started. The range control can then be set to 7 miles, bringing the range 
marker towards the P.P.I. centre. When the target has moved in along the track 
marker to the new intersection the stop-watch is stopped. The elapsed time 
represents the time to cover a mile ground range from which the ground speed is 
determined. 

Direct Release Lines  

477. For any given height and ground speed an ideal bcmb should be released 
at a certain ground range ahead of its target. That is, for arr given height 
and ground speed, when the target has moved in to the intersection of the track 
marker and some correct range marker setting, an ideal bomb should be released 
to fall on the target. Obviously, it would be advantageous to have an indication 
of these range marker settings. These are provided on the 10 mile range drum 
in the form of solid red direct release lines. They are labelled in ground 
speeds. Hence, when the H.2.S. operator has observed his ground speed, he can 
adjust the range control to bring the appropriate ground speed direot release 
line opposite the tip of the pointer. When the target has moved down the track 
marker to the new intersection with the range marker ring the ideal bomb should 
be released. An actual bomb will not carry as far as the ideal bomb so must 
be released slightly later. Correction tables tabulating the seconds delay 
required for different types of bomb load are provided for the H.2.S. operator 
who can then use a stop-watch to determine the appropriate release point. 

Thirty Second Lines  

478. A second set of release lines appears an the 10 mile range drum. These 
are in broken lines and again labelled in ground speeds. These appear higher 
up at the drum so set the range marker ring farther from the tube centre for 
the same aircraft height. These are lines which so set the range marker that 
the instant the target meets the intersection of the range marker and track 
marker represents 30 seconds before an ideal bomb should be released. My adding 
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the delay appropriate to the particular bola load carried to the 30 seconds, 
the release time is again determined with a stop watch. The purpose of these 
30 second lines is to deal with the difficulty experienced of keeping the target 
identified in the heavy general ground returns in the tube centre. 

479. It must be emphasised that all measurements made with the 10-mile range 
arms, whether range, ground speed, or release points, can only be correct if the 
height marker has been correctly set to the beginning of the ground echo on the 
height tube. A further requirement is that the height and range zeros are 
correctly adjusted. If these adjustments are incorrect the scale calibration 
will be in error. 

The Blackout Range Marker  

00. So far, we have spoken of the range marker as a bright ring. When a 
target is of reasonable size the use of the direct release lines may sat the 
range marker inside the brightened-up target area on the 	It is then 
impossible to tell where the intersection of the track marker and range marker 
occurs. To overcome this difficulty a switch may be fitted on the switch unit 
to operate a relgy which changes the range marker output from the cathode to the 
anode as shown in fig.90. The range marker then appears on the 	grid as 
a negative-going signal, so forms a blackout ring which can be seen against of 
the track marker and the black-out ring and the direct release lines can then 
be used even if the range marker moves into the target indication. 

Adjustment of the Height and Range Zeros 

01. It has previously been emphasised that these preset controls are provided 
to permit setting of the grid cut-off levels of the first flip-flop valves to 
the values used in producing the prototype scales. It has also been pointed out 
that these controls function by varying the potential to which the second flip- 
flop grids are tied, thereby varying the current passed by the valves through the 
common flip-flop load. This, in turn, varies the common cathode potential which 
fixes the grid cut-off value of the first flip-flop valve. The question now 
arises as to how it can be checked that these zeros are set correctly. Obviously, 
we require some indication at a known delay after the beginning of the trans-
mitter pulse. If a suitable permanent echo is available at, say, 1 - 5 miles 
from the workshop, and the range of the target is accurately known from an 
ordnance survey map, the height scale should read the correct range when the 
height marker is set to coincide with the echo. If the scale does not read the 
correct range it can be set to the correct range and the marker brought into 
coincidence with the echo by means of the height zero preset. If the H.T. voltage 
and timing CR. have the standard values the height marker should now read correctly 
throughout its scale. If a second permanent echo at a different accurately known 
range is available the tracking can be checked by means of this second echo. If 
the correct range appears on the height scale when the marker and echo coincide 
it is safe to assume that the zero is correctly adjusted and the scale is treating 
correctly. Should the scale read an incorrect range for the second echo after 
adjustment of the zero on the first, either the timing CR or the H.T. voltage 
must be incorrect. The H.T. voltage should be satisfactory if the 3COV. pack 
in the power unit is operating properly on a correct input and the stabiliser 
stage is not at fault. If the timing CR. is suspected the unit should be 
returned to the maintenance unit for realignment. 

482. The measurement of range with the height scale may seem odd to the radar 
mechanic. It must be remembered that what is really being measured is a time 
delay, i.e., an echo time. Whether the patch of the e.m. waves is horizontal 
or vertical in no way enters into the operation of the circuit. The height 
scale can therefore be used to measure ground range when the set is on the 
ground or slant range when it is in the air. 

483. Theoretically, we could set up the range zero in exactly the same way as 
the height zero if we set the scan-marker switch for a 30 mile marker range and 
used the 30 mile range scale along the inner edge of the range drum. The 
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difficulty arises in setting a short range accurately on the 30 mile scale. 
Moreover, there is only one range zero and we want accurate range indications 
on the 10 mile scale which is used for bombing. Hence, we should like to set 
up the range zero for accurate range indications on the 10 mile scale. This 
introduces the reason for the presence of the 2 microsecond delay network in the 
cathode of the height marker output valve, V.403. 

484. It must be remembered first of all that when the scan-marker switch is 
set for a 10 mile marker range the range marker exponential begins when the 
height marker forms, i.e., two microseconds before it appears on the height tube. 
It was pointed out in para.468 that both the height and range marker exponentials 
are inaccurate over the first 2 microseconds, and that R.164 has been introduced 
in the circuit to prevent a reduction of these exponentials to less than 2 micro-
seconds. This means that when the height control is set to zero there is still 
a 2 microsecond exponential at V.400 anode. Likewise, if the range control is 
set to zero there is still a 2 microsecond exponential at V.406 anode. The 
range marker is then forming 2 microseconds after the height marker when the 
range control is set to zero and the scan-marker switch is set for the 10 mile 
range marker. This applies regardless of the setting of the height control. 
Suppose now that the height control is set to bring the height marker into 
coincidence with a permanent echo and the height zero has been adjusted to give 
the correct range indication on the height scale. The height marker is actually 
forming 2 microseconds earlier. If the range control is set to zero the range 
marker must then form two microseconds after the height marker and will appear 
on the display at the same time as the height marker provided the range zero is 
correctly adjusted. If incorrectly adjusted, this is not necessarily the case. 
If the range zero is then offset to delay the range marker so it appears above 
the height marker and echo and is then adjusted for coincidence, it should be 
correctly aligned. Had the 2 microsecond delay not been included in V.403 
cathode the range marker would appear 2 microseconds above the height marker when 
the range control is set to zero and this adjustment would then be impossible. 
Its inclusion in the circuit is to make possible this method of range zero 
adjustment. As the height control is operated to carry the height marker over 
the fun scale, the range marker must, of course, remain in coincidence with the 
height marker as no changes are being introduced in the range marker circuit. 
This, therefore, constitutes no form of check on the range marker circuits. 
It only serves to Check that the height and range control wipers are making 
contact with the potentiometer throughout their travel. 

485. The permanent echo method of checking height and range zeros is open to 
the objection that it is not possible to check the accuracy of both the height 
and 10 mile range scales at operational heights and that rarely are there two 
or more permanent echoes which are suitable for tracking checks. What would 
be desirable is some form of calibrator which operates off the back edge of the 
20 microsecond pulse and produces a set of calibration pips that can be used 
to check both zeros and traaking. Since it is difficult to obtain reliable 
calibration pips without the use of a crystal-controlled oscillator, a calibration 
test set, Test Set Type 202, has been designed around a crystal oscillator. The 
use of a crystal-controlled oscillator precludes the possibility of synchronising 
the calibration with the 20 microsecond pulse. The Test Set is therefore 
designed to supply a positive-going 20 microsecond pulse which can be used to 
trigger the marker circuits and the monitor 28. It can also be used to syn-
chronise the modulator multivibrator or the master multivibrator. Details of the 
T.S.202 circuit operation and how the set is used for °hooking the H.2.S. markers 
are outlined in Chapter 11, pares. 779 - 811. 

486. So far, we have discussed the height and range marker timing circuits as 
if the back edge of the 20 microsecond pulse were coincident with the start of 
the transmitter pulse. It was pointed out in Chapter 5 that there is a delay 
while the trigger pulse swings up and a further delay while the main gap breaks 
down in the spark gap switch. The spark gap delay will depend somewhat on how 
long the gap has been used. In addition to these delays, before the trans-
mitter fires the returned signal experiences a slight delay in passing through 
the I.P. amplifier. The actual interval that elapses between the back edge of 
the 20 microsecond pulse and the appearance of a signal on the displays is then 
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the actual echo time plus the sum of these delays. In the case of the 10 mile 
marker range the sum of the height and range exponentials must exceed the true 
echo time by this delay. A nominal value of 1.4 microseconds has been assumed 
as the correction. This correction is applied in the calibration of the height 
scale. No correction is applied to the 30 and 100 mile marker range scales since 
these are warily used for navigation and only give slant ranges which will be 
compared with maps giving ground ranges. 

The Voltage Stabiliser, V.404  

487. We have spoken of the 300V. stabilised supply as a necessity for accurate 
tracking of the marker scales. It is not actually necessary that this voltage 
be precisely 300V. but it is necessary that the voltage have a steady D.C. level, 
and be free from low frequency ripple. If we disregard 2.419 and the tap into 
the -100V. line, the circuit is essentially the standard anti-jitter circuit with 
the difference that there would be no grid bias. The Gee anti-jitter circuit 
uses a cathode auto-bias. If we now add 2.419 and the -100V. tap we have a 
biassing arrangement which not only provides a suitable operating point but also 
permits D.C. feedback from anode to grid. We can thus obtain reasonable 
stabilisation against a shift in the D.C. supply due to abnormally high or low 
engine speeds within reasonable limits. C.424 feeds low frequency ripple in the 
output to 7.404 grid to develop an antiphase voltage change across 2.421 as in 
the standard anti-jitter circuit. V.404 is therefore intended to provide 
stabilisation against both A.C. and D.C. changes in the input voltages. Nominal 
voltage values are:- 

Input 	  2907. 
V.404 anode 	  120V. 
V.404 grid 	  0 - 27. 
Stabilised output 	 2807. 

If any ripple reaches the grid of V.404 via the -100V. line, this mill be 
amplified to a higher value at the anode. 

The Switch Unit Marker Control Network  

428. This network is also shown in fig.90. The stabilised output from V.404 
anode at about 280V. is applied across the network via 12/11. The manu-
facturer adjusts the resistances, H.159, 2.164 and 2.169 so that the resistance 
between 12/11 and 6p/2 is equal to the resistance between 63/2 and earth. 
Half the stabilised voltage is therefore taken off at 63/2 for application to 
the grid of the limiter valve, V.S. The range control and height control can 
never carry the starting levels of the timing exponential& up to the voltage 
applied to the limiting grid because of 2.164. On the other hand, these 
controls cannot carry the starting levels of the exponentials down to zero 
because of RA169. The normal range of variation available at either 63/3 or 
63/4 is about +2V to +1387. 

489. The range available at 6B/6 on the height zero is about 123 to 130 V. 

490. The range available on the range zero depends on the setting of the 
scan-marker switch. When set for a 10 mile marker range contacts on the switch 
short out 2.165 (7.5K.) and put into circuit 2.167 (7.5K.). On settings of the 
switch giving either a 30 or a 100 mile marker range the reverse is the case. 
The voltage range available at 6B/5 depends then on the marker range in use. 
Nominal values are:- 

	

10 mile marker range 	 127 to 135 V. 

	

30 or 100 mile marker range 	 125 to 133 V. 

491. From the network it is apparent that a change in the stabilised input 
at 1g/11 will shift all the output voltages in the same direction. This helps 
to minimise the effects of any such change. For example, if the input falls 
slightly the starting levels fall. This tends to make the exponentials take 
longer to reach grid cut-off at the first flip-flop valve. But the zero 
controls are also applying a reduced voltage to the grids of the second flip-
flop valves. These are then passing leas current and the bias developed across 
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the common cathode resistor has dropped. Hence, the grid out-off values have 
also dropped. This effect tends to cancel, in part at least, the erect of a 
lower starting level. 

492. We have said that absolutely accurate tracking of the marker scales is 
possible only if a set has the same timing CR, same stabilised H.T. value, and 
same grid cut-off levels in the first flip-flop stages as the standard set. 
This is actually the case. However, by virtue of this partially compensating 
supply arrangement, it is possible to obtain reasonably accurate tracking with 
minor variations in the stabilised H.T. voltage and consequent alight displace-
ment of the grid cut-off or triggering voltages. In any case, if it is neces-
sary to change either a switch unit or receiver-timing unit, it is desirable to 
remove both from the aircraft and set up the zeros on the bench before re-
installing the units in the aircraft. Changing one unit and not the other may 
mean that slight realigning of the zeros is called for in order to obtain satis-
factory accuracy and tracking. 

The H.2.S. Pulse Lines and Networks 

The Range Marker Pulse-Forming Line  

493. Details of the circuit used to shape the range marker are shown in 
fig.100. We know that V.408 comes on when the leading edge of the 20 micro-
seoond pulse brings V.406 on and cuts V.407 off. When V.408 opens an electron 
flow commences through L.416 and w.44b and the anode of v.406 falls. This fall 
will not be instantaneous for as soon as the anode potential is below that of 
the stabilised H.T. line electrons will start to flow through thi other chokes 
and into the condensers. The result is a fall that takes about 3  a micro-
second. At the end of this period all the condensers will have charged to the 
potential difference developed across R.446 and L.416. Electrons will now 
discharge from the condensers through L.422 - L.417 to H.T. for approximately 
another microsecond and the anode current through L.416 and R.446 will drop to 
practically zero as the resistance of R.44.6 (4K.) is high compared with the 
resistance of the choke path. The anode potential then rises to practically 
H.T. as the condensers discharge in the second half-microsecond. We thus 
obtain a negative-going triangular pip in V.409 grid which has no effect since 
V.409 is already biassed to pass cut-off. V.408 continues to pass its current 
but it nearly all flows through the chokes L.417 - L.422. 

494. When the timing exponential carries V.407 grid above out-off the anode 
fall drives V.408 grid below cut-off. The electron flow through L.416 - L.422 
is thus abruptly stopped. The magnetic field about the chokes then collapses 
and sets up an induced voltage which tends to keep the electron flow going in 
the same direction. As the current cut-off is first apparent at the Nnotion 
of the anode and L.417 the'collapse of the field commences at L.417 and develops 
an induced e.m.f. across L.447 tending to drive an induced electron flow in the 
same direction as before, i.e., toward L.418. This electron flow will come out 
of the lower plate of 0.433 thus charging the condenser positively to H.T. As 
the field collapses around the successive chokes the same effect is produced on 
the other condensers. The missing capacity at the junction of L.447 and L.418 
is supplied by the stray capacity associated with the output lead. The effect 
then is that 0.433 is the first to start charging positively at the instant of 
out-off. The effect then travels along the line all capacities charging 
simultaneously. The anode of V.406 will awing increasingly positive as the 
Charging continues until the collapse of the field is complete. We thus obtain 
a positive pulse with a sloping leading edge. As soon as the collapse is 
complete 0.433 will commence to discharge through L.416 and R.446, i.e., electrons 
flow into the lower plate of 0.433 from the H.T. line which is actually 12 - 15 
volts negative to the lower plate of 0.433. As soon as the potential of the 
lower plate of 0.433 has fallen slightly there 'is a potential difference across 
L.417 and the electrons in the stray capacity begin to discharge through L.417, 
L.416 and R.446. The discharge thus travels along the line through the ter-
minating resistor until it is completed. The anode of V.408 meanwhile falls 
back to the H.T. level. Since R.446 provides a termination that matches the 
line this discharge takes place without anything more than the minor reflections. 
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We thus obtain a positive-going marker pip with sloping sides instead of the 
straight leading edge end exponential trailing edge that would be obtained if 
we used a short time constant to differentiate the square wave that could be 
developed by using a resistive anode load instead of the line. The triangular 
pip can be passed through the numerous subsequent stages without appreciably 
altering its characteristic shape. A pip produced by differentiation would 
tend to become progressively wider and more rounded off. The marker pip has a 
width of about 2 microseconds and an amplitude of 12 - 15 volts when applied to 
V.409 grid. 

495. In transmission line terms, the action of the pulse forming line is 
described as follows:- 

(a) On the leading edge of the 20 microsecond pulse when V.408 
goes into conduction, a negative voltage wave travels dawn 
the line to the short-circuited end where it reflects with 
a phase reversal to give the rising edge of the pip. 

(b) At the instant when the timing exponential carries V.407 
into conduction and cuts v.4.0e off, a positive voltage wave 
travels down the line to the short-circuited end where it 
reflects with a phase reversal to give the falling edge of the 
pip. 

(c) In each case there is no second reflection as the line is 
terminated at the other end in a resistor that matches the 
characteristic impedance of the line. 

The Height Marker Pulse-Forming Circuit  

496. The circuit details are shown in fig.101. 

(a) When the exponential rise at V.400 anode carries V.401 grid above 
cut-off, the valve starts to pass anode current. When this flow 
commences both sides of the condensers in the line are at about 
280V., the level of the stabilised H.T. line. There will be an 
initial flow of electrons to the anode plates of the condensers and 
a very small flow through R.4.09 and T.401 primary. The inductance 
of T..4.01 primary will be sufficiently high to make this path look 
almost like an open circuit as compared with the characteristics 
impedance of the line which is 2K. The actual current flow through 
11.4.09 and T.401 primary is then so small that it produces a negligibl 
voltage drop across R.4.09 but it is sufficient to cause a drop of 
about 7-8V. across the inductive reactance of T.401 primary 	We 
then have, in effect, dropped the whole line through 7-8V. to put 
the junction of T.401 primary and 8.409 at +273V. The anode side 
of the line condensers will be at very nearly the same value. We 
have now both sides of 0.405 at about +273V. so have 7V. across 
L.400. Electrons then leak away from the top plate of 0.405 to 
raise the potential of the tap plate. As soon as the junction of 
L.400 and L.401 rises above 273V., electrons will start to flow out 
of C.406 through L.401. We thus have the line condensers charging 
consecutively over a period of about 1 microsecond. As the potentie 
across C.4109 rises, the current which had been previously flowing to 
the anode plates of the condensers, i.e., into the line, now starts 
to flow through R.409. When all the condensers are fully charged 
the current flows through R.409 and the line chokes, instead of into 
the condensers. Also, as the flow across R.4.09 builds up, the 
potential at the junction of T.401 and R.409 rises from +273V. to 
+280V. and the voltage across T.401 primary drops to zero. Hence, 
we have a current flow through T.4.01 primary only for the 1 microsecc 
period in which the line is charging up. We then obtain a negative 
pip across T.4011 primary and the phase-reversed positive pip on T.401 
secondary and V.403 grid. This positive pip causes the positive 
height marker pip at V.403 cathode. It appears every time that the 
exponential rise at V.400 anode carries V.4.01 grid above out-off. 

(b) When the leading edge of the next 20 microsecond pulse carries V.400 
into conduction, the anode potential fella and V.4.01 is cut off on 
the grid. The whole line is then pushed up 7-8 volts above H.T. so 
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we have this positive voltage across T.401 primary. The condensers 
will now discharge in sequence in a 1 microsecond period. At the 
end of this time the junction of T. 	primary and R.409 is back to 
H.T. and there is no voltage across the transformer and hence no 
current. We thus obtain a 1 microsecond positive pip across T401 
primary and a 1 microsecond pip across the secondary on the leading 
edge of each 20 microsecond pulse. Since V.403 is already biassed 
to cut-off this negative pip has no effect. 

The Height Marker Delay Line 

497. When V.403 goes into conduction due to the application of the height 
marker on its grid, all the condensers in the network will be completely dis-
charged with both plates at earth potential. The initial valve current will 
consist of an electron flow from the top plate of 0.411. As this flow results 
in a rise of the cathode potential due to the charging of 0.411, a potential 
difference appears across L.405 and electrons start to flow out of C.412 
through L.405. This effect then travels progressively along the network charging 
one condenser after another. At the end of 2 microseconds it reaches the white 
pye plug and develops the rising edge of the marker on the output cable. A 
little later the voltage appears across the terminating resistor, R.414. 

498. As the grid of V403 falls on the back edge of the marker pip, the valve 
current decreases and the current through the chokes tends to diminish. The 
collapsing field keeps the electron flow going in the same direction, but as 
the valve takes less and less, more and more goes back into the condensers. 
Thus, the top plate of 0.411 returns to earth potential when the field across 
L.405 has collapsed completely. A little later C.412 11111 be completely dis-
charged. In 2 microseconds the collapse of the field L.415 completes the 
decay of the delay marker at the white pye plug. 

499. In transmission line terms we describe this process as follows:- 

(a) When the rising edge of the marker appears an the grid a 
positive voltage wave travels down the network. Since the 
line is terminated in a resistive load equal to its 
characteristic impedance no reflection occurs. 

(b) When the falling edge of the marker appears on the grid a 
negative voltage wave travels down the network. Again, 
there is no reflection because the line is correctly terminated. 

The Suppression Network  

500. The action of this network is the same as that of the height marker delay 
line. The leading edge of the input is positive-going so a positive voltage 
wave travels down the line. The terminating resistor, R.457 (1K.), matches the 
characteristic impedance of the line so there is no reflection. Twenty micro-
seconds later the negative-going edge of the waveform is applied. A negative 
voltage wave then travels down the line, and, due to the correct termination, 
there is no reflection. The actual delay tapped off depends on how far down 
the line the grid of the suppressor valve is tapped in. 

General Artificial Line Principles and Applications  

501. When any voltage change is applied to an artificial line the effect is 
the same as if we imagined a voltage wave of the same sense as the applied input 
travelling down the line. 

502. If the line is terminated in a resistive load equal to the characteristic 
impedance of the line there will be no reflection. This is the principle of 
the delay line. The output is taken off at a point on the line that provides 
the desired delay. The transit time of the line must then be equal to the 
maximum delay desired. 

503. If the line is short-circuited there will be a reflection in antiphase 
which will reappear at the input after a delay equal to double the transit time 
of the line. The positive-going edge of a square wave can thus be used to 
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produce a positive-going pip of any desired duration. The negative-going edge 
of a square wave will produce a negative-going pip of the same duration. This 
is the principle of the pulse-forming line as used in the range and height marker 
circuit. ' 

504.. To prevent reflection fraa the input end either the input must provide 
a correct match itself or a section is added which terminates in a correct 
match. 

505. If the line is open circuited when the wave reaches the open end it will 
be reflected without phase reversal and will return to the input end in the 
same phase and will momentarily double the voltage applied at the input end and 
thus tend to discharge back through the input unless a suitable load is switched 
across the line instead. This is the principle of line mcaulation if no 
charging choke is used. The charging choke is added to make the charging time 
long and non-critical while the discharge time is short. The discharge time 
is equal to double the transit time of the line. In the artificial line used 
to modulate the magnetron we applied a -4KV. input through the charging choke. 
The reflection at the open end without phase reversal result in the development 
of a voltage of -8KV. at the input. Instead of letting the line discharge 
back through the input, the spark gap is triggered to connect a matched load 
across the line and the line discharges through the correct termination. At 
the instant the 80 ohm load is connected across the 80 ohm line charged to -WV 
the line voltage drops to -14KV. and the other 4KV. appears across the matched 
load. This drop is equivalent to the application of a negative wave of 4KV. 
amplitude at the line input. The wave travels down the line to the open-
circuited end where it reflects without phase reversal and canes back to the 
input end. Saying that the wave reflects without phase reversal merely means 
that the flow of energy out of the line continues in the same direction through 
the load. Since the reflected wave is of the same amplitude as the direct wave 
the current supplied remains at the same amplitude. When the reflected wave 
retinue to the input end the line is completely discharged and the voltage across 
both line and load is zero. The voltage applied to the load consists then of a 
pulse of amplitude equal to half the voltage to which the line was charged and 
duration equal to twice the transit time of the line. 

506. The characteristic impedance of a loss-free L.C. network lime is purely 
resistive. Its value in ohms for a symmetrical line is given by  where L is 
the inductance per section in microhenries and C the capacity per gection in 
mi crofarads. 

507. The transit time per section for a symmetric line is given in micro-
seconds hy1175 where L is in microhenries and C in microfarads. 

508. If a modulating line is terminated in a resistive load, R, which is 
less than the characteristic impedance of the line, Zo, the voltage appearing 
across the load will be  R 	x V where V is the voltage to which the line has 

R + Zo  
charged. This voltage will continue for double the transit time. There will 
then be another pulse through the load given by  R 	x V. where VI is the 

+ Zo 
voltage to which the line was still charged after the first pulse ended. The 
line then discharges in a succession of bursts of diminishing amplitude but each 
of the same duration until it is completely discharged. It is this type of 
thing that goes on when the standing pulse appears on the height tube when a 
magnetron is going soft or an insulation breakdown is developing. 

509. If a modulating line is terminated in a resistive load, R., which is 
greater than the characteristic impedance of the line, Zo, the voltage appearing 
across the load is again R 	x V where V is the voltage to which the line is 

Zo  + R 
V charged. As z47-71.T V is greater than * where R is greater than Zo, the effect 

of the wave reflected without phase change at the open end is to charge the line 
in the reverse sense to an amplitude equal to R - Zo x V, We then get a dis- 

R + Zo  
charge through the load in the opposite sense of amplitude Zo  +B 
the new charging voltage. Tnis process continues in the form of a series of 
current bursts alternating in sense and diminishing in amplitude until the 
whole energy initially stored in the line is dissipated. The duration of 
each burst will again be of duration equal to double the transit time of the line 
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CHAPTER 8 - BRIGHT-UP, MIXING, OUTPUT AND DISPLAY CIRCUITS. 

510. We have traced the development of the timebase, transmitter pulse, 
received signals and markers. We must now consider:- 

How the signals and markers are mixed. 
How the bright-up waveform is developed and mixed with the 
signals for application to the P.P.I. grid. 
How the signals and bright-up are applied to the P.P.I. grid. 
Why a second bright-up waveform is required for the P.P.I. and 
how it is applied. 
How the signals and markers are applied to the height tube. 
How the height tube flyback-blackout is developed. 
How the height tube vertical shift voltage is developed. 

511. The circuits involved in the functions tabulated above are 
distributed as tabulated below. The major circuit details are shown in 
fig.104. 

Stage 
	 Function 
	 Unit 	Valves 

1. Rx Output Valve Develops output consisting of:- Rx chassis V.8 (VR.53) 
noise, suppression break, pos- of Rx-T 
itive-going signals at p.r.f. 	unit 
of 670, and heading or track 
marker at p.r.f. equal to 
r.p.s. of scanner, across anode 
load, R.451 (1K.) 

Delivers positive-going output Rx-Timing V.411 (VR.65) 
at cathode including noise, 	Unit 
suppression break, positive- 
going signals, heading or track 
	 Half of V.410 

(VR.54) 
marker and range marker. 
Appears at slate Pye plug on 
Rx-Timing unit. 

2. Rx-Timing unit 
Mixer and Diode 
D.C. Restorer 

3. (a) Bright-up 
M.V. 
(b) Square-Wave 
D.C. Restorer, 
(c) Sawtooth 
cutter, 
(d) Bright-up 
amplitude 
limiter. 

To develop bright-up square 	W.F.G. 
wave of duration equal to part of 
of scan occurring after the 
Tx pulse. 

V.506, V.507 
(VR.65) 
Pt.of V.509 
(VR.54) Pt. of 
V.510 (VR.54) 
Pt. of V.5 (VR.54 

4. Buffer Cathode 
Follower 

Isolates P.P.I. output 
circuits from Height Tube out-
put circuits. Synthesis 
listed in (2) crosses from 
slate Pye on W.F.G. to red Pye 
via C.540 for application at 
orange Pye on indicator 184. 
Same synthesis passes through 
V.512 to V.508 grid. 

W.F.G. 	v.512 (VR.65) 

5. W.F.G. Mixer W.F.G. 	V.508 (VR.65) 

6. Video Amplifier 

Mixes bright-up M.V. output 
with input to grid from V512 
cathode and delivers complete 
mixed signals, markers, etc. 
plus bright-up, from its 
cathode to the black lye on 
W.F.G. for transfer to black 
Pye on indicator 184. 

Amplifies mixed signals, 	Indicator 
markers and bright-up and 	184 
delivers output at anode as 	or 1-84A 
positive-going signal for 
application to P.P.I. grid. 
Operates with V.508 in AVG. 

V.16 (Esu) 
v.815 (Grano) 
VR.91 in both 
models 



Stage 
	 Function 	 Unit 	Valve 

as a "gate" which can be used to 
cut either "tops" or "bottoms" 
according to setting of contrast 
control. 

In addition to its functions in the 
timebase circuit, it provides a 
second bright-up waveform applied 
to P.P.I. cathode 

Limits amplitude of phantastron 
bright-up. 

D.C. restores input on P.P.I. grid, 

Provides push-pull input to height 
tube Y-plates. Height marker is 
applied to grid of valve feeding 
right Y-plate via yellow Pye, and 
signal - range and heading 
marker are applied to grid of 
valve feeding left Y-plate. 

6. Video Ampflr. 
(contd.) 

7. Phantastron 

8. Phantastron 
Bright-up 
Diode 

9. P.P.I. 
D.C. Restorer 

10. Height Tube 
Paraphase 
Amplifier 

Indicator V.2(RPU) 
184 or 184A V.801(Gramco) 

VR.91 in 
both models 

Indicator V.15 (RAJ) 
184 or 1841 VR.92 

V.814(Gramco) 

Indicator V.17 (RPU) 
184 or 184A VR.78 

V.816(Gramco) 

Indicator V.10 & V13(RP 
184 or 184A V809 & V811 

(Gramco) 
VR.65's in 
both models. 

12. Height Tube 
Blackout 
Circuit 

11. Height Tube 
Amplifier 
D.C.Restorers 

Restore inputs to grids positively 
with respect to a constant D.C. 
level to keep D.C. level at anodes 
constant as range changes. 

Differentiates sawtooth to 
produce square wave which carries 
height tube grid below threshold 
level during flyback period. 

V11 &V12 
(RPU) 
V810 & V812 
(Gramm)) 
VR.92's in 
both models. 

026 (.0001 
R.50 (100K) 
in PM sets. 
0.838 & 839 
(50 pf.) in 
parallel & 
R.868 (100K) 
in Gramco. 
sets. 

Indicator 
184 or 
184A 

Indicator 
184 or 
184A 

15. The Height Tube Provides display for height finding, 
beacon work and monitoring 

16. Height Tube 

	

	Permits depression of electron beam 
Shift Circuit to bring only wanted second half of 

scan on the tube.  

Indicator 
184 or 
1841 

Indicator 
184 or 
1841 

Indicator 
184 or 
184A 

V.14 (RPU) 
V.813 (Creme° 
VR.78 in both 
sets 

VCR 
series 

VCR 139 series 

VR12, R55, 
R56 (RPU) 
VR814, R874 
8875 (Gramm)) 

13. Height Tube 
	

Negatively D.C. restores blackout 
D.C. Restorer waveform with respect to D.C. 

level set by brilliance control 
to blackout the flyback. 

14. The P.P.I. 	Provides main display 

Receiver Output Valve.  

512. This stage has been discussed in dealing with the Mark IIC and 
Mark IIIA receivers. In both cases the signals on the grid are negative-going 
and the heading marker input is a negative-going waveform applied to the 
suppressor. The output developed across R.451, the 1K. anode load, consists 
of positive-going'signals at a p.r.f. of 670, and a positive-going heading or 
track marker with a p.r.f. equal to the r.p.s. of the scanner. The Nark IIIA 
circuit omits the I.F. choke on the anode and uses less elaborate screen 
decoupling as a cathode follower stage is introduced between the detector and the 



Mixing Range Marker and Receiver Output. 

513. When the positive-going range marker appears on V.409 grid the valve 
goes into conduction and the cathode potential rises about 8 volts. Both ends 
of R.451 are then carried up together and receiver output and range marker are 
mixed on R.450  (30K). The mixed output is applied via 0.442 (.023) to the 
cathode of the D.C. restorer diode which is half of the VR.54, V.410. The 
other half of V.410 keeps the suppressor of the receiver output valve from 
swinging positive. 

The D.C. Restorer.  

514. R.461 (116.) and R.462 (4.7K.) bridge in the anode of V.410 restoring 
section at about 2V. positive to earth. The cathode is returned through R.453 
(1.M) to the negative bias line of around - 7.5V. The diode is, therefore, in 
steady conduction and the cathode will sit at around +2V when no signals are 
passing through 0.442 during the suppression period. Any incoming signals 
will cause positive swings from the ♦2V. base level. If the negative-going 
black-out range marker is applied its amplitude is sufficient to give a brief 
depression of the cathode. The normal range marker will give positive swing 
of about 7 - 8 volts. Peak signals and the beer-ling or track marker will give 
a positive swing of about 15 - 16 volts. 

The Receiver-Timing Unit Mixer, V.411.  

515. The grid of this stage is tied to the cathode of the D.C. restorer 
through a 1K. grid stopper so sits at the steady D.C. level of about +2V. fixed 
by the diode. This serves to keep a steady current through the 680 ohm 
cathode load, R.467, which fixes the D.C. level of the cathode at 5 to 6 volts. 
Positive-going signals and markers on the grid swing the cathode positive from 
this level through about 85 - 9C% of the input voltage. The black-out range 
marker will, of course, swing the cathode negative to its D.C. level. The 
output from V.411 cathode containing suppression break, noise, signals, heading 
or track marker, and the range marker, is taken to the slate Pye plug on the 
panel of the receiver-timing unit. Thence it is taken to the slate Pye plug 
on the waveform generator panel. 

The Bright-Up Requirements.  

516, Before we can follow up the mixed signals we have delivered at the 
slate Pye plug on the W.F.G. panel we must study the development of the bright-
up waveform which is to be mixed with them in the next mixing stage. 

517. The bright-up waveform as developed by the bright-up multivibrator was 
designed for use in the indicator 162 and its predecessors. These indicators 
used a diametrical scan. The transmitter fired at approximately the centre 
of the sawtooth as discussed in Chapter 5. Echoes were only to appear on the 
second half of the scan as the C.R.T. spot moved from the tube centre to the 
circumference. A waveform was therefore required for mixing with the signals 
which would carry the P.F.I. grid up as the scan moved from the centre to the 
circumference and drop it back during the flyback and the first half of the 
subsequent swing. The amplitude of this positive-going bright-up square wave 
had to be such that it left the C.R.T. grid just below the threshold for all 
but the peaks of the superimposed valve noise. Signals or markers stronger 
than noise would then carry the grid above the threshold level and cause bright-
ening of the display. When the square wave terminated at the end of the scan 
the P.P.I. grid would fall back to a level so low that no noise or long range 
signals could possibly appear in the flyback or on the first half of the 
subsequent sweep. These ideas are portrayed in fig.106. (a) and (b). With 
the introduction of the indicator 184 and a scan that commences from the tube 
centre the bright-up portion of the waveform can still serve to brighten up 
the radial scan and to black-out the flyback and waiting period. Difficulties 
arise, however, because we do not want the scan to start when the transmitter 
fires but when the height marker forms somewhat later. At the same time, we 
need the same bright-up waveform to brighten up the Fishpond scan which is a 
diametrical scan. On the Fishpond display we want the bright-up to commence 
when the transmitter fires. We are thus faced with two required starting 
points. A compromise has, been 
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effected by developing the bright-up waveform to meet the Fishpond requirements 
and combining a subsidiary bright-up waveform with it for the P.P.I. The ideas 
involved in this compromise can be appreciated from fig.106. (d), (f), (g), 
(h), and (i). Our study of bright-up circuits for Fishpond and the Indicator 
184 P.P.I. then include the development of the W.F.G. bright-up waveform shown 
in fig.106 (e) or (g) and the phantastron bright-up waveform shown in fig.106(h). 

Considerations in the Design of the-W.F.G. Bright-up Circuit.  

518. Before studying the circuit used to produce the W.F.G. bright-up 
waveform it is desirable to study the implications of the conditions to be 
fulfilled:- 

(a) The amplitude of the bright-up waveform on the C.R.T. grid • 
should remain constant as scans are changed. This makes it 
desirable that its amplitude should remain constant in the 
developing circuit. 

(b) The leading edge of the bright-up waveform should not commenoe 
later than the back edge of the modulator priming pulse on any 
scan since the Fishpond zero marker occurs at that time. Since 
the modulator priming pulse is fixed on the 100/40 scan, this 
means we must be able to vary the leading edge of the bright-up 
waveform in the development circuit on this scan to ensure 
brightening-up of the zero marker. On the 10 mile and 20 mile 
scans we can move the modulator priming pulse relative to the 
master sawtooth with the 10 mile and 30 mile zeros, respectively, 
to shift the zero marker to the beginning of the bright-up 
pulse. 

(a) On all scans the bright-up pulse must end with the end of the 
working stroke of the scan to avoid appearance of the flyback. 
This presupposes some cutting-off waveform that has a straight 
falling edge coincident with the end of the working stroke of 
the master sawtooth on all scans. The antiphase square wave 
at the anode of V.500, the first master multivibrator valve, 
swings up as the master sawtooth commences and falls as the 
working stroke ends. This waveform is therefore suitable for 
a cutting-off waveform. 

(d) On all scans it would be desirable to have the bright-up 
square wave commence at a time that coincides with approximately 
the middle of the sawtooth since this will be the point where 
the back edge of the modulator priming pulse appears. This 
suggests that the sawtooth can be used to swing the grid of 
the first valve of a flip-flop above cut-off at the mid-pint 

(d) On all scans it would be desirable to have the bright-up 
square wave commence at a time that coincides with approximately 
the middle of the sawtooth since this will be the point where 
the back edge of the modulator priming pulse appears. This 
suggests that the sawtooth can be used to swing the grid of 
the first valve of a fli-flop above out-off at the mid-point 
of the sawtooth to cut off the second valve and produce the 
positive going edge of the desired bright-up square wave 
at the anode of this second stage. This is the principle of 
the bright-up flip-flop whose circuit is shown in figs.104 and 
107. The sawtooth input condenser is C.524 (.1). 

(e) If we are to use the antiphase master square wave as a 
cutting-off waveform, it must also be applied to the first 
valve of the bright-up flip-flop to cut the valve off on the 
grid as the working stroke of the sawtooth ends. The anode 
rise will then pull the grid of the second valve above cut-
off. The fall at this second anode will then terminate the 
bright-up waveform. The square wave input condenser is 
0.523 (.1). 

(f) To have triggering at the required point on the sawtooth the 
grid cut-off level must be adjustable to the required value. 
This suggests the use of an arrangement similar to the height 
and range zeros which can be seen in fig.104. The actual 
control is VR.151. 

(g) The sawtooth amplitudes are not quite identical on the 
different scans so a setting of a control of the type 
mentioned in (f) will not necessarily apply for more than 
the input sawtooth. 



on which it is adjusted. In addition to this amplitude 
difference, we shall be faced with the problem that the 
input condenser, 0.524 (.1), will not pass the three different 
velocity master sawtooth waveforms without introducing some 
distortion. This distortion will be attenuation of the low 
frequency components. The distortion will result in a 
reduction of amplitude and in a rounding off of the top of the 
sawtooth. The 10 mile or 240 microsecond working stroke will 
be affected least. The 720 and 1200 microsecond working 
strokes will suffer more. These distortion factors will add 
to the problem of initial differences in amplitude. To 
surmount this problem a deliberate distortion is introduced into 
the circuit with a variable control. This distortion circuit 
is designed to work in opposition to the unavoidable distortion 
in the sawtooth input circuit. Its effect is to cause high 
frequency losses so it is most effective on the 10 mile 
sawtooth input. The components involved are V.R.500 and 0.525. 

(h) In the height and range marker flip-flop a limiter valve was 
provided to keep the timing exponential from carrying the first 
grad up to values which would result in prolonged flows of grid 
current. A similar limiter should obviously be provided to 
keep the sawtooth from carrying V.506 grid into heavy grid 
current. This sawtooth top-cutter is V.510(a), half of the 
VR.54, V.510. 

(i) To fulfil the condition of constant output amplitude V.507 grid 
should swing through a fixed cut-off level and to a fixed peak 
level. The fixed peak level calls for an amplitude limiter 
diode. This is V.510(b), the other half of the VR.54, V.510. 
which is connected to V.507 grid. The fixed cut-off requires 
a fixed peak current through V.506 in its conducting state, 
through the common cathode load, R.568 (7.5K.). This has 
already been arranged by means of the sawtooth top-cutter diode 
section. 

Operation of the Bright-Up Flip-Plop, V.506. V.507.  

519. The major points in the operation of this circuit have already been 
implied in the preceding paragraph. The sawtooth input via 0.524 swings the 
grid of V.506 up and down. The grid out-off of V.506 can be varied by means 
of the preset, VR.151, which operates in the same way as the height and range 
zeros. By means of VR.151, V.506 grid cut-off can be so set that the 50 mile 
sawtooth input from T.501 carries V.506 into conduction to cut V.507 off and 
produce the leading edge of the bright-up pulse at a desired point on the 
Fishpond scan. By means of VR.5400 the 10 mile sawtooth input can be so 
distorted as to cause triggering at the same point on the scan. This 
adjustment may upset the first one. By making a series of alternate adjustments 
with these controls on their respective scans it can be arranged to have the 
leading edge of the bright-up commence at approximately the same point on all 
three scans. 

520. The diode section, V.510(a), goes into conduction when the sawtooth 
carries its anode above the common cathode potential set by VR.151. This 
serves to limit the rise of V.506 grid and the current passed by V.506. 

521. The square wave input from V.500 anode via 0.523 serves to cut off 
V.506 grid at the end of the working stroke of the sawtooth, and thus brings 
on V.507 to terminate the bright-up pulse at V.507 anode. V.509(b) serves to 
D.O. restore the square wave input negatively with respect to the common 
cathode potential. 

522. The diode section V.510(b) limits the maximum grid potential of V.507 
and hence the amplitude of the bright-up signal wave applied to V.508 grid 
where the signals are superimposed on the constant amplitude bright-up. 



The Bright-up Controls  

523. The control VR.151 (a screw-driven preset on the front of the switch 
unit) which we shall call the switch unit bright-up control  sets the D.C. 
level of V.507 grid and hence the current passed by V.507 through the common 
cathode load, R.578. This current fixes the common cathode potential when 
V.506 is cut-off and V.507 is conducting. This, in turn, fixes the level to 
which V.506 grid must be carried by the sawtooth to bring it into condution 

524. The sawtooth input is obtained from the single-ended secondary winding 
of the sawtooth output transformer. The same sawtooth is applied to the grid 
of the transmitter-timing valve, V.505. The amplitude is about 15(fll: and the 
working stroke is positive-going. This sawtooth voltage is applied viaG.52A 
(.1) and developed across the leak, R.559 (120K.). The low frequency 
components are attentuated in 0.524  and the sawtooth output appearing across the 
leak is therefore somewhat distorted and reduced in amplitude. This 
distortion is most pronounced on the two slower scan inputs. In parallel with 
the leak we have VR.500, R592 and 0.525.  VR.500 is a screw-driver preset on 
the front of the W.F.G. panel which we tall call the W.F.G. bright-up central. 
The voltage appearing across C.525 we apply, via R.563, and R.562 to the grid 
stopper, R.564. Now VR.500 and C.525 form an integrating circuit. VR.500 
offers equal impedance to all frequency components in the distorted sawtooth. 
0.525 offers an impedance that varies inversely as the frequency. The output 
obtained from 0.525 will then be greater at the low frequency end and lower at 
the high frequency end of the spectrum. The distortion thus produced will 
represent both a reduction in amplitude (due to the attentuation in VR.500 
which will be independent of frequency), and also a change in shape due to the 
frequency discrimination of 0.525. The main effects will be to (i) reduce 
the slope and (ii) to bring down the output amplitude of the 10 mile sawtooth 
to a value more nearly comparable with that of the other two. As the W.F.C. 
bright-up control is most effective on the 10 mile sawtooth input it is used 
to make adjustments on this scan. 

525. The objective is to find adjustments of the two presets which will enable 
the distorted sawtooth voltages impressed on V.506 grid to carry the grid 
above cut-off at the same point in each scan on the Fishpond display. This 
point will be the zero marker which will be about-.." from the centre on the 
100/40 scan position. By means of the 10 mile zero and 30 mile zero the zero 
marker on the 10 and 30 mile scans can be adjusted to about the sane diameter. 
The awitoh unit bright-up control shifts the cut-off level to which the sawtooth 
inputs must raise V.506 grid to produce the leading edge of the bright-up 
waveform. This control is used to set up the leading edge of the bright-up 
waveform so as to ensure brightening up of the Fishpond zero marker on the 
100/4.0 scan. It may not be possible to actually retard the bright-up 
sufficiently to prevent it beginning slightly too soon. If this occurs, no 
harm is done. What is necessary is that the bright-up does not begin too 
late. Full details of the setting up procedure are given in Chapter 10. 

526. The W.P.G. bright-up control is used with the 10 mile sawtooth input 
to so distort the sawtooth as to carry V.506 grid above cut-off when the 
Fishpond scan is again about f" from the centre. The distortion introduced 
on the 50 mile sawtooth input by varying this control may alter the required 
setting of the switch unit control. However, by alternating between the two 
controls, a few adjustments will bring the leading edge of the bright-up to 
approximately the same point in the Fishpond scan for all three sawtooth inputs. 
The W.F.G. control will only be used with the 10 mile sawtooth input and the  
switch unit control with the 50 mile sawtooth input.  

527. If the W.F.G. 43 is used to provide an.independent bright-up for 
Fishpond, both the W.F.G. and switch unit bright-up controls should be set 
fully anticlockwise. The same settings apply when the indicator 184 is used 
without Fishpond. 

The Bright-up Flip-Flop Waveforms. 

528. The waveform at the junction of R.560 and R.561 way logically be 
expected to be the square wave input from V.500 anode negatively D.C. restored 
by V.509 (b) about the potential of the common diode cathode line. The 



negative phase of the square wave is differentiated to some extent in the 
master multivibrator and it also has different amplitudes on different scans. 
The inclusion of the diode V.509 (b) ensures that the upswings of the square 
wave bring V.506 grid up to approximately the same level on all scans to 
provide a common starting level for the sawtooth rise. 

529. The waveform across C.525 will show the attentuation introduced by 
VR.500 and a measure of shape distortion. 

530. The waveform or V.510(a) anode will show the top-cutting of the 
sawtooth by V.510(a) when the anode is carried above the potential of the 
common diode cathode line 

531. The waveform on V.506 grid will be the composite effect of (i) the 
tapped down square wave whose amplitude is dropped across R.561, (ii) the 
chopped-off sawtooth, and (iii) the effect of the condenser, C.528. Pig.107 
(e) and (f) shown the idealised waveform and the actual waveform. 0.528 
was introduced for the early indicators. The sawtooth passed via the 
magslip and indicator transformers to the P.P.I. experiences a slight delay 
relative to the sawtooth fed directly from T.501 to the bright-up flip-flop. 
Without C.528 in the bright-up circuit the bright-up tended to terminate 
before the scan was completed on the P.P.I. The presence of the condenser 
counteracts the shunting effect of the stray capacities at V.506 grid which 
introduces high frequency losses that round off the grid waveform. The 
result is to steepen the waveform edges which serves to bring the valve into 
conduction earlier and also to hold it in conduction longer. 

532. To appreciate the reason for the step in the waveform it is necessary 
to note the effects of the square wave and the sawtooth on V.509 (b) and 
V.510(a). When the working stroke terminates and the square wave collapses 
the tapped dawn drop cuts off V.506 grid. Capacitive effects round off the 
sharp drop. V.509(b) will, of course, be cut off as the anode is carried 
below the cathode by the input amplitude. V.510(a) will, however, remain in 
conduction because the sawtooth output from 0.525 applied across R.563 and 
V.510(a) will be of sufficient amplitude to override the small effect of the 
square wave after tapping down across,both R.561 and R.562. Hence, V.506 
grid sits at a steady level determined by V.510(a) until the flyback of the 
sawtooth carries V.510(a) anode below the common cathode potential. The 
diode then cuts off and V.506 grid is carried down with the flyback of the 
sawtooth output from C.525 until the flyback ends. 

533. At the commencement of the next working stroke the square wave swings 
up the junction of R.560 and R.561 from the level to which it climbed by 
differentiation. If V.509(b) were not present, the rise would be through the 
upswing from the differentiated level which varies with the scan. This would 
mean that the junction of R.560 and R.561 would rise to different levels on 
different scans. With the diode in the rise will be limited at the point 
fixed when the junction of R.560 and R.561 reaches the level set by the diode. 
The sharp rise is rounded off on V.506 grid waveform due to capacitive effects 

534. After the initial sharp rise due to the square wave the rising sawtooth 
carries V.506 grid up again until cut-off is passed when the next bright-up 
pulse begins. 

535. The waveform on V.507 anode is weirdly distorted because of the time 
constants used in the D.C. coupling to V.508 grid. These time constants are 
devised to permit D.C. coupling which will switch V.508 grid between two 
fixed levels with the bright-up square wave without distorting the square wave 
applied to V.508 grid. The fundamental idea is to anticipate unavoidable high 
frequency losses by introducing a capacitive path across the bridging resistor 
which will discriminate against the low frequency components. The input to 
V.508 grid then has an excess of high frequency components which are shunted 
out in the stray capacity at the grid and the parallel path to V.512 cathode. 
By suitable coice of components a good bright-up square wave is obtained at 
V.508 grid on all scans. 
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The Buffer Cathode Follower, V.512  

536. The next stage in the synthesis of output for ultimate application to 
the 	grid is the combination of the bright-up waveform with the mixed 
output from the receiver-timing unit mixer. This mixing of the bright up 
square wave with the result of the previous mixing is carried out in V.508, 
the waveform generator mixer. The relation of V.508 to the buffer stage, 
V.512, and the video amplifier in the indicator 184 is shown in fig.104. The 
component numbering on the video amplifier stage applies to the RPU indicator. 

537. The input at the slate Eye ;lug on the panel of the W.F.G. includes 
valve noise, suppression break, signals, heading or track marker and range 
marker. All these signals are positive-going with the possible exception of 
the range marker which may be negative-going when a blackout marker is desired. 
This input is coupled to the red Eye plug via 0.540 (.1) and R.590 (11Z.). From 
the red Eye plug this output is passed to the red Pye on Lucero where it is 
cross-connected again to an orange Pye. From the Lucero orange ate it is 
conveyed to the orange rye of the indicator 184 for application to the grid of 
one of the height tube paraphase amplifiers. The bright-up waveform is not 
wanted on the height tube as it would cause a step on the trace. V.512 serves 
as a buffer between the stages feeding the bright-up waveform to the E.P.I., 
and the height tube paraphase amplifier. The output from V.512 is taken off 
at the cathode and developed across R.578 for application to V.508 grid. The 
bright-up,waveform is D.C. coupled to V.508 grid and swings the grid between 
two levels fixed by the high and the low phases, V.512 cathode will also swing 
with the bright-up waveform but this signal cannot couple back to the grid and 
thence to the slate and red Pye plugs. The bright-up waveform is thus 
isolated by V.512 while the signal input is passed on for mixing with the bright-
up wavefama. 

The Waveform Generator Mixer and Video Amplifier.  

538. These two stages must be considered together as the cathodes are D.C. 
coupled by the black Eye cable from the W.F.G. to the indicator 184. The 
effective common cathode load is the equivalent resistance of the two cathode 
loads in parallel. The total cathode current drawn by the two valves will 
depend on their grid potentials. The grid potential of V.508 is swung between 
two levels fixed by the positive and negative phases of the bright-up square 
wave. The grid potential of the video amplifier can be varied over a considerabl 
range with the contrast control. When the contrast is fully counter-clockwise 
the video grid has its maximum positive value and the valve then passes the 
maximum current through the common cathode load. V.508 cathode is then at its 
highest level and V.508 current at its minimum level. Signals on top of the 
bright-up pulse will have minimum effect on the current passed by V.508 and so 
on the common cathode potential. Under these conditions only the top of the 
bright-up waveform and the superimposed signals will make V.508 conduct. This 
conduction means an increase in the current through the common cathode load 
and voltage rise of the common cathodes. With the video grid stationary the 
rise of the cathode is equivalent to a negative signal on the grid and therefore 
results in a positive output at the video anode. 

539. As the contrast control is taken clockwise the grid potential of the 
video amplifier is reduced. The valve then takes less current through the 
common cathode load and the common cathode potential falls. Hence a greater 
proportion of the bright-up pulse is passed by V.508 And the amplitude of the 
bright-up waveform at the video anode increases. Since the video amplifier 
is now taking less current the same signals on V.508 grid are causing a greater 
change at the common cathode and hence a greater output at the video amplifier. 

Setting of Contrast Control Required for Fishpond.  

540. For the operation of Fishpond without an independent bright-up supply 
of its own, it is necessary that the contrast be carried far enough clockwise 
to permit adequate bright-up square wave to pass through V.508 and appear at 
the black Eye output plug. A parallel output carries the mixed bright-up and 
signals to the black Eye on the Fishpond panel. Thence it is condenser coupled 
to the cathode of a signal amplifier similar in design to the video amplifier 



stage. The positive-going output is applied to the grid of the Fishpond 
P.P.I. which uses a diametrical scan. If there is an inadequate bright-up 
square wave passed to Fishpond the scan and the flyback will break through 
and make the display unreadable. Until such time as an independent bright-up 
unit becomes available for Fishpond the minimum contrast setting is 
determined by the bright-up spare wave amplitude required to make Fishpond 
usable. 

The Contrast Control as a Toy-Cutter and Amplitude Limiter  

541. As the clockwise rotation of the contrast control is increased and 
the video current decreases while V.508 current increases, we presently reach 
the point where the peak swings at the common cathode due to signals on top 
of the bright-up at V.508 grid, will carry the video cathode up above the grid 
potential by the grid base. That is, the signal input is cutting the video 
amplifier off on the grid although applied to the cathode. If the contrast 
control is taken still further clockwise, thus lowering the video grid potential 
still more, the tops of the signals will be cut off. If a mixture of weak and 
strong signals is being received it is possible to so set the contrast control 
that the tops of the strong signals are cut off on the grid and the output at 
the anode will show equal amplitudes for the strong and weak signals. Used 
in this way the contrast control becomes an amplitude limiter or top-cutter. 
There may be some advantage in using such an advanced contrast setting when it 
is desired to make a target area show up as a solid mass in order to get an 
idea of target outline rather than target detail. It must be borne in mind 
that with this setting of the contrast control all the receiver noise and 
general ground return is being passed through the video amplifier and impressed 
on the P.F.I. grid. By a suitable setting of the brilliance control it is 
possible to cut away sore of this noise and general ground return and leave 
primarily the mass of signals reduced more or less to a common amplitude and 
capable of producing only a bright blotch. Such a use of the contrast control 
can be used to get a mass response but cannot hope to give any details of a 
target area. 

542. A high gain setting and well advanced contrast may also be used to 
get sharp land water definition. With high gain and top-cutting, the land 
responses will give a high intensity against which the weak water responses 
will show as a relatively blsrof area on the P.P.I. display. 

Contrast Setting for Maximum Target Detail.  

543. If target detail is wanted, i.e., if strong signals are to show up with 
greater brightness than weak ones in order to differentiate between, say, 
densely built-up factory areas and suburban areas, we want the signal ampli-
tude in the video amplifier output to bear a reasonable relation to the strength 
of the relative responses. This condition can probably be best fulfilled if 
the contrast control is so set that normal good signals just carry the video 
stage to cut-off. If the output at the video anode is soaped as the 
contrast control is carried clockwise the amplitude of a good signal or of the 
range marker will be seen to increase until the point is reached where top-
cutting begins. Further clockwise rotation of the contrast control will 
result in further amplification of the bright-up and superimposed noise and an 
actual reduction of the range marker or signal amplitude. The setting of 
the contrast control to achieve maximum contrast between strong and weak signals 
is then at the point where the normal good signal is just carrying the video 
stage to the cut-off point. This setting can be approximated on the bench by 
observing the output at the video anode on the monitor 28. Alternatively, 
the range marker dot may be observed on the P.P.I. with the scanner stationary. 
Gain, contrast and brilliance should first be taken fully counterclockwise. 
The briliance is first brought up to show the scan and then turned back about 
4 notches from the point where the scan fades out. If the contrast is now 
taken clockwise to the point where the radial scan appears and is then taken 
back about .1 notch from the point where the scan fades out, the position for 
maximum detail is approximately located. 



The Sloping Bright-Up Too.  

544. If the waveform on the P.P.I. grid or video anode is evemined it will 
Show a sharp initial rise and then a gradual climb to a peak value. This 
distortion results from the fact that decoupling condenser for the video anode 
H.T. supply does not offer negligible impedance to the low frequency components 
in the square wave. This can be seen by examining the waveform on the condenser. 
This distortion is not actually a disadvantage as it helps to minimise the 
effect on the display of the strong, close-in, general ground return. 	The 

mh. choke is the standard video amplifier method of counteracting the 
shunting effect of stray capacity at the high frequency end of the band which 
the stage is required to amplify. 

The P.P.I. D.C. Restorer.  

54.5. When a measure of bright-up square wave is included in the video output 
applied to the P.P.', grid the mean D.C. level of the P.P.I. grid will vary with 
the range in use. This follows from the fact that the P.P.I. grid mean level 
will be such that the area of the input waveform above the mean level will be 
equal to area below it. As the range diminishes the length of the positive-
going bright-up square wave shortens. Hence the mean level of the P.P.I. grid 
will tend to fall as the shorter scans are brought into use. This means that 
the setting of the brilliance control should be altered as the scan is changed. 

546. To eliminate the need for resetting the brilliance control as the scan 
is changed a D.C. restoration stage is connected to the 	grid. Details 
are shown in fig.104. The anode of the VR.78 restorer is tied to the slider 
of the brilliance control. The cathode of the restorer is returned through 
IM. to the foot of the brilliance control. As the anode is thus held positive 
to the cathode the valve will conduct. The bleeder current therefore divides 
at the foot of the brilliance control. Part flows through the 1M. and the 
diode to the brilliance slider where it rejoins the current flowing straight up 
the bleeder. The other part flows through the brilliance potentiometer. The 
impedance of the conducting diode is low in comparison with that of the IM. 
cathode resistor so the diode cathode and anode will be approximately at the 
same potential, i.e., at the potential of the brilliance slider. 	As the 
P.P.I. grid is tied to the restorer cathode it will likewise sit at approximately 
the brilliance slider potential. 

547. When the bright-up square wave is applied to the P.P.I. grid it is also 
applied to the restorer cathode. This tends to cut the diode off so the diode 
current switches into the bleeder. As more current now flows through the 
bleeder the potential at the brilliance slider rises and raises the potential 
of the diode anode. The effect of the input signal is then to develop a 
voltage across the IM. cathode load which serves to raise the potential of the 
diode cathode and anode together. This can be confirmed by scoping on the 
brilliance slider with a suitable high voltage condenser in the scope lead. 
At the end of the signals and bright-up pulse the P.P.1. grid and diode 
cathode are carried down and the diode current goes back to its peak value. 
The brilliance slider potential then falls back to its base level which is 
the on all scans so the same brilliance setting will result in the same 

intensity for a given signal amplitude regardless of the scan in use. 

The Phantastron Bright-Up.  

548. It was pointed out in para. 517 that the W.F.G. bright-up waveform 
could not simultaneously meet the Fishpond requirement of commencement on the 
back edge of the modulator priming pulse, and the indicator 184 requirement of 
starting when the eight marker forms. It was indicated that a subsidiary 
bright-up waveform was taken from the phantastron cathode and applied to the 
P.P.1. cathode. 	This input to the P.P.1. we shall call the phantastron 
bright-up. The effect of the two bright-up waveforms was illustrated in the 
waveform series shown in fig.106. 

54.9. The relevant circuit details are shown in fig.104. The phantastron 
develops a negative-going square wave at its cathode commencing when the 
height marker forms and continuing for about 1000 microseconds. Details of the 
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the phantastron operation are discussed in pares. 158-162. The waveform on 
the cathode has an amplitude of around 60V. This is tapped down across 47K. 
in series with 560K. and applied to the cathode of a diode limiter. The 
tapping arrangement holds the diode cathode at a D.C. level of about + 5V. 
Nhen the negative-going signal appears the diode then limits the amplitude of 
the swing on cathode to about - 5V. which is applied to the T.P.I. cathode. 
Driving the P.P.I. cathode negative-has the same effect as driving the grid 
positive, i.e., to increase emission. As shown in fig.106, the setting of the 
brilliance control must be such that the added effect of the two bright-up 
waveforms holds the P.P.I. grid just short of the threshold of illumination. 
Superimposed signals and markers will be able to carry the grid above the 
threshold only while both bright-up waveforms are operative. In this way 
taere is no possibility of valve noise causing a brightened up spot in the 
centre of the tube during the waiting period between the instant the transmitter 
fires and the instant the height marker forms. On the other hand, the fall 
of the P.P.I. grid when the W.F.G. aright-up ends will cause a sufficiently 
large drop to prevent the flyback showing up on the tube. This assumes that 
the contrast is set sufficiently clockwise to permit the passage of adequate 
bright-up square wave through V.508. 

The Height Tube Paraphase Amplifier Stage.  

550. (a) The relationship of this stage to the mixing and output circuits 
generally is shown in fig.104. 

(b) Waveforms are shown in fig.109. 

551. From fig.104 we see that the height marker is taken from the white Tye 
plug on the receiver-timing unit to the corresponding plug on the Lucero unit 
where it cross-connects to the yellow Pye plug. Thence it is taken to the 
yellow Pye on the indicator 1644, and applied to the grid of the one amplifier. 
The mixed output of the receiver-timing mixer stage is applied to the slate Pye 
plug on the W.F.C. There it corss-oonnects to the red Tye and passes to the 
red Pye on Lucero where it cross-connects to the orange Pye. Thence it 
passes to the orange Pye on the indicator 184 and the grid of the other amplifier 

552. Examination of the amplifier circuit in fig.109 shows the following 
significant points:- 

The 2K. cathode loads are strapped by a 270 ohm resistor. 
The 270K. grid leaks are returned to the decoupled Junction of 
a bleeder across H.T. of 510K. and 47K. in series. This serves 
to give the grids a D.C. potential of around 27V. 
The grids are also returned to the same decoupled tapping point 
through diodes. 
Equal anode loads are used and the circuit is completely 
symmetrical. 
The anodes are D.C. coupled to the Y-plate of the height tube. 
The 270 ohm cathode strapping resistor is shunted by a .0015 
condenser. 
1i metre chokes are inserted in the grid inputs. 

553. As the amplifier grids are returned to a positive potential the valves 
are in steady current which gives the cathodes a D.C. potential of about 
+29V. There is therefore a standing negative bias of about 2V despite the 
fact that the grids are tied to a positive potential. 

554. Let us assume for the moment that only the yellow input is connected. 
The only input to the amplifier will then be the height marker. The positive-
going marker swings the grid up so the valve passes more current. This will 
cause the anode potential to fall. At the same time the cathode potential 
will rise. Of this rise, a proportion given by gig  or about 88% is applied 
to the other cathode. Since the second grid is stationary this rise 
represents the equivalent of a negative input on the grid. The result of the 
heaht marker input is then a simultaneous fall at the anode of the valve to 
which it is applied and a rise at the anode of the other valve. The net 
input signal on the first grid is the difference between the actual input and 
the cathode rise. The 270 ohm resister is chosen to make this effective input 
approximately equal to the input on the second cathode. Ir6this way one 
signal can be used to produce a push-pull output which is reasonably well 
balanced. By applying the negative-going output to the 



right signal plate and the positive-going one to the left signal plate the 
electron beam will be reflected to the left to give the height marker blip 
as a deflection of the trace to the left. 

555. The input on the other grid includes the valve noise, suppression break, 
range marker, signals, and heading or track marker. These signals will operate 
in precisely the same way as the height marker to give a push-pull output. The 
phase of this output will, of course, be opposite to that of the height marker 
so the deflections will be to the right. If the blackout range marker is used, 
it will appear on the left. 

556. The absence of noise during the 20 microsecond suppression break will 
result in a clear trace for the suppression interval. As the suppression is 
reduced the transmitter pulse breakthrough will show at the end of the suppress-
ion period. It must not be assumed that the end of this breakthrough  
represents zero time. The width of the transmitter breakthrough pulse will 
depend on how much signal is generated in the magnetron due to overswinging 
of the pulse transformer despite the diode damping, and how much this magnetron 
output shocks the tuned circuits of the head amplifier and I.F. strip. Any 
attempt to set up the height zero by referring to the back edge of the trans-
mitter breakthrough is therefore extremely likely to result in anything but a  
reasonable accurate adjustment.  

557. The centring of the height tube trace is entirely dependent on the 
balancing of the D.C. anode potentials of the two valves since D.C. coupling 
to the signal plates is employed. Any change in the values of the resistors 
used as anode and cathode loads or any change in the emission of either valve 
will therefore result in a lateral shifting of the trace. 

558. The 1.5 metre chokes inserted in the grid inputs are to block any signal 
from the Lucero transmitter pulses which may be picked up where the connections 
are made from one Pye plug to another inside the Lucero unit. 

559. The .0015 condenser across the 270 ohm cathode strapping resistor is 
included to compensate for shunting of the high frequency components in the 
pulse edges by stray capacity. The high frequency components will find a 
lower impedance path across the condenser than the low frequency components. 
This discrimination tends to balance out the greater shunting of the high 
frequency components by stray capacity, and so results in a better pulse shape. 

The Height Tube D.C. Restorers.  

560. Valve noise is applied to the one amplifier grid (except during the 
suppression period) but very little noise will appear with the height marker. 
This effect alone would tend to shift the D.C. level of the one grid to a 
higher value than that of the other grid. The presence of all the signals and 
the heading marker on the same grid would tend to accentuate this effect. 
Since the period during which signals are received will vary in length with the 
scan in use, there would be a tendency for this displaced D.C. level to vary 
with scan changes. To ensure that the D.C. level of the two grids remains 
equal and oonstant the diode restorers are connected across the grid leaks to 
the decoupled tapping point. All signal and marker inputs will then swing the 
two grids from the common level which will be independent of the scan in use. 

The Height Tube Black-out Circuit.  

561. The height tube scan is obtained by feeding the push-pull master 
sawtooth output from the centre-tapped secondary of T.501 in the W.F.G. through 
an amplifying transformer whose split secondary provides a push-pull output 
to the time-base plates. As we do not want the flyback on the display some 
provision is required to carry the grid of the height tube below threshold 
level during the flyback period. 

562. Details of the height tube circuit are shown in fig.110. The sawtooth 
output from one end of the split secondary of the sawtooth transformer is 



C.D. 0 896 l 
HEIGHT TUBE PARAPI4ASE AMPLIFIERS 

NE 1 ELLov,  

VIO 6410 

.34v 

---- +21v 

     

43oy 

 

1  

 

V13 GRio 

 

v13 CATHODE 

	 -.37,. 
— 4315v 

_ 	 474V 

432v 

4 tify 

Y10 ANODE 
*II 

---- +115v 
----rib% 

-------- *14o4 

v13 ANODE 

FIG.I09 

V10 CATHODE ___ My 



93 
120

53
1( 

-I•610 
0 

10 MILE RANGE 20 MILE RANGE 

GREEN 
4o MILE RANGE 

SH FT RiLui 

4IE tOWT 'TUBE BLACKOUT 

ANTI - CLOCK 	A NORMAL fos-rn004 	SHIFT FULLY aocxtv 

cAorco 
AT TQG 
OF Ty oTH  

fo-f6p-cri AL OETEftnitriE17 BY 
51-102 A Of OrticHINE s's 90T 

from/401-a 	81.•CROY7 

5DvARE WAVES D c_ trogp 5Lipoq PATENT Al. 	1,10P• • 
To 

150 50  

BRIGHT - 

DIFFERENTIATED 
Di E•Vo i it so 

_To 041VE 

I 	SQUARE 
WAvE AT 
C21  
1 

0 C • SWF7 
+245ov 	+3000 	 fonsrmAL 

t AT TAG 9 

MOM of 	SLACK -oltD 

HEIGHT TUBE Sur-r- 
	

FIG.II0 

I 	-1.2- 0 89 6 L I 
13.00v 

R51 
I 2M 

ft54 4-14 
(VE ATI CAL) 
X SHIFT 

cook 

RSS illoK 
	vv v-- 

• 

Cal -01 	M2 41k 
0-1 

RD 
w

E
og r 

1 Pr. 
P4 fLiA0 

Cla 
• 01 

t26 
•0001 = 

fa, 

VI 

Ixl  

RS1, 
2M 

Yea tnA 

• 
BRIGHTNESS CL 

Focus 	0-

cra< I  M 

lc OK 

C32 
25 

RS3 4-1,0 

C3o 

T 
THE HEIGHT TUBE  

I
460.1 	_ _ _ _ _43o0V 



C.D60896L 

differentiated in the time constant provided by a .0001 (two 50 pf. in parallel 
in Cramco units) condenser, 0.26, and a 100E. leak, R.50. The output voltage 
developed across the resistor is applied via a .01 condenser, C.27, to the D.C. 
restoration circuit of the height tube grid. The small condenser of the 
differentiating CR. offers a high impedance to the low frequency components in 
the sawtooth. The output across the 100K. leak therefore possesses an 
appreciable excess of high frequency components since these are passed by the 
condenser. The result is a squaring off of the sawtooth to give a squarish wave. 
The positive part of this squarish wave corresponds to the working stroke of 
the scan and the negative part coincides with the flyback. By negatively 
restoring this waveform with respect to the height tube grid potential, as 
fixed by the brilliance control, the negative part can be used to blackout the 
flyback. 

563. The D.C. restoration circuit uses a ITR.78. The cathode is tied to the 
brilliance slider and the anode is tied to the height tube grid. The brilliance 
slider is decoupled with respect to the height tube cathode by C.30 (.05). 
R.52 (47K) serves as grid stopper for the height tube. R.51 (2.24 is the 
leak of the input time constant and C.27 (.01) is the condenser. 

564. Assuming that we had no blackout input to 0.27 the diode anode and 
cathode would be at the brilliance slider potential. The height tube grid would 
then be at the same level. When the positive part of the waveform'is applied 
the effective input time constant is 0.27, R.52, i.e., 470 microseconds. There 
will then be considerable differentiation of the positive part of the square 
wave. The positive voltage developed will appear across R.52 and the diode in 
series. As the conducting diode impedance is low in comparison with 47K. the 
diode anode and height tube grid will remain practically stationary at the 
brilliance slider level. When the scan ends and the falling edge of the input 
waveform is applied to 0.27, the height tube grid and diode anode are then 
carried dc'n and the flyback is blacked out. As the diode impedance is now 
infinite the effective input time constant is C.27, R.51 (22,000 microseconds). 
This time constant is so large in comparison with the blackout period that 
differentiation is negligible and the full flyback is therefore suppressed. 

The Height Tube Vertical Shift 

565. As we are only blacking out the height tube flyback the height tube 
grid is held above the threshold level for the entire scan. For navigation and 
boebing the transmitter fires at approximately the centre of the scan. The 
useful part of the scan is then only the second half following the suppression 
break. Since the height tube is small only a portion of the scan can be 
displayed on it. Vie must then have a vertical shift to permit setting the 
usual part of the scan to start at the bottom of the tube. The shift network 
consists of the shift control, VR.12, and the resistors R.55 (470K.) and R.56 
(1.250 The slider of VR.12 is returned to +300V. while the common point of 
R.51 and R.56 is tapped down on the height tube bleeder. Electrons then flow 
from the tapping point through R.55 and the one side of VR.12 to the slider and 
thence to the 300V. line. A parallel flow occurs through R.56 and the other 
side of VR.12. These current flows must always be such as to develop equal 
voltage drops in the parallel paths. The magnitude of the current in either 
path will then vary as the resistance of the path is changed by altering the 
setting of VR.12. Hence, the voltage drops across R55 and R56 are varied as 
the setting of VR.12 is varied. The one i-plate is held above the potential 
at the junction of R.58 and R.59 by the drop across R.55, and the other above 
the same potential by the drop across R.56. By suitably adjusting VR.12 the 
lower timebase plate is held sufficiently positive to the upper plate to 
depress the electron beam so as to bring the suppression break to the bottom 
of the tube. 

566. As was pointed out previously, if the scan-marker switch is set to the 
100/40 position the transmitter firing is advanced about 500 microseconds. The 
suppression break is then carried down into the depressed part of the scan 
and the visible part of the scan represents ranges of the order of 40 - 90 miles. 

The Height Tube Bleeder Supply  

567. The height tube bleeder current is taken from the -1,8KV. supply in the 
power unit. In the case of the Mark 'IQ installation this supply is brought 
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from the power unit to the tuning unit 207 for the klystron. A cross-
connection is made to a parallel plug which is connected to the indicator 
to supply the height tube bleeder. 

568. In the Mark ILIA installation the -18oW. supply is taken straight 
from the power unit to the indicator 184. 

The P.P.I. bleeder supply 

569. The current for the F.F.I. bleeder is obtained from the -4KV power 
pack in the modulator type 64. The input is brought from the blue uniplug 
to one of the blue unplugs on the indicator which is connected to the bleeder 
terminus. The other end of the bleeder is returned to earth. 

570. A parallel blue output plug is available on the indicator 184 from which 
a -4KV. supply is obtained to supply the Fishpond P.P.I. bleeder. 
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CHAPTER 9 - THE ROLL-STABILISED SOONERS. 

Purpose of Stabilisation.  

571. When an aircraft is flying straight and level the axis of rotation of 
the scanner is perpendicular to the earth's surface. As the scanner rotates 
the H.2.S. beam rotates with it. If the aircraft banks the axis of rotation 
of the soanner is tilted with respect to the earth's surface. The H.2.S. 
beam them experiences two simultaneous displacements - the normal rotation, and 
a slide in the direction towards which the axis of rotation is displaced. This 
means that the H.2.S. display also slides. This can be appreciated if we 
think of the scanner as being stationary when the bank occurs. As the beam 
slides without rotating a different sector of the earth's surface is illuminated 
and indications from other targets or other parts of the same large target, will 
appear on the scan then occurring. This sliding of the 8.2.S. display during 
evasive action on a bombing run makes it difficult to bomb accurately with H.2.3. 
To overcome this difficulty new scanners have been developed which are gyro-
stabilised against roll. As soon as the soanner platform is displaced from 1 
to 1i°  from the horizontal a gyro comes into action to develop a restoring force. 
This stabilisation remains effective for displacements of up to 30°  to either 
side. The platform is not stabilised against "pitch", i.d., displacement of 
the scanner's axis of rotation as the aircraft climbs or dives. 

Stabilised Scanner Types.  

572. The roll-stabilised scanner for use in the 11.2.5. Mark ILIA installation 
is the scanner Type 71. The one to be used in the H.2.S. Mark IIC installation 
is the Type 63. These scanners differ mainly in the type of R.F. feeder 
employed and the dimensions of the waveguide radiator. The Type 71, since it 
uses a wavelength of approximately 3 cms., uses a waveguide feed. The Type 63, 
which is designed for use with a wavelength of about 9 ems, uses a coaxial feed. 
The Type 71 gives a beam width of about 3i0  and the Type 63 develops a beam 
width of about 8i°. 

Maaor Components and their Primary Functions.  

573. The main parts of the assembly are as follows:- (See fig.24) 

(a) The fixed part of the platform which is rigidly attached to the 
aircraft frame. 

(b) The moving part of the platform which carries the scanner proper, 
T2R or H.F. box, and gyro control unit. 

(o) The gyro control unit which develops the misalignment voltage to 
operate a motor-generator Type 74. 

(d) The motor-generator Type 74 which is mounted on the fixed frame 
and drives the moving frame. 

(e) Balance weights attached to the moving frame to maintain a constant 
load on the motor. 

(f) Junction box 246 and two bulkhead panels mounted on the fixed part 
of the platform to facilitate cabling connections. 

Accessories Mounted Independent of Platform.  

574. (a) An engine-driven vacuum pump which provides the suction employed 
to operate the gyro control unit. 

(b) A D.C. amplifier unit to change the misalignment voltage produced 
by the gyro control unit into current changes which are applied 
to the fields of the motor-generator Type 74. 
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Principle of Operation 

575. Assume that the aircraft is flying straight and. level. The moving 
platform, swivelled on two brass bushes in line with the fore and aft axis of 
the aircraft, will be horizontal. The axis of rotation of the scanner will 
then be perpendicular to the fore and aft axis of the aircraft and to the 
earth's surface. The gyro axis will be horizontal. Rigidly attached to the 
gyro case is a slab-wound potentiometer. Attached to the gyro is the wiper 
contact of this potentiometer. The potentiometer winding is centre-tapped to 
earth. A D.C. voltage of about 60V. from a power pack in the D.C. amplifier 
unit is applied to the potentiometer so the ends will be at approximately 
+30v. and -30V. When the moving platform is level there is no relative dis-
placement between the gyro case and the gyro. The wiper contact is then at 
the earth point of the slab-wound potentiometer. If the aircraft banks the 
fixed platform moves with the airframe. The moving platform is linked 
mechanically to the fixed platform so will be displaced with it and therefore 
will move the gyro mounting. The gyro itself will, however, maintain its 
axis of rotation horizontal. Hence there is a relative displacement between 
the gyro itself and the casing. That is, the slab-wound potentiometer moves 
relative to the stationary wiper contact and the contact is no longer at earth 
potential,. The actual sign of the potential impressed on the contact will 
depend on the direction of the roll, i.e., to port or starboard. The magnitude 
would be determined by amount of roll if no restoring force were brought into 
play to return the moving platform to the horizontal position. 

576. The voltage picked up by the wiper arm is termed the misalignment voltage. 
This voltage is taken from the gyro by a screened lead to the D.C. amplifier 
unit where it is used to alter the currents passed by a cathode-coupled VT6CA 
paraphase amplifier pair. These valves provide the field currents for the 
split fields of the motor section of the motor-generator Type 74. When 
properly balanced, these field currents will be equal if the misalignment 
voltage is zero. The motor armature will then be stationary. As soon as a 
displacement of 1 - 14°  occurs the misalignment voltage applied to the amplifier 
unit causes sufficient unbalancing of these field currents to cause the motor 
armature to turn. The motor-generator is mounted on the fixed frame but tied 
through mechanical links to the moving platform. The rotation of the motor 
armature operates these mechanical links until the moving platform is again 
horizontal when the misalignment voltage falls to zero. There is then no 
unbalancing of the currents applied to the split motor fields and hence no 
torque on the motor armature which then remains at rest if the bank has been 
completed. The motor continues to operate as long as there is a misalignment 
voltage, i.e., as long as there is aircraft roll in either direction. since 
banks to opposite sides give misalignment voltages of opposite sign they 
result in opposite rotations of the motor armature. 

The Misalignment Voltage Channel.  

577. Details of this channel are shown on the stabilised Scanner inter-
connection Diagram, Fig.111. A quadremet cable links the J.B. Type 246 and 
the gyro control unit. This cable terminates in a special 6-way socket at 
the gyro end and in a 4-way coded yellow at the junction box. Cross-
connections are shown below:- 

Special 6-way 
	

4-way 	 Carrying 

Pin 1 	 Pin 1 	+30VI to slab wound 
5 	 3 	-307. pot. from amp. unit 
6 	 2 	misalignment volts 
4 ) 	 4 	earth 
3 )strapped 
2 blank 

578. In J.B.246 cross-connections are made from the 4-way yellow to a 12-
way green which goes to the amplifer unit. Pins 1 and 3 on the 4-way are 
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tied to pins 5 and 7 respectively. Pins 2 and 4 are tied to pins 6 and 4, 
respectively. From the  12-way green on J.B. Type 246 a cable to the amplifier 
unit Type A.3562 carries the misalignment volts to the D.C. amplifier and brings 
the D.C. supply for the slab-wound potentiometer from the half-wave metal 
rectifier in the amplifier unit. These three leads are screened. 

The Amplifier Unit, Type A3562 or 13562A 

579. Circuit details are shown in Pig.112. 11.1 (VR.91) is a straight D.C. 
amplifier. The misalignment voltage applied to the grid causes variations in 
the current passed by the valve and hence in its anode potential. R.1 (1004L) 
serves as a grid stopper. R.22 (56K.) and 0.1 (.02) provide light decoupling 
against rapid changes. 

580. vo and V.4 form a VT60A cathode-coupled paraphase D.C. amplifier. As 
V.1 anode potential varies due to the appearance on its grid of a misalignment 
voltage an antiphase voltage change appears at V.3 anode. V.4 grid is tied 
to a decoupled potential of about 110V. Suppose V.3 grid is carried positive. 
This will result in increased current through the common cathode load, R.12, and 
and increase in the cathode will have the same effect as a negative signal at 
V.4 grid so will cause V.4 anode voltage to rise. By means of VRi, the 
operating point of V.3 grid can be so set that the voltage drops across K13 in 
v4 anode and x7 in v3 anode are equal when V.1 grid is returned to earth, i.e. 
when the moving platform is horizontal. These voltages are applied to the 
split field windings of the motor-generator. One winding is in parallel with 
R.13 and the other with R.7. If V.1 grid is carried up the current in field 1 
(in parallel with R.7) is reduced. At the same time the current through field 
2 (in parallel with R.13) is increased. This results in rotation of the 
armature and the moving platform is pulled back to the horizontal when V.1 grid 
returns to zero and the fields are again balanced. If v.1 grid is carried 
down the unbalancing of the fields is in the annosits sense and the armature 
rotates in the opposite direction. 

581. The diode, V.2, has its oathode returned to a potential of about 150 
volts at the junction of R.16 and 11.17. This diode then limits the potential 
to which V.3 grid can rise to about 150V. 0.6 serves as a grid stopper as 
does R.15. 

Balancing the Paraphase Amplifier.  

582. A jack and push button switch are incorporated ror thin purpose. 
Early models combine the switch and jack, but in later models the two are 
separated. Pressing the switch S.1 earths V.1 grid and so sets up the same 
conditions in the amplifier unit as will exist when the moving platform is 
horizontal. By jacking in a meter at the jack-point the difference in the 
anode voltages of V.3 and V.4 can be measured. If these are not equal V. 
in adjusted until the meter shows no potential difference. Assuming matched 
valves and no tolerance in component values v.3 grid should then be sitting 
at the same level as v.4 grid. where valve characteristics or component 
values differ this will not be the case when V.R.1 is adjusted for a balance. 

The Power Pack.  

583. T.1 and V.7 form a 5U4C full-wave rectifier stage. C.3, CK.1, and 0.7 
provide the necessary smoothing for an output of about 420V. Comparison of 
the Scanner Interconnection Diagram and. the Amplifier Unit Circuit Diagram 
will show that the 80V. supply to T.1 primary is only completed if the 12-way 
plain cable from the motor-generator is connected to the J.B. Type 246. The 
80v. supply from J.B. Type 83 (Mark IIC) or J.B. Type 231 (Mark ILIA) is 
brought to the amplifier unit on a 2-way cable. Pin 1 is tied to Pin 9 on 
the 12-way green on the amplifier unit. Pin 2 is connected to 12/11 and one 
side of T.2 primary. To complete the circuit 12/9 must be connected to 12/10 
and the other side of T.2 primary. This connection is made when the 12-way 
from the motor-generator is connected to the 12-way plain socket on J.B.Type 
246 since Pins 9 and 10 are strapped in the 12-way socket at the J.B.246 end 
of tale cable. Since Pins 9 and 10 on the 12-way plain are cross-connected 
to Pins 9 and 10 on the 12-way green, Pins 9 and 10 on the 12-way green at the 
amplifier unit are then connected. This means that the H.T. supply will not 
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be applied to the VT60A's in the amplifier unit unless the motor-generator 
cable is connected to J.B. Type 246. This preoaution is necessary to 
protect the VT60A's. Should the motor-generator cable not be connected to 
J.B. Type 246 the split fields of the motor would not be across the VT60A 
anode loads. The effective anode loads would then be so high that the anode 
potential would fall to a very low value and secondary emission at the grids 
would damage the valves. 

584. A separate transformer, T2, supplied directly from the 2-pin SOV. 
input, provides heater voltages for all the valves in the unit. The winding 
which supplies the heaters of V.3 and V.4 is strapped to the decoupled point 
to which V.4 grid is returned. Since the cathodes will normally be sitting 
some 1207. positive to earth, returning the heaters to earth might cause heater 
cathode leakage and insulation breakdown. 

585. Another secondary on T.2 feeds a half-wave metal rectifier of the 
selenium type. The output is smoothed by 0.5, C1C.2, C.6 to provide a 60V. 
output. 11.19 serves as a bleeder across the output. This is the D.C. 
supply for the slab-wound potentiometer in the gyro control unit. It is 
supplied to Pins 5 and 7 of the 12-way green when it is passed to J.B. Type 246. 
In the J.B.Tne 246 cross-connections are made to the 4-way yellow as stated 
in para.578. From the /ratty yellow the channel is completed to the gyro 
control unit as shown in para.577. 

The Motor Generator Type 74.  

Motor Section.  

586. The motor section of M.G. Type 74 is of the split field type. The 
two field winaings are in parallel with the anode loads of V.3 and V.4 in the 
amplifier unit, via the 12-way green from the amplifier unit to the J.B. Type 
246 and the 12-way plain from J.B. Type 246 to the motor-generator. Pin 3, 
tied to the amplifier unit H.T. line, goes to the common point of the split 
field windings. Pin 1 ties field 1 to the foot of V.3 anode load and Pin 2 
ties field 2 to the foot of Lk anode load. The principle of the motor's 
operation has been discussed in pares. 576 and. 580. The resistance of the two 
field windings in series is 2500 ohms. The balanced field current is about 
60 ma. in each winding. 

Supplies for Motor Armature and Scanner Motor.  

587. The motor armature current is about 5 amps. The supply is obtained 
via the Junction Box 246. This armature supply cannot, however, be applied 
until tin' 8.2.S. scanner is operating. How these results are achieved can 
only be appreciated by tracing out the channels on the Scanner Interconnection 
Diagram, fig.111. Starting from the motor armature we pass to the filter 
unit via a Dumet cable. The other end of the filter unit is connected into a 
junction box containing two Greloo strips. One of the filter unit leads is 
taken out via a further Dumet cable to the resistance unit Type 4221. The 
return from this resistance unit is strapped via the Greloo strip to 7 and 8 
of the 12-way cable to J.8.246. The other lead from the filter unit is 
strapped via the Greloo strip to 11 and 12 of the same 12-way cable. Passing 
to the J.B.Type 246, we find Pins 11 and 12 tied via a switched relay contact 
to Pin 2 (+) of a 2-pin plug coded red. Pins 7 and 8 of the 12-way plain 
are tied directly to Pin I () of the two-pin rod. From the 2-pin red on the 
Junction Box 246 we pass directly to a point on the aircraft fuse panel where 
the 247 supply is picked up. From fig.111 it can be seen that the relay 
contact in the J.B.246 must be closed before the 247 supply to the motor 
armature can be completed. 

588. When the switch unit push-buttons have been pressed and the amber light 
has come on, closing the scanner motor switch will put 247. D.C. on the 68 plug 
at the power unit. From this plug a cable goes to the one plain 6B on the 
J.B. Type 246. From this 6B a cross-connection is made to the other 68 plain 
to put 241. across the solenoid of the relay in this Junction Box. At the 
same time the 247. supply is transmitted from this second 68 to a corresponding 
plug on the control unit Type 477 mounted above the Navigatoroa head. Cross-
connections are made inside this control unit to a second 6B plug through a 
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variable 12 ohm rheostat by means of which the voltage actually applied to 
the scanner motor can be varied. The supply of the scanner motor goes from 
the second 6B on control unit Type 477 to the port bulkhead panel and thence 
via a Dumet 19 cable to the soanner motor. Pin 1 of the motor input goes 
to Pin 1 and Pin 2 to Pin 6. 

589. Hence, when the scanner motor switch on the switch unit is closed, we 
simultaneously set the scanner in motion and energise the relay in the J.B. 
Type 246. This closes the contact which serves to complete the supply to 
the motor armature in the motor-generator Type 74 from the 24V. input. Since 
the scanner motor switch is not operative for about 40 seconds after the 
"L.T. ON" button is pressed, the motor-generator cannot come into operation 
for at least 40 seconds after switching on L.T. 

The Resistance unit Type 4221.  

590. The supply for the motor armature of the MG Type 74 is drawn through 
a 4.5. ohm 120 watt limiting resistor. This resistor is mounted in a box 
on the fixed part of the platform and is inserted in the supply to the 
armature between the Greloo strip and the D.C. filter unit. This resistor 
is included to limit the armature current to about 5 amps. when there is no 
field to cause rotation and hence no back e.m.f. to limit armature current. 
Later models will have three 13} ohm resistors in parallel. 

The Link Between the Motor and Moving Platform.  

591. The motor-generator, mounted on the fixed platform, is connected to 
a moving arm which drives the moving platform via a step-down gear train of 
approximately 250 : 1. The moving arm is connected to the moving platform 
by means of a driving rod. A second rod, driven by means of balance 
weights, fitted to the moving platform keep the load on the motor constant 
regardless of the amount of displacement. The motor should come into 
operation for displacements of about 1° and be almost instantaneous in action. 

The End Stops.  

592. End-stops are fitted which allow a maximum movement of 30°  to either 
aide of the true horizontal. When the platform comes up against the end-
stops a clutch-plate arrangement in the motor driving mechanism comes into 
play. This clutch arrangement then disengages the motor from the drive. 

The Generator Section of the Motor-Generator Type 74.  

593. when a misalignment voltage from the gyro control unit is applied 
to the grid of V.1 in the amplifier unit, the current changes in V3 and V4 
develop the unbalanced voltages which are applied to the split field 
windings of the motor section of the motor-generator. This unbalancing of 
the field causes motor rotation in the sense appropriate to remove the 
misalignment voltage. Should, for any reason, a large misalignment voltage 
exist when the scanner motor is switched on and the supply to the M.G. Type 
74 motor armature is completed, a large net field would exist. The motor 
would then experience a vidWnt torque. Sinde the balance weight arrangements 
serve to provide a constant load, the motor would run at excessive speed. 
As the misalignment voltage fell, the motor would slow down due to the 
reduced field. To obtain smooth operation of the moving parts combined with 
a quick initial response, we want some form of negative feedback applied to 
the grid of pi which is proportional to motor speed. If the motor is at rest 
and the aircraft rolls to produce a misalignment voltage the speed of the 
motor armature begins from zero as it starts to pull on the moving platform. 
While overcoming the inertia of this mechanical load the speed is low and there 
is little negative feedback and hence a strong field. As the inertia is 
overcome and the pull on the motor is reduced, the armature speed will not 
tend to reach excessive values if a negative bank voltage is applied to VI grid 
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which operates against this misalignment voltage to reduce the net motor 
field. By suitably arranging the magnitude of this feedback voltage for 
a given speed of the motor armature, it will be possible to get smooth by 
rapid starting, a suitable maximum speed, and operation that is non-jerky. 
The requisite negative feedback is developed by the generator section of the 
MG TYPu 74. 

The Negative Feedback Circuit.  

594. The generator field is fed from the same 247 line as the motor 
armature. This field supply is therefore completed when the scanner motor 
is switched on. One end of the generator armature is earthed via the black 
lead to the upper Grelco strip. The other end is taken via the red lead to 
the lower Grelco strip and thence via Pin 5 on the 12-way plain to J.B. Type 
246. In the Junction Box a cross-connection is made from Pin 5 of the 12-
way plain to Pin 8 on the 12-way green which is connected by a screened lead 
to the grid of 71 in the amplifier unit. The feedback voltage is applied 
across R23 (220K)+ R24 (470K). The grid of 71 is tapped in at the junction 
of R23 and R24 so receives about 2/3rd of the actual negative feedback voltage. 

595. The motor-generator leads, coded as shown in the Scanner Interconnection 
Diagram, are taken away in two bunches to the two 4-pin Grelco strips mounted 
at the fixed platform. A Dumet cable brings the D.C. supply for the motor 
armature from the filter unit. 

The Vacuum Pump Assembly.  

596. This assembly will be necessary for carrying out 	A separate 
D.C. supply will be required for the D.C. pump motor and a suitable length of 
flexible piping to convey the vacuum to the gyro. 

597. Both pump and motor are of American manufacture. The motor is * h.p., 
series wound, and takes 11 amps. The speed is 6600 r.p.m. The pump is 
required to maintain a vacuum equivalent to 4j" of mercury (i.e. about 4.2 lbs 
per square inch) at the gyro and for correct gyro operation. The pump intake 
is connected to the gyro by a regulating valve attached to the pump, then by 
flexible pipe to the gyro. A gauze filter is fitted at the intake. The main 
outlet point blows straight out. 

598. The vacuum pump motor also drives a second, smaller pump used to cool 
the motor. Air is drawn in and conveyed through a copper pipe to an inlet 
point at the motor commutator. The air escapes at the other end of the motor 
through a gauze filter. 

Units Associated with the Roll-Stabilised Scanner 

Control Unit Type 477.  

599. This unit has been mentioned in para.588. Its purpose is to provide 
the Navigator with a means of controlling scanner speed. It is mounted 
above the Navigator's head in the Lancaster installation. The unit houses 
a 12 ohm rheostat. Later models will use a 24. ohm rheostat. A knob on the 
front provides the control. 24V. D.C. from the power unit is supplied to 
one 6B plug via the J.B. Type 246 where it energises the relay that completes 
the D.C. supply to the motor armature of the MG. Type 74. Cross-connections 
are made inside the control unit to a second 6B plug to insert the rheostat in 
the supply. From the second 6B the supply to the scanner is completed to the 
port bulkhead panel and thence by 2-way cable to the plug mounted on top of 
the scanner motor. 

Control Unit Type 468 and Track Marker Facilities.  

600. In addition to heading marker contacts which serve to develop a 
positive pulse when the scanner goes through the dead-ahead position, a 
track marker contact arrangement is provided in the Scanners Type 71 and 63. 
Thin contact can be brought into operation instead of the heading marker 
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contact when the switch on the Indicator 184 panel is set to the "Track" 
position. The contact itself is controlled by the Mk.14 bombsight. The 
flexible drive from the bombsight computer which conveys drift angle information 
to the bombsight head, is.intereepted and used to drive a manual transmitter, 
similar to the cam arrangement in the H.C.U. This transmitter or cam arrangement 
is in the control unit Type 468 which is attached to the bottom right hand of the 
Mk.14 bombsight. When the drift setting on the bombsight oomputor is altered 
the flexible drive operates the cans and switches the D.C. connections to a "track" 
repeater motor in the scanner. The resultant rotation of the repeater motor 
armature moves the track marker contact to operate the heading marker circuit 
on the receiver-timing unit when the scanner is displaced from the dead-ahead 
position by the drift angle. The radial marker flashing up on the P.P.I. then 
gives the bearing of the actual aircraft track instead of its heading. When the 
switch on the indicator 184 is set to "Course" the usual heading marker is 
developed as the scanner goes through the dead-ahead position. 

601. The armature of the "track" repeater motor displaces the track marker 
contact by means of a suitable worm gear drive. 31° of drift corresponds to 
18 revolutions of the flexible drive shaft which operates the transmitter in 
the control unit Type 468. On initial installation a check must be made that 
the "track" repeater rotates in the correct direction when the track marker is in 
use. This can be checked by comparing the way the radial marker on the 
is displaced when the Indicator 184 switch is moved from the "course" to the 
"track" position. The magnitude and sense of the actual drift can be read on a 
calibrated scale on the bombsight head. 

The Control Unit Type 446.  

602. This is the heading control unit used in the H.2.S. Mark IIC and Mark 
IIIA installations. The panel shove a setting knob and a three-position switch. 
The switch positions are labelled "Auto", "Course" and "Track". When set to 
the "Course" position, the setting knob is used to operate a transmitter in the 
unit which switches the D.C. connections to the "Course" repeater motor in the 
scanner. The motor armature then drives the magslip stators through a suitable 
gear arrangement. To set the H.2.3 map, the bearing ring is set to the 
aircraft course. The indicator 184. and H.O.U. switches are set to "Course". 
The setting knob on the.H.C.U. is then operated, thereby moving the magslip 
stators until the radial marker on the P.P.I. flashes up along the pointer on 
the bearing ring screen. If the H.C.U. switch is now set to "Auto", the D.R. 
compass transmitter is connected through to the "Course" repeater motor in the 
scanner. As the aircraft turns, the D.R. compass transmitter operates the 
repeater motor to move the magslip stators through an angle eve' in magnitude 
and opposite in sense to the aircraft rotation. The position of the radial 
marker on the 	will now give the bearing of the aircraft heading as long 
as the Indicator 184 switch is left in the "Course" position, regardless of 
aircraft heeding sime the marker moves when the aircraft turns. 

603. When the switch on the H.C.U. is set to the "Track" position, the 
transmitter in the unit is connected through to the "Track" repeater motor in 
the scanner which drives the track marker contact. If the switch on the 
Indicator 184 is set to the "Track" position and the windspeed indicator on the 
bombsight is set to zero (zero wind means zero drift angle), the track marker 
contact in the scanner can be aligned correctly by operating the setting knob 
on the H.C.U. until the radial marker on the P.P.I. flashes along the bearing 
ring pointer, set to the aircraft course. The track contact will then be 
aligned with the course contact. 

604. When the H.C.U. switch is set to "Auto" it simultaneously connects:- 

(a) The D.R. compass transmitter to the "Course" repeater motor in the 
scanner. 

(b) The transmitter in the control unit Type 468 to the "Track" repeater 
motor which operates the track marker contact as the drift is 
computed by the bombsight. If the switch on the 
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indicator 184 is in the "Track" position the course contact 
in the scanner is taken out of circuit and the track contact 
brought into circuit. If the track contact has been aligned 
with the course contact as discussed in para.603, the track 
contact is offset from the course contact by the drift angle 
and the radial marker on the P.P.I. is now a track marker 
suitable for use in bombing runs. With the H.C.U. and 
indicator 184 switches in the "Track" position, it should be 
possible to shift the track marker + or - 60°  from the heeding 
marker position. 

Mechanical Details of the Roll-Stabilised Scanner.  

605. The main casting has been altered in shape and reduced in size to 
facilitate mounting on the moving platform along with the gyro control unit 
and H.2.5 transmitter unit. 

606. The scanner driving motor is of a smaller type. The actual motor 
assembly is the same type as that used for blower motors in H.2.S. Mark II. 
The motor is attached to the main casting by means of a flange and three 
bolts. The flange is part of the motor's outer casing. 

607. The motor speed is approximately 5000 r.p.m. The current taken is 
about 0.7 amps. The drive to the scanner shaft is through an all-metal gear 
train with a step-down gear ratio of 134 : 1. No oiling holes are provided 
for the step-dawn gear bearings. 

608. The scanner main bearing is of a new type which does not normally 
require any maintenance. It consists of a grease packed ball race mounted 
on a plate. The plate in turn is bolted to the interior of the casting. 
The rotating member of the capacity joint runs in an "Oilite" bearing. 

609. The usual 1:1 drive to the magslip rotor is used. 

610. The incorporation of track marker facilities has necessitated, not only 
the addition of a track marker contact arrangement, but a departure from the 
heading or course marker arrangements employed in the earlier H.2.S. scanners. 
A flat metal annular contact ring is mounted on a paxolin disc which in turn 
is placed on top of the magslip rotor driving gear wheel. The ring has a 
width of about *". At one point in its inner circumference it has a 
projection towards the centre about in long and 1" wide. This projection 
we shall call the shorting contact. The ring of which this contact forme 
a part we shall call the contact ring. 

611. Mounted above the contaot ring by means of a bracket are two metal 
spring contacts. The outer of these is in continuous contact with the 
contact ring and is returned to earth. The inner one, which we shall call 
the course marker contact, is returned to the "Course" side of the "Course 
Track" switch on the Indicator 184. When the scanner passes through the 
dead-ahead position the contact ring will be in such a position that the short-
ing contact touches both spring contacts simultaneously. 8.465 in the 
receiver-timing unit is then earthed through the shorting contact and the 
earthed spring contact. The suppressor of the receiver output valve is then 
carried down to develop the heading or course marker. Although the shorting 
contact has a width of only *", E4465 is earthed for a sufficiently long 
interval to discharge 0.422 in the receiver-timing unit and so carry down the 
suppressor of the receiver output valve to the requisite level to ensure a 
marker of adequate duration. As the suppressor of the receiver output valve 
is thus carried down each time the scanner goes through the dead-ahead position, 
the marker flashes up once per scanner revolution. 

612. In order that the marker may appear at the bearing of the aircraft 
course, it is necessary that the appropriate coupling occur between the 
magslip rotor and stators at the instant the scanner goes through the dead- 
ahead position. To have the heading marker appear on the 	display 
as the scanner goes through the dead-ahead position it is necessary to take the 
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usual precautions with regard to:- 

a Mounting of the mirror on the casting. 
b Contact alignment. 
c Direction of rotation of repeater motor armature. 

613. The phasing between the pazolin disc and the magslip rotor driving 
gear can be adjusted by loosening the 3 bolts securing these two items to 
the magalip rotor. The paxolin disc can then be rotated relative to the 
driving gear to obtain the heading marker at the correct time. 

614. For the development of a track marker the same contact ring, shorting 
contact, and earthed spring contact are employed. An extra moveable spring 
contact is added which we shall call the track marker contact. This track 
marker contact is returned to the "Track" side of the switch on the Indicator 
184. The contact is mounted above the fibre gear wheel to which the contact 
ring is mounted above the fibre gear wheel to which the contact ring is 
attached. It is swivelled on a bearing whose centre coincides with that of 
the gear wheel and contact ring. The contact has an arm extending back from 
this bearing. This arm engages a slotted bush. The bush, in turn, tracks 
up and down a worm driving rod. This rod is geared to the track repeater 
motor which is operated by the transmitter in the control unit Type 468 from 
the flexible drive from the Mk414 bombsight. As the drift is set on the 
bombsight, the flexible drive operates the transmitter in control unit Type 466. 
The track motor armature is displaced accordingly and moves the worm driving 
rod to rotate the track marker contact about its bearing. At some point in 
the scanner's rotation the shorting contact will connect the track marker 
contact to the contact ring and therefore to earth through the ring and the 
earthed spring contact. At what point in the scanner's rotation this occurs 
depends entirely upon the setting of the moveable track marker contact. If 
this contact is suitably set the shorting contact will meet it at such a point 
that the marker then developed will be displaced from the position of the 
course marker by the drift angle. we thus obtain a track marker instead of a 
course marker. To align this contact properly the H.C.U. and Indicator 164 
switches must be set to "Track" and the bombsight must be set for zero drift. 
By operating the setting knob on the H.C.U. the cams in that unit displace the. 
track repeater motor armature and hence the track motor contact. The contact 
then rotates around its bearing and the marker appearing on the P.P.I. will 
rotate. It can thus be adjusted to coincide with the pointer on the bearing 
ring when the latter is set to the aircraft course. The marker will now 
appear at the same position on the P.P.T. regardless of the position of the 
indicator switch. This means the track marker contact is met by the shorting 
contact at the same instant as the course marker contact. Since we have 
assumed zero drift this is what is required. When the H.C.U. switch goes into 
"Auto", the track marker repeater motor is connected to the transmitter in the 
Control Unit Type 46E. Any drift setting now made on the bombsight displaces 
the track marker contact through the drift angle. In order that the sense of 
this displacement may be correct the repeater motor must turn in the correct 
direction. The range of adjusttent available allows the shorting contact to 
meet the track marker contact 600  before or after meeting the course marker 
contact. 

615. The two M-type repeater motors are of the same type. They differ 
only from the one used in the earlier scanners in having the field connections 
brought out to terminals at the top of the motor outer casing. 

616. The track repeater motor is attached to the side of the main casting. 

617. The magslip and course repeater motors are mounted on a sub-panel 
attached to the main casting by three bolts. 

616. All cabling, with the exception of the course, track and common earth 
return contact connections runs external to the main casting. Connections are 
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made between the components concerned through a small junction box attached 
to the side of the main casting. This junction box contains:- 

One 4.way carrying the sawtooth outputs from the magalip 
stators. 
One 6-way carrying the sawtooth input to the magslip rotor 
from the W.F.G. and carrying the track or course marker 
connections back. 
One 6-way coded violet carrying the D.C. lines for the repeater 
motor fields from the H.C.U. 

619. The scanner motor supply goes directly to a 2-pin W plug mounted on the 
end of the motor casing. 

620. The mirror is bolted into a plate instead of the wedge used in earlier 
scanners. This plate is secured to the main bearing. 

621. To maintain a reasonable temperature in the cupola for the scanner 
and platform bearings, a heating unit is mounted on a bracket at the aft end 
of the platform. This unit consists of three heater elements wired in 
parallel and connected to the heater switch on the port side of the aircraft. 
The heater supply is taken direct from the aircraft D.C. supplies. 

622. A spirit level is mounted on the scanner to facilitate tha lining-up 
of the gyro. 

The Capacity Joint for the Scanner Type 63.  

623. The arrangement for holding the rotating member of the capacity joint 
has been altered from that used in the Type 3 scanner. Attached to the 
rotating member of the main bearing is a tube with en internal diameter equal 
to the external diameter of the rotating member of the capacity joint. This 
tube is approximately 8 - 9" long, extending right through the main casting 
into the lower half of the casting which can be split as before, for diamantl: 
and adjustment purposes. The and of the tube which protrudes when this love: 
half of the casting has been removed, is segmented into six tapered sections. 
A tapered looking nut screws over this end, thus holding the rotating member 
of the joint central and rigid. 
The joint is so set up as to leave 11" between the end of the segmented tube 
and the end of the joint. A gasket is fitted between the main casting and 
the removable part of the casting which holds the stationary part of the 
joint. This removeable section is held in position by three readily 
accessible bolts. An improved clamping band has been incorporated to hold 
the stationary member of the rotating joint securely. 

Summary of Main 

624.  

Items Associated with Scanner Type 71. 

Soanner Type 71 
Comprises:- 

Meg/lip 
Driving Motor 
M-Motora (2) 
Tubular feeder, Type 72 

Stabilised Platform 
Requires adaptor frame 

(a) for Halifax 
(b) for Lancaster  

100/6164 

1040/2276 
10KB/1552 
5U/2724 

10AB/6575 

10AB/6522 
for holding platform to airframe:- 

1040/6523 
10AB/6524 

624. The Type 71 scanner used a tubular feeder of the waveguide type from 
the H.F. box to the scanner. A rotating waveguida joint is used inside the 
scanner instead of the coaxial type of capacity joint. 
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626. 	Comprises in addition to the structural 
a Motor-Generator Type 74 
b Resistance Unit Type 4221 
o Suppressor Unit for MG.74 
d) Suppressor Unit & connector 

for scanner motor 
(e) Fixing bracket for tray 

that holds HF box 

627. 	Units fixed to moving platform:- 

(a Scanner Type 71 
b Gyro Control Unit Type 453 
a HF Box, TR.3555 or 3523 

628. 	Units mounted on fixed platform:- 

(a) Junction Box Type 246 
b Connector set from bulkhead panels  

assembly: - 
10EA/554 
100 /15512 
5C /1002 

oR /7540 

10AB/6579 

10AB/6454 
10141/6074 

10AB/2497 
1011 /i6060 

629. Vacuum Pump Assembly for D.I's. only comprising 

	

11 

 Pump Motor ) 

	

	 1373/2725 
Vacuum pumps 
Relief Valve 	 157J/501 

d Pipe flexible 	 ( 32C/214 
( 32C MI, 

!
Plug 	 5A/566 
Suppressor Unit 	 51/870 
Relay 	 50/723 

h 	Terminal Block 	 5W483 

630. Control unit 477 	 10LB/6102 
Provides control of scanner speed. 

631. Control Unit 468 	 10LB/6051 
Carries transmitter operated trod bombsight for automatic control 

of track marker contact in scanner. 

632. Amplifier Unit A.3562 	 1OUB/604.1 
Amplifies misalignment voltage received from gyro control unit to 

operate motor generator type 74 and drive the platform. 

633. Control Unit Type 446 	 1014/6053 
Heading control unit. 

634- 	Scanner Heating Unit 
To keep temperature in cupola from falling so low that scanner 

slows down and response of moving platform becomes sluggish. 

635. Junction Box Type 247 
	

100/6499 
Used only in prototype installation. 

Bulkhead Panels.  

636. Two bulkhead distribution panels are fitted to the fixed frame to 
provide greater freedom of movement and to facilitate dismantling and 
assembling. One of these, mounted at the aft end of the platform, is 
referred to as the aft bulkhead panel on the Scanner Interconnection Diagram. 
The other bulkhead panel is mounted on the port aide at the front of the 
fixed platform. This one is termed the port bulkhead panel on the 
Interconnection Diagram. 
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637. The aft bulkhead panel splits the following cables to the 11.2.S. 
transmitter unit:- 

12-way from the JB.231 to the H.2.5 transmitter. 
The 4-way from the tuning unit Type 4i4. 

o The uniplug pulse lead from the modulator Type 64 to the 
H.2.S. transmitter. 

(d) The Pye green signal lead from the H.2.S. transmitter to the 
receiver. 

(0) The vacuum line for the gyro control unit. 

638. The port bulkhead panel carries the JB. 246; it also splits the 
following leads going to the scanner:- 

6-way violet from H.C.U. to scanner. 
6-way plain from W.F.G. to scanner. 
4-way sawtooth output from meg-slip stators to JB.222. 
6-way from control unit Type 477; Pin 1 goes to Pin 1 and 

Pin 4 to Pin 2 of a small 2-away which takes 24V. to 
the scanner motor. 

639. The 12-way from the aft bulkhead panel to the H.2.3 transmitter is of 
a special type. All leads are crossed in the cable. This is necessary as 
both leads are detachable from the bulkhead panel. 

Provision for Fitting Scanners Type 63 or 71 Without Stabilised Platform.  

640. If scanners Type 63 or 71 are installed without the stabilised 
platform mounting frames will be required:- 

In Lancaster 	 10A8/6577 
In Halifax 	 10AS/6578 

641. The only significant differences in the tabulation of items if the 
scanner Type 63 is considered instead of the Type 71 are as follows:- 

Nb
For scanner Type 71 we have Type 63 	 10A816343 
The scanner uses:-

(i) Internal H.P. feeder, Type 1859 	108/6598 
(ii) External H.P. feeder, Type 4770 	108A/128 

Md
Fixing bracket for T2R tray 	 100/6578 
Connector act from bulkhead panels 	 10H /16059 

General Installation Points.  

Gyro Control Unit.  

This is a very delicate instrument. When handled or transported, 
care must be taken to ensure that the looking screw is in 
position. 
On installation check that the oardboard cover over thp air 
intake gauze filter is removed. 
Ensure that the blanking-off screws for alternative outlets are 
in position and secure. 
Check that the small screw which replaces the locking screw is 
in position and secure. 
Check that the clamping screws are holding the unit firmly. 
Check that the rubber mounting is all right. 
Check that the intake filter on the Gyro is of the fabric 
type and not the papier macho- type. 

642. (a) 

(b) 

(0) 

(d) 

is 
643. The gyro takes at leant 2 minutes to build up and settle down to a 

steady speed. 

644. The vacuum at the Gyro must be between 3" to 5" as indioated on a 
suction meter, Stores Ref. 6A/757. To check this the suction meter will 
have to be connected into the Gyro by means of a flexible pipe and a special 
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union to fit into one of the blanking off screw points at the rear of the gyro. 

645. As the gyro in the aircraft installation is supplied by one of the 
engine-driven pumps, this cannot be checked on D.I. The vacuum line in the 
aircraft will have a permanent suction meter installed. Should there be a 
leak in a pipe block or the line to the gyro, this will be indicated on the 
permanent meter. The instrument people will be responsible for maintaining 
the vacuum to the gyro. 

646! To facilitate D.I., a change over valve and an intake point for an 
external pump will be fitted to the aircraft skin at a point of easy access. 
The vacuum line from the portable vacuum pump will have to be connected to 
this point and the atop tap turned to the external position. It is suggested 
that a auction meter be fitted permanently in the portable vacuum line supply 
at some point so that it can readily be checked that the gyro supply is within 
the required limits. With the regulating valve in the vacuum circuit using 
a flexible 20 ft. hose no difficulty should be experienced in maintaining the 
suction of 4". The following figures are quoted for general guidance for the 
vacuum pump assembly:- 

(a) Suction obtained on a closed circuit without the regulating valve 
in, 20" 

(b) Suction obtained with 1 gyro in circuit without the regulating 
valve in, 9". 

(a) Suction obtained with 1 gyro at the end of 20' line with regulating 
valve in and measured at the gyro end, 4". 

(d) Amount of variation by adjusting the regulating valve 
Adjustment was approximately i" of suction. 

647. Gyro servicing will be the responsibility of the instrument section. 

Course and Track Repeater Motors.  

648. On initial installation in aircraft these repeater motors will have 
to be checked for correct direction. The heading marker can be checked 
against a D.R. compass repeater card with the aid of the V.S.C. Should the 
heading marker move the wrong way a cure can be effected by changing  over two 
of the course repeater motor field leads on the terminal strip on top of the 
repeater motor on the scanner. Access to this terminal strip can be obtained 
by loosening the "Jubilee" clip and removing the top cover on the repeater 
motor. On initial fitting all units involved should be checked for correct 
wiring and suitably modified if the wiring is incorrect. It is only in this 
way the operational difficulties can be avoided. Changing over the repeater 
motor leads to clear another fault should only be a temporary expedient. 
6 
649. Checking the track repeater motor can only be done in the air. The 
angle of port or starboard drift indicated by the track marker, i.e. difference 
between track and heading markers, can be checked against the calibrated scale 
on the bombsight. Should the direction of rotation be wrong, change over in 
the same manner as outlined for the course repeater motor, as a temporary 
measure if no time is available to correct the wiring. The wiring should be 
standardised on fitting, and at the earliest opportunity after difficulty is 
encountered due to the subsequent inclusion of units with non-standard wiring. 

Motor-Generator Type 74. 

650. On installation the motor may drive in the wrong direction or the 
feedback voltage fran the generator may be positive instead of negative. 
All leads of the M.G. are colour-coded as shown in the insert on the Scanner 
Interconnection Diagram, fig. ill 

651. The following information was obtained by carrying out tests and should 
hold good provided that manufacturers maintain the same internal wiring. 

Motor Field Motor Ana Generator Field. Generator Ism. 	Motion viewed 
Brown White Red Black Green Yellow Black Red 	looking at gener-

ator are of MG. 74 
Bquiveto standing 
aft of platform. 

v30R 
	 + 	- 	Clockwise 

V4 ON 
	

Anticlockwise. 
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652. The platform moves the opposite way to the MG.74 rotation. If the 
aircraft banks to port the misalignment voltage is positive and when it banks 
to starboard, the voltage is negative. 

The Platform Aasetably. 

653. (a) The platform assembly is attached to an adaptor frame with 6 
bolts. The adaptor frame is bolted to the airframe. 

(b) Care must be exercised in transporting as rough usage will 
result in broken rivets. A stop is provided to keep the 
moving platform rigid during transportation. 

Subberliountings.  

654. All the rubber mountings require checking on installation and 
inspections. 

Asseabli • and Dismantli•_. 

655. The easiest method of assembly is to mount the scanner on the platform 
in the aircraft and then bolt the platform to the adaptor frame. The scanner 
must be mounted on the platform before bolting the platform to the adaptor 
frame. If the scanner requires ciunging, the platform must first be released 
from the adaptor frame. 

D.Z.Procedure.  

General Points. 

656. A mactrau pump assembly will be required to carry out D.I's. to supply 
the gyro control unit. A D.C. supply of 24 V. at approximately 12 amps. will 
be required to drive the motor. Owing to the heavy starting current this 
supply will have to be fused with a 40 amp. rating fuse. A suitable length of 
flexible piping will be required to convey the vacuun line to the intake point 
on the aircraft skim. A suction meter should be tapped in at some point, 
preferably at the end of the flexible pipe, to check that the suction is between 
3 and 5w, 

657. This D.I. should be carried out after the normal 11.2.S. D.I. This gives 
the amplifier unit time to settle down. 

D.I. Routine.  

658. After doing the normal 86268. D. 	switch on the vacuun pump and give the 
gyro two minutes to settle down. Then remove the 2-pin red from the 33.246. ' 
This removes the armature supply from the MC.74. 

659. Insert a jack connected to a voltmeter, set to at least 250V. range. 
Press the earthing switch. The reading obtained may be either + or 	Adjust 
the "balance• preset tram zero volts. A fine adjustment can be obtained by 
decreasing the voltmeter range. Remove the jack lead. 

660. Set the moving platform level by observing the spirit level. Switch 
on the scanner at the switch unit. 

661. Replace the 2-pin red at the 38.246 and note if the platform moves. 
Movement may be caused by misalignment of gyro. If movement occurs the gyro 
will have to be re-aligned. This can be achieved by loosening the 4. bolts 
securing the gyro. Small variations in either direction can then be achieved 
on the elongated fixing holes. 

662. Remove the 2-pinred again and push the platform over to the 30P end 
stop limit in one direction. Replace the 2-pin red and check that the platform 
immediately returns to the level position. Repeat the procedure with the 
platform pushed to the opposite end stop. 

663. Remove the 2-pin red to the .111.246 and offset the platform 19 as near 



as can be estimated. Replace the 2-pin red and check that the platform 
levels immediately. Repeat this check in the opposite direction. 

664. With everything working force the platform over first in one direction 
and then in the other against the motor driving force and check that the clutch 
slips immediately. 

665. Remove the external vacuum supply and turn the valve to the internal 
position. 

666. Check all cables are secure and do not foul at any point during platform 
movement. 
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Function of Fishpond.  

667. The function of Fishpond is to provide aircrew with a visual indication on 
a P.P.Z. display of aircraft within a range of 4 - 5 miles. The equipment 
involved is an indicator 182 or 182A, a junction box, type 222, and the necessary 
cables to link these two items into the 5.2.5. installation. The Fishpond 
indications are derived fran reflections by adjacent aircraft of the aircraft's 
11.2.5. transmission. The normal 11.2.8. equipment converts these aircraft 
reflections into signals which are used to intensity-modulate the Fishpond P.P.I. 

668. If we imagine a hemisphere with the Fishpond aircraft at its centre rend 
radius equal to the aircraft height, we have the region within which another 
aircraft should be detected down to a minimum range of 400 - 600 yards. 

669. A detected aircraft will give an indication on the Fishpond display in 
the form of an arc. When a push button on the front panel is pressed marker 
rings appear on the display to indicate ranges of 0, 1, 2, 3, 4 and perhaps 5 
miles. The position of an aircraft relative to the marker rings will give 
the range. The position relative to the heading marker, which appears on the 
Fishpond display as well as on the Saab P.P. L display will give an approximate 
idea of bearing. Elevation cannot be displayed but some idea of the elevation 
may be obtained by putting the Fishpond aircraft into a steep bank and noting 
the movement of the indication relative to the heading marker. By observing 
whether or not the indication alters its course so as to follow the Fishpond 
aircraft when evasive action is taken, a detected aircraft can be identified as 
hostile or friendly. 

Outline of Fishpond. 

670. The sawtooth outputs from the nagslip are applied to two cathode-coupled 
amplifier stages somewhat similar to the stages used to develop the indicator 
184. thnebase. The gain of these amplifiers is automatically adjusted as the 
setting of the scan-marker switch is varied to develop a display on which the 
distance Pr= centre to circunference always represents about 5 miles regardless 
of the velocity of the input sawtooth from the magslip. The reflections of the 
H.2.S. pulses Iran aircraft appear as positive-going pulses in the mixed output 
at the black Pye plug on the W.F.G. 	A double output at this plug makes it 
possible to feed this mixed output, including the bright-up square wave, to both 
the video amplifier in the indicator 184 and a similar signal amplifier stage in 
the Fishpond indicator. As the Fishpond scan only covers a range of up to about 
5 miles, the only indications for aircraft at operational heights of 33 - 43 miles 
will be echoes from other aircraft and a ground return ring around the edge of the 
display. The radius of this ground return ring will be equal to the aircraft 
height. Indications from aircraft at ranges greater than the aircraft height 
will tend to be lost in the ground return ring. The useful maximum range of 
Fishpond will then be governed by the height at which the aircraft flies. 

671. Since the signal input to Fishpond is the same as that applied to the 
H.2.8. indicator, it includes the heading marker which moves around the Fishpond 
display as the aircraft alters course just as on the H.2.A. display. The 
Fishpond operator must be able to visualise immediately the approximate bearing 
of a detected aircraft relative to his own aircraft from the position of the 
indication aro relative to the heading marker, regardless of the position of the 
heading marker on the display. 

672. Included in the Fishpond unit is a calibrator circuit which the operator 
can bring into operation by pressing the push-button switch on the front of the 
Fishpond panel. When this button is pressed the 20 microsecond pulse from one 
of the violet Pye plugs on the modulator is used to trigger on its back edge a 
circuit which rings at a frequency of 93 Kg/e. The positive peaks then occur at 



intervals of 10.75 microseconds which represent the echo time for a target at 
L mile range. The positive peaks are converted into rather wide negative 
pips which are applied to the Fishpond P.P.I. cathode to produce marker ring 
en the display at intervals of 0, 1, 2, 3, 4 and 5 miles. Fran the poaitio 
of an aircraft indication relative to these rings the operator can instantly 
see the approximate range. 

Diagrams. 

673. (a) Circuit details of the Fishpond indicator, tApe 1824, are shown 
in fig.116. (Differences between the indicator 182 and 182g. 
are tabulated in pare.699). 
Caaponent leyouts are given in fig.117 
Waveforms are displayed in fig.119 
The relation of Fishpond and its junction bar to the complete 
installation is shown in figs.15 and 14. 

(e) The junction box and the supply channels are shown on the 

Fishpond Circuit 
interconnection diagrams, fige.210 and 212. 

674. The Fishpond timebase is developed from the magslip output by the two 
cathode-coupled paraphase amplifiers, V.1, V.2 and V.3, V.4 in fig. 116. 
Reference to the circuit diagram will show the following points which we shall 
use in our discussion:- 

(a) The amplifier circuits are symmetrical but provision is made 
for varying the D.C. level of V.2 grid relative to that of 
V.1 with 2.80, and for varying the potential of V.4 grid with 
regard to that of V.3 with 8.79. 

(b) The cathodes of each amplifier pair are strapped through preset 
potmxttaaeters. Three are available in each stage. As the scan-
marker switch is set for the different scans, these presets are 
switched by relays operating in synchronism with the relays in the 
W.F.G. which switch the master multivibrator and sawtooth switching 
valve components. 

(c) The inputs to the two pairs are the outputs of the two magslip 
stators. The output of one stator is applied to the grids of 
V.1 and V.2 from pins 4 and 1 of the 4-way fran the junction. box 
222. The output of the other stater is applied to the grids of 
V.3 and V.4.from pins 1 and 3 of the same 4-way. As the input 
pins are tied to earth through the leaks R.8, R.15, 8.18 and R.28, 
the stators are effectively centre-tapped so the grids of each 
pair will always swing in antiphase to develop a push-pull output. 
One such push-pull output is A.C. coupled to the Xplateigind the 
other to the I-plates. Since the magslip stator outputs ire 
always 900  out of phase these push-pull outputs are also 90° out 
of phase. Since we have push-pull outputs across the X and I"-
plates which rise and fall 900  out of phase as the scanner turns, 
we will obtain a rotating timebase as in 11.2.8. 

(d) One X and one Y-plate are returned to a fixed positive potential 
at the junction of R.46 and R.47 between +500V. and earth. The 
other plates in each pair are returned to a potential variable by 
the presets R.58 and 2.40. These presets can then serve as shift 
controls. 

675. The Fishpond Markers are developed by V.6 and V.7. When the push-
button switch, S.1, on the Fishpond panel is depressed the 20 microsecond 
pulse from the modulator makes the 93 PA tuned circuit in V.6 anode ring on 
its back edge. These rings back-bias V.7 with grid current so only carry 
V.7 into conduction on the peaks, Negative pips at 10.7 microseconds 
intervals, with the first occurring on the back edge of the 20 microsecond 
pulse, are applied to the 	cathode via C. 	These pips will appear on 
each timebase sweep to produce circular marker rings. How many will appear 
on the display depends on how long it takes the C.R.T. spot to travel across 
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the screen. If the velocity is correct, there will be 4, 5 - 6 pips to 
provide 0, 1, 2, 3, 4, and 5 mile range markers on each scan. 

676. 1705 is the Fishpond signal amplifier. The input of phe black Pyy 
'Aug is applied to V.5 cathode through 0.8 grid and reappears at V.5 anode and 
the P.P.I. grid as a positive-going signal. R.32 provides a measure of gain 
control. The input is the same as that applied to the video amplifier in the 
indicator 184 so includes an amount of bright-up waveform which depends on the 
setting of the contrast control. 

The Fishpond Timebase Control Requirements.  

677. The sawtooth inputs to the amplifier pairs will be of approximately 
constant amplitudes of the order 20 - 25V. The working strokes will be 240, 
720 and 1200 microseconds respectively when the scan-marker switch is set for 10, 
20 and 40 mile 	H.2.S. scans. We want the Fishpond scan to sweep from 
centre to circumference in about 5 x 10.7 or 53.5 microseconds regardless of 
the setting of the scan-marker switch. Since the transmitter fires at about 
the centre of the master sawtooth, this 53.5 microseconds must correspond to the 
first part of the second half of the master sawtooth. As we have no phantastron 
triggering arrangement to start the scan from the tube centre we must use a 
diametral scan on Fishpond which will carry the spot across the screen in around 
107 microseconds on each scan. When the input sawtooth is at the midpoint 
Fishpond scan must be at the tube centre. The Fishpond sawtooth must, however 
have a sufficiently great velocity to carry the scan completely across the tube 
face in about 107 microseconds. It must therefore start some time after the 
input starts and terminate before it ends. This is equivalent to saying that 
we are merely taking the central section of the input sawtooth on the grid and 
amplifying it up to the required amplitude. In the case of the 10 mile scan 
the input has a working stroke of 240 microseconds and, say, a 25V. amplitude. 
If we take out the central 107 microseconds this represents a useful grid swing 
of 43 x 25 or about 11 volts. If we consider the next scan with a working 

stroke of 720 microseconds, the central 107 microseconds represents a useful 
21.91 grid swing of 	x 25 or about 3.5 volts. For the slowest scan, with a 720 

working stroke of 1200microsemonds„ the useful grid swing must be Agx 25 

or about 2.25 volts. In each case these useful swings must give the sane 
amplitude at the erodes Since we are developing a push-pull output this 
will have to be half the voltage required for a deflection across the tube face. 
With useful swings at the grids of about 11, 3.5 and 2.25 volts and equal 
amplitude outputs, we must have gains in the ratio of 10:5 for the different 
sawtooth inputs. Furthermore these changes in gain must be brought about 
automatically as the scam-marker switch is changed. To meet this requirenent 
we have the three negative feedback control preset potentiometers strapping 
the cathodes of each amplifier pair. These presets are switched as the 
setting of the scam-marker is varied. They can be preset individually to 
provide the correct gains. 

678. Since the timebase amplitude is the vector sum of the instantaneous 
amplitudes across the X and 1-  plates, the amplitude can remain constant around 
the tube face only if the maxim= X nd y amplitudes are effectively equal, 
i.e., cause the same displacement of the electron beam. The actual amplitudes 
will not be quite equal as the deflection sensitivities of the two pairs of 
plates are slightly different. This means that a constant amplitude scan 
around the tube face calls for suitable balancing of the push-pull outputs 
of the two amplifier pairs. This requirement can be fulfilled by suitably 
adjusting the cathode presets in each amplifier pair on each scan. If the 
display shows the 0, 1, 2, 3, 4 and 5 mile marker rings, the gains of the 
amplifier pairs must be approximately correct. If the markers are not 
circular, the push-pull amplitudes are not correctly balanced. It is then 
necessary to make adjustments to the appropriate pair of presets until the 
individual amplitudes are both correct and balanced as indicated by the 
presence of the correct number of markers with a circular shape. 
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679. So far we have assumed that we have perfect push-pull outputs from 
each amplifier pair. If this condition is fulfilled the voltage across each 
pair of deflectirg plates will be balanced about the tube centre and the 
timabase will then revolve about the tube centre. If, however, the two 
valves in either pair develop unequal amplitudes, the deflecting voltage across 
the pair of plates will not be balanced about the tube centre but about some 
other point. The scan wall, then, not rotate about the tube centre and may 
result in odd marker shapes depending on the degree of unbalance, whether 
present in both pairs, and whether combined with unbalanced overall amplitudes 
from the two pairs. We thus have the further requirement of a means of 
balancing the output amplitudes from the two valves in each amplifier pair. 
This requirement is met in the indicator 182A by the incorporation of the 
presets R79 and Rao. These controls vary the grid potential, and hence the 
gain, of one valve in the pair relative to the gain of its mate. In the 
indicator 182 valve matching is the only answer to this problem. 

680. We have assumed that if we have balanced the outputs from the two 
valves in each pair the scan will revolve about the tube centre. This assumption 
presupposes that the O.R.T. spot is centred when there is no sawtooth input. 
This may not be the case if any deformation is present in the electrode 
structure. We have then a further requirement for shift controls to centre 
the e.R.T. spot when there is no input. This requirement is met by the 
inclusion of the shift controls R*38 and R.40. In practice it is perhaps 
more satisfactory to apply the sawtooth input and turn the scanner until, say, 
a vertical scan appears. If it does not pass through the tube centre, the 
H shift can be adjusted to bring it through the centre. Hy turning the 
scanner until a horizontal scan is obtained the shift can be set up  in the 
same way. 

681. The focus and brilliance controls*  R.49 and R.52 perform their normal 
functions. 

Fishpond Bright-Up Requirements. 

682. While we want a scan that maintains a constant range coverage of 
about 5 miles regardless of the scan in use on the E. 	displays, we do not 
want the actual scan to show. We want only the target indications which are 
applied as positive pulses to the F.B.I. grid to cause brightening up of the 
Fishpond display. These indications can only appear after the transmitter 
fires which mill be when the Fishpond scan is about a j"  beyond the tube centre 
on the 50 mile scan. The 10 mile and 30 mile zeros can be used to adjust the 
transmitter timing to make the transmitter fire at about the same point on 
the other scans 	This means that we have a useful radial scan which begins 
about i" from the tube centre and extends to the tube circumference. Our 
scanning sawtooth carries the C.R.T. spot through the centre along a tube 
diameter on the working stroke and the flyback carries it back again. It 
becomes necessary then to have a bright-pp waveform which will permit signals 
to brighten Igo only the portion of the scan between about 	from the bibs 
centre and the tube circumference. The flyback and the first half of the 
sweep must be prevented from breaking through by feeding to Fishpond the out-
put from the black Pye plug on the receiver-timing unit which has the target 
indications and markers superimposed on the LNG bright-up waveform. It 
the switch unit and W.F.C. bright-up controls are adjusted to start the Fish• 
pond bright-up about i" from the tube centre on all scans, and the contrast 
control is set to pass en adequate bright-up waveform to Fishpond, the time-
base bright-up requirements can be fulfilled. 

683. The control, 11.32, enables the Fishpond operator to have a measure of 
control over the gain of his signal amplifier as arranged at present. 

684. The Fishpond brilliance and gain controls are variable controls on the 
Fishpond panel. The focus control is a preset on the panel. The balance _ 
potentiometers, shifts, and cathode presets are mounted inside the units. 
The marker push-button switch also appears on the panel. The position of 
all these controls is shown on the layout diagrams in fig. in. 



How the Fishpond Controls are Set Up to Fulfil their Functions 

Focus 

685. With H.2.S. contrast well anti-clockwise to prevent any bright-up being 
passed by V.508, turn up Fishpond brilliance until a diametral scan 	appears 
and adjust the Fishpond focus to give the sharpest possible scan. 

H-Shift (R.40) and.r-Shift (R.38).  

686. Note bearing of heading marker on the &ZS. and Fishpond 	Is. 
It they do not correspond, rotate the Fishpond tube in its base to obtain 
correspondence. Set the scanner for a vertical scan on Fishpond. If it does 
not pass through the centre, adjust the H-shift. Set scanner for a horizontal 
scan. If it does not pass through the centre use the 17-shift to make the 
necessary adjustments. 

The Balance Presets, R.79 and RA80. 

687. These controls must be adjusted to get the scan rotating about the tube 
centre. This is done by setting the scan-marker switch to the 100/40 position 
and setting the scanner in motion. If unbalance is present the Fishpond scan 
rotates about a sloppy bearing. If the swing of the inner end of the scan is 
elliptical, the major axis of the ellipse is across the most badly unbalanced 
pair. If the swing  is circular, the uahalpnce is approximately equal in the two 
pairs. The balance presets must be adjusted to get a scan rotating about the 
centre. 	The shift adjustments must have been made first. If the range of 
adjustment on the balance presets is inadequate, a fault should be suspected 
in the values of the anode or cathode loads, or in the valve emissions. In the 
case of the indicator 182, valve matching is necessary as the balance presets 
are not incorporated in the set. Perfect ).marring may not be obtainable on 
the 50 mile scan because of the high gain, but the balance should be good enough 
to keep the scan centre reasonably stationary on the 30 mile input and quite 
stable on the 10 mile input. 

688. The cathode presets control the gain and thus effectively become range 
controls and so determine how many markers can appear on the display. The 
relative gain of the two amplifiers determines whether or not the markers are 
circular. 

689. The B.2.8. contrast control determines how much bright-up square wave 
reaches Fishpond. 

690. The W.F.G. and switch unit bright-up controls determine at which point 
on the sawtooth, and hence at what point on the Fishpond scan, the bright-up 
waveform cannon. 

691. The Fishpond zero marker always forms on the back edge of the 20 micro-
second pulse. Where this occurs on the sawtooth is fixed on the 50 mug* input. 
It will be about 4.11  from the centre on a normal Fishpond scan. As the 20 
microsecond pulse moves on the sawtooth with the 30 mile zero on the 30 mile 
input to Fishpond, and with the 10 mile zero on the 10 mile input, these controls 
can be used to make the zero marker ovate up at about the same distance fram the 
tube centre when the three scans have the same range coverage. What we then 
wish to achieve with these controls is the followings- 

(a) Contrast - Set to pass enough bright-up so that only indications 
and Fishpond markers brighten up the display and the full scan 
is actually blacked out. 

(b) ight-up Controls - Set to start the bright-up about a half-
from the tube centre on all scams when they have the 

correct range coverage. The requirement is actually that the 
bright-up commences early enough on the 50 mile scan to brighten 
up the zeromarkerand that the starting point remains sensibly 
constant on the three scans. 

(0)(1)30 Nile Zero - Set to bring the zero marker pp about 	from 
the centre for the 30 mile input, i.e., at about the same point 



(ii) 10 Mile Zero - To bring the zero marker up about in 
from the centre for the 10 mile input. 

These adjustments ensure that the display remains sensibly 
constant as scans are changed on B.2.S. 

(d) The Wage presets. Set to fulfil the two conditions:- 
(i) The correct range coverage of about 4,5 miles on each 

scan. This is indicated by the nuMber of marker rings 
appearing. 

(ii) Circular markers. This involves correct adjustment of 
the relative output amplitudes of the two amplifier pairs. 

6926 The setting up sequence for these controls can be best carried out 
in the following steps:- 

B62.S. Contrast.  

(a) Set B62.S. gain, brilliance and contrast fully anticlockwise. 
(b) Bring brilliance clockwise to show B62.S. flyback scan and 

then turn back about 4 notches from the point where the scan 
and flyback fade out. 

(o) Bring contrast clockwise until radial B62.S. scan appears, 
then turn back one notch beyond.point where the scan fades 
out. Setting the brilliance back 4 notches from the fade-out 
point in (b) is to ensure thatadequate bright-up is passed to 
Fishpond when the contrast is set as in (c). 

Bright-DV Controls and Range Controls. 

Set Fishpond gain at maximum. 
Set scan-marker switch to 100/40 position to get 50 mile 
sawtooth input. 
Turn Fishpond brilliance up until radial scanilsti. appears. 
Set scanner to make radial scan horizontal. 
Press marker push-button and note where innermost marker dot 
appears on the radial scan. 
Check whether or not this innermost marker is the zero marker 
by advancing Fishpond brilliance and noting whether any 
additional marker dots appear. If the bright-up adjustment 
is correct, the first dot will appear at the beginning of the 
radial scan since this represents the beginning of the bright-
up pulse. 
If this is not the case, adjust the switch unit bright-up 
control until the zero marker dot coincides with the inner 
edge of the radial scan. In some cases it may not be possible 
to regard the bright-up sufficiently to prevent it commencing 
early. If this is the case, no harm is done so long as the 
bright-up does not comuence early enough to allow the spurious 
pulse at the beginning of the 20 microsecond pulse to break 
through and produce a spurious marker inside the zero marker 
dot. This can be checked on all scans by removing all 
suppression on H. 2S. and letting the transmitter pulse break 
through on Fishpond where it will cause a "splash" widening out 
the true zero marker. 

694. Select the range preset marked 50 which operates on the amplifier 
pair producing the horizontal sweep and adjust for 4, 5 and 6 marker dots on 
the scan. The zero dot should be in to in out from the tube centre. If the 
timebase sweep appears to rotate slightly as the control is adjusted it means 
that the C.R.T. is not set with the deflecting plates in the horizontal and 
vertical planes. With 4,5 and 6 dots on the scan set the scanner rotating. 
Adjust the second range preset marked 50 (working on the other amplifier pair) 
until the marker rings trace a circle. 

(a) Set scans-marker switch to 30/20 position to get a 30 mile 
sawtooth input. 

(b) Check that first marker dot obtained is the zero marker by 
noting where 0.2.S. range marker dot appears as the 11.2.B. 

693. g33 

( f ) 

(g) 



range control is set to zero or by using the suppressor breakm 
through. If necessary, adjust 30 mile zero to shift the 20 
microsecond pulse on the sawtooth to bring the zero marker dot 
up on the bright-up. 
Use one range preset labelled 30 to get if, 5 or 6 marker dots on 
the horizontal scan. Adjust the other to get 5 - 6 circular 
markers when the scanner is rotating. The zero marker should 
now be about the same distance from the centre as on the 100/40 
scan, i.e., about i" from centre. If necessary, set the 30 mile 
zero to get this result. 

Set scan-marker switch to the 10/10 position to get a 10 mile 
sawtooth input. 
Check as before the first marker dot appearing is the zero marker. 
If not, adjust the 10 mile zero to move the 20 microsecond pulse 
on the sawtooth so as to bring the zero marker on the bright-up. 
Use the range presets labelled 10 to get 4, 5 or 6 circular markers 
with the scanner rotating. The zero marker should again be the 
same distance from the tube centre as on the other scans. Should 
the bright-pp not start early enough, adjust the bright-up control 
on the W.F.C. to start the bright-up about 	from the centre. 

695. Check through the scans now that the markers are present for all 
settings of the scan-marker switch and that the zero marker appears approxi-
mately the same distance from the centre on each scan. The bright-up should 
commence on each scan at the position of the zero marker. If this condition 
is not fulfilled, alternate adjustments should be made on the bright-up 
controls using the W.F.G. control on the 10 mile input and the switch unit 
control on the 50 mile input until the condition is met. With the scanner 
rotating the zero marker should naw cut the commencement of the heading marker 
on the 10/10, 10/20, 30/20, 50/20 and 100/40 positions of the scan-marker 
switch. 

Checking Fishpond Range Calibration. 

696. It has been assumed that the ringing circuit in the anode of 1166 la 
actually producing marker pips at 1 mile (10.75 microsecond) intervals. If 
the swixh unit range scales are in statute miles a check can readily be made 
as follows:- 

(a) Set scan-marker switch to the I0/10 position and the height control 
to zero. 
Set the height control to zero. 
Adjust range control to bring 11626E6 range marker dot successively 
on each Fishpond marker dot and read the range scale. The 
readings should be approximately 0,1, 2, 3, 4. and. 5 miles. If 
any error is apparent, the inductace, L.2, can be unsealed and 
the core adjusted to give the current ringing frequency. Perfect 
correspondence cannot be expected due to the inaccuracy at the 
beginning of the height scale and the setting of the height zero 
for accuracy at operational height. 

697. A check can be made as follows with the monitor 28. Thin check does 
not depend on the switch unit scales:- 

(a) Use a Pye interceptor socket to feed the 116263. range marker 
from the reline plug on the W.F.C. to the monitor 28. 

N Set the timebase switch for a 100 microsecond timebase. 
Note the calibrated I-shift reading when the h62.S. marker 
dot is on the centre of one of the Fishpond marker dots. 
Set the range control to bring the E6268. range marker up 
on the next Fishpond marker dot and. again read the imshift. 
The difference should be 10.75 microseconds. 

698. Daily maintenance procedure for Fishpond is incorporated in the full 
D.I. procedure in Chapter 12. 

(c) 

(a) 

(e) 



2o Nuts SCAN 	 1 	 t2
A

ts
N  
4 LE 

TRicKEN•0 foliten 

	

REFREVNTS VSEcol. 	1 1  
ol lne.S. 

5
i....
AwToOTH

p 	
I I 

1  

I 	I 
I 	I 

	

TOE USEFUL SLICE THAT IS 	
I
I
r) 

 
ACROSS THE FiSilVoNO CRT 
AnAPLiotE0 To GIVE oeft.Gcnos 

ON ALL THREE RANGES. 

I 

I I 
- - --- - - - - - --_L _ 

AMPLIFICATION 
REQUIRED 
3 TIMES THAT of 
1D MILE foirnoot. 

I AMPLIFICATION 
REQuIREP —AT 
5 TIMES I OF IOMILE

-M  
PORTION. 

AMPLIFIED 

C.D.0896LI 
PRINCIPLE OF FISHPOND TIME BASE AMPLIFIERS  

1041• 

143 R41 

ita 

FIG.II8 

A 
211( 

RI, 

I 	R68 R45 C2 

R13 

• 

RI 
	

Rio 
1.5K 
	

1.5K 
R30 



C D.0896 L 

PAIR OF THE PARAPHASE AMPLIFIERS FOR THE 
TIME BASE  

COUPLING TO THE STATOR FEEDING THE GRIDS OF) 
VALVES I+ 2 ) 
ON 20 MILE POIBMON  
EGA RAMIE SWITCH 	 Hes RAwig SWITCH  

ON 40 MILE POSITION  

WAVEFORMS OF MARKERS CRCUIT VS, V7  

NASTFORIT err vs set p 
PosrtivE PART 3A0 	1 
fell? CP.Priert IVM F19:01.1  
/Noce auelOillaND TRItp..c)i  
PTERNoaws 	CAAC1TY 

V. yffia. 
CALIIIRATI011 OUTTONIMPREntli 

TIME BETWEEN PEWS 
10 7S p sets 

2AmPeo incTIO NS AT 
112-LF/a

laA
61111Y-M  

rms-urr n w MOO,  PI 
NC OF Po mat NI 6A  

PEDWATTIR  .41,L*°T°  pat MIME AIPLINOE or 
jrufral. SVON•S 8.01601,  [JO,  
1dg VM.VE  

f I  r  LARGE Ah111.111.11*  11FAATIVF 

PULLS AT AN0.*AFV7 

MAPUTO= OF 740011/11114 Am N. 
FALLS PAMPL% 

NEGAIIVE PJ-1fee AT cameos 
Brno TO 1.143.10C t4NO_ 
21•1111111_111.1011. 

FIG.I19 FIG.119 

V2 C.ATHODS1 

raGATIVe. PULIZSTAYSt• Cow 
arRn44 nothooat "reit  o 

cgrnoot or CRT  

c.a.— .a--
tZaw- 

.2ov - 

Ow 

+6 

IRS RANGE SWITCH 
9N IC MILE PosrrioN  

VI APED  

Lowman INPUT 
FROM MASSUP  

VI ANODE 

OUTPUT TO X2 R ATE 

VI CATHCOE  

V2 GRID 
AAWTOOTH INPUT 

tram SAAssuiE 

V2 ANCon  

WWI' TO XI PLATE 

N 

or - 

4 

20froac Mesta Plea  
TAM. IACCULATOR HT  

vIOLET Pr[ Ewe  

gomse PLY. AT ',MOTION 

211  cal • RSA 
pAATIN 01117eRimTbArin 

(ROTOR 

WAVEFORMS OF ONE 

IN MAOSLIP AT MAXIMUM 

FISH POND WAVE FORM& 



Differences between the Indicators 182 and 182A.  

699. The first 200 Fishpond indicators are designated as type 182 and the 
balance as 182A. 

(a) In type 182 units the 1505. grid leaks of V.1, V.2, V.3, v.if  
are taken to the junction of a 3901. and 8.2s. forming a bleeder 
between H.T. and earth. The junction is decoupled to earth by 
a 0.1 mf. condenser. 

(b) In type 182A units, the two-resistor bleeder is replaced by a 
series-parallel network. Details appear in the circuit diagram, 
fig.116. The grid leaks of V.1 and V.3 are taken to the junction 
of 8.26 and R.24. The grid leaks of V.2 and V.4 are taken to the 
sliders of 8.80 and s.79, respectively. 

Detailed Study of the Fishpond Timebase Amplifiers.  

700. So far, we have noted the following facts about the timebase amplifiers: - 

(a) The circuits are symmetricaL 
(b) The inputs are push-pull sawtooths with working strokes of 240, 

720 and 1200 microseconds and amplitudes of the order of 50V. 
(c) The presets strapping the cathodes are switched to so vary the gain 

as to get constant range coverage regardless of the input. This 
means gains in the ratio of 1:3:5 for the 240, 720 and 1200 
microsecond working strokes. 

(d) In each pair the grid potential of one valve can be varied relative 
to that of the other to get a balanced output. 

701. No attenpt has been made to explain fully how the cathode presets achieve 
the required changes in gain. 

702. To appreciate the operation of either amplifier pair, more fully, let 
us refer to fig.1186 Let us asstne that V.1 grid is swinging positive and V.2 
grid swinging negative with the sawtooth inputs applied through 0.1 and 0.2. 
The V.1 input will be balanced about the D.C. level to which V.1 grid is tied, 
i.e., about + 7V. V.2 input will be balanced about the level to which V.2 
grid is returned by 8.80. Let us assume for the moment that these levels are 
equal. The D.C. level of the cathodes is then about +9V. There is then a 
standing bias of about 2V. on the valves. If the cathode potentials remained 
stationary at this level the valves would conduct during the part of the grid 
swing that carried the grids between the cut-off and saturation levels. These 
would be the same on all scans, and the gain would be constant on all scans, so 
the output amplitude would be constant. The output velocity would, however, be 
in the same ratio as the input velocities, i.e., 1:3:5. Hence, the range 
coverages would be in this proportion. What we want to achieve is to so adjust 
the gain that while the grid swings through the central 107 microsecond portion 
of each minx the output voltage change is such as to carry the C.R.T. spot 
across the tube. 

703. As shown in pare.677, this means that the grids must move through 
about 11 volts while the spot crosses the tube diameter for a 10 mile input. 
When the 30 mile input is applied the'slope of the sawtooth is only l,/3rd 
as great so in 107 microseconds the grid can only swing through a third of 
the 11V. or around 3.5V. Similarly, on the 50 mile input the grid has time 
to swing through only one-fifth of 11 or about 2.25 volts in the 107 micro-
second sweep period. If we assume the required voltage change in the 107 
microsecond period is 125V we want to have a grid swing of about 11V producing 
an anode awing of 125V. when the 10 mile input is applied. When the 30 mile 
input is  applied we want a 3.5 volt swing to produce the same 125V:change at 
the anode. For the 50 mile input we want a 22.5V. swing to give an anode 
swing of 125V. 

704. When the sawtooth carries V.1 grid above cut-off anode current flows 
and the cathode potential tends to rise and follow the grid up. If there 
were no cathode coupling we would then have a steady cathode rise while the 



grid swings between cut-off and the saturation current level. The net input 
signal would be the difference between this cathode rise and the grid swing while 
the valve went from cut-off to saturation. There would thus be a measure of 
negative feedback which determined the actual anode potential swing while the 
grid went through the central 107 microseconds of its swing. But while one 
grid is swinging up and tending to carry its cathode up with it, the other grid 
is falling with the antiphase output from the other end of the magslip stator. 
The second cathode is then falling while the first is rising. If we now 
strapped the two cathodes directly and had perfectly symmetric circuits the fell 
at V.2 cathode would cancel the rise at V.1 cathode and the cathodes would 
remain stationary. There would then be no negative feedback and the amplifier 
would operate at masimua gain. 

705. If instead we switch a resistance of value R between the two cathodes 
only a fraction of the voltage change at either cathode will be applied to the 
other cathode. This fraction will be given by 	a where Rk is the cathode 

R Rk 
load. There is then a net cathode voltage change which provides negative 
feedback. The greater the value of R the greater will be the negative feed-
back and the lower will be the gain. By suitably adjusting R we can then make 
the push-pull voltage change at the two anodes of each amplifier pair have the 
value rewired to carry the spot across the tube in about 107 microseconds to 
give the desired range coverage of 5 miles. By having different presets for 
each input we can give R the required value for each scan. Since we need the 
highest gain on the 50 mile input R has then its minimum value. Mar the 30 
mile input it will be higher and on the 10 mile input it will be higher still. 
The difference in the amount the cathodes follow the grids on the different 
scans can be seen on the waveforms in fig. 

706. If P.80 is set to give V.2 a grid potential different from that of V.1 
the gain of V.2 will be modified. In this way the output amplitude of V.2 can 
be varied so as to be equal to that of 7.1, should slight difference in emission 
or component tolerances cause an unbalanced output and a display whose centre 
moved in a curved figure. 

707. From fig.118 it is also apparent that the D.C. level of X.1 can be 
varied relative to that of X.2 if it is necessary to apply a correcting voltage 
for amy deformation in the electrode structure. ' 

The Fishpond Marker Circuit. 

708. The following points have been made about the marker circuits- 

If the push-button switch is pressed, the tuned circuit in the 
anode of V.6 rings at 93 io/s. to produce peaks at 10.75 microsecond 
intervals. 
The positive swings bias back 7.7 grid on grid current so that it 
only conducts on the peaks. 
These peak conducting periods produce negative pips at the anode 
which are applied to the P.P.I. cathode. 

709. The marker circuit appears in fig.116. The following points should 
be noted:- 

(a) When the push-button switch is not depressed 17.6 grid is 
returned to a potential of -100V. on pin 6 of the 12-way from 
JB.222. V.6 is therefore cut-off on the grid when the button 
is free since the 407. amplitude of the positive-going 20 
microsecond pulse is not sufficient to cause conduction. 

(b) If the push-button is depressed 7.6 grid is returned to the 
junction of R.64 and R.57 which form a bleeder between 8.T. 
and earth. This bleeder then returns 17.6 grid to a potential 
of around +40V. The valve is then in saturation current and 
the tuned circuit in the anode will not ring on the leading 
edge of the 20 microsecond pulse. The pulse is differentiated 
sufficiently during the 20 microsecond period to permit the 
collapsing back edge of the pulse to make the anode tuned circuit 

(a)  

(b)  



ring heavily. The initial awing of the ring will be of the 
order of 1.30V. peak to peak. 

(o) The cathode of V.7 is bridged in at the decoupled junction 
of 8.76 and R.62 which form a bleeder between H.T. and earth. 
V.7 cathode is thus given a decoupled cathode potential of 
about +15V. This will hold V.7 cut off unless V.6 anode circuit 
is ringing. 

(d) On the high amplitude positive swings V.7 grid passes grid 
current into 0+20 which must leak away through 2661. This 
leak away through R.61 holds V.7 biassed back so that only 
the positive peaks cause conduction. These are amplified to 
form negative pips of about 15V. maximum amplitude at V.7 anode. 

(e) An output is tapped vff across R.63 and applied to the 
cathode via 0.7 and C. 21. As these pips swing the cathode 
negative they have the same effect as a positive signal on the 
grid and result in brightening up of the display. 

The B-C Switch. 

710. This switch must be set to the 0 position. Any new units should be 
checked that this adjustment has been made. The B position modifies the action 
of the 10 mile zero control in a way that is unsatisfactory for Bomber Command 
work. 

H.T. and Beater Supplies.  

711. The 80v: A.C. supply is obtained by taking cross-connections inside 
JB.222 Pram pins 6 and 8 of the 18-way to pins 1 and 2 of the 12-way coded. 
black. These pins feed the primary of the power transformer, TA+ V.8 is a 
70.71 double half-wave rectifier stage whose output.is smoothed by L.3 and 
0.22, C.23. The output should be 400 t 20v. which provides the main B.T. 
line. This is dropped by R.77 and R.78 and decoupled for Vt. 

712. Beater windings are provided on T.1 with outputs as shown on fig.116. 

13. T. Supply. 

713. The R.H.T. supply for the Fishpond P.P.I. bleeder is taken from the -4KV 
power pack in the modulator 64. A cable from the blue modulator output 
plug goes to the indicator 184. A parallel plug on the indicator 184 provides 
the output for Fishpond. 

Bias Supply. 

714. The -100V. is obtained from the metal rectifiers and applied to 18/13. 
A oross-connectionfrom pin 6 of the 12+way black to 18/13 in JB.222 picks up 
this supply for Fishpond. 

D.C. Supply for Fishpond Relays. 

715. The relays 1 and 2 in Fishpond are parallel respectively with 
ht(500) and N (501) in the W. 	The + 24V. supply fork and N relays is 
carried on pins 2 and 3 of the 12-way orange on the switch unit which passes 
to the 12-way orange on J8.222. The 12-way orange/green on the 38.22 is 
connected to the 12-way orange on the W.F.G. to complete the apply to M and 
N relays. For relay 1 in Fishpond a cross-connection is taken Pram pin 2 on 
the 12-way orange to pin 4 on the 12-way black in 38.222. For relay 2 a 
cross-connection is made from pin 3 on the 12-way orange to pin 5 on the 12-
way black. The return or 21Pb negative line to relays 1 and 2 is completed 
by taking a cross-connection inside 38.222 from the common D.C. negative line 
on 18/2 to pin 3 on the 12-way black. 



The Waveform Generator, Type 43. 

Function.  

716. It has been emphasised that unless an adequate bright-pp square wave 
is supplied to Fishpond, the flyback and diametral scan will tend to break 
through and make the display unreadable. It has also been pointed out that 
the amplitude of bright-up square wave that is passed by the W.F.G. mixer, 
W.5080spends on the setting of the contrast control. If the 162.S. operator 
sets the contrast control too far anti-clockwise, the bright-up reaching 
Fishpond will be insufficient to prevent breakthrough of the scan and flyback 
and the unit becomes useless. The waveform generator 43 is a small added unit 
which is designed to provide an independent bright-up for Fishpond and thus 
eliminate the possibility of rendering Fishpond useless by an unfavourable 
setting of the contrast control. 

Principle. 

717. When not using the W.F.G. 431 the mixed bright-up, signals, haaai eg 
or track marker and range marker are taken from the black Pye on the W.F.G. 
to provide the Fishpond signal input. When the W.F.G.43 is included in the 
installation the output from the slate Pye on the receiver-timing unit is 
split, part going to the W.F.G. 34 as before and part to the W.F.G.43. The 
20 microsecond pulse from one of the violet Pie plugs on the modulator 64 is 
used to trigger a multivibrator of the same type as the modulator multi-
vibrator. The output of this multivibrator is a 1500 microsecond square wave 
with the positive phase cementing on the back edge of the 23 microsecond 
input i.e., when the zero marker forms. The duration of the positive phase 
is filed at about 160 microseconds to provide brightening for the Fishpond 
scan The signal irput is mixed with the square wave in a stage similar to 
that used in the W.F.G. mixer, V508, and taken off from the cathode to a 
black Pye plug and thence to Fishpond. The emplitude of the bright-up square 
wave can be adjusted to a suitable level by means of a bias control on the 
mixer stage. The negative phase of the square wave serves to black out the 
flyback and first half of the diametral scan. The condenser in the input to 
the cathode of the Fishpond signal amplifier is removed to enable the Fishpond 
gain control to be used as a limiter in exactly the same way as the I62.8. 
contrast control. 

Installation and Cablin. 

Mounting 

718. The 842° x 6i" x 4" unit is suitable for mounting directly into the 
aircraft frame without the use of amounting tray. The valves, etc. are 
mounted on an anti-vibration sub-chassis. 

Power SUM, 37*  

719. The 18-way from the main junction box to the W.F.G. 34 is broken 
and the W.F.G. 43 inserted by using two 18-way plugs in parallel on the new 
unit. All eighteen pins of the added connector must be connected when 
the unit is inserted in Mark IID, Mark II0, Mark IIIB or Mark IIIA installations. 
The H.T. supply is tapped off from pin 16. The 80V. supply for the heater 
transformer is tapped from pins 7 and 8 and pin 1 provides the earth line. 

Triggering. 

723. The violet Pye plug on the W.F.G. 43 is connected to one of the 
violet Pye plugs on the modulator 64. 

Signal Input. 

721. The slate Pye socket on the receiver-timing unit is fitted with a 
T-Pye plug to provide one output for the Z.F.G.34 and one for the new 41.1P.G.43. 
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Signal and Bright-Up Output. 

722. The black Pye plug on the W.F.G. 43 is connected to the black Rye on 
Fishpond. 0.8, between the Fishpond signal amplifier cathode and the black 
Pye plug, is runnel to provide D.C. coupling between the W.F.G*43 mixer and 
the Fishpond signal amplifier. 

Circuit Detail. 

723. a The actual circuit is shown in fig.120(b) 
b The effective circuit is shown in fig.120(a) 
o Waveforms are shown in fig0122 

The Bright-Sp Multivibrator (Vast, V.2b). 

724. The double triode (CV.181) V.2, is wired up in a circuit very similar 
to that used for the modulator multivibraton V2a is normally conducting and 
V.2b is cut off by the bias developed across R.4. by V.2a cathode current. 

725. The 20 microsecond pulse is differentiated by C.1, B.1 to form positive 
and negative.going pips. V.1 cuts off the positive-going pip so we have a 
negative-going pip applied to V.2a grid on the back edge of the 20 microsecond 
pulse. As V.2a grid is carried down, the cathode current falls. This serve, 
to carry V. grid up with the rise at V. anode. 17.2b then starts to 
conduct. The effect will be to carry V.2a cathode up instantly with the 
increased voltage drop across 24• due to the cathode current taken by V.2b. 
V.2a grid also tends to rise by the amount of the voltage change across R.4 + 
2.7 when V. goes into conduction. But V.241 grid can only rise as rapidly 
as electrons can leak away from 0.2 through 2.2. Sine this time constant is 
long, the instantaneous rise of V.2a cathode cuts V.2a off until the 
exponential rise of the grid towards V.2b anode a negative-going square wave 
which commences on the back edge of the 20 microsecond pulse anyl ends after a 
time determined by the time constant of 0.2, 11.2. The amplitude is about 
100V and the duration is about 160 microseconds. This is inverted and clean* 
up in V.3a to provide the bright-up square wave. 

726. Although the Fishpond radial scan is completed in about 40 - 50 
microseconds the flyback does not =nonce for some time, and the spot merely 
sits off the edge of the screen. There is therefore no objection to having 
the bright-up square wave somewhat longer than the scanning period. 

727. Wheriyass grid has climbed exponentially to within its grid base of 
the cathode potential, V.2a goes back into conduction and the anode potential 
falls. This carries down V.2b grid and ao reduces V. 	cathode current to 
carry V.2a cathode down and further reduce the bias on V.2a. V.2a then 
conducts harder. The effect is cumulative and quickly cuts V. off and 
brings V.2a on hard until the nail negative pip arrives. 

The Squarer (v.3a).  

728. As a consequence of the component values used in the coupling between 
V. 	and V.2b, the bright-up waveform at V. anode is not flat-bottomed* 
The waveform is therefore unsuitable for immediate application to the mixer 
stage. To overcame this difficulty the output from V. a anode is applied to 
a squarer stage which is half of a second CV.181 double triode. The large 
Amplitude waveform carries V.3a into grid current and below cut-off to square 
off the waveform and produce at V.3a anode a flat-topped positive-going bright 
up square wave which is suitable for mixing with signals. The waveform 
observed will be distorted as a consequence of the S.C. coupling arrangements. 

The Buffer Cathode Follower (11.3b). 

729. To prevent the bright-up square wave from coupling beak into the 
receiver-timing unit the input from the slate Pye plug is brought into the 
mixer stage through a buffer cathode follower stage. This stage is V.3b, the 



second half of the double triode, V.3. The positive-going signal imut is 
applied to the grid. B.17 (2.2K, in the grid input of V.4. serves as the 
cathode load. Part of the bright-up voltage appears across 12.17 but cannot 
couple back to the grid and the slate Pye plug. V.3b thus provides a one-
way channel for the signal input but isolates the bright-up waveform from the 
receiver-timing unit and W.F.G.34. 

The Mixer Stage (V.5).  

730. Mixing of the bright-up waveform and the signals is done in a cathode 
follower stage very similar to V.508 in the W.F.O. 34. V.4 is a VR.91 
strapped as a triode. 0.6 provides compensation for high frequency shunting 
by stray capacity at 11.3a anode, and 0.7 for high frequency losses due to 
shunting by stray capacity at 4.3b cathode and V.4 grid. The bright-up 
square wave swings the grid of V4 through about 10 volts. By means of the 
preset, R.15, the D.C. level of V.4 grid can be varied. V.4 grid swings between 
15V. and 25V. if R.19 is fully anticlockwise and between OV. and 10V. if B.15 
is fully clockwise. Brno much of the bright-up square wave appears on V.4 
cathode will vary with the D.C. level to which V.4 grid is tied by R.15. 
Bence, by varying the setting of 11.19, the amplitude of bright-up waveform on 
the common cathodes of V.4 and the Fishpond signal amplifier can be varied. 
A further variation can be introduced with the Fishpond gain control. When 
this control is fully clockwise, the signal amplifier grid is at its highest 
value and the valve takes the maximun current through the cannon cathode load. 
The mixer cathode is then at its highest level and therefore passes the 
minimum of bright-up. As the control is taken counter-clockwise less current 
is taken and the common cathode falls so more bright-up is passed. The control 
can thus be used to increase the bright-up until superimposed signals have their 
tops cut off as discussed in paras.541 - 542. 

Setting-Up Procedure. 

Scan-marker switch to 200/40 position 
11.2.S. gain to midway position. 
Bright-up preset on W.F.G.43 (R.19)fully anticlockwise 
to hold mixer grid at lowest level and so cut bright-up 
output to minimum. 
Set Fishpond gain control (now used as a limiter) fully 
clockwise to make current passed by signal amplifier a 
maximum and thus take mixer cathode to its maximum level in 
so far as it is controlled by the Fishpond. gain control. 
Scope the waveform at the amde of the Fishpond signal 
amplifier on the monitor 28. 
Advance the w.P.0.43 preset and observe the effect on the 
waveform on the monitor. Noise will appear first, then 
the bright-up pulse increasing in amplitude. Presently 
top-cutting will start to take off the noise peaks and 
ultimately only the bright-up pulse will remain. Leave 
the control set at the point where the entire noise is just 
out off by limiting and the full bright-up pulse remains. 
Turn the Fishpond gain anticlockwise and note that the noise 
reappears and that when fully clockwise the bright-u@ and 
noise disappear completely due to cut-off on the amplifier 
grid. 
With brilliance at minimum, leave gain control at point 
where the radial scam just fades out. 
W.F.G. and switch unit bright-up controls are no longer required 
for Fishpond and should now be set fully anti-clockwise. 
The range presets must be set to give 5-6 circular markers 
on each scan and the 10 mile and 30 mile zeros set up to give 
a zero marker of about an inch diameter on the 10 mile and 
30 mile sawtooth inputs. 

731. 
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The Filter Unit Type 173. 

Function. 

732. This unit was designed to reduce the "splash" coming through on the 
Fishpond display after the conclusion of the main transmitter pulse. This 
"splash" varies in duration fran set to set. If the suppression control on 
the receiver-timing unit is set to cut out this "splash" the I.F. amplifier is 
insensitive for the corresponding period and no signals can possibly get through 
to Fishpond. The Fishpond minimum range then is very poor depending on how 
long the receiver is suppressed after the primary pulse ends. an improved v 
version known as the filter unit 189 may supersede the type 173 units. 

Principle. 

733. If the suppression control is set to just cover the primary pulse, 
the Fishpond signals and the "splash" will get through to Fishpond. The 
minimum range will then be determined by the range at which the intensity of 
signals will exceed the intensity of the "splash". Obviously, anything that 
will reduce the "splash" intensity without reducing the signal intensity will 
then improve the minim= range. The filter unit which is inserted in the 
pulse lead from the modulator to the transmitter unit contains a low-pass 
filter which is resigned to pass all frequencies up to around 52Mc/s but 
sharply aftertaste higher frequencies. This is intended to pass sufficient 
of the pulse components to obtain a satisfactory modulating pulse but to 
reject the higher frequency components which tend to cause ringing and 
standing waves on the pulse cable. Difficulties may arise from pulse cable 
radiation and pick-up on the head amplifier and I.F. strip. By attenuating 
the frequencies above 5i W.& it is possible to reduce the mount of pick-up 
of this nature which gets through the receiver and hence to minimise the 
"splash" intensity. In addition to pick-op of this nature, there is also the 
problem of secondary pulsing of the magnetron with the resultant development of 
mixed frequencies in the an. band which pass through the mixer to the head 
amplifier and thence to the receiver and, the display. Reduction of the ringing 
of the modulating line and the pulse cable by virtue of the attenuation of the 
high frequency components should also reduce this factor. 

Installation. 

734. The filter unit is inserted in the pulse cable between the modulator and 
the transmitter unit, at the Modulator e&. 

petting-Up  
735. The filter cannotpessibly± have any effect unless the suppression 
adjusted to just cover the primary transmitter pulse, i.e., one notohbeyond. 
the point where the whole breakthrough appears. 

736e In order to get the maximun maltreat between "splash" and signals 
just stronger than "splash" the minimun of brilliance must be used. 

circuit. 

737. The filter circuit is shown in fig.121. 
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CHAPTER 11 - MST EQUIPMENT. 

Monitor Type 28. 

738. r) The panel and chassis layouts are shown in figs. 123 - 125. 
b The circuit is shown in fig.126. 
c Waveforms are shown in figs.127 and 128. 

Uses. 

739. The monitor 28 finds widespread use in the servicing of 112.S. 
equipment. It can be used for the following purposes:- 

(a) Examination of waveforms. 
(b) Measurement of voltage amplitudes of waveforms by MAGUS 

of a calibrated I-shift and built-in voltmeter. 
(c) Measurements of duration of waveforms with the calibrated 

X-shift or with the aid of the crystal-controlled calibrator. 
T.S. 202. 

(d) Checking height and range marker calibration with the aid of 
T.S. 202 
Determining approximate p.flf.le. 

f Determining D.C. levels of waveforms with the aid of a suitable 
switching and meter arrangement. 

(g) Measurement of Lucero transmitter power. 

Panel Layout.  

740. Details of the Monitor 28 panel are shown in fig.123. 

Power Supply - The monitor contains its own power pack which 
operates fr.m an 80%. 1000 c/a input via the 2-pin I-plug. 
The single-way W-plug provides a -211W. output frail the monitor 
power pack. This output has no present application in B.2.3. 
maintenance. 
Focus Control - Appears as a knob labelled "Focus". 
Brilliance Control - Appears at a knob labelled "Bias". 
Signal Input - (i) Signals may be applied at the black screw 

terminal or at the Pye plug labelled "Input". 
The latter was not provided on earlier models. 

(ii) A separate Pye input labelled "Int." is also 
provided. This is used to measure the 
power output of the Lucero transmitter. 

Input Switch - Signal inputs may be applied 
direct to the Y-plates 

(ii through an amplifier of calibrated gain. 
(iii to a diode detector whose rectified output is 

Applied to the Y-plates. 
Which of these options is employed is determined by the setting 
of a five position input switch. The positions indicated are:- 

I Direct - Signal applied direct to ta. 
(ii X5. X10. X2) - Signal applied through amplifier of 

gain as selected. 
(iii) Int. - This position is used when the Lucero output is 

applied to the "Int." Pye plug. The R.F. pulses are 
then applied to a peak rectifying diode whose output 
is applied direct to the Mil plate. 

Time Base Selector Switch - The monitor provides a choice of 
one free-running and four triggered timebases. The selection 
is made by means of a timebase selector switch. The positions 
are marked as follows:- 

10 - 10 microsecond timebase. 
t 	100 - 100 microsecond timebase 
c 	1000 - 1000 microsecond timebase 
d Freq. - 2000 microsecond timebase which is inomnplete 

and shows only approximately 1500 micro- 
seconds on the display. 

(e) V.A.R.- Free-running timebase of adjustable speed 

(a) 

(a) 

(f)  



(i) 

(k) 

(1) 

(m) 
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Timebase speed Control - When the timebase switch is set to the 
V.A.B. position, the length of the free-running timebase can be 
varied by-means of the control labelled "Speed" from about 5 to 
10 milliseconds. 
Timebase Sync. Control - A knob labelled "Sync." is provided 
which is used to look the scan when the free-running timebase 
is used. 
Trigger Input - When the monitor is to be used with 11.2.5. on 
one of the triggered timebases, the 20 microsecond positive-
going pulse from one of the violet Eye plugs on the modulator 
64. is applied at the Pye plug labelled "Trig." When this input 
is used to trigger the monitor the timebase p. r. f. is that of 
the modulator multivibrator. If the modulator 64 is being 
synchronised by the transmitter-timing pulse, the timebase p.r.f. 
will be that of the master multivibrator and the complete B62.8. 
installation. Any 11.2.S. waveforms will then be automatically 
locked to the monitor timebase. 
Timebase Start Control - A variable resistor in a resistance 
capacity network incorporated in the monitor permits the 
base start to be varied between 2 and 3 microseconds before the 
trailing edge of the 20 microsecond pulse, and 2 to 3 micro-
seoonds after this trailing edge. This variable control 
appears on the panel as 	Start". The range of variation 
available may vary slightly from one monitor to another. It 
will also be affected by the steepness of the back edge of the 20 
microsecond pulse. 
Earth Connection - A. brass terminal is provided for a monitor 
earthing connection to the unit under examination. 
Calibrated %Shift - The angular displacement available on the 
Xrehift is divided into 10 equal parts. Each division than 
represents a time interval equal to 1/10th of the timebase 
length, i.e., 1/10th of 10k  100, 1000 or 2000 microseconds. 
This calibration of the Mushift is provided to permit measure• 
ment of pulse widths. Since the calibrations on the knob are 
equally spaced they can only give accurate pulse width measure- 
meats if the timebase is perfectly linear, i.e., if the timebase 
velocity is constant throughout its full sweep. This is rarely 
the case so pulse width measurenents with the calibrated Xi-shift 
are subject to an error which depends on the degree of non-linearity 
present 
Calibrated Y--Shift - A voltmeter (100-o-100 volts) is connected 
into the /-shift circuit for the measurement of waveform amplitudes. 
When the signal input is being amplified the amplitude indicated on 
the meter must be divided by 5, 10 or 20 according to the amplifi-
cation in use. 

Using the monitor 28 with ,.2.S.  

COrmections. 

741. (a) The power supply can be taken from the 2-pin 801. A.C. plug on the 
B..2.5. junction box and'arplied to the 2-pin input on the monitor 
panel. 

(b) The triggering waveform is taken frmn one of the violet Pye 
plugs on the modulator 64 and applied to the Pye plug labelled 
"Trig." 

(a) The waveform to be examined is applied to either the input terminal 
or input Pye plug. 

Examination of Waveforms.  

742. The input switch should be set to "Direct" unless the amplifiers are 
needed. The tbnebase switch is set to 10, 100, 1000 or freq. to suit the 
width of the particular waveform being examined. 
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Measurement of Pulse Width. 

743. The leading edge of the waveform is lined up with the vertical engraved 
line on the parapet screen over the tube face by means of the X-shift and the 
reading of the calibrated Xrahift noted. The trailing edge is then brought 
into coincidence with the engraved line and the reading of the X-shift again 
noted. The amber of divisions in the displacement is then multiplied by the 
time value of one division on the scan in use to obtain the pulse width. For 
example: a waveform requiring 	divisions displacement on the 100 microsecond 
timebaae would have a width of 3* x 10 or 35 microseconds, Sir 1 division 
represents 210th x 100 or 10 microseconds. 

Amplitude Measurements.  

744. Use the Y-shift to bring the bottom of the waveform into coincidence 
with the horizontal engraved line on the perspex screen and note the meter 
reading. Now bring the top of the Imansfann to the horizontal line and. again 
note the meter reading. The difference between the two meter readings will 
give the amplitude of waveform applied to the I=plates. If the input switch 
is on "Direct" the amplitude thmsmeasured will be that of the input signal. 
If the switch is in one of the amplifier positions the signal amplitude is 
found by dividing the meter difference by the amplification in use. For 
Example: If readings of -20 and +35 are obtained with the input switch on x5, 
the input amplitude is 22. or 11 V. 

5 
Checking B.2.S. P.R.P. 

745. For this check the timebase switch must be set to "Freq." With this 
setting the timebase sweep commences on the back edge of the 20 microsecond 
pulse with a velocity designed to cover the tube face in2000microseconds. 
As the period is of the order of 1500 microseconds the leading edge of the next 
20 microsecond pulse will occur before the scan is completed and cuts off the 
sweep. The next scan then commences on the back edge of the following 20 
microsecond pulse. This means that the length of scan shown is what appears 
between the back edge of one 20 microsecond pulse and the beginning of the next. 
By using the X-shift the length of scan in divisions can be measured. Each 
division now represents 200 microseconds, so the approximate period is found 
by taking the member of divisions x 200 microseconds. For example: If the 
scan length is 7.7 divisions, the scan length is 7.4 x 200 = 1480 microseconds. 
To get the full period the 20 microsecond pulse width should be added. The 
p.r.f. is found by dividing the period in microseconds into 1,000,000 micro-
seconds (1 second). S. period of 1490 microseconds means a pont, of 1,000,000  

1,490 
671 c/s. How accurate any such calculation will be is again determined by 
what degree of non-linearity is present in the timebase. 

746. The use of the monitor 28 in conjunction with the TS.202 in setting up 
.the height and range markers is discussed under the T.0.202. 

747. The use of the monitor 28 in conjunction with a D.O. scope attachment 
is discussed under measurement of D.C. 

Measurement of Lacer° Transmitter Power. 

748. Connect the B.F. output plug on the T.R.3160 to the "Int." Pye plug on 
the monitor with a length of uniradio 4. This connecting cable should be 
supplied with the monitor 28 and no other type of cable should be used as it 
alone has the correct 47 ohm impedance. 

749. The monitor incorporates a diode peak voltmeter connected to a 
resistance network. This network terminates the 47 ohm feeder correctly and 
attenuates the input voltage by a ratio of 6:1. The rectified peak voltage 
may be read with the calibrated-Y-shift. The power output may then be derived 
from the formula:- 

Peak Power n (67.)2  
94 
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Pram this formula, the following table is obtained:- 

Pulse Amplitude 
in Volts. 

Peak Power 
in Watts. 

10 40 
15 85 
20 150 
25 235 
3o 340 
35 460 
40 600 
45 760 
5o 940 

750. The picture on the tube may be examined on either the 100 or 10 
microsecond timebase. In either case, the pulse shape is not a true repres-
entation of the B.F. transmitter pulse because a long time constant cathode 
circuit to the diode is necessary to ensure that true peak voltages are 
recorded. 

751. The power output measured in this way at the Pye plug on the transmitter 
sub-unit output socket should be nearly 600 watts. If measured at the aerial 
sockets 500 watts is a reasonable figure. If it is substantially less than 
these figures the fault is most likely to be in one of the following circuits:- 

{r4 
S.H.T. supply. 
Tramsnitter filament supply. 
Drive from the modulation valve in the waveform generator 
to the modulator valve. The difference between the power 
readings at the two points gives an indication of the 
efficiency of the common T.R. system. 

The Monitor 28 Circuit. 

7526 	The complete circuit is shown in fig:126 
b) Significant waveforms are shown in figs: 127 and 128. 

The Timebase. 

753. The 20 microsecond input is applied to the grid of V.1 via the long 
time constant 0.1, 8.3. The waveform is amplified and inverted at 7.1 anode. 
0.3, 8.4, 165 provide a time constant variable between 45 and 105 microseconds 
which introduces a measure of differentiation dependent on the setting of 2.4. 
This differentiated negative-going square wave is applied to the suppressor 
of V.2. 

754. 7.2 is the timebase stage arranged as a Miller circuit. The following 
circuit details are worth noting: 

(a) Anode connected to grid through:- 
(i 068 + trimmer C658 with E612 150K) for grid leak to give 10 lus.T 
(ii 	C68 + trimmer c.37 with 2613 2M0 ." 	" 	" " a 100 ° 
(iii C68 + trimmer 0.38 with E614 10g) It 	" 	" n 10  1000 " 
(iv 	C.8 • trimmer 0639 with E615 lam) m 	m 	m m m moo m 
(b) For the 1000 /us. T.B. grid leak is tapped dawn to junction of E685 

and E618 
(c) For the 2000/Us. T.B. grid leak is tapped down to junction of E.17 

and a.18. 
(d) For the free-running timebase, the screen and E.T. supply is dis-

connected from V.1 and V.2 anode is coupled to its grid through 
C67 (.03) across C68 with 11618 (270K0) + 2.19 (25016) variable 
as grid leak. R.19 provides the'timebase speed control. 

755. When the negative-going pulse from V.1 anode is applied to V.2 
suppressor the anode current cuts off on the leading edge of the 20 micro-
second pulse to produce the flyback. V.2 will then be cut off on the 
suppressor until the suppressor is again brought above cut-off. 'If 2.4 is 
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set to a sufficiently low value the differentiation of the pulse will bring 
V.2 suppressor above cut-off before the back edge of the 20 microsecond pulse 
occurs. RA4. is then the timebase start control on the panel. With R.4 
full in the timebase may start after the back edge of the 20 microsecond input 
pulse, due presumably to distortion of the pulse applied to V.2. suppressor. 
That is, the 20 microsecond pulse on V.2 suppressor must be slightly wider than 
the input pulse. When V.2 suppressor crosses cut-off the usual Miller tine-
base action occurs to give a falling sawtooth at V.2 anode. V.7 keeps V.2 
suppressor from swinging positive with the back edge of the differentiated 
waveform. 

756. The sawtooth from V.2 anode is applied to the one li-plate„ but this is 
not sufficient to give a full deflection so the paraphase amplifier, V.3, is 
used to develop an antiphase sawtooth of approximately the same amplitude. 
The coupling between V.2 and V.3 is similar in principle to that used between 
the timebase valve and paraphase amplifier in the Gee indicator. Bad cramping 
or non-linearity of the timebase at the beginning of its sweep has been 
cleared in a number of cases by replacing C15 in. V3 cathode circuit. 

757. 2.21 is the calibrated X-shift control. 

The Amplifier Circuit. 

758. V.5 and V.6 constitute the calibrated signal amplifier, and 2.2 is the 
signal input switch. V.5 and V.6 are arranged as a cathode-coupled amplifier 
similar to that used to develop the indicator 184 timebase. The cathodes are 
strapped by the preset, 2.55,  in the x20 position, 2.55 + 2.56 in the x10 and 
2.55 + 2.56 + 2.57 in the x5. The insertion of increasing resistance results 
in increased negative feedback and reduced gain. R.55 is used to initially 
set the gain to 20 for the first position of the input switch. The 
amplifier has a flat response over all frequencies up to 500 Kole. 

759. The outputs from the anodes of V.5 and V.6 are applied via 8.2 to 
the Y-plates for the x20, x10 and x5 positions of the input switch. In the 
fourth or "Direct" position, the signal input is connected straight through 
to Y.3. Y.2 is earthed through 0.23. 

760. 2.40 provides the Y-shift and the meter reads the change in shift 
voltage required to move the waveform through its own amplitude, i.e., the 
amplitude of the waveform. 

The sync. Control. 

761. When the timebase selector switch is set to the V.A.R. position, the 
problem of lociing is simplified by having a aynotwordsing signal applied to 
the timebase valve. This signal is applied via. C.34, 2.64, 2.63 and 0.4 to 
✓.2 screen. 2.64 permits variation of the amplitude applied so serves as the 
sync. control. 

The flyback Blackout Circuit. 

762. During the period that V.2 anode current is cut off on the suppressor the 
screen current rises so the screen potential falls and a negative-going square 
wave appears on the screen. Due to the differentiation of the pulse applied 
to the suppressor the screen waveform will not have a flat top. The waveform 
is therefore applied to the biassed diode, V.8, which cuts off the bottom part 
to give a square wave output which is applied to the C.R.T. grid. V.10 acts 
as a D.O. restorer which negatively restores the waveform about the level of 
the brilliance control slider. This negative-going waveform then carries the 
C.R.T. grid dawn while V.2 anode current is cut off on the suppressor, i.e., 
during the flyback period. 

S.T. Supply. 

763. 1.12 is a 5Z4G full wave rectified which providea approximately 400V. 
(120 ma.) as the S.T. supply. 

764. V.4 is an anti-jitter valve to eliminate low frequency ripply from 
the H.T. supply. 1630 is a preset used for adjusting the gain of V.4. to give 
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•ero ripple at the anode. 

P.S.T. Supply. 

765. V.11 is a VU.120 half-wave rectifier supplying about 2.3 ILV. (3 ma.) 
for the C.R.T. bleeder. 

The Diode Peak Voltmeter. 

766. V.9 is the diode detector to which the input frail the Lucero transmitter 
is applied via the Pye plug labelled "Int." if the input switch is set in 
the fifth or "Int."•position. The rectified pulse envelope is applied via 
the choke L.1 and 0.24 to Y.]. Its amplitude can be measured with the Y 
shift affi the power found Pram the formula or table in para.749. 

D.C. Level Attachment for Monitor 28. 

Introduction.  

767. The monitor 28 has a calibrated Y-shift which can be used for 
measuring the amplitudes of waveforms. Very frequently it would be conven-
ient to know the D.C. level of a waveform as well as its actual amplitude. 
This information cannot be obtained from the monitor as it stands, since the 
waveform is applied through a condenser which blocks the D.C. component. 
If this D.C. component is applied in the form of a square wave whose ampli-
tude is equal to the magnitude of the D.C. level, it will effectively became 
an A.C. waveform which can be displayed on the monitor. 

768. A D.C. level can be broken into a square wave be connecting to earth 
one of the input terminals of a switch motor (of the type used inA.S.V.„ 
A.I. or Visual Monica), while the other is connected to the point whose D.C. 
level is required. As the switch revolves its potential will be at earth 
for half of each revolution, and at the D.C. level wanted for the other 
half of each revolution. The output waveform will then be a symmetric 
square wave of frequency equal to the revolutions per second of the switch 
motor if it is of the two input type. If of the 4 input type the paid. 
can be doubled by connecting opposite pairs of inputs. This is desirable 
in order to get the duration of each phase of the square wave short with 
respect to the input time-constant of the monitor. When this condition can 
be fulfilled the monitor timebase will appear at two levels on the screen►  
The one level represents ,earth potential and the other the required D.C. level 
whose value can. be measured with the I-shift in the normal way. 

769. If the switching speed is not rapid enough to produce a square wave 
whose positive and negative phases have durations short in comparison with the 
input time constant of the monitor, the display will show a series of lines at 
different levels due to the partial differentiation of the square wave and the 
decay of the deflecting voltage applied on successive sweeps of the timebase. 
In this case the Y-shift must be used to measure the maximum potential difference 
between the lines present on the display. 

770. The D.C. level observed on the display will appear above or below 
the earth level depending on whether the potential at the point under exam-
ination is positive or negative with respect to earth. 

771. SO far, we have assumed that one side of the switch motor is earthed 
in which case we are using earth as the reference potential. It is not at all 
essential that the reference potential be earth. Any other potential may be 
used ptovided its value is accurately known. The observed amplitude must then 
be added to or subtracted from the reference potential to get the D.C. level 
with respect to earth. 

772. It is important that the input switch contacts should not overlap 
electrically. Should this occur the reference potential will be fed back 
at the point under observation. It check can be made by connecting an Ave 
set to the 10,000 scale across the input sockets when the motor is running. 
If no overlap is present an infinity reading will be obtained. 
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Applications. 

Measurement of Voltages. 

773. Frequently the introduction of a meter into a circuit will either upset 
the circuit operation or cause changes in the wanted voltage value. The attach-
meat provides a ready means of checklig such voltages as lie within its range of 
measurement. 

Study of waveform, 

774. Provided the switching speed is not too slow the waveform at a point in a 
circuit can be shown on the monitor 28. The D.C. level of the different 
parts of the waveform can be measured with the calibrated T-shirt. If distortion 
by the attachment is suspected the waveform can be applied in the normal way 
and its amplitude measured. 

Double Beam Work. 

775. If two waveforms are applied to the two input terminals of the switch 
they will appear on the screen separated by the difference in their D.C. levels. 
Phase shifts, etc., can then be observed. 

Simple Unit. 

776. The simplest arrangement is to use only a switch motor. The change-
over contact will be connected to the monitor input. The other two contacts 
will be connected:- 

(a) To the unknown D.C. level whichmay have a waveform superimposed 
on it. 

(b) To the reference potential which may be earth or any other 
accurately known value with respect to earth. 

More Elaborate Unit. 

777. Amore elaborate arrangement is shown in fig.129. The following items 
are required:- 

A 500V. power pack (not shown in diagram) which has no connection 
to earth, to make it possible to obtain both positive and negative 
voltages. The required components can be obtained fran a Gee 
power pack. 
A switch motor, preferably one which can be run at a higher speed 
than normal to eliminate differentiation in the input C.R. If 
an A.I. switch motor is used the effective speed of switching can 
be doubled by connecting opposite contacts as shown. 
A wire-iammod 50%. potentiometer with a rating of at least 3 watts. 
A meter with a full scale deflection of 500 microamperes is 
preferable but not essential. The resistance values shown are 
approximately correct for a 0 - 500 micro:ammeter. The series 
meter resistances will require adjustment by comparing meter 
readings with a standard meter to get direct reading on ranges of 
0 - 5V., 0 - 50V., and 0 - 500V. Due to difficulty in obtaining 
a potentiometer capable of operating on a 500V. input, it was 
necessary in the actual model to limit the maximum voltage applied 
to 3507. 
A three-position Taxley switch for changing the potential 
applied to the potentiometer and simultaneously changing the 
range of the meter. The type of switch used in the control 
panel of Mark II or Mark III I.F.F. is suitable. 
A triple-pole changeover switch or a relay energised from 
the 24V. supply and controlled by a single pole 011/07P switch. 
The relay or switch changes the earth connections to the 
potentiometer (so as to obtain a voltage either positive or 
negative with respect to earth) and at the same time changes 
the polarity of the meter connections. 

778. It is reconnended that the circuit be built up in accordance with the 
components available as the same results can obviously be obtained in different 

ways 
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TEST SET TOE 202 (REF. 104g8/6002) 

Introduction. 

779. Test Set Type 202 is designed to give:- 

(a)  

(b)  

Calibration pips at intervals corresponding to 500 feet, 
1,000 yards or 10,000 yards range 
A positive 20 microsecond triggering pulse at a repetition 
frequency of either 600 cycles or 1200 cycles per second. 
The calibration pips are locked to the back edge of this 
20 microsecond pulse. 

Power Supply. 

780. The test set may be operated from 230 volt 50 cycles or 80 volt 
]000 cycles. 

For 80 volt supply use pins 1 and 2 of the 4. pin W plug. 
For 230 volt supply use pins 1 and 4. 

General Principles.  

781. (a) A crystal oscillator whose frequency is 983.2 Ea/s. gives 
calibration pips at 1.017 microsecond (500 feet) intervals. 

(b) Division by 6 gives pips at 6.1 microseconds, corresponding 
to 1000 yards range. Further division by 10 gives pips at 
61 microsecond intervals (10,000 yards). 

(c) A third division process gives us a 20 microsecond pulse at 
a repetition frequency of 1170 cycles by dividing by 14 or 
606 cycles by dividing by 27. 

(d) Presets are provided by means of which the repetition 
frequencies can be varied above or below these values. 

The Divider Circuits. 

782. Division is obtained by the use of phantastron frequency divider 
stages. Fig.131 gives the circuit for the first divider stage together with 
waveforms. This may be taken as a standard example of frequency division 
by the use of a phantastron circuit. 

Note the following points of the circuit:- 

s.3 Anode coupled to grid by 0.6. 
b Anode held at a potential determined by R.7, R68 and the 

diode V.121.. 
(c) The grid held at a potential determined by R14, 15 and 16. 

11.11 determines the potential to which the grid tries to 
rise but is unable to do so because of the diode 1412B 

(d) The suppressor is held at a potential lower than that of 
the grid (and hence of the cathode) by the bleeder network 
R.14, 15 and 16. 

783. The positive grid potential causes the cathode to emit fairly 
heavily and raises the cathode to around 24. volts. The suppressor potential 
is fixed at about 10 volts. Therefore with cathode at 2.4.v. and suppressor at 
10v., the flow of current to the anode is completely cut off and the screen 
is taking the entire cathode current. This drops the screen to about 60v. 
below the supply voltage. 

784. & negative-going 983.2 KO/s. pip is applied to the grid from V.1 via 
the diode V.12A and 0.6. This drives down the grid sufficiently to reduce 
cathode current and bring down the cathode potential to about 9 volts. The 
suppressor bias has now been renoved and current is switched to the anode 
whose potential will begin to fall. The anode would fall sharply if C.6 
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were not there. As it is the anode can only fall as fast as 0.6 can 
discharge through R*12 and F611 (Fig.131b). Actually, during this stage 
the grid rises slightly (Fig.131c). This means that electrons are 
leaking away from the grid plate of 06 slightly faster than they are flowing 
to the anode plate from V.2 anode. This rise in grid voltage serves to 
compensate for the falling anode voltage and the anode current remains fairly 
constant. This results in the anode falling almost linearly. Ultimately 
the anode voltage gets down to a point of equilibrium at which apy further 
fall of anode volts would reduce anode current with a consequent rise of 
anode volts. Hence we say the anode "bottoms". 

785. There is now no further flow of electrons to the anode plate of 0.6. 
The same rate of leak away now represents a rise of grid voltage and the 
grid climbs rapidly. This grid rise increases cathode emission and cathode 
voltage rises with the grid voltage. The increased emission passes to the 
screen not to the anode. 

786. When the cathode potential passes that to, which the suppressor is tied 
suppressor bias again comes into action. Cathode current is then switched to 
the screen whose voltage falls and the anode current is quickly cat off by the 
suppressor. 

787. The anode tries to return to its ctu-off level but must carry the grid 
with it through the coupling of C.6. The anode and grid therefore rise 
together until a further rise at the grid is stopped by V.128 coming into 
conduction. The cathode follows up with the grid and the screen falls 
accordingly, due to increased cathode emission. 

788. The grid voltage is now steady. The cathode potential is fixed.by 
the steady cathode current to the screen. The screen is now at its minimum 
level. The anode is rising exponentially as C.6 charges through R.10. 
Eventually it will reach almint at which the diode V.12A will conduct again 
and prevent any further rise. 

789. Having reached this stable condition the next negative triggering 
pulse to came along will start the action over again. 

790. By varying the potential to which the grid tries to rise, that is by 
varying 11.11, we vary the rate at which electrons leak away from the grid side 
of 0.6. This will vary the overall time for one cycle of the phantastzv2t 
action. Hence by suitably adjusting R.11, we can arrange that the phantastron 
action is triggered off by every sixth 983.2 Re/a. pip. Since these pips 
occur at intervals of 1.017 microseconds, the V.2 will complete its phantas-
tron cycle in 6 x 1.017 or 6.1 microseconds. 

791. The square wave from the screen thus has an overall time of 6.1 micro-
seconds (6 x 1.017 microseconds). This waveform is passed to V.3 via 0.8 
and 8.17 where it is differentiated. As indicated in Fig.131, the cathode 
waveform in a phantastron circuit is always in antiphase with the screen 
waveform. 

792. In taking waveforms from the phanteatron circuit it is better to 
use the cathode than apy of the other electrodes, since the anode-grid 
capacity will be altered if test leads are put on anode or grid and the 
resulting waveform will not be a correct indication of the circuit action. 

Outline of Circuit. 

793. The test set 202 circuit is shown in fig.135. V.1 is a crystal 
controlled oscillator. The crystal frequency of 983.2 RCA. gives cali-
bration pips at 1.017 microseconds (500 feet) intervals. The grid 
resistor R.1 is a high value so that the mean grid potential is well 
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beyond cut-off and only negative pips of voltage appear at the anode►  These 
are used to trigger V.2. 

794. V.2 action has already been described in parms.782 to 791. The screen 
waveform of V.2 is differentiated by C.8 and 2.17 (see Fig.155) and passed to 
V.3 grid. This valve is an amplifier biassed almost to cut-off so that only 
the positive pips of the differentiated waveform appear at the anode where they 
are negative going at 6.1 microsecond intervals. 

795. These negative pips are used to trigger the second phantastron frequency 
divider, V.11. This stage divides by 10 and the overall time of each phantas-
tron qycle is 61 microseconds. The preset for adjusting this stage is 2.27. 
The output waveform from the screen consists of a positive portion 41 micro-
seconds in length and a negative portion 20 microseconds in length. 

796. V.5 amplifies, inverts and generally cleans up this square waveform 
from V.4 screen. The result is differentiated by C.18 and 2.58 so that at 
V.14A cathode we have negative pips 61 microseconds apart with a positive pip 
20 microseconds before each negative pip. 

797. V.6 is the third phantastron frequency divider. V.11 (V292) has its 
anode 200 volts below its cathode so that it is non-conducting. The phantas-
tron action is started by a negative pip and V.6 anode begins to fall. When 
it has fallen almost 200 volts, a positive-going pip will be passed by V.11 to 
146 anode. This stops the fall of anode voltage and starts the flyback 
portion of the phantastron cycle. The flyback is rapid (0.22 charging through 
2.44) and the circuit has reached its stable state before the next negative pip 
arrives 20 microseconds later. This gives a 20 microsecond negative pulse 
at v.6 screen. 

798. The repetition frequency of the 20 microsecond pulse depends upon the 
potential to which the grid leak of V.6 is returned. When the switch marked 
"Rep. Freq". is set to 600 c/13., the grid of V.6 is returned via R.45 end 2.46 
to the potential of the slider of 2.47. If we examine the waveform at V.6 
cathode or the output waveform as described in paragraph 801 (0)(1), we can 
observe the division ratio of this valve. If 2647 is so adjusted that 
division is by 27, then a 20 microsecond pulse occurs at the screen every 27 x 
61 microseconds which is equivalent to a frequency of 606 c/a. If we vary the 
slider of 17.47 the repetition frequency of the 20 microsecond pulse can be 
varied above or below 606 0/s. When the switch marked "Repareq," is set to 
1200 cia. V.6 grid is returned via 8.45 to the slider potential of 2.48. If 
R.48 is adjusted so that V.6 is dividing by 14 the screen waveform will be a 
20 microsecond negative pulse at a frequency of 1170 Was Moving the slider 
of 2.48 will vary the repetition frequency above or below 1170 c/s. 

799. The screen waveform from V.6 is squared up and inverted by V.10 and 
passed via the cathode follower (V.9) to the 20 microsecond output plug at an 
output impedance of about 200 ohms. 

800. V.7 is an amplifier for the calibration pips which are passed to the 
cathode follower, V.8. V.8 has a viriable bias control, 2.62 (marked "Amplitude" 
on the potentiometer rack) giving variations in amplitude of the calibration pipe. 
The negative output is taken from the anode which has a low value resistance 
load (2.65). The positive output is taken from the cathode. 

To Check Dividers.  

801. Trigger monitor type 28 with the 20 microsecond pulse ttw test set 
202. Connect the 50V. positive output from test set 202 to the input-plug of 
the monitor. 

Division by 6. 

Set calibration interval switch to 500 feet. Set monitor T/B 
to 100 and Amplification to X20. The level of every sixth 
calibration pip should be lower than the others. If not, 
adjust 2.11 (marked "X6") on the potentiometer rack of T.S.202. 

(a) 
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(b) Division by 10.  

Switch to 10,000 yard calibrations. Set monitor T/B to 100 
and amplification to 154 The output should show large pips 
at 10,000 yard intervals with smaller intermediate pips at 
1,000 yard intervals, and still smaller pips at 500 feet 
intervals. Bine 1,000 yard pips should appear between each 
pair of 10,000 yard pips. If not, adjust 2.27 (marked "X10") 
on potentiometer rack. 

Note:- This breakthrough of intermediate calibrations is due to the fact 
that 0.34 and C.33 feed a small fraction of the 500 feet and 1,000 
yards calibration pip voltages on to the positive output circuit. 

( a) 20 microsecond pulse repetition frequency.  
(i) 600 • s. 

".ration Interval Switch to 10,000 yards. 
Rep. Freq. Switch to 600 c/a. 
Monitor 28 T/B set to Freq. 
Amplification set to Direct. 
Monitor Time Base Start turned fully clockwise. 

27 calibration pips should appear on the time base. Adjustment 
is by B.47 (marked "600 c/n." . The actual repetition frequency 

/ when dividing by 27 is 606 o se 
(ii) 1200 c/a. 

As above with Rep.Freq. switch set to 1200 c/s. 14 
calibration pips should appear on the time base. 
Adjustment is by R.48 (marked "1200 ch."). The actual 
repetition frequency when dividing by 14 is 1170 oh. 

Calibration of Monitor 28. 

802. The monitor 28 time base is not perfectly linear and the Wsthift 
calibrations are therefore only approximate. The monitor time base may be 
calibrated from the test set 202. If the monitor is directly calibrated by 
this means care must be taken to see that the position of the time base start 
remains fired. Further, it is necessary to have one fixed position for the 
I-shift since any movement of the time base will result in incorrect call.-
tertian owing to the non-linear time base. 

The H.2.S. Height and Baps. Markers.  

803. The 862.S. markers are pulses produced in the 8:2.8. equipment at 
variable periods of time after the back edge of the 20 microsecond pulse. The 
11.2686 transmitter firing is also controlled by this 20 microsecond pulse, but 
owing to a delay in the spark gap, the oamnencement of the transmitter pulse 
does not occur until nearly 2 microseconds after the end of the 20 microsecond 
pulse. Now the commencement of the trautter  pulse represents zero time and 
hence zero range and is the instant at which we start to measure the time 
interval for the production of our height marker for apy height. For a height 
of 20,000 feet, the height marker must be produced at a time after the trans-
mitter pulse equivalent to the echo time franc a reflector at 20,000 feet 
distance. With the monitor 28 we are able to vary the start of the time base 
by a variable time up to about 5 microseconds depending upon the setting of 
the Time Base Start control. . Therefore, if we put the transmitter break-
through pulse on the monitor we can on most monitors, adjust the start of the 
monitor time base to correspond with the beginning of the transmitter pulse. 
The start of the monitor time base then represents zero time. If we now put 
the test set 202 calibrations on to the monitor neon have a means of 
measuring time fret zero time and we can ensure that the height and range 
markers are produced at the correct instant of time for any particular setting 
of the height and range controls. 

Use of T.S.202 for setting up sa.s. Markers.  

804. (a) Check T.S.202 dividers as per para.803. 
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Trigger the monitor 28 from the modulator 64 violet Pye Plug. 
Synchronise the modulator 64  with the T.S.202 to run at as nearly as 
possible the same p.r.f. as when triggered by the Tx-timing pulse. 
This can be done as follower With the modulator 64 triggered by the 
Tx-timing pulse and the monitor 28 triggered. from the violet Pye on 
the modulator 64, mark the beginning and end of the T.B. sweep on 
the monitor screen when the T.B. switch is in the "Freq." position. 
Now trigger the modulator 64.fron the T.S.202 and adjust the 600 
q/s preset to give as nearly as possible the same length sweep on the 
monitor as before. 
T.B. switch to 10 and input switch to "Direct". 
Connect 15.2.S. red Pye plug to monitor input through a 3.K. resistors 
Adjust suppression control to set between 2 notches to remove all 
suppression. The monitor displaywill then show the Tx pulse 
breakthrough and the range marker. Turn the gain control to 
minimun. On sane receivers it may be difficult to set the 
suppression control to allow the transmitter to break through 
although this can usually be arranged. 
Now adjust the T.B. start control to bring the leading edge of 
the Tx pulse to the beginning of the T.B. The start of the 

mw represents zero time and the T.B. start control must be 
left set in this position. If the T.B. sweep shows a tendency 
to cramp badly at the beginning it may be possible to clear the 
fault by replacing C.15 in V.3 cathode circuit. 

805. Now connect the T.S.202 and the monitor as follows:- 

(a) 5 volt negative output from 202 to monitor input through a Zg 
resistor. 

(b) Set calibration interval switch to 1,000 yards. Set Rep. 
Freq. switch to 600 c/s. 

(c) Using the 10 microsecond time base identify the first 1,000 
yard pip. 

(d) Switch to the 500 feet (1 microsecond) calibrations and 
count the time in microseconds fran the commencement of the 
time base to the first 1,000 yard markers The first 1,000 
yard marker occurs 6.1 microseconds after the end of the 20 m 
microsecond pulse. . But the start of the time base has been 
delayed. This delay is the amount that we delayed the time 
base start to correspond with the delay in the spark gap and 
the I.P. strip. There is also a small delay in starting the 
monitor time base. owing  to the fact that the back edge of the 
20 microsecond pulse is not straight. This latter delay  may 
vary from one monitor to another. The time from the start of 
the time base to the first 1,000 yard marker will probably be 
about 2 microseconds. 

(e) Having found the time from the start of the time base to the 
first 1,000 yard pip, switch to the 100 microsecond time base and 
set the calibration interval switch to 1,000 yards. We mw 
know the time from the start of the time base to the first 1,000 
yard pip represents 6.1 microseconds, so that now our monitor is 
set to measure frmn zero time. 

Checking of Height Marker Setting. 

806. With the T.5.202 and monitor 28 still connected as in para.805 put 
the height marker on the monitor. To do this connect the white Pye plug on 
reoeivertiming unit to the Monitor input through a IK resistor. Press 
&ZS. "1.T. ON". The monitor should now show the height marker together 
with 1,000 yard pips. 

807. If the first 1,000 yard pip represents 2 microseconds from zero time 
when the first 1,000 yard pip represents 1,000 feet (500 feet per microsecond). 
If it were 1.5 microseconds, it would be 750 feet. Each subsequent 1,000 
yard marker will represent an increase of 3000 ft. and our second 1,000 yard 
marker will be somewhere about 4,000 feet. Set the height drum to whatever 
figure corresponds with this second 1,000 yard marker. It is not advisable 
to use the first 1,000 yard marker owing to inaccuracy of the height marker 
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below 2,000 feet. If necessary, adjust the height zero so that the height 
marker coincides with the second 1,000 yard pip. Move the height marker 
along by 1,000 yard steps, checking that the height drum reading increases 
by 3,000 feet steps. If the tracking is incorrect it may be advisable to 
adjust the height zero at somewhere around 20,000 feet since we are concerned 
more with accuracy at operational heights than at the bottom of the scale. 

Checking of Range Marker. 

808. (a) Leave the connections as in the previous paragraph. 
(b) Set height to 20,000 feet. Adjust range zero so that the 

range marker coincides with height marker when the range 
drum is at zero. The H.2.5. range switch should, of course, 
be on 10/10 range. 

(c) To check tracking of range marker set the height controls to the 
100 yard marker nearest the 20,000 foot point and advance range 
marker by turning the range drum so that the range marker occurs 
1,000 yards after the height marker. The range indicated on the 
range drum should be 1.9 nautical or 2.2 statute miles, according 
to which scale is in use. 

(d) Continue advancing the range marker by 1,000 yard steps, 
checking the range with the figures given in the table below. 

Range Marker 	 Range in Miles 
Height 	from Height 

Marker 	 Nautical 	Statute 

20,000 feet 

1,000 yds. 
2,000 
3,000 
4,000 
5,000 
8,000 
7,000 
8,000 
9,000 
10,000 

	

1.9 	 2.2 

	

2.7 	 3.2 

	

3.5 	 4.0 

	

4.1 	 4.75 

	

4.7 	 5.5 

	

5.3 	 6.2 

	

5.9 	 6.8 

	

6.5 	 7.4 

	

7.0 	 8.0 

	

7.6 	 8.7 

(e) It is not necessary to check all these points; a few of the 
more convenient ones may be selected. 

Note:- The figures given in the table above are correct to .1 of a mile. 
Since it is not possible, under working conditions, to read the range scale 
to this degree of accuracy, it is not to be expected that these exact figures 
will be obtained. Greater accuracy of range is needed at ranges between 4. 
and 7 miles, and it may be necessary to adjust the range zero at some point 
within these two ranges by setting the range drum to one of the values given 
in the calibration table, and adjusting the range zero to obtain coincidence 
with the corresponding calibration pip. This difficulty will only arise if 
tracking cannot be obtained over the whole scale. The differences introduced 
by setting the height control to the 1,000 yd. marker nearest the 20,000 foot 
point instead of 20,000 foot will be less than the possible accuracy of reading 
on the range drum. 

809. An alternative method of calibrating the markers may be used if the 
radar workshop is fortunate enough to receive an echo of definitely kilo= range, 
providing this is not less than two miles. The height drum is set to the 
range of the echo and the height zero is adjusted to give coincidence between 
the height marker and the known echo on the height tube. The range control is 
then set to zero and the range zero is adjusted for coincidence between range 
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and height markers. The I0/10 position of the range switch is, of course, 
used for this setting up. Tracking can then be checked on the test set 202. 
The Time Base Start setting in this case is not important since the zeros 
have been set up fran the known signal. The height and range tracking can 
be checked by 1,000 yard steps as already described. Since the calibration 
pips from the test set 202 are known intervals of time and hence represent 
known intervals of range, it can be seen that the test set 202 really provides 
us with signals of known range by means of which we can Accurately check our 
height and range markers. 

810. With some monitors type 28 it may be found that using the timebase 
start control to bring the leading edge of the pulse from the voltage monitor 
point on the modulator 64 to the beginning of the scan, results in cramping of 
the pulse due to a non-linear scan. In a number of cases it has been possible 
to clear this trouble by replacing 015. If difficulty is experienced in deter-
mining  when the leading edge of the pulse coincides with the beginning of the 
scan, or if the range of adjustment on the T.D. start control is not sufficient 
to bring the Transmitter pulse to the beginning of the scan, it may be preferable 
to proceed as follows:- 

(a) Get the Transmitter pulse well to the left of the timebase 
with the X-shift and put a mark on the perspex screen to 
coincide with the leading edge of the pulse. 

(b) proceed as in para.805(a), (b) and (c) and put a mark on the 
perspex screen to coincide with the leading edge of the first 
1,000 yard marker. 

(a) Switch to the 500 feet (1 microsecond) calibrations and 
determine the number of microseconds between the two marks 
on the perspex. This gives the time between zero time and 
the first 1,000 yard marker. 

(d) proceed as before when the time fran zero time to the first 
1,000 yard marker has been found. 

811. A method of calibrating the monitor 28 for aircraft adjustment of 
the height zero for accurate height indications at 20,000; and range zero 
adjustment for accurate range indication at 4. miles, is outlined in chap.12, 
pare. 950. 
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MST 3E2 TYPE 83 (10.58/120) 

Use. 

832. This test set is a thermocouple unit which is used in conjunction with 
a unipivot thermal millivoltmeter to measure the field strength of the magnetron 
output. 

Operation. 

815. (a) Set the thermocouple on its stand about 12 feet away from the 
aerial. Ensure that the dipole elements of the thermo-

couple are in the same horizontal plane as the mouth of the 
scanner waveguide and that there is no obstruction between the 
11:2.6. aerial and the test set. 

(b) Place the unipivot meter on the bench near the 11.2.8. transmitter 
unit. Connect the lead from the thermocouple to the meter. 

(c) Switch on 13.2.S. and adjust the scanner mirror for maximum meter 
reading. 

(d) Adjust the R.F. output adjustments on the transmitter unit for 
maximum meter reading. 

Limitations. 

814. It must be remembered that the reading obtained is only an indication 
of how much R.F. energy is being radiated. There is nothing to indicate whether 
the power is on a single frequency, mixture of frequencies, or jumping between 
different frequencies. A high indication on the meter is not necessarily an 
indication of a good magnetron. Within this limitation the meter reading 
provides a means of comparing the output of the same transmitter unit at different 
times or with different components, and of comparing the outputs of different 
transmitter units. 

TEST SET 85. 

815. This test set has largely replaced test set 83. The principle of 
its operation and the method of use are similar. The meter used is of a 
plug-in type. It may be pillaged in at the rear of the thermocouple or used 
on a lead in the same way as the unipivot. 
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The Signal Generator Type 47 (103043)  

Uses. 

816. The signal generator type 47 is designed to provide an H.P. output 
at wavelengths between 9.0 and 9.2 ans. This output is available either  as 
C.W. or M.C.W. consisting of bursts of R.F. of about 500 microseconds duration 
separated by equal quiescent periods. A calibrated output circuit is provided 
which can be used to compare the overall sensitivity of the H.2.S. receiver. 

r

(a) The panel is shown in fig.136 
Layouts are shown in fige.136 and 137 

c The circuit is shown in fig.138. 

Power Supply. 

817. 80V.9.C. is applied at the 2-pin plug on the panel and fed through 
an R.F. filter to the power transformer, Te2, and the heater transformer, T.1. 
A three-position power switch appears on the panel. The positions are labelled 
"OFF", "L. T." and "H. T." This is the switch, S.1, in the circuit diagram. 

In the "OFF" position, the input to both T.1 and T.2 is broken. 
In the "L. T." position the input to Ti is completed and the 
heater supply is developed. for the rectifier, V.1, the modulator, 
V.2 and the klystron oscillator, V.3. 

(c) In the "H.T." position, the input to T.2 is also completed. and 
V.1 develops a -1.13KV. output for the klystron. 

818. The ..1.87. Matt output is smoothed by Lel, 0.1 and C.2 and applied 
across the bleeder formed by 13.4, R.5, R.6, R.7, R.8. The 'dorsal= electrodes 
are tapped in on this bleeder. Stabilisation is provided by the mons, 
7.4, V.5, v.6. 

819. If no other test equipment requiring 80V. A.C. is being used the 80V. 
input can be taken from the 2-pin on the 11.2.S. junction box. If it is desired 
to use additional test gear requiring an 80V. input some form of junction boa 
like the type 80 (100/1850) must be used. 

The Klystron Oscillator Controls. 

820. (a) 

(b) 

V.7 is a CV.67 reflector klystron. The panel control 
labelled "Reflector" is the potentiometer, R.8, which serves 
to vary the potential of the reflector relative to the earthed 
rhadbatron to obtain the required feedback to get oscillation. 
The panel control labelled "Grid" is the potentiometer, 1644 
which is used to vary the bias on the klystron. This provides 
additional control over the klystron feedback as it serves to 
vary the intensity of the electron stream. By suitably 
adjusting both the "Grid" and "Reflector" controls stable 
oscillation can be obtained over the entire range from 9.0 -
9.2 ms. 

821. The fine tuning plunger is driven by means of the panel knob 
labelled "Tuning". The wavelength of the oscillations is given approxi-
mately by the calibrated tuning dial. 

822. The R.F. output is taken from the resonant cavity by means of the 
usual coupling loop. This loop forms part of the circuit of a bolometer lamp 
whose filament glows with a brightness that depends on the strength of the 
R.P. output. The coupling of the output loop is variable by means of the 
output knob which appears at the centre of the wavelength dial. 

The Calibrated Output Circuit. 

821 The output taken from the cavity via the boloneter bulb is radiated 
into a piston attenuator which feeds the output plug. The output at the plug 
will depend on the length of the attenuator. The knob on the panel which 
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tracks over a scale graduated in decibels varies the length of this 
attenuator. 

824. Obviously, what absolute output is represented by aar specific 
attenuator setting depends on the input to the attenuator. This input, 
in turn, depends on the setting of the coupling loop. How much power is 
being taken fran the cavity by the cowling loop is indicated by the glow of 
the bolaneter filament. This filament is visible through a small aperture 
in the front panel. The coupling is normally set so that the filament just 
glows and the output is then regarded as standard. If the signal generator 
is connected to a 75 ohm dummy load and the bolameter glow set to the point of 
just fading out the 0 db. position of the attenuator dial will give an output 
of approximately 60 millivolts. The attenuator reads in "decibels down". 
That is 0 db. means sero attenuation. 

The Modulation Circuit. 

825. The cathode of the modulator valve is taken by means of switch to the 
-1800V. line and the grid is taken via the stopper, R.2, and the blocking 
condenser, C.3, to a tap 200V. up on the secondary of T.2. If the cathode 
switch is closed V.2 operates as a squarer stage. The 200V. 1000is.. input 
swinge the grid between saturation and cut-off to provide a 1000 s. square 
wave at the anode. 

826. The cathode switch appears as a knob with two positions labelled 
"MOD." and "Ca." In the C.W. position V.2 cathode is floating and the valve 
is inoperative. The anode potential is then the same as the potential of 11.4 
slider. V.5 grid is then at this same slider potential. The klystron 
controls will be set up with 8.2 in the C.W. position. The setting of R.4 
will then fix V.5 grid at a suitable potential relative to the cathode for 
stable oscillations. When 8.2. is set to "MOD." V.2 anode will be up at R.4 
slider potential for the 500 microsecond cut-off periods and about 250V. below 
this value during the 500 microsecond conducting periods. These 250V. drops 
will out the klystron off. The output will then consist of 500 microsecond 
bursts of R.F. separated by 500 microsecond quiescent periods. 

827. It follows then that when S.1 is set to "MOD." the bolameter current 
is only flowing half the time. Hence, for equal glow, the input to the piston 
attenuator must be twice as large. To have the same peak output on the aerial 
the attenuation should therefore be doubled when switching franc C.W. to MOD. 
with the coupling set for the same glow. But doubling the attenuation means 
the attenuation figure in decibels should be increased by 5. For example if 
the dial reads an attenuation of 20 db. in the C.16 position, the sane peak 
voltage is applied to the aerial for an attenuation setting of 23 db. when the 
output switch is set for "MOD." and the coupling is adjusted for the same glow. 

Setting-up the Signal Generator Controls. 

828. (a) 

d 
(e 
(f 

big/ 

(i) 

Connect the 80V. 1000 c/s input from the junction box to 
the 8.G.47 and switch on L.T. 
Set the tuning control to 9.1 cms. 
Adjust the coupling to a midway position. 
Set the reflector voltage control to a midway position. 
Set the grid voltage control fully anticlockwise. 
Set the attenuator control at sero. 

Switch on H.T. 
Advance the grid voltage control clockwise until the 
bolmeter bulb glows. 

Check the setting of the reflector voltage control by noting 
that anticlockwise rotation results in disappearance of the 
glow (indicating cessation of oscillation) and that further 
clockwise rotation results in reappearance of the glow. 
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(i) Continue the clockwise rotation of the reflector voltage 
control. The glow will normally rise slowly at first, then 
peak sharply, and with further rotation will fall slowly. 
If the control is set just past the peak on the slowly falling 
side stable oscillation will be obtained. 

(k) Attach the mirror and aerial assembly to the output plug of 
the S.C. 47 and line up the II:2.5. scanner to pick up the 
radiation. 

(1) The S.G. 47 output may be piped into the transmitter unit by 
using the uniradio 21 feeder, connector Type 1179 (104/2807) 
and the Adaptor Unit Type 76 (10A13/6039). 

Canparison of Overall Sensitivity of Sets. 

Principle.  

829 The sensitivity of sets can be compared by determining the comparative 
strength of signal input required to give the same signal-to-noise ratio for • 
a given noise amplitude. For example, if we adjust the gain of the receiver to 
show-'q" of noise on the monitor 28, and then applyM2S.G. 47 signal of such a 
strength as to give a signal + noise amplitude of 	the signal output must 
actually have an amplitude of 'a". The signal-to-noise ratio is then 1:1. 
From the attenuator dial a reading can be obtained corresponding to the output 
necessary to give a 1:1 signal-to-noise ratio in the receiver output from a 
good set, or several good sets. In this way a standard signal input figure 
can be obtained. Sets suspected of low sensitivity can be checked by comparing 
the attenuator reading required to give the same signal--to-noise ratio. As 
the required attenuator reading falls, the sensitivity of the set under test is 
falling since a lower attenuator setting means a higher input. Obviously. any 
canparative tests require operation with the same glow value on the signal  
generator and the gain setting of the receiver sufficiently low to prevent  
saturation. 

Method. 

830. (a) Apply the 11.265. receiver output with the transmitter running 
to the-monitor 28. 

(b) Turn the gain up to about * maximum for a noise level of about 

(c) Switch on the 34.47, set up as in para.828 and adjust the tuning 
until signals appear which lift the whole trace to saturations 
Two tuning points should be found of which the shorter wavelength 
should be used. Use the C.W. setting of the output switch. 

(d) Reduce coupling until the glow of the bolameter bulb is just 
disappearing. 

(e) Turn the attenuator dial until the signal is not saturating the 
11.26.96 receiver and then check the s.G.47 tuning for maidmum 
signal amplitude. 

(
$
12 Set output switch to IMOD," 

( ) Readjust coupling until bolameter glow is just fading out. 
The receiver noise and the pulsed R.F. signal will now be seen. 

(h) Adjust the attenuator until the top line of signal from the 
S.C. 47 sits on top of and is just distinct from the receiver 
noise. The signal + noise amplitude must now be double the 
receiver noise amplitude. The S.G.47 is now providing an 
output signal whose amplitude is such as to give a 1:1 signal 
to noise ratio. The attenuator dial reading gives the comparative 
sensitivity of the set. 
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(i) Other combinations of transmitter and receiver can be tested 
in the sane way. By comparing the attenuation reading with 
the value obtained with a known good set or mean value from 
a group of known good sets the sensitivity can be assessed as 
good or poor. 

831. The noise contributions of different transmitter units can be assessed 
by using them with the same known good receiver. 

832. Different receivers can be compared by using them with the seine known 
good transmitter units. 

833. The head amplifier may be checked by taking measurements with the 
head amplifier in circuit and with the head amplifier by-passed by feeding 
straight fran the mixer to the green Pye input on the receiver. 

834. Crystals can be tested for sensitivity by using them in the same set 
and comparing the attenuator readings. 

835. Tests on CV.43's indicate that if the attenuator reading goes up by 
more than 2 db. when the test is made with the transmitter switched off, or 
with the CV.43 probe lead disconnected, the CV.0 is faulty. Faulty 09.43's 
may, however, pass this test. 

836. Tests on the scanner and high power feeder can be made by making a 
comparison when the scanner and/Or the feeder is changed. 

Limitations of the Signal Generator Type 47. 

837. Since the 3.0.47 provides an output in the 9.0 - 9.2 an. band, it 
is not suitable for use with the 15.2.S. Mark InA. It may, however, be used 
in the same general way with other an. equipment operating in the 9 not. band. 

The Cambridge Fluxmetar. 

Use. 

838. The Cambridge Flu:meter is a test instrument available in limited 
quantities for measuring the field strength of transmitter unit magmata. 
It consists of a centre-zero meter and a suitable search coil. Different 
coils are required for use with the H.2.S. Mark IIIA magnets than with the 
162.S. Mark =magnets. 

Details. 

839. Levelling screws on the legs and a spirit level on the dial are provided 
to permit accurate levelling of the meter. Mechanical control in the meter 
is negligible so the pointer does not tend to return to any definite zero but 
is inclined to stop at the point on the scale to which it is deflected when 
the search coil is passed through a magnetic field. If the pointer tends 
to drift the instrument is not accurately levelled. 

840. A. push-button is available on the meter to return the pointer to zero. 
It is not necessary to make this adjustment when using the meter. Readings 
can be computed by determining the total number of divisions through which the 
pointer deflects when the search coil is used. 

&a. The search coil is connected to the two meter terminals Polarity 
is immaterial. 

Measurements. 

842. (a) Level the meter by adjusting the levelling screws until the 
spirit level bubble is centred. 

(b) 	Tests should be made with the cover on the transmitter unit. 
It is, therefore, desirable to retain a cover with a hole 
cut in the side of sufficient size to permit insertion of 
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the starch coil between the jaws of the magnet. 

(o) Insert the search coil between the jaws of the magnet and 
note the meter reading when the pointer comes to rest. 
pull the coil out sharply and note the new reading when the 
pointer comes to rest. Determine the umber of divisions 
through which the pointer is displaced. 

; Repeat (c) with the coil turned upside down. 
Mean the two deflections. 
Convert mean deflection to gauss by means of data or 
formula supplied with the coil. 

Values. 

 

843. (a) It has been laid down that magnets for Mark IIC R.2.S. should 
not have a field strength of less than 1250 gauss if reliable 
operation is to be obtained. A magnet tested without the 
cover on should show a field strength of 80 - 100 gauss above 
this value. 

(b) Magnets used in the P2.3555  series transmitter units should 
have a field strength of at least 3000 gauss when tested as 
above. 

The Cable Tester Test Set 209. 

Use. 

844. This test set is provided to test:- 

(b3 
Continuity of cable cores. 
Insulation of individual cores to earth. 

Power Supply.  

845. The set runs off either an 80V. 1000 cycle or 230 volt, 50 cycle 
supply. The 4.-pin power input plug appears on the front panel. Pins 1 and 
2 must be used when the 80V. supply is used and pins 1 and 4. when the 230 volt 
mains are used. 

Details. 

846. Por insulation tests an assembly is provided which will take plugs of 
all the types employed. This assembly is connected to the test set by means 
of an 18-way cable. 

847. A second similar assembly is provided which has no external connection. 
This is used in conjunction with the first for insulation tests. 

Indications.  

848. (a) 

(b)  

(c)  

Visual indications are given by means of a magic eye indicator on the 
test set panel. 
The eye opens if a continuity test is made on a cable which is 
open-circuited or shows a high D.O. resistance. 
The closes on insulation tests when the insulation falls below a 
value to which the test set is calibrated. 

Controls. 

(a) Details of the panel and circuit are shown in figs.340 and 341. 
(b) The use of these controls in making tests is given below. 
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Measurement of Insulation to Earth. 

850. To calibrate for insulation tests press in the push-button marked 
"CAL1BRATIONM and, put the two-position switch to Imams% Set the calibrated 
"MEGOM =MOW to 1511. and adjust the preset labelled "CAL. 15M". until the 
magic eye just closes. 

851, (a) Connect the cable to be tested to the appropriate point on the 
insulation test assembly. Leave the other end of the cable free. 

(b) See that the two-position switch is set to WOWS" and that the 
"CALIBRATION" push-button is pulled out. 

(o) Pop a multiple core cable see that the “Rwmrt  PIN" switch is 
turned to the comber of the core under test. For pima 1 - 9 
the snap switch above the "SELECT PIN" switch must be to the left 
and for pins 10 - 18 it must be to the right. 

(d) If the insulation on any core is low the magic eye indicator 
closes wholly or partially depending on how far the insulation 
is down. By adjusting the iminceim CONTROL" until the magic 
4710  is fully open the insulation, value can be read off the 
calibrated dial. 

Continuity Testing. 

852. To calibrate for continuity tests, push the "CALIBRATION" button 
in and set the two-position switch to "OHMS". Set the calibrated "OHMS" 
control to 1 ohm and adjust the preset marked "Cal. 1 OHM" until the magic 
eye just closes. 

853. (a) Connect one end of the cable to be tested to the insulation 
test asscably and the other end to the continuity test 
assembly which serves as a shorting bar. 

(b) See that the "CALIBRATION" push-button is pulled out and the 
two-position' switch set to "OHMS". 

(c) Use the "SELECT PIN" switch and the snap switch above it as 
before. If, as the "SELECT PIN" switch is moved fray one 
position to another, a core is encountered which has a high 
D.C. resistance or open-circuit the magic eye will open. 

(d) The resistance can be measured by adjusting the calibrated 
"OHMS CONTROL" until the eye again closes then reading the 
value off the calibrated dial. 

Limitations. 

854. Without adaptation, the test set cannot be used for measuring inter-
core insulation. If such a breakdown is suspected a megger must be used for 
testing. 
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The Test Set 205 or 205A.  

Function. 

855. This test set is used to line up the TR.3555 series of transmitting 
units. These transmitter units require the following adjustmente:- 

(a) Hatching the magnetron to the waveguide for maximum power 
output consistent with frequency stability. 

(b) Adjustment of the miser piston to match the crystal to the 
mixing chamber in order to obtain the maximum I.F. power for a 
given signal input to the mixing chamber at the magnetron 
frequency. 

(0) Tuning the TR. cell for maximum response to signals on the 
transmitter frequency and hence for maximum input to the 
mixing chamber. 

(d) Adjustment of the anti-TR. chamber piston to effectively sake 
the transmitter channel offer a high impedance to the incoming 
signals so as to direct the maximum flow into the receiver 
branch line. 

(e) Adjustment of the klystron operating conditions for satisfactory 
frequency stability and power output to the mixer. 

(f) Tuning the klyatron 45 Me's. off the magnetron frequency for 
maximum I.F. input to the head amplifier when the transmitter 
works as a complete unit. 

(g) Adjustment of the C.W.L.I6 input to the mixing chamber for optima 
heterodyning as indicated by a mixer current value determined 
from experience. 

The teat set 205 or 205A is used to make the adjustments (a), (b), 
(c), (d) and (f). 

The Test Set Channels. 

The circuit details are shown in fig.142. 
The controls discussed in the following paragraphs appear 
on the panel layout shown in fig.143. 

857. How the teat set performs its various functions can most readily be 
Appreciated by following the various ohannela employed on the circuit 
diagram. 

858. The four-position waveguide switch, S.1, has its input channel 
connected to the transmitter unit. Position 1 feeds the R.F. input into the 
dummy power load. The power flow causes the aeons V.12 and V.13 to take a 
current proportional to the power input. This current is indicated on the 
0 - 100 mioroammeter when the selector switch is in position 1. By adjusting 
the R.F. output matching adjustments for maximum meter indication the 
magnetron is matched to its output channel for maximum power output. 

859. At the same time some R.F. power leaks pest the waveguide switch 
into the wavemeter channel. By tuning the wavemeter cavity to the magnetron 
frequency the maximum input will be applied to the crystal, V.10. If the 
FiI.F. (pulse/I.F.) switch is set to "P." the negative-going rectified pulse 
envelope is applied to the grid of V.1, V, and V.2 operate as a video 
amplifier. The negative-going amplified video pulses are applied to the 
diode V.3 which passes bursts of current into 0.15. These are smoothed by 
the long time constant, R.2 and C.15, to impress on V.4 (magic eye) grid a 
negative D.C. voltage which is a maximal when the crystal output is a maximize, 
i.e., when the wavemeter cavity is tuned to resonate the magnetron frequency. 
The wavemeter dial setting than indicates the frequency of the matched magnetron. 
The scale reads from 0.5 to 3.5 indicating wavelengths from 3.05 ar. to 3.35 ar. 

860. The V.9 stage with its associated power pack (V.7, 7.6, V.5) is basically 
similar to the local oscillator and power pack in the TR.3555. If 7.9 is 
tuned to the magnetron frequency it can act as a source of O.W. at the 
magnetron frequency. The signal can then be used to tune the TR.3555 P.R. 

8$. 	3 
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cell and mixing chamber to the magnetron frequency. It can also be used to 
beat with the TR. 3555 local oscillator output to tune the klystron 4.5 Mo/s. 
off the magnetron frequency. When the waveguide switch is set to position 
2 the output from V.9 is launched into the wavemeter channel (via a probe as 
shown). Some of the power is rectified by the klystron crystal, V.11, and the 
current can be measured on the micreamneter when the selector switch is in 
position 2. If the P./1.F. switch is set to "P", the selector switch (845a) 
provides a variable shunt across the meter. The klystron controls can then 
be set up to get a meter indication when the klystron is oscillating. 

861. When klystron tuning is adjusted to the frequency at which the wavemeter 
cavity is resonant, i.e., the magnetron frequency, the C.W. is rectified by the 
crystal, V.10. A built-in mica washer acts as a smoothing condenser and the 
negative D.C. voltage developed is applied to terminal 3 of the selector switch 
Hence, by setting the selector switch to position 3, the klystron can be tuned 
to the magnetron frequency by tuning for maximum meter indication. The 
sensitivity switch setting can be varied as tuning proceeds. 

862. If the waveguide switch is set to'position 3 the test set klystron 
output is fed into the waveguide channel labelled "Waveguide output for 
tuning mixer and T.R. cell". With the klystron previously tuned to the 
magnetron frequency we now have a C.W. input in this channel at:the magnetron 
frequency. A short piece of circular waveguide termed a "dummy T.R. cell" 
is provided with the test set. This section contains a nosey iris" 1.e.„ an 
iris that absorbs power. The power loss is that which should occur in a 
good T.R. cell of the 0.L1111. type when correctly tuned. The mixer chamber 
from the transmitter unit is removed and fitted on top of the dummy T.R. °elk 
The crystal rectifies the C.W. input to produce a negative D.C. voltage whose 
amplitude depends on the tuning of the mixing chamber. This D.C. component 
is taken via a Pye lead from the mixer to the Pye plug on the front panel of 
the test set. This plug is connected to contact 4. of the selector switch and 
the negative meter terminal. Hence, by setting the selecto- -.itch to positior 
4. the mixer chamber piston can be adjusted for maximum response at the magnet= 
frequency as indicated by maximum meter reading. 

863. 0100e the mixer has been tuned the dummy T.R. cell can be replaced by 
the actual T.R. cell which can be tuned for maximum response on the meter. 

864. If the mixer chamber and T.A. cell are now replaced in the transmitter 
unit, both should give the best response to the magnetron frequency, i.e., to 
the frequency of the klystron in the test set. If the waveguide switch is now 
set to position 4. the klystron output is fed into the transmitter unit where it 
is passed through the T.R. cell to the mixer. If the mixer output is oonnected 
by Pye lead to the Pye ping on the test set panel, the smoothed negative D.O. 
voltage obtained from the rectified C.W. is applied to terminal 4. of the 
selector switch. With the selector switch in this position the anti.-T.H6 
piston can be tuned for maximum meter indication. When this indication is 
obtained the effective flow into the receiver branch line will be a Taltnalill 
for R.P. energy at the magnetron frequency. 

865. The problem still remaining is setting 'w  and tuning the transmitter 
unit klystron to a difference of 45 NO/s. from the magnetron in order to get 
maximmm amplification of signals from the I.P. strip. Setting up the klystron 
does not involve the test set so will not be discussed hare. Tuning the 
klyatron is done by varying its frequency until a beat frequency of 45 Mr/a. 
is obtained by feeding both the teat net klystron signal and the transmitter 
unit klystron signal into the mixer. In order to determine when the tuning 
is correct we require an amplifier capable of amplifying C.W. of 45 Mo/s. and 
some form of output meter. This amplifier is provided by the head amplifier 
in the transmitter unit and V.1 and V.2 in the test set. V.1 and V.2 were 
used as a pulse amplifier, i.e., a video amplifier, when the magnetron frequency 
was determined by tuning the wavemeter for maximum response on the magic eye. 
To use the same stages as an I.F. amplifier instead of a video amplifier we 
require R.F. decoepling and a frequency sensitive anode load. This is provided 
when the P/I.F. switch is set to I.F. s.6o ties the parallel dropping 
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resistors, R.19 and R.20, to earth through C.S. The 45 Mole. tuned circuit 
in V.1 anode serves as the anode load. S.6d introduces 0.13 into the 
circuit to perform the same function for V.2. The beat signal from the 
mixer is applied to the head amplifier stages in the transmitter unit. The 
output is taken from the green Pye plug on the transmitter unit and applied 
to the Pye plug on the teat set panel. When the P./I.P. switch is set to 

the beat signal is applied via c.3 and S.6b to V.1 grid. The choke, 
L.2, blots the signal from the meter. The amplified output from V.2 is 
rectified by V.3 and the smoothed negative D.C. voltage applied to the grid 
of the magic, eye, VA. The sensitivity switch, S.5d„ varies the cathode load 
of V.1. When the L.O. in the transmitter unit is correctly tuned the 
switch must be set to minimum to prevent overlapping of the magic eye. 

The H.T. Power Pack. 

866. The power supplies for the test set 205 are brought in on a 6-way, 
preferably via a junction box 238 arranged to intercept the 12-way violet 
from the J.B.231 to the modulator. Reasons for this arrangement are discussed 
in Pares. 874 - 875. The 807. A.C. supply comes in on pins 1 and 2. If the 
panel switch labelled "power" is closed the supply is completed to the primary 
of the R.T. power pack. V.8 (524C) then provides the H.T. supply for V.1, V.2, 
V.3 and V.4. Heater windings are provided on the transformer as shown. 
867. The single-ended 6.3V. a winding also feeds to the metal rectifier 

(shown near the meter) a voltage which can be adjusted by means of the 500 ohm 
potentiometer, R.48. The rectified output is taken to the positive side of the 
meter when the selector switch is in position 1 via 8.4b. The rectified output 
is also taken via the meter to the neon*, V.12 end V.13,  via,00ntaote on the 
press-button ionising switch and the external power measurement jack on the panel. 
The D.C. voltage applied to the aeons depends on the setting of R.48. Since 
this voltage determines how heavily the neaps conduct, R.48 can be adjusted 
for a suitable range of meter readings on R.P. power measurements. In proto-
type models of the teat set a 1.59. cell was used instead of the metal 
rectifier. 

868. It will be noted that + 3007. is also applied via R.51 end B.59 to 
the normally open contacts on the ionising press-button switch. If the R.P. 
power input is insufficient to make the aeons strike the button can be pressed 
to apply + 9007. The resistors, R.51 and R.55, prevent the current from 
becoming excessive when +300V. is applied to the necms. 

The S.H.T. Power Pack. 

869. The power pack for the test set klyatron is fundamentally similar 
to that used in the transmitter unit which is discussed in Chapter 6, pares. 
388 394. The 80v. input to the transformer is oompleted if both the 
panel switches labelled "Power" and "Oscillator" are closed. V.6 (VT.6041) 
is the variable impedance cathode load of the half-wave rectifier, VII.111. 
The screen voltage of V.6 is obtained from the +3007. line and dropped across 
R.46 to 1307. It is stabilised at this value by the neon, v.5. The 2905. 
potentiometer, R.41, permits an adjustable portion of any variation in the 
output voltage to be fed back on V.6 grid as well as vandal; the actual grid 
potential and effective impedance of V.6. Adjustment of R.41 then varies 
the effective cathode load of the rectifier and so varies the R.H.T. 
voltage developed. Any tendency of the output voltage to swing more 
negative due to a transient rise in the 80v. supply will drive VA grid more 
negative due to the increased flow in the bleeder. Hence v.6 impedance 
rises and the output is held at essentially the same level as before. The 
converse action occurs if the 80V. supply falls slightly. V.6 is thus a 
valve stabiliser for the S.H.T. supply to the klystron, V.9. 
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The Ilystron Oscillator, 7.9. 

870. V.9 is a reflector klyatron of the 07.125 type which is also used in 
the transmitter units of the TR.3555  series. The cathode potential of the 
klystron is determined by:- 

ai
The E.H.T. voltage across the klystron bleeder. 
Slystron current drawn through R.36, 5.35 and R.34. This current 
will depend on the setting of the grid volts control, 5.34. 

871. As the E.H.T. voltage which the power pack can sustain will depend on 
the klystron current which consitutes the major drain, there will be inter-
action between R.41 and R.34. As 5.36 will vary the feedback and hence the 
amplitude of oscillation, it will have a secondary effect on the required 
setting of the other controls for a given cathode potential and klystron 
current. Should complete really:cent be required the same type of settinv 
up procedure as is outlined for the transmitter-unit klystron in Chapter 12, 
paras.1022 - 1027, should serve to bring the klyatron into operation. An 
&ELT. current indication is obtainable by setting the selector switch to 
position 5. The negative side of the meter is then earthed and the positive 
side is connected to the 2.5 ohm cathode resistor of V.6. 5.49 puts a 
fixed 330-ohm shunt across the meter. /n the 205A model an external jaok- 
point is provided instead. 

872. The klystron is cooled by a blower motor operating on 24V. The 
supply is brought in on pins 3 and 4. of the 6-way power input plug. when 
the "Osoillatozo awitoh on the panel is closed, the 24:14 supply to the blower 
motor is automatically completed. 

The safety Iladdestore. 

873. The test set panel shows a red and a green pilot lamp. The circuit 
shows that a cam and rocker arm arrangement operated by the waveguide switch 
serves to operate these lamps by connecting to them a 6.3V. supply from the 
6.3v. winding on the H.T. transformer. The green lamp lights when the wave-
guide switch is in position 1. This indicates that it is safe to switch on 
the modulator and feed the magnetron output into the test set. In positions  
2, 3 and 4. of the wavegnide switch the red lamp lights. This is a danger 
warning. Do not switch on the modulator. Fai ure to heed this warning  
will result in serious damage to the test set. 

The Test Set 205 Safety Circuits. 

874. To protect the test set from the danger of an accidental switching on 
of the modulator 64 when the waveguide switch is not in position 1, it is 
desirable that the modulator should be automatically switched off when the 
switch is set to positions 2, 3 or A. This protection can be provided if 
the +300V. supply to the 07.73 trigger valve is completed via contacts 
operated by the waveguide switch. To permit this remote control of the +3007. 
supply to the trigger valve the junction box type 238 is incorporated in the 
bench-testing installation. 

875. fa) 

(b) 

(0) 

The letter ceding of the plugs on the J8.238 is shown in fig.154. 
A Agaway cable is taken from the 4-pin test plug on the J8.231 
to the plug B on 33.238. This brings the 807. A.C. and 241. 
supplies to the 38.238. 
The 12-say from the JB.231 to the modulator (carrying the 
switched +300V. supply) is taken to plug C on J16238 instead of 
to the modulator. 
A 6-way is taken from plug D on .18.238 to the test set 205. 
This brings the switched +3007. supply from the power unit 
in on pin 5 to one of the contacts controlled by the wave- 
guide switch. An output connection is taken from a second. 
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contact to pin 6. If the waveguide switch is in position 1 the 
supply to pin 6 is automatically completed. In any other position 
the supply is broken. Hemet  the +300V. supply is only fed back 
into 3.116238 when the waveguide switch is in the position when it 
is safe to operate the modulator and magnetron. 

(d) A new 12-sway cable is taken from plug A on the 3.B.238 to the 
modulator to complete the +300V. supply to the trigger valve when 
t'e waveguide switch is in position 1. 

876. If the test set 205 is taken out of the bench installation the 6-way 
cable from plug D to the test set is connected into plug F. The +300V. switched 
line is then completed from pin 9 on the 12-pin 0 via pin 6 on the 6-ways D 
and P to pin 9 on the 12-way A and thence to the modulator. 

The Dual Porpoise Amplifier, V.1, V.2. 

877. We have already noted the two functions performed by this dual purpose 
amplifier. The anode of each valve is connected to H.T. through a 45 NO/s. 
tuned circuit in series with two 471.E. resistors in parallel. When the panel 
switch labelled "Pulse/I.F." is in the "Pulse" position the resistors form 
the effective anode load and we have a two stage video amplifier. 'When the 
switch is in the "I.P." position the resistors are decoupled to earth through 
.001 condensers and the tuned circuits became the effective anode loads to 
give us 45 Mq/s. I.F. amplifier. 

The Selector Switch. 

878. This switch is used to make the appropriate connections to the meter 
during the various stages in the setting-up procedure. 

Position 1 - The smoothed metal rectifier voltage, the meter and the power 
measuring aeons are connected in series. The 330 ohm fixed 
shunt, 11.4.9, is across the meter. 

Position 2 - The rectified output of the test set klystron is taken from 
the crystal, V.11, to the negative side of the meter while 
the positive side is earthed. The sensitivity switch 
section, S.5a, is introduced to provide a variable shunt 
across the meter. 

Position 3,  - As the test set klystron is tuned, the signal passing through 
the wavemeter cavity to the crystal, V.10, is rectified and 
applied to the negative side of the meter. The positive 
side is again earthed. The S.5b section of the sensitivity 
switch is introduced to provide a variable shunt across the 
meter. 

Position 4 - The external crystal current from the mixer applied to the 
panel Pye plug is connected to the negative side of the meter 
while the positive side is earthed. The 2.6a section of the 
sensitivity switch is introduced to provide a variable shunt 
across the meter. 

Position. 5 - The positive side of.  the meter is connected to the cathode 
resistor of the VT.60A stabiliser, V.6, and the negative side 
of the meter is earthed. RAS provides a fixed 330 ohm shunt. 
An BALT. current indication can then be obtained in the 
meter. 

The Sensitivity Switoh. 

879. (a) S.5a provides a variable shunt across the meter when setting up 
the test set klystron. 

(b) 5.5b provides a variable shunt across the meter when measuring 
the magnetron frequency and when tuning the test set klystron 
to the name frequency. 

(o) S.5c provides a variable shunt across the meter while:- 
(i Tuning the mixer with the dummy T.R. cell 
(ii Tuning the T.R. cell. 
(iii Tuning the anti-T.R. chamber. 

(d) 8.5d provides a variable cathode load for V.1 when tuning the 
transmitter unit klystron to a frequency 45 Weis. off the 
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The Magio gye,'V.4. 

880. (a) When the P./I.F. switch is set to "P", the magnetron output 
leaking around the waveguide switch passes through the wave 
meter cavity to the crystal, V.10. The reotified pulse 
envelope is applied to the pulse amplifier, the smoothed 
negative voltage being applied to V.4. grid. The closing of 
the magic eye indicates that the wavemeter is toned to 
resonate the magnetron frequency. 

(b) When the P./I.F. switch is set to "I.P.* the output obtained 
from the head amplifier by beating the signals from the test 
set and transmitter unit klystron, is applied to V.1 and V.2 
operating as I.F. amplifiers. V.3 operates as a detector 
and the smoothed negative voltage is applied to V.4 grid. 
Closing of the magic eye indicates that the transmitter unit 
klystron tuning is approaching the correct frequency. S.5d 
provides variable sensitivity of the amplifier, as the 
tuning progresses. 

The Power-Measuring Weans, V.12, V.13 (10S/223).  

881. Only aeons in which the outer cylindrical electrode •is connected to 
the outer of the bayonet cap are suitable. To check for the correct type 
of neon press the ionising button to apply +300V. In the correct type 
the glow will be visible outside the cylindrical electrode. If incorrect, 
most of the glow will be inside the cylindrical electrode. 

882. The aeons are placed three-quarters of a wavelength apart. In this 
way any reflection introduced by the second will be 2 x or 11- wavelengths 
out of phase with that from the first. The phases will then be opposite 
and the two reflections will automatically cancel out. 

The Waveguide system. 

883. The switch operates on the principle discussed in Chapter 13, 
paras.1243 - 1245. 

The power dummy load consists of a fishtail of graphite and asbestos 
loaded bakelite. This dummy load breaks up the confront in such a way as 
to result in couplets absorption and no reflection of R.P. power. Cooling 
is provided by the klyatron blower motor via a flexible pipe from the motor. 

884. A 10 db. attenuating iris is introduced in the wavemeter channel to 
attenuate the Ra. power from the magnetron which leaks around the waveguide 
switch in position 1. This precaution is necessary to protect the crystals, 
V.10 and V.11. 

885. A second attenuator iris is introduced between the test set klystron 
input probe and the crystal, V.11. This is to out down the power applied 
to the crystal. 

886. The matching iris behind the probe is to suitably divide the klystron 
power between the channel to V.11 and the alternative path to the wavemeter 
and other guide channels. 

The Crystal Rectifiers. 

887. V.10 and Val are CV.102 crystals. These are yellow spot crystals 
with an orange dot to indicate that they can take a higher voltage than the 
ordinary yellow spot, OV.101. 

The Test Set 205A. 

888. This model differs slightly from the test set 205 in panel layout, 
wiring arrangement, etc. It has already been pointed out that an external 
jack-point is provided on the panel for measuring S.H.T. current instead of 
using the test set meter as in the 205. 
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889. Some difficulty has been experienced with multiple tuning points 
while tuning the transmitter unit klystron in the final stages of the setting-
up procedure. It has been found that the test set klystron is pulling the 
frequency of the transmitter unit klystron. The difficulty can be elimin-
ated by pulling the coupling probe well out on the mixer while tuning the 
C7.129 in the transmitter unit. This probe must of course, be reset to 
the position giving 1.5 ma. of crystal current before attempting to receive 
signals. 

The Junction Box Type 238 (100/6455)•  

890. The application of this junction box to protect the test set 205 has 
already been discussed in paras.874 - 876. The spare plug* on the box pro-
vide a convenient means of supplying am. A.C. and 2141. D.C. to other items 
of test gear which may be required in the bench-testing installation. 

The Mismatch Unit Type 257.  

891. This unit is used in lining up transmitter units of the TR.3555 series 
with the test set 205. The power dummy load of the test set simulates the 
scanner load but does not provide for the variations in load presented by 
different scanners. A unit lined up in the test set 205 might operate 
normally on a bench scanner but show moding, or frequency pulling and gapping, 
when used with an aircraft scanner. To provide for this variation in 
scanners the mismatch unit can be used in conjunction with the test set 
dummy load to introduce a deliberate mismatch comparable to that produoed 
by the worst scanner likely to be encountered. 

892. The unit is a length of rectangular waveguide which has a quarts 
rod projecting into the guide. The maximum distance that this rod may 
project into the guide is fixed to leave a clearance of 7/32" between the 
rod and the far guide wall. This quartz projection introduces a standing 
wave whose amplitude is comparable with that which may appear in the 
transmitter unit guide system due to the worst scanner likely to be 
encountered. The phase of this deliberately introduced standing wave 
can be varied by means of a moveable carriage which supports-the quarts rod. 
The transmitter output controls are detuned so that frequency stability is 
obtained regardless of the position of the mismatch carriage, i.e., 
regardless of the phase of the worst standing wave likely to be introduced 
by any scanner. This will involve a sacrifice of power output. The degree 
of power loss is an indication of the frequency stability of the magnetron. 
This stability may be influenced by the strength of the magnet, shape of the 
modulating pulse and amplitude of the modulating pulse, as well as the 
magnetron itself. 
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The Wavemeter W.1310.  

Use. 

893. The wavemeter W.1310 is an absorption type wavemeter covering the 
band 155 - 220 Bois. Its application in so far as R.2.S. installation is 
concerned. will be mainly for tuning the Lacer° transmitter and receiver, 
and for tuning Lucero blind approach beacons. 

Outline. 

894. (a) For cheating transmitter tuning the transmitter signal is 
applied to a circuit tuned to the required frequency by 
means of a calibration chart. The output is applied to a 
diode rectifier which develops a positive output voltage 
which is used to bias the grid of an audio oscillator, 
thereby controlling the amplitude of oscillation. The audio 
oscillator output is rectified by another diode and applied 
to a magic eye indicator. 
For tuning receivers to a specified frequency and R.F. 
oscillator is provided which covers the 150 - 220 Mc/s. band. 
The oscillator frequency can be set to any value in the band 
since its output is loosely coupled to the resonant circuit 
of the wavemeter. 
A 615 or 6150 power rectifier provides R.T. 

Power Supply. 

895. The unit is designed for mains operation. Before connecting to the 
mains it is essential to check that the connections on the mains transformer 
are suited to the supply voltage. By loosening the coin-slotted screws 
in the panel the instrument can be lifted out of its case. The mains 
tappings are on a tagboard under the chassis. The correct tappings are 
those whose sum equals the supply voltage. For 2109. mains. connections 
should be made to the tags marked 10 and 200. For a 2407. supply, the 0 
and 240 tags would be used. 	Special supplies can also be used as listed 
in para. 

The Circuit. 

896. a Panel details are shown in fig.145 
b Layouts are given in figs.144. & 146 
o The circuit is given in fig.147. 

Power Pack. 

897. The mains supply is applied via a suitable R.F. filter and OM/OFF 
switch to the appropriate transformer tags on T.2. Smoothing in provided 
by the choke, L.5 (40g1.) and the eleotrolytio condensers 0.19 and. C.20. 

898. The tappings on the power transformer permit use with mains voltages 

o 

of:- 

0  200 - 250V., 50 m/s. 

	

b 180V. 	500 cis. 

	

80V. 	2,000 q/s. 

899. The output between L.5 and earth is approximately 250V. 

The Absorption Circuit and R.F. Rectifier. 

900. L.4., C.11 is the absorption circuit. C.11 is the calibrated 
RESONATOR control on the panel. 

901. V.2 is the diode detector. R.8 is the cathode load. The values 
of R.8 and 0.14 and those of the resistors and condensers used in the magic 
eye input are chosen to provide deflections free from flicker when the wave-
meter is used with low p.r.f. transmitters. 
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902. L.8, L.11, 0.12, 0.13 are included to keep R.P. off the grid of 
the audio oscillator, V.3. 

The Audio Oscillator.  

903. V.3 (VR.65) is arranged as a series-fed Hartley circuit, using the 
anode, cathode and suppressor as a triode. The oscillation amplitude is 
varied by the bias applied to the control grid from the diode load. As the 
transmitter frequency and resonator frequency approach coincidence the diode 
output carries V.2 grid more positive. The amplitude of oscillation rises 
to its peak value when the exact resonance point is reached. 

904. The effective D.C. voltage on the control grid of V.3 is equal to the 
difference between the bias oh 143 cathode from the voltage drop across R.11 
in the bleeder formed by R.25. R.10, R.11 and the adjustable preset, R.23, an 
the rectified positive voltage across R.8. Since R.23 negatively biasses 
the diode V.2 and thus modifies the output voltage, this preset can be used 
to correct the falling sensitivity with ageing of V.2 and V.3. When now vet 
are fitted it may be desirable to apply increased bias.  The bias can also 
be reduced when high sensitivity is called for in tests on pulse transmitters 

The Audio rectifier. 

905. The audio output of V.3 is applied to the vit.51. rectifier, V.4. by the 
secondary of the audio transformer, T.1. R.15 acts as an anode load across 
which a negative voltage appears. The amplitude of this voltage will incres 
as the amplitude of the oscillation in V.3 increases. But this depends on 
the amplitude of oscillation applied to V.2. Hence, V.4 output is proportio 
to the resonator circuit input. Thus, as resonance is approached, the outpu 
from V.4 increases. V.3 and V.4 together serve effectively as a D.C. 
amplifier for V.2 output. 

906. The output rrom V.4 for a given input will depend on the bias applied 
to V.4 by 0.14 which serves as a sensivity control. This is the control 
labelled "BIAS" on the panel. 

The Tuning Indicator. 

907. V.5 is v1.103 visual indicator valve. The screen is at H.T. and the 
anode and target are below H.T. by an amount dependent on the anode current, 
i.e., on the grid potential. The more current passed by the valve, the wide 
will be the shadow since the target is well negative to the screen. As the 
current decreases the potential difference between screen and target Windwinh 
and the shadow gets narrower. Hence, as resonance is approached, and V.5 
grid is carried down by the rectified output from V.4, the magic eye continue 
to close. When the shadow angle is at the minimum point the resonance point 
is reached. Since the setting of the BIAS control determines V.4 output it 
can be used to set a suitable shadow angle on V.5. 

The R.P. Oscillator. 

908. V.1 is a VR.137 using a split-stator Hartley circuit. The panel 
control labelled "LP. OSCILLATOR TOMENG,  is the condenser 0.4. The tuned 
circuit is loosely coupled to the resonator circuit. The oscillator can be 
net up to a desired frequency by setting the RESONATOR control to the appropx 
ate setting as given by the calibration chart and then tuning 0.4 for resonar 
with the magic eye. The frequency markings on the OSCILLATOR TONING control 
are 	ugh indications for the purpose of preliminsry.  setting to an apprc 
matell 

ro
e. 

Setting-np the Wavemeter. 

909. (a) Connect to the mains, using the appropriate transformer tappings. 



ceri.0896/. 

Switch on, noting that the pilot lamp lights up. 
After a short warming-up period the magic eye screen will 
glow. By operating the BIAS control the shadow angle can 
be set to maximum corresponding to maximum output from V.4. 
and maximum sensitivity. 

Measurement of Transmitter Frequency. 

910. 	(a) Peed a small voltage from the transmitter into the input socket, 
using the screened plug and length of concentric cable supplied. 
If a direct connection to the transmitter is not possible, the 
probe, which is supplied with the instrument can be plugged into 
the open end of the concentric cable and placed in the field of 
the transmitter under test. 
As the R.P. oscillator is not required the oscillator switch 
should be in the OFF position. 
Rotate the RESONATOR dial until the shadow angle is a minimum. 
If zero angle is obtained before exact resonance is reached 
the BIAS control should be turned counterclockwise to again 
increase the shadow angle. The RESONATOR dial can then be 
adjusted for further closing. When the BIAS control is correctly 
adjusted, tuning to exact resonance should not fully close the 
magic eye as the effective discrimination of the resonator 
circuit is then reduced. From the dial reading and the calib-
ration chart the frequency can be determined. 

Transmitter Tuning. 

Set the BIAS control for maximum shadow angle. 
Apply transmitter input. 
Set RESONATOR dial to the required frequency. 
Tune transmitter for minimum shadow angle, readjusting 
the BIAS as necessary as resonance is approached. 

Receiver Turas. 

912. (a) Set oscillator switch to ON 
b Set RESONATOR dial to required value as deduced from cali- 

bration chart. 
cz3 Set BIAS for maximum shadow angle. 
d Adjust OSCILLATOR TUNING to close the shadow angle to minim= 

readjusting bias as tuning proceeds. 
(e) Feed signal of required frequency to the receiver and tune 

for maximum output 
(f) sequence should be: - 

i) Local oscillator. 
(ii3 R.F. to L.O. coupling. 
(iii R.F. input circuit. 

Faults and Checks. 

913. Should operation of the BIAS control not close the magic eye, listen 
for the note of the audio oscillator. If missing, replace V.3, and if 
present, replace V.4. 

934. If there is no response when a signal is applied, measure the voltage 
on V.2 cathode with a high resistance voltmeter, having a resistance of 2,000 
ohms per volt or more. This voltage should be 0.5V. or more and should 
increase as the resonator circuit is brought in tune with the signal. If 
this does not occur the valve should be replaced. 

915. If no magic eye response is obtained from the R.F. oscillator, 
remove the oscillator cover and measure the H.T. voltage between the tuning 
coil and earth. A reading of approximately 150V. should be obtained with 
satisfactory valve and power supply. 

916. B.T. voltage should be about 250V. 

911. 
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CHAPTER 12 - SERVICING MCIMAINTENANCE 

Summary of the Signal Channels  

917. (a) Tx-Timing Pulse - From anode of V.505 in W.F.G. to grid of 
VR.91 in modulator M.V. via blue Pye plugs on the W.F.G. and 
modulator 64. 

(b) R.F. Output - From magnetron via R.F. output plug to scanner 
by waveguide or high power coaxial feeder. 

(c) R.F. Input - From scanner back to transnitter unit and mixer 
stage. 

(d) LO. Signal - From klystron oscillator to mixer. In Mark IIC 
by uniradio 21 feeder from tuning unit 207 to transmitter unit. 
In Mark IIIA (TR.3555) via coaxial lead from klystron in 
transmitter to mixer cavity in same unit. 

(e) Mixer Output - By Pye cable from mixer to head amplifier grid. 

(f) Head Amplifier Output - From head amplifier anode to green 
Pye on the transmitter unit, thence to green Pye on the RR-T. 
unit and grid of first I. F. 

Lucero Output - From I.F. amplifier anode in Lucero Rx to 
brown Pye on Lucero, and thence to brown Pye on RXT unit 
and grid of first I.F. 

Mixed Signals, goading or Track Marker and Range Marker -
From cathode of RXT. mixer (V.411) to slate Pye on R8-T 
unit and thence to slate Pye on W.F.G., and grid of buffer 
C.F., V.312. 

Mixer Signals, heading or Track Marker and Range Marker for 
Bedght Tube - Taken by condenser inside W.P.G. from slate to 
red Pye plug. From red Pye on W.F.G. to red Pye on Lucero. 
Across to orange Pye by condenser (Lucero not operating). 
From orange Pye on Lucero to orange Pye on indicator 184. 
Applied to grid of one height tube amplifier valve. 

Height Marker - From delay network in cathode of height 
marker output valve (V.403) to white Pye on the Rx-Timing 
unit and thence to white Pye plug on Lucero. Across to 
yellow Pye plug on Lucero (Lucero not operating). From 
yellow Pye on Lacer* to yellow Pye on indicator 184 and 
grid of other height tube amplifier valve. 

(k) Mixed Signals, Heading and Track Marker, Range Marker and 
Bright-Up For P.P.L - From cathode of V.508 to black Pye 
in W. F. G. and thence to. black Pye on indicator 184 and 
cathode of video amplifier; D.C. coupling. 

(1) Time Base for Height Tube - Fran centre-tapped secondary 
in V.504  anode to 2-pin on W.F.G. and thence to 2-pin on 
indicator 184 and through scan transformer to deflecting 
plates. 

(m)  Time Base for P.P.I.  - From centre-tapped secondary in 
WWII-anode to pins 2 and 6 of 6-pin on W. F. G. and thence 
to scanner and magslip rotor,. Fran magslip stators in 
scanner to indicator 184 on 4-pin (via a junction box 222 
if Fishpond used). Non-linear timebase developed from 
magslip output in indicator 184 and applied from anodes 
of sawtooth amplifiers directly to the X and Y plates. 

(n) Trigger ',Use for Markers and Suppression - From cathode 
of VT.60A in modulator M.V. to violet Pye plug and thence 

(g) 

(b) 

(i) 

(3) 
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to violet Pye plug on RX-T unit. Direct-feed into 
suppression delay network and delayed pulse fed to grid 
of suppression generator, V.412. Also fed to primary of 
transformer T.400. Phase inverted output from secondary 
goes to cathode of height marker timing valve (V.400). On 
30 and 100 mile marker ranges it also goes to cathode of 
range marker timing valve (V.406). 

(o) Signals, Markers and Bright-Up for Fishpond - From V.508 
cathode to black Pye on W.F.G. and thence to black Pye on 
Fishpond. Applied to cathode of Fishpond signal amplifier 
through a condenser, i.e., A.C. coupling. 

Timebase for Fishpond - Master sawtooth from centre-tapped 
secondary in V.504 anode to pins 2 and 6 of 6-way on M.P.G. 
Thence to scanner and msgslip rotor. Stator outputs on 
pin to J.B.222. Picked up at J.B. on 	and taken to 
Fishpond. Developed into required timebase in Fishpond unit. 

(q) Trigger Pulse for Fishpond Markers - From cathode of VT.60A 
in modulatorM.V. to violet Pye plug and thence to violet plug 
on Fishpond. Operates on grid of marker valve if push-button 
switch pressed. 

(r) Trigger Pulse for Lucero - From cathode of VT.60A in modulator 
M.V. to violet Pye plug and thence to violet Pye plug on Lucero 
panel. Applied to grid of counting down valve. 

(a) Lucero Output - From transmitter tank lecher taps to internal 
Pye plug and thence to T.R. junction box, switch motor, and 
aerial feed Pye plugs on panel. Green/white feeds port aerial 
and red/white feeds starboard aerial. 

Lucero Signal Input - Frain aerial Pye plugs to switch motor and 
thence to R.F. amplifier in Lucero receiver. 

Trigger Pulse for /41%0.43 (Fishpond Independent Bright-Up -
From violet Pye on modulator to violet on W.F.G. 43 and thence 
through short C. R., and diode to sync. grid of M.V. 

Mixed Signals and Markers for W.F.G.43 - Fran cathode of RXT 
mixer to slate Eye on Rx-timing unit, and thence to slate Pye 
on Ir.F.G.43. Applied to grid of buffer C.F. stage. 

Mixed Signals, Markers and Independent Bright-Up for Fishpond -
Fran cathode of W.F.0.43 mixer (where independent bright-up 
added) to black Rye on W.F.G.43. Thence to black Eye on Fishpond 
and direct to Fishpond signal amplifier cathode; D.C. co plies 
mw employed.  

Summary of Controls and Test Points  

Power Supplies  

918. (a) V.C.P. Switch - Determines whether the aircraft D.C. supply gets 
from input plug to output plug for alternator field. 

(b) Alternator Switch - Determines whether regulated 24V. supply 
reaches alternator field and excites alternator. 

(c) V.C.P. Trimmer - Adjusts D.C. supply to alternator field to get 
80y. output at normal engine speeds. 

(d) Compression Adjustment - Takes up slack in carbon pile 
to enable satisfactory regulation. 

(e) Power Unit Jack Points - Provide checks on the separate power 
supplies in the unit. 

(f) "IsT. ON" Button - Brings heater, 3031/. H.T. and -100V. bias 
supplies into operation and puts +24V. on blower motor. 

(g) "R.T. ON" Button - Puts +300V. switched supply into operation 
when the red light comes up. Trigger valve operates trigger 
gap on spark gar. 
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Modulator 64 Switch - Puts 80V. A.C. on primary of -41M 
power pack transformer. If down, transmitter goes into 
operation when red. light comes on. 
Scanner Motor Switch - Puts 24V. D.C. on scanner motor. 
Lucero "Trans. On" Switch - Puts +24V. on C relay which puts 
ELT. on W.F.C. Type 30 and brings modulating pulse valve into 
operation to bring transmitter on. 

R. F. Output  

Modulator P.R.F. Control - Varies D.C. potential to which grid 
of VT.60A in modulator M.V. is returned and so adjusts p.r.f. 
of modulator M.V. to permit synchronisation by Tx-timing pulse 
and locking of Tx to time base. 
30 Mile Zero - On 10/20, 30/20 and 100/20 positions of scan- 
mar ear 	it varies point at which sawtooth carries Tx- 
timing valve into conduction and hence point on sawtooth where 
Tx pulse appears. By varying point where Tx pulse appears 
point where signals appear is also varied. By varying point 
on sawtooth where 20 microsecond pulse forms, it varies point 
where Fishpond zero marker forms and where suppression, height 
and range marker appear on the displays. 
10 Mile Zero - Achieves same results on the 10/10 position of 
steer switch as in (b) but provides wider range of 
variation. 
Scan-marker Switch - Connects Tx-timing valve grid to 10 mile 
zero slider on 10/10 position, to 30 mile zero on 10/20, 30/20 
and 10 120 positions, to OV. on 100/40 position and to +60V. 
on 100 40-80 position. 
Blue/White Voltage Monitor Point on Modulator 64- Permits 
measurement of amplitude of modulating pulse on T.S.28. Shape 
of pulse will indicate whether overawing diode circuit is 
operating and whether breakdown is developing in magnetron 
pulse transformer or heater transformer. Amplitude of pulse 
is approx. 64 x value measured on T.S.28. 
Brown/White Monitor Point on Modulator 64 - Permits measurement 
of current in modulating pulse. Shows antiphase waveform to that 
in (e). Current value in imps. is approx. equal to amplitude in 
volts on T.S.28, 
Matching Slug (Mark IIC) - Used to match magnetron to output line 
and usually set for best signal-to-noise ratio. 
B. F. Output Tuning Piston and Matching Iris (TR.3555 Mark III - 
Adjusted to get mart= power output from magnetron. May require 
detuning to avoid moding or frequency pulling. 
Tuning Rods and Carriage (TR.3555  Mark III.) - Alternative to (h). 

R. F. Input 

Capacity Joint in Scanner Type 63 - Must be correctly aligned 
in Mark IIC to get best signal input. 
Matching Slug - Affects both magnetron output and strength of 
signal reaching CV.43 in Mark IIC. Set for best signal-to- 
noise ratio as stated above. 
CV.43 Tuning Plungers - Plunger on panel tunes CV.43 to resonance 
at magnetron frequency. Signal input to mixer reduced if not 
correctly tuned. Preset plungers fix band covered by panel control. 
CV.43 Input Coupling - Adjusted if overcoupling of Tx pulse into 
cavity causes too much ionisation as indicated by diffused glow 
in cavity and flat tuning. 
CV.43 Probe - Meter connected between input lead and probe to 
measure ionising current if crystal burning out. Value of current 
varies with type, see fig.73. Voltage measured with electro- 
static voltmeter should be about -700V. 

(h) 

919. 	(a) 

(b) 

(0) 

(d)  

(e)  

(f)  

(g)  

(h)  

(i)  

920. 	(a) 
(b) 

(0) 

IIC 	(d) 

(e) 
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Mk. 
/IIA 

Anti T.R. Tuning Piston - Used in TR.3555 (Mark INA) to 
effectively isolate the Tx channel while receiving signals. 
Tuned for best signal response as indicated by maximum input 
to CV.114. 
CV.114 Tuning Plunger - Tunes CV.114 to resonance at magnetron 
frequency (T143555 Nark-IIIA). Signal input to mixer reduced 
if not correctly tuned. 
Mixer Tuning Piston - Matches crystal mixer to waveguide mixing 
cavity to get strongest mixer output for a given input in TR.3555. 

Local Oscillator 

Reflector Volts Control - Varies potential of CV.67 reflector 
relative to cavity and so varies the feedback and therefore the 
amplitude of oscillation. Also pulls frequency to some extent. 
Coupling Control - Varies angle of coupling loop relative to H 
vector in cavity field thereby varying output applied to I. 
feeder. 
Klystron Output Plug - Crystal adaptor can be attached to check 
on klystron output by measuring rectified voltage on meter. 
Values of 8 - 12 ma. normal, depending on crystal. 
Klystron Cathode and Reflector - Electrostatic voltmeter used to 
check for correct potentials. Cathode potential must not drop 
to less than -loocnr. 
Mixer Capacity Probe - Provides variable attentuation of L0. 
input to mixer; used in conjunction with coupling to get maximum 
crystal current of 0.6 ma. by variation of reflector volts. 
Crystal Jack in Transmitter Unit - Used to observe crystal current 
as an indication of L.O. input to mixer. Also permits measuranent 
of back and forward resistance of crystal. Crystal current should 
be set to 0.4 ma. and range of variation on reflector volts 
control should not take value above 0.6 ma. Should be set on 
slow side of curve. 
Tuning Control - Varies cavity volume to vary frequency by means 
of plunger threading into side. As plunger goes in cavity volume 
decreases and frequency rises. Adjusted to permit tuning above 
and below magnetron frequency. 

(i  

Reflector Volts Control VR.2) Effects are interlocked and must 
Grid Volts Control  VR.3 	be adjusted together to give 
341LT. Current Control VR.1) 	simultaneous requirement of 
cathode voltage not more negative than-1600V. with an B.H.T. 
current not in excess of 7.5 ma. 
Coupling Loop - Set to meadmun. 
Mixer Capacity Probe - Adjusted for crystal current of 1.5 ma. 
with coupling loop at maximum. 
Fat- (Klystron) Current Jack - Used to observe E.H.T. current 
while setting up VR1, VR2 and VR3. 
Crystal Jack - Used to observe crystal current while setting up 
mixer capacity probe and while setting up VR1, VR2 and VR3. 
Klystron Cathode - Electrostatic voltmeter connected to klystron 
cathode while setting up klystron controls to ensure voltage does 
not go more negative than -1600w. 
Remote Tuning Control - Switches D.C. to repeater motor on H.F. 
box which operates klystron tuning plunger (pressure tuning) 
Manual Tuning 
Control - Operates plunger directly. 

921. ( (a) 

(b) 

(0) 

(d) 

Mk. 	(e) 
'IC 

(f)  

(g)  

Mark ((m)
IIIA 
using (n) 
TR3555 
series (o) 

(p)  

(q)  

Markers 

922. 	(a) 

(b) 

Height Zero  - Varies potential to which grid of second flip-flop 
valve (V.402) is tied, thereby varying current through cannon 
cathode load and hence grid cut-off of first flip-flop valve. 
Must be adjusted to set this grid cut-off at the value for which 
scale was designed. Used to bring markers into coincidence with 
natural or artificial echo of known range when height control set 
to the known range. 
Height Control - Varies potential from which timing condenser 
starts its exponential rise and hence varies delay between zero 
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time and time the height marker forms, i.e. when grid of first 
flip-flop is taken above cut-off. 

(c) Height Timing Trimmer - Used by manufacturer to set timing C.R. 
to value for which the scale was designed. 

(d) Range Zero - Performs same function in range marker flip-flop as 
height zero in height marker flip-flop. Adjusted so that with 
range control set to zero and scan-marker switch in 10/10 position 
the range marker and height marker coincide when height control 
set to 20,000 ft. (after previously setting up height zero). 

(e) Range Control - Varies potential from which range marker timing 
condenser starts its exponential rise, thereby varying delay 
between zero time and time that range marker forms when grid 
of first flip-flop taken above cut-off. 

(f) Range Timing Trimmer - Used by manufacturer to adjust range 
marker timing C.R. to value for which scale is designed. 

(g) Line of Flight Switch - Puts +300V. on heading marker circuit. 
(h) Course-Track Switch on Indicator 14  - Determines which contact 

in scanner earths the pulse-forming circuits in the receiver-
timing-unit. (Set to "Track" when using scanner type 65 or 3 
to obtain course marker). 

(i) Course-Track-Auto Switch on H.C.U. - Set to "Course" to set up 
beading marker and to "Track" to set up track marker, and to 
"Auto" after both set up. Connects D.R. compass to course, and 
transmitter in control unit to track repeater motors when in 
"Auto" position. Connects manually operated transmitter in 
H.C.U. to respective repeater motors when in "Course" and "Track" 
positions. 

(j) Setting Control on H.C.U. - Used to manually operate the course 
and track repeater motors in the scanner when switch set to 
"Course" and "Track" respectively. Switches the D.C. connections 
to the repeater motor windings. 

(k) W.P.O. Course-Track Link - Set to "Course" for use with scanner 
type 65 or type 3. Set to "Course and Trackvfor use with 
scanner type 71 and type 63. 

(1) The Scan-Marker Switch - Switches D.C. to relays which switch 
the anode load of the range marker timing valve to give the 
different marker ranges. Connects the range marker timing 
valve cathode (V.406) to the anode of the second valve in the 
height marker flip-flop on the 10/10 and 10/20 positions. 

Timebase 

923. (a) Scan-Marker Switch - Switches D.C. to relays which switch cathode 
loads of both master M.V. valves, anode load of 1st master1414 
valve, grid potential of switching valve, and cathode load of 
switching valve, to gat different sawtooth working strokes. 

(b) Sync. Control - Varies phantastron screen voltage. Set to give 
stable phantastron screen operation at the sane time that the 
settings of the other two phantastron controls give freedan 
from unstable centre and scalloped edges on scan. 

(c) Phantastron Screen Volts - Varies potential to which clamping 
edg cathode line is tied. Set to hold cathode line slightly 
below -10014 line while giving adequate clamping square wave. 

(a) Phantastron Cathode Volts - Varies potential to which clamping 
diode anode line is tied. Set to hold anode line slightly 
above -100V. line while giving adequate clamping square wave. 
Two controls adjusted together. 

(e) X-Amplitude Control - Varies negative feedback in Z-aniplifier 
pair to give required push-pull overall amplitude and range 
coverage. 

(f) Y-Amplitude Control - Varies negative feedback in r-amplifier 
pair to give required push-pull overall amplitude and range 
coverage. The two amplitude controls must be adjusted for 
circularity of range marker, i.e., correct relative amplitudes 
across X and Y plates, and for correct range coverage, i.e., 
correct vector sun of amplitudes. 
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(g) Ham-Eliminator Control - A 300 ohm potentiometer connected 
across the heater line to balance out as much as possible the 
1000 cycle hum picked up on the heater line which causes 
apparent timebase bunching or "spoking". Fitted as a retro-
spective modification in earlier 184 indicators. 

(h) Distortion Corrector - Varies the resistance in the complex 
charging 0.21 s to give the correct shape input on the grids of 
the scan amplifiers in order to obtain a distortion-free display 
and constant ground range coverage on all scans. Must be set to 
correct height. 

Outputs and Displays  

924. (a) Switch Unit Bright-Up Control - Varies potential to which grid of 
second valve in bright-up flip-flop is returned, thus varying 
current through the common cathode load and hence the grid cut-off 
potential of the first flip-flop valve. This permits variation 
of the point on the sawtooth where the sawtooth carries the first 
grid above cut-off to start the bright-up pulse. Used to adjust 
commencement of the bright-up in the 50 mile sawtooth. 

(b) Bright-Up Control - Varies the resistance in an integrating 
circuit in the sawtooth input channel to introduce a deliberate 
distortion by shunting out high frequency components. This dis-
tortion is most effective on the 10 mile sawtooth input, because 
of its higher proportion of high frequency components. The dis-
tortion in the input C.R. results in low frequency loss which 
effects the 30 and 50 mile inputs most. By using the W.F.G. 
control only on the 10 mile sawtooth input, and the switch unit 
control only on the 50 mile sawtooth input, it is possible by 
means of a few alternate adjustments to start the bright-up at 
the sane point in the scan in all threesavrtooth inputs. As 
long as Fishpond has m independent bright-up these controls 
will be adjusted to get brightening up of the Fishpond zero 
marker on all three scans. The 10 and 30 mile zeros will 
previously have been adjusted to give a zero marker whose diameter 
is approximately the sane on all three scans, i.e., about 1". 
When the W.F.G.43 is fitted to give Fishpond an Lndependent bright-
up both controls are set fully anticlockwise to start the bright-
up as early as possible. This is to prevent the appearance of a 
hole in the centre of P.P.I. display at low altitudes due to the 
height marker forming and starting the scan before the W.F.G. 
bright-up commences. 

(c) Contrast Control - Varies the potential to which the grid of the 
video amplifier is returned, thereby varying the current through 
the cannon cathode loads of the M.P.G. mixer and the video amplifier. 
This serves to vary the effective bias on the W.F.G. mixer and so 
determines how much bright-up square wave is passed by the W.F.G. 
mixer and applied to the video cathode. The contrast control thus 
serves as a bright-up amplitude control. Aa it is carried clockwise, 
the bright-up amplitude increases. For maximum target detail it 
should be adjusted to the position where the superimposed range 
marker just begins to show top-cutting. This setting will pass 
enough bright-up for Fishpond when no independent bright-up is 
available. Further clockwise rotation will result in top-cutting 
or limiting of signals. In the fully clockwise position the video 
amplifier may be cut-off on the grid. 

(d) Gain Control (Mark IIC) - Varies cathode potential of second and 
fourth I.F. amplifiers to vary amplitude of 8.2.8. and Lucero signals. 

(e) Gain Control (Mark IIIA using TR.355) - Varies screen voltage of 
first four I.F. amplifiers and second head amplifier to vary 
amplitude of H.2.8. and Lucero signals. 

(f) Gain Control (Mark III& using TR.3523  series). Varies screen 
voltage of first four I.F. amplifiers and of both heed amplifiers. 

In both Mark IIIA installations the control actually varies 
the grid potential of the gain control valve to vary the amde voltage which 
serves as the screen supply for the gain-controlled stages. 
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(g) Suppression - Varies the delay imposed on the 20 microsecond 
pulse applied to the grid of the suppression valve. The negative 
output at the anode is applied to the screens of the 1st and 3rd 
I.F. stages in Mark //C and to the suppressors of the first three 
I.F. stages in Mark ILIA. This suppression pulse has an exponential 
tail and will keep the receiver insensitive for a time dependent 
on the suppression setting. Where Fishpond is employed the minimum 
range of Fishpond cannot be less than the time after the trans-
mitter pulse for which the receiver is held insensitive by the 
suppression pulse. The suppression control should, therefore, be 
set for full transmitter breakthrough, then given one click in the 
opposite direction to apply suppression only for the duration of 
the primary magnetron pulse. The noise, etc. fraa the secondary 
pulses will then come through the receiver but close range Fish-
pond signals can also come through. As long as their amplitude 
exceeds the noise amplitude the signals can be seen if the low 
gain H.2.S. is used and low brilliance is used on Fishpond. 

(h) P.P.I. Brilliance - Varies D.C. level of P.P.I. grid relative to 
its cathode and thus controls emission of 	and intensity of 
display. Since high emission means greater spreading of beam due 
to mutual repulsion between electrons in the beam, the best focus 
is obtainable with low brilliance. 

(i) Focus - Varies potential of focussing anode relative to 
cathode to converge beam to the sharpest possible point at the 
screen. 

(j) P.P.I. Horizontal and vertical Shifts - Vary potential to which 
grid of second stage in each of the oar/tooth amplifiers is returned, 
thereby varying D.C. level at anode of second stage relative to 
that of first. Since anodes are D.C. coupled to the deflecting 
plates the anode potential can be balanced to have the flyback 
take the spot back to the tube centre. 

(k) Height Tube Brilliance - Varies D.C. level of height tube grid 
relative to cathode. Set so that blackout waveform carries grid 
down far enough to cut out the flyback. 

Nm
Height Tube Focus - Same operation as 	focus. 
Height Tube Shift - Serves to shift height tube scan vertically so 
as to put suppression break at the bottom of the tube to provide 
maximum useful range coverage on the scan. Actually varies the 
D.C. potential of one X-plate relative to that of the other. As 
tube is turned through 90°  the X-plates are in the position normally 
occupied by the Y-plates. The control thus serves as a vertical 
shift although operating on the plates connected to the X+terminals 
on the base. The horizontal centring of the trace is determined 
by the relative D.C. levels at the anodes of the height tube para+ 
phase amplifier since these anodes are D.C. coupled to the signal 
plates. 

(n) The Scan-Marker Switch - When set to 100/40-60 position it ties 
grid of Tx-timing valve to +60v. and so causes the valve to go into 
conduction about 500 microseconds before the middle of sawtooth. 
Tx. then fires 500 microseconds earlier and the suppression is also 
advanced 500 microseconds so disappears off bottom of height tube. 
Range coverage on height tube then of the order of 40 - 90 miles 
for homing on long range beacons. 

(0) Lucero Switch - When set to "OFF" cuts off 24.?. and 60v, supply to 
Lucero so only normal H.2.S. displays obtained. If set to B + H, 
B or BA, the 24v. and BOV. supplies are taken to Lucero and the B 
relay in Lucero is energised to bring the switch motor and mechanical 
automatic frequency selectors into operation. B relay now dis-
connects height marker input from yellow Dye on Lucero, so it goes 
off the height tube. Switch motor now switches the mixture of 
signal and range markers taken in on the red Dye plug at Lucero 
between the orange and yellow Pye plugs to give a double sided 
display on the height tube. If the B H position used, both 
Lucero and H.2.S. signals appear. If in the B position, the H.T. 
supply .s cut-off from the head amplifier in Mark IIC. In Mark 
IIIA, the H.T. and screen supply to the second head amplifier 
are broken in the TR.3555 series transmitter units. The H.2.S. 
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(P) 

925. 	(a) 

signals are thus eliminated and only Lucero signals appear on 
the double-sided display. In the BA position, the 24V. supply 
to B relay in Lucero is completed via pin 10 on the 18-way 
instead of pin 9, which provides the channel on the B + H and B 
positions. If a jumper socket is used on the 18-way on the 
Lucero panel, the change frau B to BA will result in an automatic 
change of the Lucero tuned circuits to permit reception of signals 
from Lucero blind approach (BASS) beacons. The height tube dis-
play may be either single or double-sided depending on the aerial 
system employed for the reception of BA. signals. 
Receiver Monitor Point (Mark IIC) - Permits measurement of detector 
output for a given 0.44-input to check receiver sensitivity and 
bandwidth. 
Receiver Output Monitor Plug (Mark IIIA) - Spare Pye plug on panel 
of Rx-T. unit where output of cathode follower between detector and 
receiver output valve can be scoped or measured to check receiver 
sensitivity and bandwidth. 

Fishpond 

Range Presets - Adjustable resistors strapping the cathodes of the 
sawtooth amplifiers. Vary the negative feedback and so adjust the 
gain to develop an output amplitude that will carry the spot across 
the screen in about 90 - 100 microseconds, regardless of the saw-
tooth input. Three presets for each amplifier, one for each saw-
tooth input. Must be adjusted to have the correct overall 
amplitudes from each pair which will combine vectorially to give 
circular markers and range coverage of 4+5 miles. 
Scan-Marker Switch - Switches D.C. to relays in W.F.G. which 
results in change of sawtooth working strokes and simultaneously 
switches C.C. to Fishpond relays to connect appropriate range pre-
set between the sawtooth amplifier cathodes. 
Balance Presets - Vary D.C. level to which grid of second stage in 
each sawtooth amplifier pair is tied, thus varying gain of one 
valve relative to that of the other. Used to get push-pull output 
from each pair in order to get scan rotating about centre when 
shifts have been previously adjusted to oompensate for any 
deformation of the electrode structure. 
Shifts - Vary D.O. potential of one deflecting plate in each pair 
remove to that of the other. Horizontal shift used to bring 
vertical scan through centre and vertical shift used to bring 
horizontal scan through centre. 
Brilliance Control - Varies D.C. level of C.R.T. grid relative to 
cathode. Should be kept as low as possible by operator to detect 
signals just above noise level. 
Gain Control - Varies potential to which grid of signal amplifier 
is returned and so permits same variation in gain of signal amplifier. 
When W.F.G. 43 fitted signal amplifier and mixer in W.F.G. 43 will 
be D40.-coupled in same way as video amplifier and W.F.C. mixer, 
V.508. Cain control then operates as a contrast or limiter control. 
Should then be set for top-cutting of signals to intensify signal 
response relative to noise response. Brilliance must be low to 
get best oamparative effect. 
Contrast Control on Indicator 184 - Determines amplitude of bright-
up pulse reaching Fishpond when W.F.G. 43 not fitted. Must be set 
to provide at least enough bright-up pulse to permit blacking out 
of scan and flyback. 
W. F. G. 43 Bright-pp Amplitude Control - Determines amplitude of 
bright-up pulse passed to Fishpond for a given setting of Fishpond 
gain control. Must be preset to value which permits adjustment of 
Fishpond control to cause top-cutting of signals when brilliance 
control is at minimal. Commencement of bright-up is fixed 
automatically to back edge of 20 microsecond pulse and Fishpond 
zero marker. 
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(i) 10 Mile Zero and 30 Mile Zero - Vary potential to which grid of 
Tx-timing valve is returned on 10 and 30 mile scan, respectively. 
Thus vary point on sawtooth at which the Tx-timing pulse and 20 
microsecond pulse appear. This, in turn, fixes point in Fishpond 
scan where zero marker appears on these scans. Set to give zero 
marker of about 1" diameter on their scans so as to get a display 
which remains sensibly constant as scans are switolupd. 

(j) W.F.C. and Switch Unit Bright-Up Controls - Action outlined in 
pans. 924 (a) and (b). Adjusted alternately using W.F.0.control 
on 10 mile sawtooth and switch unit control on 50 mile sawtooth to 
get zero marker brightened up on all three scans when no W.M. 
43 fitted. 

(k) Marker Switch - Pushbutton switch which alters D.C. level to which 
grid of marker valve is returned from about -100V. to about +40V. 
so that valve is in saturation current on leading edge of positive-
going 20 microsecond pulse but cuts off on back edge. Tuned circuit 
im.anode then rings to give damped 93 Kc/s. oscillation whose + pips 
are used to produce the Fishpond markers. Gives zero marker on let 
positive swing on back edge of 20 microsecond pulse and successive 
markers at 10.7 microsecond or 1 mile intervals. 

(1) Frequency Control - Dust core of coil in ringer circuit can be 
adjusted if necessary to vary effective inductance in ringing 
circuit and so get markers giving correct range indications. 

Stabilised Scanner 

926. (a) Amplifier Unit Switch - Earths grid of V.1 in amplifier unit to 
reproduce the same conditions in the amplifier unit as would exist 
when moving platform is horizontal and no misalignment voltage is 
applied to the amplifier unit. 

(b) Amplifier Unit Jack Point - By jacking in a meter, the differences 
in the anode voltages of the VT.60A's in the D.C. amplifier can be 
measured. 

(c) Amplifier Balance Preset - Varies operating point of grid of first 
VT.60A. Adjusted until meter reads zero when jack connected to 
meter inserted at jack point. Anode potentials of the VT.60A's 
should then be balanced and no net field current applied to motor 
generator whose armature should then be stationary. 
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Bench Setting-Up of H.2.S. Mark IIC Installation  

Test Equipment Required  

Monitor 28 
Test Set 85 
Test Set 202 
Electrostatic voltmeter 

milliammeter 0 - 2 ma. 
AVO Model D. 

Power Supply Checks  

928. Before switching on the equipment check that the supply voltages are 
approximately 80v. Lc. and 28V. D.C. 

Check that modulator 64 switch is off (up) 
Press "L.T. ON" button on switch unit. Green pilot lamp 
should light. 
Check the blower motor is running in the transmitter unit. 
Check that indicator 184 panel lamp is functioning 
Check that the switch unit panel lamps are operating on the 
height and range drums. The scan marker switch will have to 
be switched through the different scans to check the range 
drum lamps. 

930. (a) Check the +300V. and -100V. power supplies with the aid of a 
0 - 2 ma. meter and jack at the power unit jack points. 
Normal readings are :- 

PU Type 280 
	

Type 224. 
Jack point 
	

Normal 	Limits 
	

Normal 	Limits 

	

+300V. 	1 ma. 0.95 - L05 ma. 0.3 ma 0.28-003i= 
300V. feed 0.85 ma. 	Approx. 	195 ma 180 - 210 ma 

	

-100V. 	I am. 0.95 - 1.05ma. 1.0 ma 0.95 - 1.05 ma 

If these readings are proportionately high or low the V.C.P. 
SOV. supply is incorrect and requires adjustment. 
Should the two.voltage readings be in disagreement, suspect 
the rectifiers. 

Turn the reflector voltage control on the tuning unit 207 
fully anti-clockwise. 
Press "H. T. ON" button. Amber light should came on. 
Red lamp should come on in less than a minute. 
Check that height tube timebase appears. 

932. Check the -1800R4 supply at the power unit jackpoint. Reading should 
be 1 ma. + 0.05 MUL on the P.U. 280 or 1.8 ± 0.05 ma. on the P.U. 224. 

933. Check that an overload on the power packs in the power unit will cause 
the equipment to switch off by putting a 200 ohm resistance between one of the 
tag points marked "A" on the 300V. transformer and earth. 

Crystal Checks 

934. (a) Measure the forward resistance of the crystaL This should not 
exceed 200 ohms as a general rule if measured on an AVO Model D, 
using the 1014 range or on a Model H using the 20E. range. 

927. 

929. 
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(b) Measure the back resistance. This should not be less than 
1000 ohms. 

(c) Switch the modulator on and off about 6 times and again check 
the crystal to see whether the values found still hold good. 
This is to check the surge resistance of the crystal. Log the 
back resistance on card kept with the unit. 

(d) Leave modulator switched off. 

Measurement of forward and back resistance of crystals does not establish with 
absolute certainty that the crystal is either good or bad. The tests apply to 
the majority of crystals but crystals failing to pass the tests may occasionally 
give reasonably good sensitivity while crystals passing the tests may prove 
unsatisfactory. The only positive check on a crystal is the comparative 
sensitivity when the cyystal is put in a known good set instead of a known good 
crystal. 

Initial Setting-Up of Crystal current  

935. (a) Set coupling loop of CV.67 to midway position using the 
preset on the tuning unit 207. 

(b) Plug in a 0 - 2 ma. D.C. meter at the transmitter unit 
crystal current jackpoint. 

(c) Turn the reflector volts preset clockwise while observing 
meter reading. Determine which is the stable or slow side 
of the crystal current peak. If reading tends to exceed 0.6ma 
reduce coupling at tuning unit 207 or adjust capacity probe at 
mixer until peak reading obtainable with the reflector volts 
preset does not exceed 0.6 ma. Set reflector volts to give 
0.4 ma. on stable side of characteristic. 

CV.43 Checks  

936. 	a) Switch off the -1800V. supply by pressing "I. T. ON" button. 

cI
Check that amber light goes out. 
Disconnect lead to 0V.43 top cap and connect to negative side 
of D.C. milliammeter. Connect positive side of meter to the 
CV.43 top cap. 

(d) Press "FL T. ON" button to reapply -700V. to CV.43. The meter 
will read the ionising current between the probe and the earthed 
rhumbatron. Older type CV.43 had a normal current of about 1 mew 
Later types take only about 0.5 Ulfl. (see fig.73d). If 
satisfactory ionising current is present assume CV.43 is operating. 

(e) Check CV.43 heater jacket after the equipment has been on for a 
few minutes when the bakelite jacket should show signs of 
becoming warm. 

Obtaining Signals  

937. Necessary conditions to obtain signals :- 

Scanner looking at a target. 
Transmitter supplying enough power to make possible the 
return of an echo of sufficient strength to produce a 
visible indication. 
CV.43 tuned so that magnetron frequency lies in the range 
which will resonate the 0V.43 cavity. 
I.O. frequency differing from magnetron frequency by a 
value within the I.F. pasaband. 

If follows then that if the matching slug, CV.43 tuning plunger and klystron 
tuning are badly misaligned, some difficulty may be experienced before a 
signal can be obtained on the display. 

be:3 

(c) 

(a) 
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Points to bear in mind 

938. (a) Magnetron output depends on setting of matching slug which 
gives best match to output line. 

(b) Alteration of matching slug position may cause variations in 
magnetron frequency. 

(c) Change in magnetic field strength may affect both magnetron 
frequency and power output. This is particularly applicable 
when working with cover on and cover off the transmitter unit 
when the magnetic field strength is near or below the critical 
value. The effects will be more significant on a poor 
magnetron than on a good one. 

(d) Changes of the klystron reflector voltage will cause frequency 
changes as well. Changes in feedback and amplitude of oscillation 
will cause crystal current to fall. Frequency changes may occur 
without crystal current falling, but signal strength may still fall 
due to wrong I.F. erring out of mixer. 

(e) Crystal sensitivity is normally at a maximum when the crystal 
current is 0.3 ma. or above. If the current falls below this 
value, due to retuning of klystron which upsets the feedback 
phasing, the sensitivity may fall. Hence as klystron tuning 
varied it is necessary to keep an eye on the crystal current 
and readjust reflector voltage if crystal current falls. 

Matching the Magnetron 

939. (a) Check that the high power feeder connections at the transmitter 
unit and scanner are clean and fires, and that any dielectric gap 
in the plugs is taken up by use of the washers provided. 

(b) Check that tuber and red lights are on at the switch unit. 
Switch modulator on. 

(c) Check that to overload relay trip is functioning by removing 
the pulse lead firm the modulator 64 to the transmitter unit. 
The relay should trip immediately. 
Rotate the scanner to shoot at the pre-positioned test set 85. 

e Check that the R.F. output is up to the value known to be 
standard for good sets. Readjust matching slug if necessary 
to obtain this power output. 

(f) Watch for any sign of arcing in the transmitter unit. 

Searching for Signals with L.O.  

9103. (a) If satisfactory R.F. power output is forthcoming point the 
scanner in the direction of the strongest permanent echo 
available. 

(b) Connect the monitor 28 input lead to the slate Pye plug on 
the receiver-timing unit. Use 100 microsecond timebase and 
amplifier in x5 or X10 position. 

(c) Rotate tuning control on tuning unit 207 watching the monitor 
28 for the appearance of a signal. Keep an eye on the crystal 
current while tuning and readjust reflector volts, if necessary, 
to keep current above 0.5 ma. and stable. 

CV.43 Tuning  

941. (a) As soon as a signal is obtained adjust CV.43 tuning plunger. 
Note sharpness of tuning. It should be possible to drop 
the signal amplitude with three-quarters of a turn of the 
tuning plunger from either side of the peak point. 

(b) Should the tuning appear flat, particularly on short range 
signals, remove the tuning plunger and observe the ionisation 
at the lips. For correct operation a violet haze should be 
visible only across the lips and not spreading out into the 
cavity. 
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(c) If there is evidence of a diffused glow spreading out into the 
cavity the coupling from the CV.64 output line into the CV.43 
cavity is too tight. To remedy this fault, it is necessary to 
remove the CV.43 from the transmitter unit and place a thin washer 
between the CV.43 bush (Which carries the loop coupling into the 
cavity) and the cavity itself. Nominal washer thicknesses are 
of the order of 1,/52" to 746". Before replacing the loop and 
bush ensure that the plane of the loop embedded in.the polystyrene 
is left in the vertical plane in order to get the strongest input 
coupling for signals. The actual thickness of the packing washer 
must be limited to a value which serves to limit the diffused glow 
to the cavity lips but does not cause a decrease in the S/N ratio. 

Final Setting of B.F. Controls 

942. (a) Put cover on transmitter as far as possible while still permitting 
access to the matching slug. This precaution is to have the 
effective field strength of the magnet as nearly as possible at the 
value it will have when the cover is on the unit. 

(b) Adjust matching slug for maximum signal to noise ratio. Alternate 
adjustments of matching slug and klystron tuning on the weakest 
stable signal will be necessary to obtain the beat matching slug 
setting since the magnetron frequency is likely to shift as the 
slug setting is varied. 

((((Sc When optimum point found tighten the matching slug. 
Adjust CV.43 tuning for best S/N ratio and lock the clamp. 
Check for two tuning points on the CV.67. If not obtainable adjust 
the fixed plungers until two tuning points are obtainable on the 
tuning control with a bit of leeway at each end of travel of 
control. 

(f) Check the two tuning points for best S/N ratio, readjusting crystal 
current to 0.4 ma. at each point with the reflector volts control. 
Leave tuning control at point which gives the best S/N radio with 
reflector volts set for 0.4ma. 

(g) Adjust coupling preset so that reflector volts preset will give a 
variation of 0.2 to 0.6 ma. on the slow or stable side of the 
crystal characteristic. This may require readjustment of the 
capacity probe. 

Field Strength of Magnet  

943. (a) For optimum power output and maximum frequency stability the first 
strength of the magnet should not be less than about 1250 gauss, 
measured with the magnet on the chassis and the cover on. Use of 
the Cambridge fluxmeter for field strength measurement is outlined 
in chapter 11, pares. 838 - 843. 

(b) A rough check can be made by comparing the readings obtained on a 
T.S.85 with the transmitter unit cover off and the matching slug 
adjusted for maximum output, with the reading obtained when the 
cover is put on as far as possible and the matching slug again 
adjusted for the maximum power output. Due to the reduction of 
the field strength when the cover is put on a normal reduction of 
about 10% may be expected with the average magnet and cv.64. A 
greater reduction implies a weak magnet. 

Setting Suppression 

Fishpond not used. 

944. (a)
5 
 Set gain to normal. .1 

 
) Set suppression preset fully anticlockwise and observe break- 

through after suppression break on the monitor 28 trace. 
(c) Advance suppression one notch at a time until breakthrough just 

eliminated. Should normally be possible to do this with 3 or 
notches on the suppression control. Should more than this be 
necessary a faulty component or lead should be suspected. 
Dummy load elimination tests should then be carried out as 
outlined in para. 1088. 
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Fishpond used : - 

Set gain to low level. 
Take suppression control fully anticlockwise and observe break-
through after suppression break on monitor 28 trace. 
Take suppression one notch clockwise from point where all or 
nearly all of breakthrough comes through the receiver. This 
will permit sane noise to come through on Fishpond but signals 
can also cane through. Further suppression will mean that 
minimum range is definitely fixed by the time for which the 
suppression pulse holds it in the insensitive state. The 
objective is to apply suppression only for the one microsecond 
primary pulse and let the secondary pulses and close range 
signals cane through together. 

Setting up the Height Zero 

(a) Check the T.S.202 dividers as outlined in chap.11, para.801. 
(b) Set past. switch on T.S.202 to 600 position. 
(c) Apply 20 microsecond output from T.3.202 to the blue Fye 

plug on the modulator 64 through a .001 condenser. The 
pulse is differentiated and the negative-going pip on the 
back edge serves to sync. the modulator M.V: instead of the 
Tx-timing pip. 

(d) Trigger the monitor 28 fran the violet Eye plug on the 
modulator 64. 

(e) Check that the T.S.202 is synchronising the modulator 64 to 
run at a p.r.f. which is as close as possible to the p.r.f. 
obtained when the Tx-timing pulse is used. This can be done 
by adjusting the 600 c/s. preset on the T.S.202 to bring the 
length of the T.B. sweep on the monitor 28 in the "Freq." 
position as nearly as possible to the length obtained when 
the modulator is being synchronised by the Tx-timing 

(f) Set monitor 28 for 10 microsecond T.B. and input switch to 
"Direct". 

(g) Intercept the red and white Fye leads and connect these, 
together with the 5 volt negative calpips, to the monitor 
input. A 1& resistor should be incorporated in each of 
these inputs to the monitor. Adjust the suppression control 
on the receiver so that it is between two notches 	no 
suppression applied to the Rx). The Tx pulse breakthrough 
will then appear on the screw. Turn gain control to minimum. 

(h) Adjust monitor 28 T.B. start so that the leading edge of the 
Tx pulse.is at the commencement of the scan. The start of the  
scan now represents zero time and the T.D. start control must  
now be left in its present setting. 

(i) Set calpip switch to 500' position. Observe the 1 microsecond 
pips on the trace. Now set switch to the 1000 yard position 
and note position of first 1000 yard marker. Calculate the 
time in microseconds fran the beginning of the scan, i.e., zero 
time, to the first 1000 yard marker, by putting the 500' and 
1000 yd. markers alternately on the timebase and noting which 
of the 500' markers coincides with the first 1000 yard marker. 
This time will normally be in the region of 2 microseconds. 
Suppose that the first 1000 yard marker appeared 1.4. micro-
seconds after zero time. The position of the marker then 
represents a range of 1.4 x 500 = 700'. Each subsequent 1000 
yard marker represents 6.1 microseconds or 3000'. 

(j) Set T.B. switch for 100 microsecond T.B. and input switch for 
sufficient amplification to show both cal. pips and height 
marker on the trace. 

(k) Determine what range the second 1000 yard marker represents by 
adding 3000 feet to range found for the first 1000 yard marker 
and set height drum to this range. If height marker does not 
now coincide with the second 1000 yard marker adjust the height 
zero till it does. 

945.  
(z3`3 
(c) 

946.  
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Checking Height Marker Trackin& 

947. (a) Vary the height control setting to shift the height marker from 
one 1000 yard marker to the next along the timebase, checking 
that the reading on the height scale increases by 3000 per step. 

(b) If the tracking is incorrect it may be advisable to readjust the 
height zero for accuracy at the nearest calibration marker to the 
20,000 point to obtain accuracy at operational heights. 

(c) If tracking is badly out and the 300V. stabilised output is not 
out by more than + 5%, the unit should be returned to the M.U. 
for realignment. 

Setting Range Zero  

948. 	Set height control to 20,000' (height marker not in coincidence 
with aro,  of the calibration pips). Set scan-marker switch to 
the 10/10 position and range control to zero. Adjust range zero 
for coincidence between height marker and range marker. Since 
the range marker and height marker are of different widths the 
leading edges cannot be accurately aligned if the two markers are 
superimposed on apy of the calibration markers. 

Checking Range Marker Tracking 

949. (a) Set the height control to the 1000 yard marker nearest the 
20,000' setting of the height control. If the first 1000 
yard marker represented 700 ft., this would be 18,700 ft. 

rc
)) Check whether range scales are in statute or nautical miles. 
) Set the range drum to put the range marker successively into 

coincidence with the 1000 yard markers along the trace while 
leaving the height control set to keep the height marker on 
the 1000 yard marker nearest the 20,000 point. Check the 
range drum reading against the figures in the appropriate column 
in the table below: 

Height Con- 
trol Setting 

Range Marker Range Drum Reading 
from 

Height Marker Nautical Statute 

- - - 
1000 yards 1.9 miles 2.2 miles 
2000 2.7 3.2 
3000 3.5 4.0 
4000 4.1 4.75 

20,000" 5000 4.7 5.5 
6000 5.3 6.1 
7000 5.9 6.8 
8000 6.5 7.4 
9000 7.0 8.0 
10000 7.6 8.7 

The figures tabulated are based on a height setting of 
20,000 ft. and are accurate to 0.1 mile. The accuracy of 
reading will hardly be sufficiently great to show 
differences from these values for any setting of the 
height control to the 1000 yard marker nearest the 20000' 
point. 
If the tracking does not follow the above table closely, 
readjust the range zero to obtain the greatest accuracy 
in the range 3-7 miles. 

(a) 
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(a) If tracking is badly out and the stabilised 300V. supply is 
not out by more than + 5%, the unit should be returned to the 
M.U. for realignment. 

Calibration of Monitor 28 for use in Aircraft  

950. (a) Having correctly set up the height and range markers with the 
Test Set 202, the monitor 28 may now be calibrated for use in 
aircraft. Using the 11.2.5. set that has been correctly set up 
and the X-shift on the monitor set to "10", adjust the T.B. 
start so that the leading edge of the Tx pulse is in line with 
the cursor line on the celluloid window. It may be necessary 
to mark a new line to the left of the original or to turn the 
knob of the X+shift relative to its spindle. 

(b) Set the height drum to exactly 20,000 feet and the range drum 
to 4 miles, and apply the height and range markers to the 
monitor. Turn the X+shift until the height marker oames in 
line with the cursor and mark the X+shift scale "20,000 ft." 
(This will be about 40 microseconds after the leading edge of 
the Tx pulse, but as the timebase is not linear it is unlikely 
to agree with the original calibration markings). 

(c) Moine the X+shift further anticlockwise until the range marker 
is behind the cursor line and mark the shift scale 114 Miles 
10/10". 

(d) The monitor 28 is now calibrated for the adjustment of height 
and range zeros in aircraft. The range of 4 miles and height 
of 20,000 feet have been selected to ensure the greatest 
possible accuracy at the release point at operational height. 
When calibrating the monitor and when using it in an aircraft,  
it is essential that the A.C. input should be 80 volts + 1  
volt. The marking of the X-shift should be done in ink and 
the calibration must be checked on the bench on the day that  
the monitor is used in the aircraft. Further details regarding 
the use of the monitor in the aircraft after it has been 
calibrated in this manner, are given under D.I. procedure in 
pars 1041. 

Setting up the Indicator 184. 	Display  

Points to be borne in mind on the timebase controls :- 

951. (a) The timebase must be triggered by the height marker. This 
involves clamping the grids of the 1st stage in the X and Y 
timebase amplifiers until the height marker forms. 

(b) The timebase must always start its sweep from the tube centre 
when triggered by the height marker. This means that the 
flyback must return the spot to the tube centre. Since the 
sawtooth paraphase amplifier anodes are D.C.-coupled to the 
X and Y plates, the D.C. levels at the anodes of each pair 
must be balanced if no electrode deformation is present. If 
any deformation is present the D.C. levels at the anodes must 
be suitably unbalanced to compensate for this deformation. 
This balancing can be done with the shift controls which vary 
the D.C. level of the grids of the second stage in each amplifier 
pair relative to that of the first grid and thus vary the 
standing currents passed by the two valves during the 500 micro- 
second clamped period. 

(c) To obtain a constant amplitude radial scan, i.e., freedom from 
"squaring", it is essential that the clamping waveform amplitudes 
exceed the maximum swings at the grids of the first stage in each 
sawtooth amplifier during the scanning period. If this condition 
is not fulfilled the diodes may open before the scan is completed 
and cut the scan short. The same result may be produced if the 
amplifiers show signs of "bottoming", i.e., the anode potentials 
fall so nearly to the cathode potential that a further rise at 
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the grid (or fall at the cathode) does not result in a 
further anode fall. 
Instable centre effects may appear if either the strapped 
diode cathode line has a D.C. level positive to the 
clamping level or the strapped diode anode line has a 
D.C. level negative to the clamping level. 
The simultaneous fulfilment of the conditions of adequate 
clamping waveform amplitudes and correct D.C. levels for 
the strapped diode lines results in a very narrow range of 
settings for the phantastron cathode and screen volts 
controls. 
The phantastron operation must be stable at the time time 
as providing the correct D.C. levels for the diode lines 
and adequate clamping amplitudes. To provide a narrow 
range of adjustment of phantastron operating conditions 
we have the sync. control which varies the screen potential 
of the phantastron. 
The phantastron must not be capable of spurious triggering 
during the 500 microsecond clamping period. This requires  
that anode current be cut off in this period. 
The range coverage obtained on any setting of the scan-
marker switch is governed by the rate at which the anode 
potentials change in the sawtooth amplifiers for a fixed 
given rate of change on the grids. The rate of change at 
the anode for a given rate of change at the grid is fixed 
by the gain of the valve. Since the controls strapping 
the cathodes of the sawtooth paraphase amplifiers vary the 
negative feedback of the stage they vary the gain, and 
therefore, serve to obtain a certain swing at the anode in 
the time corresponding to a given range; i.e., they serve 
as velocity or range controls as well as amplitude controls. 
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We may then summarise the timebase problem as follows:- 

952. (a) 

(b) 

(0) 

(d) 

If we are getting some form of scan we know the phantastron 
is triggering. 
By observing the phantastron screen waveform we can see whether 
the phantastrong operation is stable, and if not, we can adjust 
the sync. control for stability. 
With the scanner rotating it is possible to see whether 
"squaring" or unstable centre effects appear and adjust the 
cathode volts and screen volts controls for freedom from both 
these effects, thus indicating that the D.C. levels of the 
diode anode and cathode lines are satisfactory and that adequate 
clamping waveform amplitudes are available. If necessary, the 
sync. control can be readjusted. 
If a Cossor scope or D.C. scope attachment is available a check 
can readily be made that the phantastron anode current is being 
cut off during the 500 microsecond clamping period. If not 
available, a check can be made by connecting a meter in the 
phantastron anode with the height marker triggering removed. 
The scan can be centred by adjusting the shift oontrols. 
The range coverage can be adjusted by means of the amplitude 
controls. 

Setting up the Phantastron Controls. 

953. (a) Set scan-marker switch to the 100/4o position. 
b Switch on and note whether some form of scan is present. 

Contrast and brilliance may require some adjustment to make 
it appear. 

(o) Disconnect the signal input at the red Pye plug on the 
indicator 184 and apply instead the signal picked up at the 
slider of the phantastron screen volts control. This is the 
positive-going clamping square wave from the phantastron screen 
which will now appear as a deflection to the right on the height 
tube. This may appear as follows:- 

(i Steady square wave. 
(ii Unstable square wave with flickering top. 
(iii Square wave with trace through base indicating that 

phantastron is not triggering on each height marker. 
(iv) No square wave at all (if no scan on P.P.I.) 

(d) Adjust the sync. control to the mid-point of the range of 
adjustment which gives a stable square wave. If necessary to 
get a reasonable range of stability, slightly readjust the 
screen and cathode volts controls. 

(e) ReMOVe the height marker triggering by disconnecting the yellow 
Pye plug and note whether the square wave disappears. This 
check is important to ensure that the phantastron is not 
triggering on stray pickup. If such spurious triggering occurs, 
readjust the sync. and cathode and screen volts to eliminate it, 
and reset the sync. control to the mid-point of the stable 
range. With the height marker reconnected, check that square 
wave commences coincident with the height marker and moves with 
the height marker as the height control setting is varied. If 
difficulty from spurious triggering not curable by adjustment of 
phantastron controls, check that anode current in phantastron is 
cut off when height marker disconnected. 

(f) Adjust brilliance and contrast to bring up the W.F.G. bright-up 
on the P.P.I. and set the amplitude controls for minimum scan 
amplitude. 

(g) If the scan starts badly off-centre adjust the H and V shifts 
for approximate centring. 



955. 

c 

C.D.0896L 

(h) With scanner rotating check for presence of unstable centre 
and/or scalloped edges. The check for scalloped edges is most 
readily made by setting-the range marker to the end of the scan 
and noting its shape. Adjust the screen and cathode volts 
controls to get rid of unstable centre and scalloped edges or 
squaring. 

(i) Switch to 10/10 position and note whether same freedom from both 
effects obtained. If necessary, slightly readjust cathode and 
screen volts controls. 

(j) Switch back to 100/40 position and recheck sync. control for 
setting in centre of stable range by putting square wave on 
height tube again. 

(k) Readjust H and V shifts for better centring if necessary. 

Setting of Hum-Eliminator Control. 

Turn scanner for horizontal scan. 
Turn 7-amplitude control to maximum but leave X-amplitude 
control at minimum. 
The timebase will now appear as a series of traces due to 
effect of 1000 q/s pick-up on the heater line appearing at the 
anodes of the 7-amplifiers and hence across the I-plates. 
Adjust the hum-eliminator control until the width of the bard 
of traces is reduced to a minimum. 
Turn Y-amplitude control back to minimum. 

This adjustment is only required in earlier 184 indicators which are not 
provided with a centre-tapped heater system. 

Setting up Amplitude and Shift Controls. 

Set scan-marker switch to 30/20 position. 
Set range control for 20 statute or 17 nautical miles. 
Adjust amplitude controls for reasonably circular range marker 
at outer edge of tube. Me to differences in the deflection 
sensitivities of the X and I plates the marker may remain 
slightly elliptical with the 7-diameter rather greater than the 
X-diameter. 
Set range control to bring range marker about half-way out and 
check that it is circular. If necessary, slightly readjust the 
amplitude controls. 
Readjust H and V shifts for centring, if necessary. As 
varying the setting of the amplitude controls may alter the 
relative currents through the two valves in each amplifier pair 
a slight readjustment may be needed. 
Switch to 10/10 position and set distortion corrector to 25,000. 
Set range control to 10 statute or 8.5 nautical miles. 
Adjust 10 mile zero so that range marker appears at edge of 
scan. Remove 10 mile zero knob. 
If no Fishpo fitted or W.F.G.4.3 fitted to supply independent 
bright-up for Fishpond, set the W.F.C. and switch unit bright-up 
controls fully anticlockwise. This ensures that the W.F.G. 
bright-up starts as early as possible. 
Check that no hole appears in the centre of the P.P.I. when the 
height is reduced and the distortion corrector setting is varied 
accordingly. The appearance of a hole indicates that the 
W.F.G. bright-up is commencing after the formation of the height 
marker and phantaatron bright-up. 

Chenking Distortion Corrector. 

956. Check that range coverage obtainable with the range marker remains 
sensibly constant as distortion corrector and height control are varied in 
step from 25,000 to 5,0000,. 

954. 
b:3 

(c) 

(a) 

(e) 
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Setting-8p Contrast, Brilliance and Focus. 

957. N Set contrast, brilliance and gain fully counter-clockwise. 
Turn brilliance clockwise until trace and flyback just appear 
then turn brilliance bank four notches. 

(o) Turn contrast clockwise until radial scan just appears, then 
turn back one notch from fadeout point. This is a convenient 
way of setting the contrast control to the point where top-
cutting of the range marker and strong signals just commences. 
Put index line on contrast knob and dot on panel behind it. 

(d) With scanner stationary, adjust focus for sharpest range marker 
dot. 

(e) Turn brilliance back counter-clockwise until range marker 
luminosity just starts to fall. This fall of luminosity must 
not be confused with any alteration in the shape of the range 
marker dot. The normal movement will be 3-5 notches. Put 
index line on brilliance knob and dot behind it on panel. 

(f) Turn gain to a normal setting. 

The inexperienced navigator would be well advised to leave the brilli-
ance and contrast controls set at these index marks and work on gain only. 
Farther clockwise rotation of the contrast control will result in top-
cutting of signals and loss of target detail. To bring up coast-lines, 
lakes and rivers, this will be desirable. The same may apply when it is 
desired to get a target outline rather than target detail. The experienced 
navigator may be able to obtain slight improvements on these settings but 
can always use these settings to get a normal display. 

Setting op Height Tube Controls. 

958. (a) Adjust brilliance to suitable level and check that flyback 
is blacked out. 

(b) Adjust shift to bring suppression break to bottom of tube. 
(c) Adjust focus for sharpest picture. 

Adjusting Synchronisation of Tx. 

959. Vary setting of modulator p.r.f. control and note from height tube 
display the point or points at which the signals and markers become unlocked. 
If two points observed set the control at the mid-point. If only one point 
observed set the control three notches back from the point. The looking 
point should normally be within + 3 notches of the red index dot. 

Checking Modulating Pulse.  

960. (a) 

(b) 

(0) 

(d) 

(a) 

(f) 

Check amplitude of modulating pulse by sopping at the blue/ 
white voltage monitor Pye plug on the modulator 64 panel. 
Take amplitude at mid-point of the second. "ring" rather than 
at first sharp spike. This will normally be of the order of 
50v. Multiplication by 64 gives the approximate voltage. 
Check current value of modulating pulse by stamping at one of the 
brown/white current monitor points on the modulator 64 panel. 
Measure amplitude to the mid-point of the "rings" on the top 
of the pulse. This amplitude gives the approximate current 
value which will be of the order of 50 amps. 
If the observed values are radically different from normal 
values check the War. voltage with an electrostatic voltmeter 
and a suitable voltage divider. 
Check width of pulse at half amplitude. It should be approxi-
mately 1 microsecond. 
Check that the first positive overawing on the voltage waveform 
is not of abnormal amplitude andthat subsequent overswings are 
negligible. If this is not the case suspect overawing diode or 
its load. 
If other abnormalities appear when -4Kv. supply is normal, 
suspect magnetron, pnlme transformer, filament transformer 
pulse cable and pulse leads. 
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(g)  

964. ba,3 

( 0 ) 
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Scanner and Control Unit Checks. 

Cheoking Scanner Seed. 

961. (a) Check that scanner revolves freely when the scanner switch is 
closed on the switch unit. 

(b) By varying the control unit 477 speed control, check that the 
scanner speed can be varied smoothly between 20 and 60 r.p.m. 

Checking Course and Track Marker Circuits and Controls. 

962. (a) Set indicator 14 switch and H.C.U. switch to "Course". 
Check that heading marker is present and that it can be moved 
with the manual setting control on the H.C.U. 

(b) Set indicator 184 switch and K.C.U. switch to "Track" and note 
that a marker appears. Check that it can be displaced +60°  
from the heading marker on the P.P.I. by varying the setting 
control on the H.C.U. 

Checking Repeater Motor Operation. 

Connect up the testing equipment as indicated in fig.153. 
Adjust rheostat to give 18-20V. reading on meter. 
Set H.C.U. switch to "Course". 
Check that heading marker can be moved without sticking through 
360°  in both clockwise and anticlockwise directions with the 
setting control on the H.C.U. 
If the course repeater motor passes this test, set the heading 
marker to read the same bearing as the repeater compass and 
put H. C. U. switch to the "Auto" position. 
Switch on the V.S.C. and turn the control knob on the V.S.C. 
slowly till rotation of the repeater card and heading marker 
commences. After a few revolutions stop the V.S.C. and check 
the bearings of the repeater compass and heading marker. If no 
slipping of the repeater motor has occurred the readings will 
coincide. It may then be assumed that the repeater motor will 
follow the D.R. Compass. 
Should slipping appear, the scanner must be taken down and the 
repeater gear train cleaned and greased as outlined in scanner 
maintenance, paras.1064 and 1066. 

Set 184 and H.C.U. switches to the "Track" position. 
Check that by using the manual setting control the track 
marker can be moved 60° either side of the heading marker 
with the D.C. supply set at 18-20V. 
If this is impossible, the repeater motor and the driving link 
must be cleaned and greased as outlined in scanner maintenance, 
paras.1064 - 1067. 

Alignment. 

965. (a) Check that scanner is looking dead ahead when the white lines on 
scanner base casting are lined up. 

(b) Check that the "course" contact just comes into contact with the 
shorting contact as the scanner comes into the dead-ahead 
position, by taking a continuity test between pins 10 and 12 
at the 12-way on the receiver-timing input. The scanner must 
be rotated in its normal direction of rotation and continuity 
should be established as the white lines come into coincidence. 

( 0 ) If misalignment appears the "Course" contact must be aligned 
as outlined in para.1071. 



Stabilised Scanner and H.C.U. Type 446 Wiring. 

966. (a) The wiring of Control Unit 446 and the Course and Track M motors on 
the Scanner (Scanner Type 63 in H.2.S. Mark IIC and Scanner Type 71 
in H.2.S. Mark IIIA) has been arranged so that in both the Course and 
Track 'manual' positions on the Control Unit clockwise rotation of 
the control knob gives clockwise rotation of the markers on the 
Indicator 184.. 

(b) In the 'Auto' Course position, the Course marker bearing will follow 
the aircraft heading, assuming the aircraft D.R. compass wiring is 
correct; in the 'Auto' Track position the Track marker is correctly 
synchronised to the Bombsight Computer. In the latter case, 
clockwise rotation of the flexible shaft on Control Unit 468 should 
give anti-clockwise rotation of the track marker on the Indicator. 

967. The M Motors on the Scanners 63 and 71 are connected to a 6-way W plug 
(violet) and the connections on the M motors are labelled 1, 2 and 3. In order 
that the above conditions of rotation be satisfied, the W plug connections to 
the M motor must be as follows:- 

Pin 1 connected to 1 on Course M Motor. 
" 2 " " 32 " " II " 

It 3 It " 2 " " ff It 

It 

. 
Al. 
5  

" 
. 

" 

" 
i 
2 

" Track 
" 	" 

It 

II 

II 

ff 

" 6 " . 3  " " II ft 

968. The first few Type 71 Scanners from the manufacturers have been wired 
differently. On Scanners Type 71 with serial number less than 26, this wiring 
should be checked before installation, and if wrong, corrected. Scanners with 
serial numbers above 25 will be correctly wired. 

969. The earlier RPU versions of Control Unit 446 are known to cause the 
Course marker to rotate in the opposite sense to the aircraft in the 'Auto' Course 
position. This unit should be ground tested in the aircraft in the 'Auto' Course 
position by means of the V.S.C. If the course marker rotates in the wrong 
direction, then interchange the connections to two pins on the 4-0way W plug on 
the Control Unit front panel. Later RPU Control Units 446 are wired to give 
the correct rotation of marker but the above check should be made on every unit. 

970. The ATE versions of Control Unit 446 are correctly wired. The RPU 
units can be distinguished from the ATE ones by the wiring. RPU use 22 SWG 
with grade E sleeving, while ATE use a thinner wire with a cotton sleeving 
material. The ATE units are usually a darker shade of grey then the RPU ones 
but this test is not reliable. 

Fishpond Bench Alignment.  

Preliminary.  

971. Connect up units in accordance with cabling diagram. 
b Carry out normal alignment of H.2.3. 

Internal B-0 Switch. 

972. Check that the B-0 switch is in the fully clockwise or C position. 

Focus. 

973. a Fishpond gain at minimum (tally anticlockwise). 
b Fishpond brilliance up till diametral scan just appears. 
0 Adjust focus for sharpest scan. 
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Shifts and Tube Orientation. 

974. (a) Adjust scanner for vertical trace on H.2.S. P.P.I. 
Check that Fishpond trace is also vertical. If not, 
rotate Fishpond C.R.T. until a vertical trace is obtained. 

(c) Adjust H shift to bring the vertical scan through the tube 
centre by using the gratioule. 
Rotate scanner till trace horizontal. 
Using the graticule, adjust the Y -shift to bring the horizontal 
trace through the tube centre. 

Any deformation of the electrode structure should now be corrected by the shift 
voltages. 

palance Check for the Valves in each Amplifier Pair. 

975. 
1
E Scan-marker switch to 100/40 position. 

Scanner rotating. 
c) Note whether the diametral scan rotates about the centre of the 

tube on a sloppy bearing. If so, the amplitudes of the output 
at the two anodes of either one or both amplifier pairs are 
unbalanced. 

(d) Adjust the balance presets (m.79 and VR.80) until rotating trace 
is as stable as possible about the tube centre. On the 100/40 
scan it will rarely be possible to get absolute stability of the 
centre of rotation due to the high gain of the amplifiers. 
Reasonable stability should be obtained on the 100/20, 30/20 and 
10/20 positions. High stability should be obtained in the 10/10 
position. 

Bright-Up Amplitude (W.F.G.43 not fitted). 

976. The bright-up amplitude will be sufficient if F62.8. contrast has been 
set up as outlined in para.957. 

Bright-Up Commencement and Range Controls. 

Fishpond gain to maximum. 
Scan-marker switch to 100/40 position for 50-mile sawtooth input. 
Fishpond brilliance so that radial scan just appears. 
Scanner turned to give horizontal scan. 
Press marker push-button and note where innermost marker dot 
appears on the radial scan. Check whether this is the zero 
marker by advancing Fishpond brillianoe and noting whether any 
additional marker dots appear. If the bright-up adjustment is 
correct the first dot will appear at the beginning of the radial 
scan, since this represents the beginning of the bright-up pulse. 
If this is not the case, adjust the switch unit bright-up control 
until the zero marker dot coincides as nearly as possible with the 
inner edge of the radial scan. In some cases it may not be 
possible to retard the bright-up sufficiently to prevent it 
commencing early. Should this occur no harm is done so long 
as the bright-up does not commence sufficiently early to allow 
breakthrough of the spurious pulse at the beginning of the 20 
microsecond pulse. Such a breakthrough will produce a false 
marker inside the zero marker dot. The present of such a 
false marker can be checked by removing the H.2.S. suppression 
completely and letting the transmitter pulse break through on 
Fishpond to produoe a "splash", that widens out the true zero 
marker. 
Select the range preset marked 50 which operates on the 
amplifier pair producing the horizontal sweep. Adjust for 4, 5 
or 6 (depends on individual sets whether 6 obtainable) marker dots 
on the scan. The zero dot should be is - 	from the tube centre. 
With 4, 5-6 dots on the scan set the scanner rotating. Adjust 
the second range preset marked 50 (working on the other amplifier 
pair) until the markers trace a circle. 
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978. (a) Set scan-marker switoh to 30/20 position to get a 30 mile sawtooth 
input. 

(b) Check the first marker dot obtained is the zero marker by noting 
where the H.2.S. range marker dot appears when the range control 
is set to zero or use suppression check. 

(o) If necessary, adjust the 30 mile zero to shift the 20 micro-
second pulse on the sawtooth so as to bring the zero marker dot 
(occurring on its back edge) up on the bright-up. 

(d) Use one range preset labelled 30 to get 5-6 marker dots on the' 
horizontal scan. Adjust the other for circular markers when the 
scanner is rotating. 

979. a Scan-marker switch to 10/10 position for a 10 mile sawtooth input. 
b Check as before that the first marker dot is the zero marker, If 

not, adjust the 10 mile zero to move the 20 microsecond pulse along 
the sawtooth until the zero marker on its back edge appears on the 
bright-up. 
Use the range presets labelled 10 to get 4., 5-6 circular markers 
with the scanner rotating. 

980. (a) Check through the scans now for the correct number of markers on 
each scan. 

(b) Check that the zero marker appears approximately the same distance 
from the centre on all scans. This should be about 4". 

(o) Check that bright-up commences about 4"  from the centre on all 
scans, i.e., that the zero markers are on the inner edge of the 
bright-4p on all scans. 

(d) If this is not the cane, alternately adjust the switch unit 
bright-up control on the 100/43 position and the W.F.G. bright-up 
control on the 10/10 position until the bright-up does oonmenoe 
about 4" from the centre on all scans as shown by the position of 
the inner edge of the heading marker. 

(e) If the zero markers on the 30/20 and 10/10 positions are not at 
the oommenoement of the bright-up now adjust the 30 and 10 mile 
zeros to bring them, respectively, to this point. 

(f) With the scanner rotating the zero marker should now cut the 
commencement of the heading marker on the first five positions 
of the scan-marker switch. 

Checking Range Calibration. 

Scan-marker switch to 10/10 position. 
Height control to zero. 
Adjust range control to bring H.2.S. range marker dot successively 
on each Fishpond marker dot and read the range scale. If 
calibrated in statute miles the readings should be 0, 1, 2, 3, 4. and 
5 miles (approximately - see para.696). 
If any error is apparent the inductance, L.2, can be unsealed 
and the core adjusted to give the correct ringing frequency. 
An alternative method which is not dependent on the switch unit 
range scales is as follomm:- 

(i) Feed H.2.S. range marker from red Pye plug on the 
W.F.G. to the monitor 28 (Use interceptor socket). 

(ii) Set timebase switch for a 100 microsecond timebane. 
(iii) Note the calibrated X-shift setting when the H.2.S. 

range marker dot appears on the centre of one of the 
marker dots on Fishpond. Set the range control to 
bring the H.2.S. range marker up On the next Fishpond 
marker dot and again read the X-shift. The differ.-
ewe should be 10.75 microseconds. 

( 0 ) 

981. 

o 

(a) 

(e) 
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Changes in Procedure if W.F.G. 43 Fitted. 

Preliminary.  

982. (a) Connect as outlined in chap.10, paras.719-722 and check that 
condenser between black Pye plug and Fishpond signal amplifier 
cathode is removed. 

(b) 1142.S. alignment as normal except that W.F.G. and switch unit 
bright-up controls can be set fully antiolookwise. 

(c) B-C switch, focus, shifts and balance presets as usual.. 

Bright-pp Amplitude. 

Scan-marker switch to 100/40 position. 
/42.S. gain to midway position. 
Bright-up preset on w.F.G.43 (R.19) fully antiolockwise to 
hold mixer grid at lowest level and so out bright-up output 
to minimum. 
Set Fishpond gain control (now used as a limiter) fully cloak-
vise to make current passed by signal amplifier a maximum and 
thus take the mixer cathode to its maximum level in so far as it 
is controlled by the Fishpond gain control. 
Scope the waveform at the anode of the Fishpond signal or video 
amplifier on the monitor 28. 
Advance the W.F.G.4.3 bright-up preset, watching the waveform of 
the monitor. Noise will appear first*  then the bright-up pulse 
increasing in amplitude. Presently top-cutting will start to 
take off the noise peaks and ultimately only the bright-up pulse 
will remain. Leave the control set at the point where the entire 
noise is just cut-off by limiting and the full brig4t-up pulse 
remains. 
Turn the Fishpond gain anticlockwise and note the noise reappears 
and that when fully clockwise the bright-up and noise disappear 
completely due to cut-off on the amplifier grid. 

Range Presets. 

984. 	Set Fishpond gain and brilliance for a faint radial scan. 

{0a
b/ Scan-marker switch to 100/40 position. 

Scanner for horizontal scan. 
(d Adjust appropriate range preset labelled 50 for 5-6 marker 

dots. Set scanner rotating and adjust other 50 preset for 
circular markers. 

Scan-marker switch to 30/20 position. 
Scanner for horizontal scan. 
Adjust appropriate range preset labelled 30 for 5-6 marker dots. 
Adjust 30 mile zero to start radial scan and first dot 4" from 
the tube centre. 
Adjust other 30 preset for circular markers with scanner 
rotating. 

Scan-marker switch to 10/10 position. 
Scanner for horizontal scan. 
Adjust appropriate range preset label]ad 10 for 5-6 marker dots. 
Adjust 10 mile zero to start radial scan and first dot 4" frau 
the tube centre. 
Adjust other 10 preset for circular markers with scanner 
rotating. 

Checking Range Calibration.  

987. (a) 
(b) 

As in para.981. 
As alternative method if range scale is in nautical miles is to 
trigger the W.F.G. 43 and Fishpond from the test set 202 and 
inject the test set 1000 yard calpips at the black Pye plug on 
Fishpond. The calpips represent nautical mile intervals 
so can be checked with the L2.5. range marker. 

983. 

985.  
b 

(e) 

986.  

(e) 
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Suppression. 

988. As outlined in para.945. 

Brilliance and Gain. 

989. (
(a) 
b) 

Set brilliance to minimum. 
Set Fishpond gain to give a radial scan then back to 
fadeout point. 

Aircraft Checks. 

990. (a) Fishpond indicators and bright-up units should preferably be 
kept in pairs as the setting of the bright-up amplitude 
preset on the W.F.G.10 will vary with different Fishpond 
indicators. 

(b) The balance and range presets have been set up with a certain 
amplitude of sawtooth input obtained from the bench W.F.G. and 
magslip. If the sawtooth amplitude supplied to Fishpond 
from the aircraft magalip is different, the following 
difficulties may arise:- 

(i) Incorrect number of markers. 
(ii) Markers not circular. 

When a unit is installed in an aircraft after bench alignment, 
the Fishpond display must be checked on each of the first five 
scan positions. 

Bench Setting Up of H.2.S. Mark ILIA (Using T.11.3555 Series 
Transmitter Units and T.S.205).  

Test Equipment Required:- 

991. a Monitor 28. 
b Test Set 205 or 205A. 

Test Set 202. 
d Test Set 85. 

Two D.C. milliammeters. 0-2 ma and 0-10 ma. 
f Electrostatic voltmeter. 0 - 3.5 K.V. or 0-5KV. 
g Avo. Model D. 
1;2 Mismatch Unit Type 257 
(  Junction Box Type 238. 

Power Supply Checks. 

992. As outlined for setting up of A.2.S. Mark IIC 

Transmitter Unit Test Installation. 

993. To prevent damage to the test set 205 by switching on of the 
modulator when the waveguide switch is not in position 1, the J.B.258 should 
be used to intercept the 12-way violet from the J.B.231 to the modulator. 
Connections are made as follows:- 

Disconnect the 12-way cable from the modulator and connect 
to plug C of 1.15.238. 
Connect plug A to the 12-way plug on the modulator. 
Connect the 4-way plug on J.B.231 to plug B. This supplies 
207. D.C. and 80V. A.G. 
Connect plug D (6-way) to test set 205. 
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994. The flexible rubber guide section normally used to feed the R.F. output 
to the scanner is connected to the input channel for the test set 205. 

995. (a) The electrostatic voltmeter is connected between the cathode of the 
transmitter unit klystrofi and earth. A suitable tapping point is 
on the rearmost tag on VR.3 which is connected directly to the 
cathode. 

(b) Jacks connected to the millianmeters are plugged in at jackpoints 
for crystal current and power pack current. 

996. Remove the graphite and asbestos fishtail dummy load from the waveguide 
power channel. Fasten the mismatch unit on top of the waveguide and insert the 
fishtail in the mismatch unit. Withdraw the quartz probe on the mismatch unit 
so that it does not extend into the guide to introduce a standing wave. 

Preliminary Check of the Local Oscillator and its Power Pack. 

997. (a) Switch on I.T. and check the meter readings. There will be an 
initial surge after which the readings will settle down to a 
steady level. These should not exceed: - 

(i -1600V. for the klystron cathode 
(ii 7.5 ma. for the E.H.T. current. 
(iii 1.5 ma. crystal current. 

(b) 	If any of these figures is exceeded: - 
(i) Turning VR.1 (E.H.T. volts control) clockwise will 

reduce the klystron cathode volts 
(ii) Anticlockwise rotation of va.3 (klystron grid volts 

control) will reduce the E.H.T. current since this serves 
to increase the klystron bias thereby reducing the klystron 
current which is the major portion of the E.H.T. current. 

(iii) Withdrawal of the mixer probe will reduce the crystal 
current since the C.W. input to the mixer is thus 
attenuated. 

R.F. setting up Sequence and Objective. 

998. (a) Adjusting the R.F. output matching controls for maximum power output 
consistent with frequency stability. 

(b) Tuning test set wavemeter to magnetron frequency to permit tuning 
of test set klystron to same frequency. The test sot klystron 
can then act as an R.F. oscillator at the magnetron frequency for 
lining up the R.F. receiver controls. 

(c) Setting up the test set klystron for oscillation at the magnetron 
frequency. 

(d) Feeding the test set klystron input into the mixer chamber through 
a dummy T.R. cell and tuning the mixer for maximum response to the 
magnetron frequency. 

(e) Inserting the actual T.R. cell instead of the dummy and tuning 
the T.R. cell for resonance at the magnetron frequency. 

(f) Replacing mixer and T.R. cell in the transmitter unit and tuning 
the anti-T.R. chamber for maximum flow into the receiver branch 
line at the magnetron frequency by feeding the C.W. from the 
test set into the transmitter unit. 

(g) Setting up the local oscillator power pack for correct operating 
conditions. 

(h) Tuning the local oscillator 4.5 Ma/s. off the magnetron frequency 
by beating the test set klystron signal with the local oscillator 
signal and feeding the rectified beat signal through the head 
amplifier to the 45 MA/s. I.F. amplifier in the test set. 
Correct tuning is indicated by maximum output from the test set 
amplifier. 

(i) Adjust L.O. input to mixer for optimum input as indicated by 
correct crystal current value. 
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Lining BP the R.F. Output Controls. 

999. Throughout all lining up operations the transmitter unit cover ehould 
be kept on as far as possible to avoid a fall in the field strength of the 
magnet when the cover is replaced at the close of the setting up. 

(a) W.G. switoh to position 1 to feed magnetron output into test set 
dummy load and power measuring neons. 

(b) Selector switch in position 1 to connect neons in series with 
test set meter. 

(o) Sensitivity switch is out of circuit so position is immaterial. 
May as well be set to Max. for next test. 

(d) switch - immaterial, but may as well be set to "P" for 
next test. 

(e) Power switch closed. 

1000. (a) Wait at least three minutes after time "L.T.ON" pressed before 
pressing 91.T.W. This is to ensure that magnetron cathode 
is properly heated before modulator pulse is applied. 

(b) When red light oomes up check that the 011.115 fires within 10 
seconds. The gap is visible through the hole in the side of 
the waveguide. If this cell fails to ionise, magnetron power 
is flowing into the anti-T.R. chamber and a reflected wave, i.e., 
unwanted reactance, is causing a mismatch which should not be 
present while adjusting the magnetron matching controls. 
Readjust magnetron matching controls till C.14115 fires. 

(c) If no reading is obtained on the test set meter when the red light 
comas on and the transmitter fires, the mismatch is so bad that 
the R.F. power flowing into the dummy load is insufficient to 
cause the neons to strike. Press the "Ionise" button to apply 
+30014 to the mons and strike them. Once struck, the power 
flow into the dummy load is sufficient to keep them ionised and 
thus sustain a meter indication. 

1001 (a) In the Bush boxes with the threaded plunger, sat the plunger full 
in. Move the iris through its full range of travel and set at 
the point of maximum meter indication. 

(b) Move plunger out slightly and readjust iris for maximum meter 
indication. 

(c) Repeat until point found where maximum output is obtained. 

1002. (a) If other boxes used with sliding plunger, set iris at one end of 
travel and move plunger through its full range of travel and set 
to point of maximum meter indication. 

(b) Move iris by rotating the adjusting ring about 1 turn and again 
slide plunger through full travel and set it to position for 
maximum meter indication. 

(c) Continue until iris has been taken through its full range of 
travel. Finally set iris and piston to the positions which 
gave maximilm meter reading. 

1003. (a) With boxes using the silica tuning rods on a moveable carriage 
there is much less interaction between the two adjustments. 
With the rods projecting in about 1", slide the carriage through 
its full travel and set at the position for maximum meter reading. 
Now adjust distance the rods project into the guide for maximum 
meter reading. 

(b) Check whether displacement of carriage gives any improvement, 
and if so, whether further slight readjustment of the distance 
of probe projection gives further improvement. Set at optimum 
position of carriage and distance of projection. 
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'Wading Check. 

1004. (a) C.V.108's are inclined to show "moding", i.e., transmitting at 
random on two different frequencies. C.V.208's may show the 
allied problem of "frequency splitting", i.e., transmitting on 
two frequencies in the same pulse. These faults are most likely 
to appear at maximum loading, i.e., when matched for maximum 
power output. 

(b) To check for this form of frequency instability, the rectified 
transmitter breakthrough getting through the T.R. cell is taken 
from the mixer output plug by Pye lead to the monitor 28. Set 
the monitor for a 10 microsecond timebase and maximum amplifi-
cation. Adjust the mixer piston for maximum response. The 
negative-going rectified pulse envelope should then be observable 
on the monitor. 

(o) Push in the probe on the mismatch unit and move the mismatch unit 
carriage through its travel. If the pulse remains clean and 
steady no moding is occurring. If it becomes jittery and ragged 
and varying in shape, or if a smaller pulse appears inside the 
larger, moding is taking place. This can usually be cured by 
clockwise rotation of the matching iris control to bring the 
iris nearer the magnetron. 

(d) A careful check must be kept on the power output and the meter 
reading should not fall more than 10% from its peak value when 
a clean stable pulse has been obtained. One or two revolutions 
of the iris control are normally sufficient. 

wavemeter Tuning. 

1005. a Waveguide switch to position 1 
b Selector switch to position 1 
o P./1.F. switch to "P". 

(d Sensitivity switch to "Max." 

1006. R.F. from the magnetron leaks around the waveguide switch in 
sufficient quantity to excite the wavemeter cavity when the latter is tuned to 
the resonant frequency. The leakage through the cavity to the cavity crystal 
is rectified and smoothed by the crystal assembly. With the P./I.F. switch 
set to Tn., the negative-going video pulse is applied to the two-stage 
amplifier, which operates now as a video amplifier. The negative-going output 
pulse passes through the diode and is converted to a negative-voltage at the 
magic eye grid by an integrating or long time constant smoothing C.R. This 
negative voltage increases in magnitude as the cavity is tuned to resonance at 
the magnetron frequency. The sensitivity switch varies the gain of the 
amplifier. 

1007. (a) Tune wavemeter to make magic eye close. 
(b) If overlapping occurs, reduce sensitivity with the sensitivity 

switch and continue tuning for maximum closing without complete 
closing or overlap. 

Frequency Pulling Check. 

1008. (a) C.V.208's in particular are susceptible to frequency pulling 
and "gapping" due to varying reactance coupled back by varying 
reflection from a slightly assymmetrical perspex cupola. 

(b) To make a frequency pulling check, with the mismatch unit probe 
into its stop slide the carriage of the mismatch unit up and 
down and note whether any opening of the magic eye occurs. 
Such opening indicates that the magnetron frequency has shifted. 
Some indication of the amount of frequency change can be obtained 
by retuning the wavemeter. The dial calibrations, 0.05 to 
0.35, indicate wavelengths from 3.05 to 3.35 oms. The frequency 
change can be reduced to a minimum by a clockwise rotation of 
the matching iris control. 
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(c) Care must be taken not to drop the power output by more than 
1071 by the readjustment of the iris. The 1p% reduction of 
output is recommended as a safeguard against probable frequency 
Pulling• 

(d) Check that the wavemeter is tuned to resonance. Lock the  
wavemeter tuning controls, the matching iris and the tuning 
plunger. 

Lining Up the R.F. Input Controls. 

Preliminary:- 

1009. (a) Press !Cast. Or as switch unit to switch off the -4KV. and 
+ 1.8KV. supplies. 

(b) Disconnect the pulse cable and the 12-way red from the 
transmitter unit. 

(c) Close the "Oscillator" or E.H.T. switch on the test set 205 and 
allow a few minutes for warming up. 

Setting-up the Test Set Rlystron. 

1010. (a) Waveguide switch to position 2, the "blind" position, which 
blocks the escape of any klystron output. 

(b) Selector switch to position 2, to connect rectified output 
from test set klystron crystal to the test set meter. 

(c) Sensitivity switch to maximum. 

1011. a If the klystron is oscillating the meter will show an indication 
b If not oscillating, the setting up drill will follow that for the 

local oscillator outlined in paras.1022 to 1027. 
(c) When oscillating, vary the tuning to check that it is oscillating 

throughout its range. 

Tuning the laystron to the Magnetron Frequency. 

1012. (a) Waveguide switch to position 2. 
b Selector switch to position 3 to connect the rectified output from 

the wavemeter crystal to the meter. 
(c) Sensitivity switch to maximum. 

1013. (a) Tune klystron until meter needle shows sharp rise to indicate 
that klystron is oscillating on the frequency to which the wave-
meter is tuned, i.e., the magnetron frequency. 

(b) This operation requires considerable care as the tuning is very  
shaip. If the tuning control on the klystron is rotated too 
rapidly it is possible to pass through the resonant point before 
the meter needle has time to indicate it. 

(c) During this stage it is advisable to occasionally set the 
selector switch back to position 2 to check that the klystron 
is still oscillating. 

1014. When the klystron is thus tuned to the magnetron frequency it provides 
a relatively low power source of C.W. at the magnetron frequency which we can 
use to adjust the R.F. input controls for maximum response at the magnetron 
frequency. 

Mixer Tuning.  

1015. Attach the dummy T.R. cell to the waveguide section protruding 
from the top of the test set with the end with two small holes 
uppermost. 
Remove the mixer chamber from the transmitter unit and mount it 
on top of the dummy T.R. cell. The chamber should be in the 
same plane as in the transmitter unit. 
Take a Pye lead frcm the mixer output plug to the Pye plug on 
the test set panel. 
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1016. (a) 

(b) 

(0) 

1017. (a) 

(b) 

(0) 

Waveguide switch to position 3 to feed teat set klystron 
signal into mixer chamber. 
Selector switch to position 4. to feed rectified and smoothed D.C. 
voltage from crystal in mixer via the Pye lead to the meter. 
Sensitivity switch to maximum unless meter reading is too great. 

Adjust mixer piston for maximum meter reading reducing 
sensitivity switch setting as required. 
Rotate crystal holder in the mixer chamber for maximum meter 
reading. This is to get the tungsten whisker in the position 
which gives the maximum response. 
Note meter reading. If below that normally obtained on the 
test set the crystal should be checked by substituting a new 
one. 

T.R. Cell Tuning. 

1018. (a) 

(b) 

Remove the dummy T.R. cell and insert the CV.11+ in its place. 
Ensure that it is mounted in the same plane as in the H.F. box. 
Tune the T.R. cell for maximum meter indication. The control  
should be moved only one notch at a time as tuning is very sharp. 
Retune mixer chamber. 
Note meter reading. It should normally be at least 90% of 
that obtained when the dummy T.R. cell was used. 

Tuning the Anti-T.R. Chamber. 

1019. (a) Replace the mixer chamber and P.R. oell in the transmitter 
unit but do not insert the I.O. probe. If this probe is 
inserted appreciable signal power will couple book into the 
L.O. and this loss will cause a big drop in meter reading from 
the value above in (d). 

(b) Couple the mixer output plug to the Pye plug on the test set by 
a Pye lead. 

1020. (a) Waveguide switch to position 4. to feed the output from the test 
set klystron into the transmitter unit. 

(b) Selector switch to position 4., as before, to feed smoothed 
rectified output from mixer crystal via the Pye lead to the 
test set meter. 

(c) Sensitivity switch to maximum. 

1021. Adjust anti-T.R. piston for maximum meter indication. Tuning may be 
very flat, depending on the phase of the wave that goes up to the magnetron 
and reflects. When maximum meter indication is obtained the maximum power 
flow is going up the receiver branch line. The R.F. receiving aide of the 
transmitter unit should now give the optimum response to signals at the 
magnetron frequency. 

Setting up the Local Oscillator Power Pack. 

1022. (a) Replace the red 12.•way cable to the transmitter unit. 
(b) Check that the electrostatic voltmeter is properly connected 

to the klystron cathode and that the milliammeters are jacked 
in at the crystal current and E.H.T. current points. 

1023. (a) Turn V.R.1 (E.H.T. voltage control) fully clockwise. This 
takes the VT.127 grid as far negative as possible and thus 
reduces the E.H.T. voltage to a minimum. 

(b) Turn VR.2 (reflector volts control) fully clockwise to reduce 
the potential difference between reflector and cathode to a 
minimum  
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(c) Turn VR.3 (grid volts control) fully anticlockwise to put the 
maximum bias on the klystron and so reduce the klystron (and 
therefore E.H.T.) current to a minimum. 

The conditions required for stable oscillation are:- 

Cathode potential approximately -16001. but not more negative 
than this value. 
Total E.H.T. current 7 - 7.5 ma. 
Crystal current 1.5 ma. 

The controls will interact, particularly VR.1 and VR.3. 

1025. 	Set the L.O. coupling loop to mArimForn. 
b Set the probe in just far enough to get a crystal current 

indication when the klystron starts oscillating, in order to 
prevent pulling of the L.0. frequency by the signal from the 
test set klystron coupling back into the L.O. cavity via the 
mixer and the coaxial from the mixer to the L.O. This pre-
caution applies in the next test when the L.0. is being tuned. 

(c) Set the waveguide switch to position 3. This precaution is 
to prevent the signal from the test set klystron reaching the 
mixer and giving a crystal current indication before the L.0. 
is actually oscillating. 

1026. (a) Rotate VR.1 anticlockwise until klystron cathode voltage is 
-Thoov. Note E.H.T. current reading. 

(b) The reading will normally be low. Turn VR.1 back (clockwise) 
and advance vR.3 (clockwise) a few notches. Now take VR.1 
anticlockwise again until the cathode voltage again reachea 
-16001. Note E.H.T. current again. 

(o) If the value is still low, repeat the procedure in (b) until 
E.H.T. current of about 7.5 ma. is obtained with a cathode 
voltage of -l600v. VR.1 must be turned back each time before 
advancing VR.3 or the cathode voltage will be above -1600V. when 
the required klystron current is obtained. This will shorten 
the life of the CV.125. 

1027. (a)  

(b)  

(0) 

When the correct operating conditions are obtained, rotate VR.2 
anticlockwise until oscillations are obtained as indicated by a 
crystal current reading and a sharp kick of the E.H.T. current 
meter needle. 
If on rotating VR.2 the crystal current shows a sharp and slow 
side, set VR.2 just past the peak on the slow side. 
The crystal current value may remain low in actual value due to 
the klystron frequency being a long way off that of the T.R. cell 
and mixer cavity, and beoause of the attenuation at the probe. 
The probe setting should be such as to make satisfactory indications 
obtainable but no more. 

L.O. Tuning to 45 man. off Magnetron Frequency. 

1028. (a) Waveguide switch to position 4 to feed output of test set 
klystron at the magnetron frequency into the mixer where it 
will beat with the L.O. signal. The rectified I.F. envelope 
from the mixer to the head amplifier will then be at a frequency 
equal to the difference in the frequencies of the two klystrons. 

(b) Connect the mixer output plug to the Pye plug on the head 
amplifier with the normal lead. 

(o) Connect the head amplifier output pye plug to the Pye plug 
on the test set 205. 

(d) Set the P./I.F. switch to I.P. The two stage amplifier in the 
test set now has the necessary R.F. decoupling applied to 
operate as an I.F. amplifier. The anode loads are resonant 
at 45 MO/s. The output to the diode detector will then be a 
Mintmlin when the beat frequency fed from the mixer into the head 

1024. (a) 

fl)3 
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amplifier and from the head amplifier to the test set amplifier 
is 45 Ws. The detector output is smoothed by the long C.R. 
and the negative D.C. voltage applied to the grid of the magic 
eye. The magic eye will therefore close as tuning progresses 
towards the 45 Mq/s. difference frequency. 

Tune the L.O. until the magic eye closes to show that the 
correct frequency difference of 45 MC/s. has been obtained. 
The L,O. will now operate 45 Mu/s. off the magnetron frequency. 
Adjust the setting of the mixer probe for a crystal current of 
1.5 ma. 

Disconnect the test set from the transmitter unit and connect 
the latter to the scanner. 
Replace the pulse cable from the modulator 64 to the transmitter 
unit. 
Rotate the scanner to pick up a permanent echo and check the 
tuning of the L.O., mixer and T.R. cell on signals. 
Do not touch the magnetron output controls. 
Securely lock all controls. 
Set the Geneva wheel so that the I.O. can be tuned on either 
side of the resonant point. 

1029. 

1030. 

1031. Although the test set has been disconnected from the transmitter unit, 
the waveguide switch must be left in position 1 while tuning on signals if 
the J.B. 238 is used. This requirement arises out of the fact that the wave-
guide switch is controlling the +300V. supply to the trigger valve in the 
modulator and only completes this supply in position 1. If it is required to 
use the junction box 238 with the test set 205 temporarily removed, the trigger 
valve supply may be completed by returning the Test Set 6-way to plug F on 
the junction box 238. Then plugs D and F will be joined by the 205 6-way 
and the 300 volt supply will be completed to the trigger valve. 



Summary of Setting-Up Procedure 

1032. 

Test 
Waveguide 
Switch 

Selector 
Switch 

P.//.F. 
Switch 

Sensitivity 
- Switch Test 

Switch on I» T. and wait at 
least 3 minutes before switch-
ing on H.T. 

1 1 1 P - Tune Tx output line for max. 
output as denoted by meter. 
Check for moding and 
frequency drift. 

2 1 1 P Max. Time wavemeter to Tx frequency, 
denoted by closing of magic 
eye. 	Switch off modulator. 
Disconnect pulse and 12-sway 
cables from H.F. box. 

3 2 2 P Max. Check oscillator in Test Set 
on meter. 

4 2 3 P Max. Tune Test Set oscillator to 
frequency of wevemeter. 
Denoted by sharp rise of 
meter needle. 

5 3 4 P Max. Place mixer chamber on top of 
waveguide on Test Set, 
inserting dummy. T.R. cell in 
between Eye lead between 
mixer and Eye plug an Teat 
Set. 	Tyne mixer for maw 
meter reading. 

6 3 4 P Max. Replace dumpy T.R. cell by 
T.R. cell. 	Tune T.R. cell. 
Meter reading should not 
fall more than 10%. 

7 4 4 P Max. Replace mixer chamber and T.R. 
cell in H.F. box, retaining 
Pye lead between mixer and. 
Test Set. 	Tune anti-T.EL 
cell for max. meter reading. 

8 3 Replace 12-way cables to H.F. 
box. 	Allow a few minutes to 
warm up. 	Set up local 
oscillator in H.F. box. 

9 4 4 Z.F. Min. Mix outputs from oscillator 
in Test Set and Local 
Oscillator, and tune local 
oscillator for 45 MO/s. 
difference frequency as 
denoted closing of magic 
eye. 

10 1 Recheck tuning of local 
oscillator, mixer chamber, 
TR. and anti-TR. cells on 
signals. 	Set crystal current 
to li ma. 

11 Look all controls securely. 
Set the Geneva wheel so that 
the local oscillator can be 
tuned either side of the 
resonant point. 

1033. Rest of setting-up procedure as for H.2.S. Mark II0 commencing et 
Pars-944. 
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Suggested D.I. Procedure for H.2.S. Nark IIC and Nark IIIA 

Power Supply 

1034. 	(a) Couple P.E. set to V.C.P. and start P.E. set. 
(b Check that V.C.P. is switched on. 

Crystal Checks  

1035. (a) Measure back and forward resistance of crystal at the transmitter 
unit jackpoint. Forward resistance should not exceed 200 ohms, 
and back resistance should not be less than 1000 ohms, or less 
than half the value measured on preceding D.I. although still 
over 1000 ohms. The back resistance should be logged and kept 
on a card at the unit. A sharp fall in the back resistance 
indicates a dying crystal. 

(b) If crystal does not appear satisfactory replace with a known 
good crystal. A few spare good crystals should be carried on 
D.T.'s. These should be kept wrapped in cotton waste to protect 
them from shock and in a metal box to protect them from R.F. 

Power Sulrply Checks 

1036. Press "L.T. ON" and check that green lamp lights. 
Check panel lamps on switch unit and indicator. After at 
least three minutes warm-up period, press "H.T. ON". Check 
that the amber and red lights come on. (with the new 
resistors fitted in the switch unit it will be possible to 
switch on even if the green and amber bulbs are faulty). 
Connect the An Model H to the test point on the junction box. 
Check that the reading lies within 78 ± 2V. 
Check the power pack voltages at all the testyoints. The 
voltage jackpoints should read 1 ma. * .05 ma. The 300V. feed 
point should read about .85 ma. (PU 280 - for PU 224. see 
para. 930). 
If the readings are all proportionately high or low, the 
V.C.P. voltage should be modified as required by means of the 
trimmer adjustment. 
If the voltage readings are at variance, the voltage divider 
or rectifier at the abnormal jack-point require checking. 
Check the V.C.F. regulation by switching the modulator on 
and off and noting the variation at one of the voltage monitor 
points on the power unit. Also vary the speed of the P.E. set 
and note the effect on the 801/. reading and the jackpoint 
readings. 

CrystarCurrent and Tuning (Nark IIC)  

1037. 	(a) 

(b)  

(c)  

Check the crystal current at the jackpoint on the transmitter 
unit for a value of about 0.4 ma. 
If considerably out the reflector voltage and coupling loop 
require readjustment at the tuning unit 207. To carry out 
this adjustment two mechanics must work together using head-
sets and the A/C VC system. The coupling loop should be so 
set that the crystal current can be varied smoothly (on the 
stable side) between about 0.2 and 0.6 me. with the reflector 
volts control. 
Turn the scanner by hand to point toward the best permanent 
echo avilable. The location of such echoes and the strength 
of signal to be expected at various dispersal points can only 
be found.by experience. 
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(d) Adjust tuning control for maxim= signal. This should be 
obtainable for two positions of the tuning control. Set the 
control to the one giving the best S/N ratio if there is any 
choice. Before deciding which is the better, it is necessary 
to check that the crystal current is 0.4 ma. when the S/N ratio 
is being assessed in both cases. 

(e) Estimate the sensitivity of the set frau a comparison of the 
response with that normally obtained at the dispersal point 
with a good set. If the sensitivity appears sub-standard 
replace the crystal with a known good crystal. Check the 
crystal current and log the back resistance of the new crystal. 

(f) If this fails to give any improvement in sensitivity check the 
CV.45 tuning plunger and the output line matching slug. Check 
that both are locked after any readjustment. If insensitivity 
persists the transmitter unit should be bench-tested. 

Crustal Current and Tuning (Mark IIIA using TR.3555 Series)  

Rotate the scanner to face best permanent echo available. 
Tune klystron for maximum signal amplitude. The sensitivity 
of the set can only be estimated from a knowledge of the signal 
strength normally obtained on the particular dispersal point 
for the direction in which the aircraft is facing. 
After signals are correctly tuned in, check the crystal current 
by means of a meter jacked in at the crystal jack point on the 
transmitter unit. The reading should be 1.5 * .2 ma. 
Tap the transmitter unit and watch meter indication to see that 
the CV.129 is stable. 
Manual adjustment of tuning cannot be made at the repeater 
motor with the 4-wey still connected. 

Suppression 

1039. 	(a) 

(b) 

If no Fishpond fitted adjust suppression to just cut out the 
transmitter pulse breakthrough on the height tube. 
If Fishpond fitted, take the suppression off completely (fully 
anticlockwise) then turn clockwise one notch beyond the point 
where the suppression actually starts to catch the transmitter 
breakthrough. • The object of this adjustment is to apply only 
one notch of effective suppression, i.e., to suppress only the 
breakthrough due to the primary transmitter pulse. Further 
suppression means that the Fishpond minimum range is automatically 
held at about 400 yards or more depending on how many notches 
of actual suppression are applied. Each notch represents an 
increase in the minimum range of around 200 yards. 

Height and Range Marker 

1040. These should not require adjustment if set up on the bench with a 
test set 202. If either the switch unit or receiver-timing unit have to be 
changed, both should be replaced by a matched pair lined up on the bench with 
a test set 202. 

Use of Monitor 28 for checking Height and Range Zeros  

1041. (a) The Monitor 28 may be used in the aircraft for checking the height 
and range zeros. If these have been correctly set up on the bench, 
they should not require adjustment, but a periodic check at 
intervals of a week can be made with a monitor 28 that has bean 
calibrate4 as described in para,950. The calibration of the 
monitor must be checked on the bench immediately before use in 
the aircraft. 

(b) Check with the AVID Model H that the aircraft A.C. supply is 
78 volts 1 volt. Apply the blue/white pulse to the monitor. 
Set the X-ehift at "10" and adjust the T.B. start so that the 
leading edge of the pulse is in line with the cursor line. 

1038. 

(c)  

(d)  

(e)  



1042. 	

;3L3 

(0) 
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Sat the range switch to 10/10 position and height and range 
drums to 20,000 feet and 4 miles respectively. Apply the 
height and range markers to the monitor using a .001 condenser 
for coupling the height marker. 
Set the X-shift to "20,000 ft." and the height marker should be 
in line with the cursor. If necessary, adjust the height zero 
to bring it in line. Then turn the X-shift to "4 miles 10/10" 
and if necessary adjust the range zero to make the range marker 
coincide with the cursor. 

Contract, Brilliance, Focus and Gain 

Turn contrast, brilliance and gain fully anticlockwise. 
Advance brilliance till scan and flyback just appear then 
back 4. notches. Check that index line on knob coincides with 
index dot on panel. 
Advance contrast till radial scan just appears then back one 
notch from the fadeout point. Check that index line on knob 
coincides with index dot on panel. 
Adjust range control to bring range marker dot in centre of 
display. Adjust focus for the sharpest range marker dot. 
Reduce brilliance until luminosity of range marker just strata 
to fall. 
Switch scanner on and check for a clearly defined heading 
marker and range marker ring. 
Sat gain control to a normal value. 

Height Tube Display 

	

1043. 	Adjust focus*  brilliance and shift if necessary. 

P.P.I. Display (Fispond not fitted or H.F.G. 43 fitted)  

	

1044. 	(a) Set distortion corrector and height control to 25,000' and 
range control to 8.5 nautical or 10 statute miles. Adjust 
10 mile zero until outer edge of bright-up just reaches the 
range marker near the edge of the tube. 

(b) Check that the W.F.G. and switch unit bright-up controls are 
fully anticlockwise to start the bright-up as early as possible. 
Set height control and distortion corrector to 20,000' 

d Using the range marker, check for the following range coverages: 
10/10 	- 	4 nautical or 10 statute miles. 
10/20,30/20 
100/20 	• 	approximately 17 nautical or 20 statute miles 
100/40 	- 	approximately 34 nautical or 40 statute miles 

(e) Set the range control to*  say, 6 miles on the 10/10 scan. Start 
the height control and distortion corrector at 25,000 ft. and 
bring them down in 5,000' stages. Note that the range marker 
remains in a sensibly fixed position on the display to check 
the functioning of the distortion corrector. Note that no 
hole appears at the centre of the display for settings above 
2,000'. 

(f) Check that the 	trace rotates about the tube centre. 
Adjust X and Y shifts if necessary. 

Course and Track Marker 

Set H.C.U. and indicator 184 switches to "Course". 
Check that the heading marker can be taken smoothly through 
360° in either direction with the H.C.U. setting control. 
Set heading marker to the bearing shown on the navigator's 
repeater card. 

1045. 	
bb; 



c.D.o8961, 

(c) Switch on the D.R. compass. The heading marker and repeater 
card will oscillate slightly till the master compass settles 
down. Move the V.S.C. through a few degrees in either 
direction. The heading marker and repeater card should remain 
in step and always indicate the same bearing. This check 
should be made to ensure that the heeding marker does not 
rotate in the wrong direction on operations. 

(d) Return the V.S.C. to its original setting and switch off the 
D.R. compass. 

1046. 	(a) If the roll-stabilised scanner is fitted set the H.C.U. and 
indicator 184 stwitches to "Track". 

(b) Check that the track marker can be moved smoothly through 
60° on either side of the heading marker. 

(c) Set indicator switch back to "Course" and H.C.U. switch to 
"Auto". 

Fishpond 

Controls  

	

1047. 	a Scan-marker switch to 100/0 position. 
b Scanner rotating to give circular markers. 
c Heading marker switched on. 
d Fishpond gain to maximum (W.F.G. 43 not fitted). 
e Brilliance to point where radial scan just appears. 
f Focus for sharpest scan. 
g Brilliance to where scan just fades out. 
h If W.F.G.43 fitted, set brilliance to minimum and gain for 

radial scan then back to where scan just fades out. 

Bright-Up (W.F.G. 43 not fitted)  

	

1048. 	(a) Switch through the first five scan-marker switch positions 
and check that the inner edge of the heading marker commences 
about 1" from the tube centre on all positions. 

(b) If this condition not fulfilled, alternately adjust switch 
unit bright-up control on the 100/40 position and N.F.G. 
bright-up control on the 10/10 position until the bright-up 
does commence about I" from the tube centre in all five 
positions. 

If W.F.G. 43 fitted no bright-up adjustments are necessary. 

Markers 

1049. 	(a) Press marker button and check for following points:- 
43 Markers circular and centred about tube centre. 

(ii Presence of 0, 1, 2, 3, 4. and perhaps 5 mile 
markers. 

41 Zero marker about I" out from centre. 
(iv No spurious markers before or after the zero 

marker. This can be checked by noting whether 
any marker rings appear when the marker button is 
released. 

(b) Scan-marker switch to the 30/20 position. 
(i Markers circular and centred about tube centre. 

(ii Correct number of markers and no spurious markers. 
(iii The zero marker is about 11' from tube centre and 

just overlaps the inner edge of the heading marker. 
Adjust 30 mile zero to move the marker if its 
distance from the centre is incorrect. 
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(c) Scan-marker switch to the 10/10 position. Press marker 
button and make same checks as in (b). If zero marker not 
the correct distance from the tube centre (app. 1"), adjust 
the 10 mile zero. 

(d) Check that heading marker reads the same bearing on Fishpond 
as on the indicator 184. 

'Miscellaneous  

1050. 	(a) Check all W and pye plugs to see they are securely fastened 
and that no Pye clips are missing. 

(b) Check that cupola is free from oil, water, rubbish, "window" 
etc. 

(c) If no roll-stabilised scanner fitted, disconnect P.E. set 
and  connect up the A.C. and D.C. cables to the V.O.P. correctly. 

(d) Check Viet V.C.P. and modulator 64 switches are both on. 

Stabilised Scanner 

Requirements  

	

1051. 	(a) Vacuum pump assembly to drive the gyro control unit. 
b D.C. supply of 24V. at about 12 amps. to drive vacuum pump 

motor. Owing to heavy starting current this supply will 
require a 40 amp. fuse. 

(c) Suitable length of flexible piping will be required to connect 
the vacuum line to an intake point on the aircraft akin. 

(d) A suction meter should be tapped in, preferably at the end of 
the flexible pipe, to check that the vacuum of 3-5" is obtained 
since the gyre control unit requires a vacuum in this range to 
operate correctly. 

(e) The scanner D.I. should be carried out after the normal H.2.S. 
D.J. to give the gyro and amplifier unit time to settle down. 

Amplifier Balance Check  

	

1052. 	(a) After doing normal H.2.S. D.I., remove the 2-pin red from 
J.S.246 to disconnect the armature supply from the m.G.74. 

(b) Insert jack connected to voltmeter (on range not lower than 
250V.) at amplifier jack point. 

(c) Press earthing switch on amplifier panel and note reading 
which may be either + or -. 

(d) Adjust balance preset for zero volts to ensure the M.G.74 
is stationary when platform is level. A fine adjustment 
can be obtained by decreasing the voltmeter range. Remove 
the jack. 

Gyro Control Unit Alignment Check 

1053. 

(e)  

Set the platform level by observing the spirit level. 
Switch on the scanner at the switch unit. 
Replace the 2-pin red to make the M.G.74 capable of operation. 
Note whether the platform moves. Movement may be caused by 
Gyro control unit incorrectly aligned. Movements in excess 
of ± 1° normally must be attributed to this cause. 
Gyro realignment can be done by loosening the 4 bolts securing 
the gyro which permits small variations in either direction on 
the elongated fixing holes. 

Stabilisation and Sensitivikt Checks 

1054. 	(a) Remove 2-pin red again and push platform over to the 300  
end-stop limit in one direction. Replace the 2-pin red 
and check that the platform immediately returns to the 
level position. 
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(b) Repeat the procedure with the platform pushed to the 
opposite end-stop. 

(c) Remove the 2-pin red to J.B.246 and offset the platform 1° 
as nearly as can be estimated. Replace the 2-pin red and 
check that the platform levels immediately. 

(d) Repeat same check in the opposite direction. 

Clutch Check  

1055. 	(a) With everything working, force the platform in one direction 
against the torque of the motor. Check that the clutch slips 
immediately. 

(b) Repeat same test in the opposite direction. 

Miscellaneous 

Remove the external vacuum supply and turn the valve to the 
internal position. 
Check that all cables are secure and do not foul at any 
point during platform movement. 
Disconnect P.E. set and connect up the A.C.  and D.C. cables 
to the V. C. P. correctly. 
Check that V.C.P. and modulator 64 switches are left on. 

Use of the Scanner Jig (100/8136) for 	55€4.- 5533 (Mark III 1L2.8.)  

1057. 	(a) The jig consists of a blued steel body which can be clamped 
to the flared end of the waveguide feed to the scanner, and 
three distance arms by which the location of the flare can 
be checked. These arms are identified respectively by 
marks ID, 21), or 3D stamped on them close to the point about 
which they pivot. 

(b) Arm 1D serves to check that the waveguide is central with 
respect to the outer edges of the mirror. 

(c) Arm 2D serves to check the distance from the waveguide to 
the back of the mirror, and 

(d) Ann 3D checks the distance of the waveguide from the top 
edge of the barrel section. 

1058. 	(a) Certain tolerances can be allowed in the position of the 
flare with respect to the back of the mirror and with 
respect to the top edge of the barrel section. 

(b) The tolerance range is provided on arm 2D by an extension 
which is variable through 1.5 millimetres. 

(c) Tolerance on arm 3D is allowed by the width of the slot 
provided to receive the top edge of the barrel section. 

1059. 	(a) To check a scanner, screw back the clamping plate in flare 
recess and fit the jig body over the waveguide mouth. 
Arm 3D should be vertical and arm ID should be below the 
level of the feeder mouth. 

(b) With an inverted scanner on the bench the jig should slide 
on from the left. In an aircraft installation it should 
slide on from the right. 

1060. 	When in position the clamp should be tightened to hold the jig firmly. 

(a) Bring arm 2D against its stop (arm horizontal) and check 
whether the tip touches the back of the mirror within its 
range. 

1056. 
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(b) Adjust arm 3D until it touches the barrel section and 
check that the edge of the mirror fits in the slot provided. 

(c) Swing arms ID to one side of the mirror and adjust the screw 
extension until the under side of the head touches the 
edge of the mirror. 

1061. Turn the arm to the other side of the mirror and check that the same 
condition holds. 

Scanner Maintenance  

Inspection of Scanners Type 63 and 71 

1062. 	(a) Mount scanner, motor downwards, on a scanner stand and 
remove the mirror. 

(b) Check that the gear trains are clean and free from any 
foreign matter other than a coating of anti-freeze grease. 
Connect up the cables to the scanner and switch on. 

d By operating the H.C.U. setting control, check that the course 
step-down gear train and the track worm drive operate smoothly 
throughout their full range of movement. 

(e) Using the repeater motor test installation check the 
operation of the repeater motors as outlined in paras.963 and 964. 

(f) Rotate the scanner main drive by hand to see if it turns 
smoothly. 

(g) Mount the mirror over the locating studs on the main drive 
and start the scanner. Check that on 26-28V. D.C. supply the 
scanner speed can be varied smoothly between 20-60 r.p.m. 
using the speed control on the control unit 477. 

(h) Examine the course and track marker contact assembly for 
cleanliness and correct contact tension. 

Maintenance of Scanners Tree 63 and 71 

General Points 

1063. 	(a) 

(b) 

Bearings  

106‘ 	(a) 

(a) 

The scanner casting has been designed to reduce the amount 
of maintenance required. 
The faults most likely to develop after several hours' 
operation are:- 

(i Faulty course or track marker contact. 
(ii Sticking repeater motor drives. 
(iii Dirty contacts on the magslip slip-rings, 
(iv Excessive sparking on the motor commutator causing 

noise. 

The ball-races in the driving motor and magslip assembly are 
grease-packed by the manufacturer and should not normally 
require any greasing or oiling. 
The main bearing ball-race is also grease-packed. 
The ball-races in the two repeater motors will be dealt with 
in para.1066-1067. 
All other bearings used in the step-down gear trains, 
including the bearing for the rotating member of the capacity 
joint, are of a special type known as oilite bearings. These 
are made of a porous phosphor bronze and impregnated with 
anti-freeze oil. 
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Whenever these bearings are removed they should be cleaned 
and left to steep in anti-freeze oil before replacing. 

(e) If ball-races require attention, they should be washed out with 
paraffin, thoroughly dried and repacked with anti-freeze grease. 

(f) The teeth on the metal gear wheels should be lightly greased 
with anti-freeze grease. 

Cleaner and  Adjusting Course and Track Marker Contacts 

	

1065. 	(a) Remove the four 2bA nuts clamping the sub-casting which supports 
the magslip and course repeater motor to the main casting. 
Separate the sub-casting from the main casting. 

(b) Thoroughly clean the annular contact ring and the fibre disc 
mounted on top of the magslip stator drive with carbon tet. 
Clean the three contacts mounted on the main casting and check 
for correct tension. If necessary, adjust the tension by 
bending the contacts. 

Checking the Course Repeater Motor Drive 

	

1066. 	(a) Slacken the jubilee clip around the repeater motor and remove 
the top cover. 

(b) Disconnect the three field connections, noting the colour 
coding. 

(c) Remove the three 6BA bolts securing the repeater motor casting. 
The repeater motor can now be withdrawn from the sub-casting 
and gear train. 

(d) Check the freedom of the armature. It should turn very easily. 
Lightly oil both bearings with anti-corroding oil (344/43). 
Access to these bearings can be had through the end plates 
without removing the armature. 

(e) Thoroughly cleanse all gear wheels in the step-down gear train 
to the magslip stators by brushing with petrol, and smear all 
the teeth with anti-freeze grease. 

(f) Ascertain that the magslip stators move freely through 3600  
without any sign of binding spots. 

Checking the Track Repeater Drive 

	

1067. 	Remove the repeater motor. 
b Check and lubricate as outlined for the course repeater motor. 

Thoroughly clean the worm drive and step-down gear and smear 
lightly with anti-freeze grease. 

Checking Magslip Brushes and Slip Rings  

	

1068. 	(a) Remove the cover of the slip ring assembly. 
(b) Note and record the arrangement of the six leads running from 

the slip rings to the terminals on the bakelite housing, then 
remove the leads. 

(c) Remove the leads and bolts from the terminal points on the 
brush mountings and the brush contact arms. The brushes 
can now be withdrawn. Examine them for wear and replace if 
length less than le. 

(d) Remove the six 6DA bolts around the base of the slip ring 
assembly. Withdraw the slip ring assembly. Examine end 
thoroughly cleanse all slip rings. 
Note their connections, then 

(e) Remove the 4.  leads coming up through the bakelite end 
plate from the terminals on the bakelite housing. 

(f) Remove the contact arms and the three rotor brushes. 
Examine the brushes for wear. Replace them if length is 
less than *". 
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(g) Remove the four 6BA bolts securing the bakelite end plate 
to the magslip stators. Withdraw the housing. Thoroughly 
cleanse the three slip rings on the rotor end. 

Scanner Motor Check 

1069. 	(a) 

(b)  

(c)  

The motor can be removed from the main casting by removing 
the three 2BA nuts. 
Access may be had to the commutator and brushes by removing 
the two 4BA bolts securing the 2B socket to the top of the 
motor. The end cap can then be pulled off. Check the brushes 
for perfect seating. Replace if length is less then 
Cleanse the commutator. 

Reassembly Cautions 

	

1070. 	Care must be exercised with regard to the following points when 
reassembling:- 

Magslip connections. 
Repeater Motor connections. 
Aligning the course marker contact. 
Aligning the rotating joint. 

e Replacing the mirror correctly. 

Course Masker Alignment  

	

1071. 	(a) Line up the white marks on the scanner casting and the 
rotating plate. 

(b) Connect an Ave across the course contacts for a continuity 
check. 

(c) Slacken off the three 4BA bolts clamping the fibre disc 
(which holds the contact ring) to the magslip rotor. 

(d) Turn the disc relative to the gear wheel in a clockwise 
direction (looking into scanner base) till the meter just 
Indicates a short. Tighten the three 424 bolts to clamp 
the disc to the magslip rotor. 

Mirror Replacement  

	

1072. 	when replacing the mirror check that all white marks are aligned. 

Capacity Joint Alignment (Scanner Type 63). 

	

1073. 	(a) Adjust the position of the rotating member of the joint so as 
to measure IV from the end of the segmented tube to the end 
of the rotating member. 

N Clamp in this position by means of the tapered locking ring. 
Replace the casting carrying the stationary member of the 
joint but omit the gasket. 

(d) Slacken off the clamping band which secures the stationary 
member to its supporting casting. 

(e) Push down the stationary member until metallic contact is 
heard. Tighten the clamping band. 

(f) Remove the casting and the clamped joint section and reassemble 
with the gasket in place. 

Rotating Joint (Scanner Type 71)  

	

1074. 	(a) The spacing between the two sections is set to 1 Unk 
automatically on assembling. 

(b) Care must be taken not to deform the waveguide system in the 
scanner during any maintenance work. 
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Repeater Motor Rotation 

1075. The direction of rotation may readily be reversed by changing over any 
two field connections coming out from the field windings to the terminal block 
on the end of the motor. This should only be done if the wiring is correct in 
the HCU and scanner. If these units are incorrectly wired they should be 
corrected. 

R.F. Faults in H.2.S. Mark IIC  

Faults.Causing Low Sensitivity  

Insensitive Crystal 

1076. 	If a set is insensitive replace the crystal by a known good crystal 
b Crystal previously in use can be checked for forward resistance of 

less than 200 ohms and back resistance of more than 1000 ohms but 
these are not conclusive tests. 

(c) Crystals are perhaps best sorted on a bench set by inserting them 
in a lined-up set and comparing crystal current passed and 
sensitivity with that of a known good crystal without making any 
adjustments to the controls. Good crystals are normally those that 
pass a good crystal current and give a good Or ratio. 

(d) If crystals are sorted in this way, they should be wrapped in 
paper or dry waste to avoid damage from vibration and stored in a 
metal container to prevent damage from R.F. pick up. 

Faulty-Pye Cables  

1077. (a) The green Eye cable and, to a lesser extent the slate, may account 
for law sensitivity. 

(b) A rough check can be made by turning the gain to maximum and noting 
the noise level on the height tube. If both cables are in order 
and make proper contact, the observed noise level should be of 
approximately the same amplitude as the range marker. 

(c) Disconnect the Eye green cable. If the noise level does not drop 
the head amplifier is faulty). If the noise disappears entirely 
the gain of the IF strip is low. 

Soft Rhumbatrons  

1078. (a) The CV.43 is a common cause of low sensitivity. This may arise 
from development of noise or from delayed de-ionisation. 

(b) If the noise level goes down considerably when the transmitter is 
switched off the CV.43 is suspect. 

(c) If the CV.43 tuned very flatly, especially on short range signals, 
delayed de-ionisation due to overcoupling of the magnetron input 
is the probable trouble. See pares. 322-323. 

(d) If crystals are continually burning out, the CV.4.3 is most 
probably not ionising at all due to broken copper glass seals or 
cracks. If no glow appears across the lips when the plunger is 
removed and the transmitter is operating, the CV.43 is n/s. 

(e) If the life of crystals is shorter than usual it is probable 
that the probe voltage is incorrect or absent. 

(f) The normal ionising currents for the commonly used types are 
shown in fig.73(d). 

(g) When changing CV.4.3's care should be taken to reassemble the 
heater jacket so as to complete the 24V. supply through the 
heater winding. 

Low R.F. Output due to Faulty Components 

1079. (a) May be due'to (i 
(ii 
(iii 
(iv 

Weak magnet 
Faulty ay.64... 
Faulty modulating pulse. 
Faulty H.P. feeder or waveguide. 



C.D.0896L 

(b) Cover on/cover off test (see para.943b) will give a rough 
check on the magnet. 

(c) Modulating pulse can be checked at the monitor points on the 
modulator (see para.960). 

(d) Magnetron, feeder and guide can only be checked by substitution. 

Low Sensitivity Due to Misalignment  

1080. Displacement due to aircraft vibration or faulty securing of any of 
the following:- 

Matching slug. 
C.V.43 plunger. 
Capacity joint. 
Mixer probe. 
Klystron coupling loop. 
H.F. feeder. 

H.F. Feeder Faults  

1081. (a) Arcing may occur between the magnetron output probe and the inner 
of the output line if the contact is slack or dirty. 

(b) Arcing may occur if the braiding used to form the flexible 
coupling to the magnetron probe becomes frayed and loose ends 
start breaking away. 

(c) Arcing will occur if the matching slug has any play and is not 
in perfect electrical contact with the outer. 

(d) Arcing at any of these points may be observed by looking through 
the slug tracking slot. 

(e) Arcing may occur in the H.F. plugs if there is an air gap due to 
the polystyrene dielectric being below the level of the 
terminating outer. This trouble is cured by fitting of the 
"sticky" washers. The face contact area of the outer and of 
the plug and socket on the inner should be clean and secure. Any 
arcing occurring at these points can be checked by looking for 
signs of carbon deposit on the surface. 

(f) All external feeders used in the aircraft and bench installations 
should be of the correct lengths. 

(g) The rubber washers must be removed as they prevent proper seating 
and perfect electrical contact. This also applies to the 
uniradio 21 feeder. 

Waveguide and Scanner Faults  

1082. (a) Any deformation or displacement will cause polar diagram 
distortion and probably mismatch problems. 

(b) Oil or dirt on the waveguide inner surface, mirror or cupola 
will cause attenuation and reflection. 

Noisy Valves  and Pick lib 

1083. (a) Heavy noise can be introduced in the head amplifier stage due to 
a low emission VR.136 or faulty earthing connections or valve 
base contacts. A check can be made by by-passing the bead 
amplifier by feeding straight from the mixer Eye plug into the 
receiver. 
I.F. valves can cause trouble in the same way. 

o A "noisy" blower motor may cause trouble. This can be checked 
by removing its supply plug. 

(di Scanner motor noise can appear if the suppression unit is faulty. 
(e A crystal may be noisy if it is not securely held and making 

firm contact with the mixer inner. 
(f) An unstable klystron can produce considerable noise because of 

the arcing between the reflector and rhumbatron as it goes in 
and out of oscillation. The fundamental cause of this trouble 
will probably be the setting of the reflector volts or the 
supply voltages. 

(g) Arcing at the 4K resistor is another source of noise. 
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Suggested Low Sensitivity Investigation Procedure In Aircraft 

1084. (a) Check on noise level with gain control (para.1077b) to check 
whether fault is in I.P. Pye cable or in R.P. side. 

(b) Check that transmitter output is up to standard by putting 
finger, screw-driver or neon on waveguide. The standard will 
have to be determined from experience. 

(c) Replace crystal with a crystal known to be good. 
1:.
)
) Check that matching slug and CV.43 plunger are secure. 

Inspect H.P. feeder, scanner and cupola for points in pares. 
1081 and 1032. 

(f) Remove transmitter unit for bench test. Check alignment of 
matching slug and CV.43 tuning. Test output on T.S.85 after 
realignment. 

(g) If low output persists make cover on/cover off magnet check. 
(h)If output satisfactory, check CV.43  for correct ionising current 

and absence of overcoupling and flat tuning. 

E

i
l
3 Make head amplifier bypass check and CV.43 noise check. 

If no fault apparent, suspect scanner, H.P. feeder and modulator 
in aircraft. Return to aircraft with original transmitter unit 
and serviceable modulator, H.P. feeder and scanner. 

Insulation Breakdown Troubles 

General 

1085. Aside from low sensitivity problems the main faults come under the 
heading of insulation breakdowns, mostly in the modulator and transmitter unit. 
The chief indications of this class of faults are a standing pulse on the 
height tube (in earlier stages) and overload relay tripping or complete 
switching off in later stages. 

Warning Indications  

1086. Several of the major insulation breakdown problems result in mismatch 
conditions between the artificial line output and the transmitter unit before 
the final breakdown comes. These mismatch conditions usually cause a series 
of reflected pulses along the pulse cable after the initial main pulse. 
Evidence of these can usually be obtained by scoping at the monitor points 
on the modulator 64 which will show some form of abnormality. A further 
indication is obtainable from the number of notches of suppression required 
to prevent any breakthrough on the height tube. If more than 3 or 4 notches 
of suppression is called for, insulation and mismatch trouble should be 
suspected. An alternative cause may be a dying spark gap which is de-ionising 
very slowly. 

Suspect ,  components  

1087. Aside from a dying spark gap which is not a common fault, the following 
items are the chief suspects when either the suppression setting or waveform at 
the modulator monitor points indicates trouble:- 

(a Filament transformer. 
(b Pulse transformer. 
(c Lead from spark gap to pulse output socket on modulator 64. 
d Pulse cable from modulator 64 to transmitter unit. 
e) Lead from transmitter unit input socket to pulse transformer. 

Magnetron. 
(g) Overawing diode and 4K resistor. 
(h) Artificial line. 

DUmMV Load Tests 

1088. (a) The dummy loads and the elimination tests are discussed in 
general terms in Chap.5, para.310. 
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(b) Disconnect pulse cable at transmitter unit and connect 80 ohm 
dummy load to end of cable. If the equipment switches on end 
the overload relay ceases to trip, items (a), (b), (c) and (d) 
are eliminated. If the overload relay' continues to trip the 
most probable fault is a faulty lead from the CV.85 to the out-
put terminal. 

(c) The pulse cable can be checked by running the modulator into 
the 80 ohm load at the pulse output plug. 

(d) If the fault is beyond the pulse cable, i.e., in the transmitter 
unit, the 1500 ohm dumpy load is connected into circuit in place 
of the magnetron. Disconnect both heater leads from the magnetron 
and make sure they are well clear of any earth point. Connect 
one of the dummy load crocodile clips to the loose heater lead 
previously connected to the uppermost magnetron leg and connect 
the other crocodile clip to earth. If the equipment runs normally 
now the magnetron was at fault. 

(e) If trouble persists, remove the link between the pulse trans-
former and filament transforder. The filament transformer is 
now out of the circuit. If the equipment operates now the 
filament transformer was at fault. 

(f) If trouble continues, look for the series of exponentially 
decaying "rings" an the height tube after the suppression break. 
Presence of these indicates that the overawing diode circuit is 
faulty. 

(g) If no fault is apparent in the overawing diode circuit, change 
pulse transformer and check pulse lead from pulse input to pulse 
transformer. 

Other R.F. Faults 

4K Morganite Resistor  

1089. (a) Once the resistor has been fixed to the metal end connections 
it should not be broken from them as this will cause the 
metallised coating to break away and peel off, thus causing 
arcing at the point of contact. 

(b) Occasionally the clamp is not circular and only contacts the 
metallising over a limited area. The heat developed destroys 
the metal and develops a high resistance contact and the trans-
former ringing is no longer damped. 

Low Klystron Output or Unstable  Klystron 

1090. (a) Incorrect voltages. Values should 

ii 	

be:- 
1 Cathode 	-1200V. 
( 	Reflector 	-1500V to -1600V. 

Klystron operation may become critical if the cathode voltage 
falls to the vicinity of -1.000V. 

pi3 Broken copper glass seal or reflector pinch. 
Damaged cathode due to over-running with light loading and 
maximum feedback. 

No Crystal Current  

1091. a) Klystron not oscillating. 
b Broken klystron loop. 
c Faulty uniradio 21 feeder and contact ends. 
d Faulty lye cable from head amplifier to mixer. 
e Burnt out crystal. 
f Faulty contacts on jack. 
g Faulty capacity probe. 
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Faulty CVO 

1092. (a) Arcing at contact pins. 
(b) Not de-ionising quickly. 

Other Insulation Breakdown Faults • 

1093. (a) Repeated trouble has arisen over breakdowns of the 2 KV. 
condensers in the power unit and the transformer T.302. 

(b) Occasional high voltage condenser breakdowns occur in the 
indicator 162 and in Fishpond.. 

(c) Such breakdowns bring the overload transformer in the power 
unit into operation and cause the equipment to switch off. 

Miscellaneous Servicing Points on H.2.S. Mark  

Modulators Type 6a1 

1094. Only modulators 64 with serial numbers above 300 are suitable for use 
with the Mark IIIA transmitter units (TR.3555 series and TR.3523). 

Jackooint Polarity 

1095. (a) Early units had both the E.H.T. current and crystal jacks 
wired so that the tip of the jack was negative and the sleeve 
positive. 

(b) Later B.T.H. boxes wired the E.H.T. jack to make the tip of the 
jack positive and the sleeve negative in accordance with the 
usual procedure. The crystal jack remains as before. 

Jackpoint Danger 

1096. The E.H.T. jack point is normally around 1000V. to ground. Pre-
cautions should therefore be taken when using the jackpoint. 

Switching on at High flltitudes 

1097. When the equipment is switched on the indirectly heated VT.127 does not 
operate for several seconds after the VU111 R.H.T. rectifier. During this 
period the E.H.T. current jack and various other points will be at over 2KV to 
ground. For this reason the equipment should not be switched on at high 
altitudes as the clearances which can be allowed are insufficient. Since the 
VU.111 power pack is operated by.the "L.t. ON" button, there is no objection 
to switching the modulator off and on if "L.T. ON" was switched on before 
gaining height. 

VU.111 High Voltage Lead Breakdown  

1098. The VU.111 in the 	is held in position by 2 metal springs 
joined by a cord passing over the top of the valve. Voltage breakdowns have 
occurred when the VU.111 high voltage lead was caught between one of these 
springs and the valve envelope. A check should be made to ensure that this 
lead is adequately spaced from earthed points. 

Lodge Plugs  

1099. Insulation breakdowns have occurred in both the external plug inserts 
on the aircraft cables and in the internal plug inserts inside the TR 3555 
units. The rubber insulation of the cable was found blackened and "pondered" 
on the underside of the short straight portion immediately before the cable • 
enters the porcelain section of the plug insert. It was found that the 
yellow cambric covering separating the rubber from the braiding had been cut 
back, leaving the rubber open to the air inside the metal right angle tube. 
In repaired plugs, the cambric was left on and allowed to penetrate the 
procelain section for I" to afford added protection to the rubber. 



C. D. 0896L 

L.O. Gear Box Replacement 

1100. If for any reason the gear box on the transmitter unit is disengaged 
from the L.O., care should be taken in replacing it to ensure that the lint 
of turning in either direction is imposed by the gear box and not the L.0.  
A Geneva gear limits the gear box to five revolutions of the external pinion. 

Iris Adjustment  

1101. In the course of lining up the TR.3555  units on the bench the iris 
tube may jam in the waveguide. To clear, it is necessary to dismantle the 
iris adjusting mechanism and work the iris up and down the guide by means of 
a piece of wood. The inside surface of the guide should then be wiped clean. 
Until a non-attenuating lubricant is available it is not safe to apply any  
lubricant.  

Klystrons for which no tuning point can be found 

1102. It may happen that in the last stage of the setting up procedure it is 
impossible to find a tuning point on the L.0. which will close the magic eye. 
This may mean that the frequency coverage of thekdystron L.O. does not come 
within 45 Mb/s. of the frequency of the magnetron in the unit. An estimate 
of the klystron frequency can be made as follows with the test set 205:- 

(a) Connect transmitter unit to the test set 205 and set the 
waveguide controls as in the last test for tuning the L.O. 

(b) Set L.C. tuning control at tuning limit nearest the magnetron 
frequency. 

c) Tune the test set klystron until the magic eye closes. 
(d)  Set the waveguide switch and selector switch to position 1 

and tune the wavemeter to the test set klystron frequency by 
tuning for maximum meter indication. The wavemeter dial will 
then indicate approximately the limiting wavelength of the 
klystron. 

(e) It is pointed out that the observed wavemeter reading will 
differ by 45 Mc/s from the 40 wavelength as it gives the 
wavelength of the test set system. 

One test indicated a klystron whose lower unit was 3.23 ems. when the 
wavelength of the associated CV.208 was 3.18 cams. The corresponding 
frequencies are 9298 Mc/s. for the klystron and 94.34. Mc/s. for the magnetron. 

The Test Set 205 CV.114 Test 

1103. The drop in meter reading when the dummy T.R. cell is replaced by the 
T.R. cell correctly tuned can do little more than indicate when the CV.114 is 
completely unserviceable as indicated by an abnormally high falls The CV.114 
should not be rejected on the strength of this test unless a power loss of 
8 db. is indicated or CV.111's are being burnt out. 

Non-Striking of CV.115  

1104. Failure of the CV.115 to strike may cause the transmitter output to be 
law, but it cannot be assumed that the CV.115 is u/s because it has failed 
to strike and the transmitter output is low. A wrong position of the matching 
plunger may be responsible for both the low output and the failure of the 
CV.115 to strike. Matching adjustment should, therefore, always be tried 
before assuming that the CV115 is u/s. 

Z.F. Strip Tests  

1105. The test set 160 may be used as a 45 Mc/s. signal generator for I.F. 
strip tests. The dial should be set to 45 Me/s. and the aerial replaced by a 
screened lead attached to the aerial terminal at the back of the box. This 
lead is then used to feed signals into the I.F. strip via the grids and anodes 
of the valves. The fault can thus be localised to one stage. The output is 
examined on the monitor 28. 
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Non-Magnetic Screwdrivers  

1106. Only non-magnetic screwdrivers should be used in working on Mark ILIA 
transmitter units. The strong magnetic field is likely to cause repeated 
breakage of magnetrons if magnetic screwdrivers are used. The use of 
magnetic screw drivers will also cause more rapid deterioration of the field 
strength of the magnets. 

Dopy Loads 

1107. The same dumpy loads are used for elimination tests in Mark ILIA as in 
Mark IIC. Since the pulse and filament transformers are enclosed in one 
unit the elimination process is shorter. 

CV.208 Handling 

1108. In these valves the positioning of the cathode within the valve is 
critical in determining the efficiency and therefore the output. Cathode 
position is altered by any deformation of the metal sections of the legs 
carrying the heater leads. Care should therefore be taken in handling these 
valves. The instructions printed on the CV.208 refer to the possibility of 
the cathode leg being displaced if the valve is laid down incorrectly. The 
wall thickness of the metal section is of the order of 3/1000". 

Vibrating Joint Adjustment  

1109. Power loss becomes appreciable if the gap between the flanges exceeds 
i". The horizontal run of the waveguide is supported at the front panel and 
on a bracket attached to a vertical frame member. To adjust the gap width 
proceed as follows:- 

(a) Slacken off the mixer chamber clamp. 
(b) Slacken off the screws holding the supporting bracket which is 

now adjustable vertically through a short distance. 
(c) Set the bracket so that the gap in the joint is about 1/16". 

Care must be taken to ensure that the flanges do not touch 
at any point or flash-over will occur. 

(d) Retighten all clamping screws. 

The term "choke joint" is commonly used to describe joints of this type when 
their primary function is to allow for tolerances in the dimensions of 
components. 
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CHAPBER 13 - PRINCIPLES OF TRANSMISSION LINES AND WAVEGU1DES 

Introduction 

1110. Once microwave power has been generated by an oscillator valve the 
following fundamental output problems arise:- 

Matching the oscillator to some form of transmission line in 
order to get a reasonable output from the valve on the line. 
Conveying the power along the line with the minimum of loss 
due to:- 

Resistive losses. 
(ii Radiation losses. 

Matching the line to the radiating array to get the maxim= 
of radiation. 
Giving the radiation the desired directivity in both azimuth 
and elevation. 

1111. Where common T. and R. systems are employed, the following further 
problems arise:- 

(a) Keeping the transmitter power from flowing into the receiver 
channel at the junction between the receiver branch line and 
the common output and input line. 

(b) Effectively directing the returns into the receiver channel 
in such a way as to get the maximum signal output for a given 
transmitter output. 

1112. An allied problem is the design of transmission line channels in such 
a way as to reduce noise and interference pick-up to a minimum in order to 
obtain the best possible signal to noise ratio for a given transmitter power 
output. 

1113. To approach these problems with the minimum of mathematics the radar 
mechanic must accept the results of experiments and engineering experience 
without worrying unduly about a rigid analysis of the fundamental scientific 
basis of some of these results. This chapter will therefore state many 
results without attempting to present the full story behind them. 

The Concept of Matching 

11144 Before dealing with transmission lines themselves we must first study 
the concept of matching. Let us consider an A.C. generator with an internal 
resistance of 50 ohms which is capable of developing an e.m.f. of 500 volts. 
Suppose it is connected to a resistive load of 200 ohms. Then the current 

E 
delivered is given by I = R = 250 = 2 amps. The voltage drop across the load 
is then 2 x 200 = 400 volts and the voltage drop across the internal resistance 
of the generator is 50 x 2 = 100 volts. The power supplied to the load is 
given by  E x I = 400 x 2 = 800 watts. This could also have been found by 12  x R 
= 4 x 200 = 800 watts. The power dissipated in the internal resistance will 
be E x I = 100 x 2 = 200 watts. This again could have been found by 12  x R 
= 4 x 50 = 200 watts. 

1115. Suppose that instead of 200 ohms a 50 ohm resistive load were used. 

The current would be 100 = 5 amps. The voltage drop across both the load and 
the internal resistance would be 5 x 50 = 250v. The power supplied to each 
would be E x I = 250 x 5 = 1250 watts. Hence, the power supplied to the load 
has increased although the load has been reduced. 

1116. Suppose that now we further reduced the load to 25 ohms. The current 

wouldbe.M. = 6g amps. The voltage drop across the load would be 
75 	3 
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2 	2 	 2 25 x 6- = 166-

3  V. The power supplied to the load would be 166-3 
 x 6- 2 

3   
= 1111 watts. The voltage drop across the internal resistance would be 

50 x 62  = 3331  V. The power dissipated would be 3334. x 6g = 2222 watts. 
3 3 	 ) 3 

1117. It appears then that the power supplied to a resistive load is a 
maximum when the load resistance is equal to the internal resistance of the  
generator. This is the fundamental concept of matching for power output. 
It is immaterial whether the generator is a battery, an alternator, or an 
oscillator. The same rule still applies. 

Resistive Loads 

1118. If we have an alternator supplying a pure sinewave output to a resistive 
load, the voltage and current will always be in phase as shown in fig. 158. 
The instantaneous paver curve is obtained by taking the product of the ordinates 
of the current and voltage curves. Since voltage and current are simultaneously 
negative the power curve is entirely positive. The mean power is found by 
drawing the ordinate which "smoothes" out the power curve by putting as much 
of the area above as below. The numerical value is thus given by peak power 
2. Hence when A.C. power is supplied to a resistive load there is a steady 

flow of power into the resistance. This power varies with time but is always 
given by e x i, where e is the instantaneous voltage drop across the load and 
i the instantaneous current through the load. The mean value of the power 
is given by 

'lumen = iPPosk 

But Ppeak = Emak. x Imam, 

Therefore mean = iFthax, x ;lax.  

Alternatively, since e = iR 

mean = RImax.)2  x R. 

But IR.k4S. = Imam. & ER. LL S. = Emax. 
2 	 2 

Therefore Imam. = 21R.2iss.  and Ewa.  = 211/2  

Therefore Paean  = 2Ek 1Ls.  x 21R.U.S. 

Therefore mean = 	x 	= 12R.M.S. x R 
Inductive Loads  

1119. If we have the same alternator connected to a pure inductive load the 
current flow in the inductive load lags 900  on the voltage drop across the 
inductance. The voltage, current and power curves will than appear as in 
fig.159. Since the power curve is symmetrical about the time axis the 
positive part means power flowing from the alternator to the load and the 
negative part means power flowing from the load to the alternator. What this 
signifies is that while the current builds up through the inductance energy 
is stored in the magnetic field instead of being converted into heat. When 
the magnetic field collapses the current flow is in the opposite sense to 
the applied e.m.f. and reduces the current that would flaw if a resistive 
load of the same impedance value were used. The result is then the same as 
if power were being returned from the load to the alternator. Since the 
curve shows as much power returned as power received the net power taken 
from the alternator is zero. In practice, this cannot be achieved as an 
inductance will always have at least a small amount of resistance but it is 
approximated. We see then that if a load consisting of pure inductive 
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reactance is applied to any form of generator (whose internal impedance is 
pure resistance) there is no net power output. 

Capacitive Loads 

1120. If the load is pure capacitive reactance the current in the 
capacitance always leads the voltage drop across it by 900. The power 
curve is again symmetrical about the time axis as shown in fig.160. Hence, 
when a load is pure capacitive reactance there is no net transfer of power 
from generator to load. 

1121. We may generalise them as follows:- 

(a) When a generator is connected to a resistance load 
power is delivered to the load. 

(b) The amount of power delivered is a maximum when the value 
of the resistive load is equal to the value of the internal 
resistance of the generator. 

(c) When a load is pure reactance, either capacitive or 
inductive, there is no net power transfer to the load.. 

(a) Reasoning converse/y, if there is no net power transfer to 
a load, the load appears to the generator as pure reactance. 

Mixed Loads  

1122. Suppose we consider next a load impedance that contains both inductive 
and resistive components. The impedance will be given by 

Z ✓ (Lw)2  + Re. The voltage drop across the load will be IZ = I il 	(Lw)2  + 122  

(LwI)2  + (IR)2 	(V. drop across inductance)' + (V. drop across Resistance)Z 

The current will lag behind the voltage drop by an angle given by 

Tan 0 = ILL  = 	= XL 
VR RI R 

Hance, the greater the ratio of the inductance to the resistance, the greater 
will be the phase angle 0. If we assume a phase angle of 1.5°, we shall 
obtain voltage, current and power curves as in fig.161. We see that there 
is a net flow of power into the load since the positive part of the power 
curve is larger than the negative part. We can imagine the entire power having 
been supplied but the negative part having been returned because of the 
reactance in the load. The net mean power input will be given by (IptaLs.)2  x R. 

1123. If we have a load consisting of capacitive reactance and resistance the 
only difference introduced is that the current will lead the voltage drop 
across the load by a phase angle given by 

Tan 0 . VC . XcI XO = 1 
VR RI R CwR 

The curves for voltage, current and power will then appear as in fig.162 which 
again shown the presence of negative or returned power. The power output is 
again given by (IRm.s.)2 x R. 

1124. It follows then that the presence of a reactive component in any 
load results in returned or reflected power. This suggests that we can only 
get the maximum power transfer to a load under the following conditions:- 

(1 The effective load reactance is zero. 
(b The load resistance is equal to the internal resistance 

of the generator. 

1125. So far we have assumed that the generator impedance is purely resistive. 
This is not necessarily the case. If there is reactance in addition to resistance 
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the total impedance in the circuit is increased. Hence the current flow is 
reduced. Also, since reactance in the load increases the total impedance, 
the current flow is again reduced. We may then say that we can only obtain 
maximum current flow when the total impedance is a minimum, i.e. equal to 
the sum of the internal resistance and the resistance of the load. We may  
then restate the requirements for maximum power transfer to a load as follows: 

es.3 Reactance of system is zero 
b Load resistance is equal to the internal resistance  

of generator. 

1126. Since the voltage drop across a capacitive reactance is opposite in 
sense to that across an inductive reactance we can eliminate any reactance by 
introducing an equal and opposite reactance. Hence, when an alternator has an 
inductive component in its internal impedance we can eliminate its effect at 
any selected frequency by inserting a suitable capacitance in the load. 

Transmission Line Properties  

1127. In so far as radar work is concerned, it is normally not feasible to 
couple the generator directly to the load, i.e., the oscillator to the radiating 
array or the local oscillator to the mixer. Some form of transmission line 
therefore must be introduced. Before we can see how we must modify out basic 
matching law as stated in para.1125 (a) and (b) to deal with the insertion of a 
transmission line between generator and load, we must consider the constance 
of transmission lines and the commoner basic forms in which these lines appear. 

Types of Transmission Lines 

1128. Transmission lines using the "go and return" circuits, appear in four 
basic forms:- 

(a) Parallel wire line separated and supported by 
suitable insulators. 

(b) Single wire line using the conducting earth as 
the return circuit. 

ci Shielded pair, uouslly embedded in a dielectric. 
d Coaxial lino, with air or other dielectric. 

These are illustrated in fig.164. 

Transmission Line Constants  

1129. All transmission lines are described in terms of four fundamental 
constants:- 

a L - inductance per unit loop length. 
b C - capacitance per unit loop length. 
c R - resistance per unit loop length. 

(d) G - conductance or leakance per unit loop length. 

Hy loop length we mean unit length of both the "go" and "return" conductors. 

1150. (a)  

(b)  

(c)  

L represents the self-inductance of unit length 
in both sides of the line. 
C represents the capacitance across unit length of the line 
in the case of the shielded pair and coaxial line. In the 
case of the single wire line it will represent the capacitance 
to ground and adjacent objects. In the case of the parallel 
wire line it will be the net effect of capacitance across the 
line and capacitance from either side to ground and other 
conductors. 
R represents the ohmic resistance per unit length of both the 
"go" and "return" paths. 
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(d) G represents the leakage from one side to the other per unit 
length due to ionisation, dielectric leakage, insulator leakage, 
&c. 

We may then represent any type of transmission line in the form shown in fig.163 

Characteristic Impedance of a Transmission Line  

1131. We may define the characteristic impedance of a line in terms of the 
constants in para.1129 by the formula:- 

j
R2  + (Lw)2  

G2 (Gw)2 

At frequencies such as are used in radar with the type of lines we use, R 
becomes negligibly small compared with Lw and G becomes negligibly small in 
comparison with Cw. We may therefore use the approximation 

, 	r, zo y ()  j ohms where L is in microhenries per mile and 
(Cw)2  

C is in microfarads per mile. Zo  will be regarded as pure resistance for our 
purposes. 

Rules for the Characteristic Impedance of Practical Lines  

1132. For the parallel wire line, Zo  is given by the formula Zo  = 276 log d 
where d is the centre-to-centre distance of the wires and r is the radius r 
of the wires. This assumes air as the dielectric. The value of Zo will only 
vary slowly for a wide range of variation in the ratio of d. Such lines 
usually have a Zo  of about 600 ohms. 

1133. For the coaxial line we have the formula Zo = 138 log D where D = 

	

diameter of outer and d = 	diameter of inner when the 	d dielectric is 
air. If a dielectric of dielectric constant K is used, the formula becomes 

2o =129. log 2 

1134. For the embedded pair, the rule takes the form 

Zo 	log 

	

276 	20(1 -(L12)2) 

	

ffi 	d(  (2r) 1 

{

1 4.( _2)2  
(2r) 

where D = distance from centre to centre of conductors. 
d = diameter of conductors. 
r = radius of earthed sheath. 

What Happens When a Transmission Line is Connected to a Generator. 

1135. If a transmission line is connected to an A.C. generator the one side 
of the input end of the line will swing alternately positive and negative 
with respect to the other end as the generator goes through its cycle. While 
swinging positive, electrons flow from the conductor into the armature. We 
thus have a rarefaction or thinning out of electrons travelling away from 
the generator. This will build up to a maximum and then decay to zero while 
the generator goes through a half-cycle. During the next half-cycle the 
armature is pushing electrons into the same conductor, so the rarefaction is 
followed by a condensation of electrons which builds up to amaxisaum and decays 
to zero while the generator goes through the second half-cycle. In a loss-free 
line this disturbance travels with the speed of light, i.e., 3 x 101° cms. or 
186,000 miles per second. For a frequency of 50 cycles per second a full 
period takes 1/50th second. The disturbance will then travel about 3720 miles 

Zo ohms 
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during one cycle. This distance we call a wavelength. If we think of a 
generator with a frequency of 3300 MC/s. the wavelength becomes about 9 cms. 
When we have an A.C. generator connected to a line with one side earthed, we 
send down the "hot" conductor a series of electron condensations and rare-
factions. If the line is balanced the electron movements will be in antiphase 
in the two conductors. Since the electron density is different the potential 
is different along the line. Assuming the one side to be "earthy" we will 
than have a potential difference distribution along the line that is deter-
mined by the electron concentrations along the "hot" line. If the input is 
sinusoidal the voltage distribution will be sinusoidal at any instant. But 
the electron distribution is continually changing at agy point%  Hence, if we 
consider the changes at any point, the electron concentration will vary 
sinusoidally with tine and the voltage at that point will vary sinusoidally 
with time. This is equivalent to saying that voltage wave is travelling along 
the line. The wavelength of this wave is found by finding how far an electro—
magnetic wave will travel while the generator completes one cycle. 

The Infinite Line  

1136. If a line were of infinite length the voltage wave could travel away 
from the generator forever. While this case is a practical impossibility we 
shall be interested in what current flow would take place if it were possible. 
In para.1131 it was pointed out that a transmission line has a characteristic 
impedance given by Zo  -& ohms which is pure resistance. If the generator 

Nid 
e.m.f. is V and the internal resistance of the generator is R, the current flow 

would be given by I =  V . The voltage drop across the line would then be 
+ Zo  

I x Zo  or V x Zo 	If Zo = R, we have a voltage drop of V x Zo or v 
R + Zo 2Zo 

across the line and an equal voltage drop in the armature. We say the line 
is then matched to the generator. The infinite transmission line may then be 
regarded as a pure resistive load of value = Zo  ohms. Such a line will take 
the maximum power from a generator when Zo  = R = internal resistance of the 
generator. 

The Finite Line with Resistive Termination equal to Zn. 

1137. If a finite length of line is completed by putting a pure resistance 
of magnitude Zo across the two conductors it looks the same as an infinite 
line to the generator. The steady...4.C. current is then given by I = V 

R + Zo  
just as above. If Zo is equal to R, the internal resistance of the generator, 
we get the maximum power transferred to the load. The power flows to the load 
in the form of a steady travelling wave of the same type as would flow away from 
a generator if connected to an infinite line. 

1138. The terminating resistance need not be an actual resistance. A resonant 
circuit whose dynamic resistance is equal to the Zo of the line would be 
equally satisfactory. A resonant aerial would therefore be a suitable termination 
for a line whose Zo  was equal to the radiation resistance of the aerial. 

Line with a Resistive Termination Greater Than Zo 

1139. Suppose we have a generator of internal resistance R feeding into a 
line of Zo = R. A sinusoidal current of value I = V (where V is the 

22 
generator e.m.f.), would then start to flaw into the line. When an electron 
condensation reached the end the electrons could not flow through the load 
to the earthy side as rapidly as they were moving down the line. They would 
then tend to pile up and repel the oncoming electrons back. We might think 
of it as a surge of electrons hitting the termination and some of them passing 
on through it while the others bounce back to give a reflected condensation. 
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We say then that when the line is terminated in a resistive load greater than 
the Zo  of the line the voltage wavy reflects in the same phase, i.e., without 
phase reversal, since condensation travelling to the termination results 
in the reflection of a condensation at the termination. 

The Open-Circuited Line  

1140. The amplitude of the reflected wave will be dependent on the extent to 
which the termination exceeds Zo. The more the magnitude of ZL (the resistive 
load impedance) exceeds Zo, the greater will be amplitude of the reflected 
wave. If we go to the limiting case of the open-circuited line the entire wave 
must be reflected so the amplitude of the reflected and incident waves must 
be equal. 

The Line Terminated in a Resistive Load Less Thana 

1141. If ZL is a resistance less than Zo  He may imagine an effect at the 
termination rather like the effect when an automobile which has been climbing 
a hill reaches the top. If the same acceleration is provided the speed will 
suddenly increase when the opposing force is reduced. When the electron 
condensation reaches the termination there is a tendency to shoot across the 
law resistance termination to the other side of the line at a greater rate 
than the flow can be sustained. The effect of the overshoot is to send a 
rarefaction back toward the generator. We say then that when the line is 
terminated in a resistive load, ZL, which is less than Zo, we have a reflected 
voltage wave whose phase in opposite to that of the oncoming wave, i.e., we 
have reflection with phase reversal. By saying we have phase reversal at the 
termination we mean that when a condensation arrives at the termination a 
rarefaction is reflected back. 

The Short-Circuited Line 

1142. Obviously, the amplitude of the antiphase reflected wave will be 
dependent on how much the value of Zy is below the value of Zo. In the 
limiting case of the short-circuited line the amplitude of the antiphase 
reflected wave will be equal to that of the incident wave. 

Summary 

1143. We may gather up these points as follows: - 
\ 

(a) When a line is terminated in a resistive load, ZL = Zo, 
there is a steady travelling MEM passing down the line 
to the load. There is then no reflection. 

(b) When a line is terminated in a resistive load, ZL> Zo, 
there is partial absorption and partial reflection without 
phase reversal. The taplitude of the reflected wave 
increases as the ratio of ZL : Zo  increases. 

(c) When a line is open-circuited, ZL =co, and the wave is 
completely reflected without phase reversal, i.e., the 
reflected wave has an amplitude equal to that of the 
incident wave and is in phase with it at the termination. 

(d) When the line is terminated in a resistive load, ZL<Zos 
there is partial absorption and partial reflection with a 
phase reversal. The amplitude of the antiphase reflected 
wave increases as the ratio of Zo  ZL increases. 

(e) When the line is short-circuited, ZL = 0, and the amplitude 
of the antiphase reflected wave is equal to that of the 
incident wave so we have total reflection. 

Standing Waves  

1144. If a piece of steel wire or gut is suitably bowed, it will show 
standing waves, i.e., certain points are practically at rest while points 
half-way between are vibrating through a wide amplitude. The stationary 
points are called nodes and the points of maximum displacement are called 
antinodes. The distance between nodes or antinodes is a half wavelength. 
Such standing waves are produced whenever we have two travelling waves going 
in opposite directions, i.e., an incident wave and a reflected We. 
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1145. We have noted that on a transmission line we have a direct wave and a 
reflected wave when the resistive termination ZL  is not equal to Zo. The two 
waves travelling in opposite directions will interfere to form a standing wave 
on the line. If ZL Zo, the reflected voltage wave and the incident voltage 
wave are in phase at the termination and we have a voltage maximum or voltage 
antinode at the termination. A quarter wavelength back there will be a voltage 
minimum or voltage node. At the termination the current is low so there is a 
current node and a quarter wave back there is a current maximum or antinode. 
Voltage and current maxima and minima are then displaced by 90°in a standing 
wave. 

1146. If the line is open-circuited the amplitude of the voltage maximum at 
the open end will be 2V where V is the amplitude of the direct wave. The 
amplitude of the voltage a quarter wavelength back from the open end will be 
zero as the direct wave and reflected wave are 1800  out of phase. This follows 
since the direct wave is 900  short of the in-phase point and the reflected wave 
'is 900  beyond the in-phase point at the open end. The amplitude of the standing 
wave then varies between 2V and zero on the open-circuited line. 

1147. In the general case of a termination ZL>  Zo,  the amplitude of the 
standing wave varies between Vi + VR and Vi - VR, where Vi is the amplitude of 
the incident and VR the amplitude of the reflected wave. Voltage maxima or 
antinodes occur at the termination and at half-wave intervals back toward the 
generator. Voltage minima occur at odd quarter wavelengths from the termination, 
Current maxima occur with voltage minima and vice versa. 

no. In the case of the short-circuited line the amplitude of the reflected 
wave is equal to that of the incident wave at the short-circuited end and is in 
antiphase. The amplitude of the standing voltage wave is then zero at the 
shorted end as one would logically expect. The current will, of course, be a 
maximum. We then have current maxima and voltage minima at half wavelength 
intervals from the shorted end and voltage maxima and current minima at odd 
quarter wavelength intervals from the shorted end. 

1149. If the resistive termination ZL < Zo, the voltage amplitude is 
Vi - VR at the termination and Vi + VR at half wavelength intervals from the 
termination. 

Standing Wave Ratio 

115. The degree of mismatch present on a line is indicated by the ratio of 
the voltage amplitude at the nodes and antinodes. We may define the standing 
wave ratio as 

Vi + VR  or  ViLOAX. 
Vi VR Vmin. 

In the extreme case of total reflection, the ratio is infinite. If there is 
a perfect match and VR = 0, the standing wave ratio is 1. Hence, as the 
standing wave ratio falls towards 1, we progress from total reflection and zero 
absorption of power, to zero reflection and total absorption. Any method of 
measuring the standing wave ratio then provides an indication of the degree of 
mismatch present at the termination. On an open wire line, neon bulbs may be 
used to indicate standing waves. If the glow set up varies as the neon is 
moved along the line, the voltage must be varying along the line and standing 
waves are present. If the glow remains at a constant intensity the R.M.S.  
voltage value is constant along the length. There is then only a travelling 
wave and complete absorption and a perfect match between line and load. 

Plat Lines and Resonant Lines 

1151. A line which is matched to its termination and shows no standing waves 
is called a flat line. A line which shows standing waves because it is not 
matched to its termination is called a resonant line. 

Losses on Resonant Lines  

1152. If a generator is matched to a line the maximum power is taken from 
the generator to the line: Obviously, we want the maximum possible transfer 



C.D.0896L 

of power from the line to the termination. We know that the power will flow 
steadily into the termination if Zy (resistive) = Zo. The question arises as 
to what happens to the power that is reflected at the termination. One effect 
will be a tendency to cause flashover at the voltage antinodes ormmvima  
These flashovers, and corona discharges from rough edges or tiny projections 
due to a surface that is not perfectly smooth, will cause heating of the air 
dielectric in either an open wire line or in a coaxial line with air dielectric. 
In dielectric-filled lines, flashover is improbable but there will be heating 
and softening of the dielectric. In each case power is wasted. Furthermore, 
flashover and discharges will tend to be more troublesome as altitude 
increases. With dielectric-filled lines dielectric breakdown is more likely 
at bends where there is an added mechanical strain on the dielectric. 

1153. Whenever standing waves are present, there is also a tendency for energy 
to be radiated. This effect becomes more and more pronounced in open wire 
lines as the wavelength becomes comparable with the spacing of the lines. In 
shielded lines of the coaxial or embedded pair type, no radiation should be 
possible if the outer sheath could be kept at a true R.F. earth potential. 
At very high frequencies some radiation seems to escape even from such lines. 

1154. It follows then that standing waves result in wasted power, reduced 
efficiency and reduced output. In addition, flashover and corona discharges 
in air dielectric line tends to cause noise and interference and a much 
impaired signal to noise ratio. It is,therefore, imperative to avoid standing 
waves as much as possible in radar work. 

Composite Lines  

1155. In radar work it is frequently impossible to connect a generator to 
its load by means of a single continuous section of transmission line. In 
general, the line may have to include several sections of different dimensions, 
dielectric and design. These different sections will have usually different 
characteristic impedances. Where the two sections meet we shall encounter 
the same problem that appears when the line terminated in a load whose resistiv 
value is different from the Zo  of the line. That is, reflections occur either 
in phase or in antiphase, depending on whether the Zo  of the next section is 
greater or less than that of the preceding section. The amplitudes of these 
reflected waves and the resultant standing waves will depend on the degree of 
mismatch just as before. 

Functions of Matching  Devices  

1156. We see then that the maximum power output from a radiating array depends 
on fulfilment of the following conditions:- 

The generator must be matched to the line to set the 
mporiMUM power from the generator into the line. 
Where a composite line is required the various sections 
must be matched to each other to prevent progressive 
reflection at each discontinuity. 
The final line section must be matched to the radiating array. 

We are, therefore, faced with the requirement of finding impedance trans-
formers and other matching devices to fulfil these conditions. 

Impedance Transformations by Transmission Lines  

The Correctly Terminated Line  

1157. We have noted in para.1152 that if a generator of internal resistance 
R is connected to a load given by Zy = R by means of any length of transmission 
line of Zo = R, there is no standing wave an the line but the steady maximum 
flow of power to the load. It follows then that when a line is terminated 
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in a resistive load equal in value to Zo, theeffect is the same as if the 
line were absent. We note, therefore, Llet any length of line of 
characteristic impedance Zo will act as a 1 ; 1 impedance transformer when 
terminated in a resistive load ZL = Zo. We also noted in para.1151 that 
such a line is a flat line. That is, that if a neon bulb or other form of 
R.P. voltmeter were moved along the line, it would show the same R.M.S. 
voltage at all points along the line. This voltage would be given by V = 
IZo where I is the R.M.S. value of the A.C. current taken from the generator. 
The value of I would be given by I = 	E  = E or E where E is the E.M.F. 

Zo + R 2Z0 	2R  
developed by the generator. Also, since the effect is the same as if the 
generator were coupled directly to the resistive load, voltage and current 
are in phase at all times at all points along the line. 

The Open Circuited Line  

1158. In para.1141 we noted that when a line of characteristic impedance 
Zo is open circuited the incident wave is reflected without phase change at 
the termination and that the amplitude of the reflected wave is equal to that 
of the incident wave. The two waves interfere to give a standing wave with 
voltage maxima and current minima at the open end at half-wave intervals, 
i.e., even multiples of a quarter wavelength. The voltage minima and current 
maxima occur at odd quarter wavelength intervals from the open end. Since all 
the power is reflected such a line obviously acts like a pure reactance. The 
value of the reactance it presents at any point will be given in magnitude 

V 
sense by Z = I where V and I are the R.M.S. voltage and current at the point. 
If we plot the values of Z found from this rule against values ofk measured 
from the open end, we get a graph as shown in fig.167. The impedance is a 
capacitive reactance varying betweenooand zero in the first quarter wavelength 
and an inductive reactance varying betweensoand zero in the second quarter 
wavelength. All following half-wavelengths repeat the same cycle. Hence, a 
half wavelength of open line can be used to provide any value of either 
capacitive or inductive reactance by tapping in at the appropriate point. 

The Short Circuited Line  

1159. In para.1148 we noted that a short-circuited line differs only from 
the open-circuited line in having the voltage minimum and current maximum at 
the shorted end and at even multiples of a quarter wavelength while the voltage 
maxima and current minima occur at odd quarter wavelengths from the shorted 
end. The impedance curve for the shorted line then appears as in fig.168 
which is just fig.168 moved a quarter wavelength. Since all power is 
reflected the line again acts like a pure reactance. The first quarter 
wavelength gives all values of inductive reactance between 0 andooand the 
second quarter wavelength gives all values of capacitive reactance between 
Wand 0. Hence, a half wave-length of shorted line also shows the full  
range of reactance variation but in a different sequence to the half wave-
length of open line. 

The Line with ZL (Resistive)>Z0. 

1160. We noted in para.11/p7 that such a line absorbs some power and reflects 
the balance. The resultant standing wave has a voltage maximum and current 
minimum at the termination and at even quarter wavelengths from the end. The 
voltage minima and current maxima occur at odd quarter wavelengths from the 
termination. Since we have both absorption and reflection the effect is 
similar to what happens when a generator is coupled directly to a load 
containing both a reactive and a resistive component. At all quarter wave 
points the impedance offered is a pure resistance. At the odd quarter  
wavelength points the value of this resistance is given by Zo . At the 

Z1, 
even Quarter wavelength points the value is the same as the termination, 
i.e., ZL. In the first quarter wavelength the impedance consists of 
resistance + a capacitive term, corresponding to the capacitive value 
shown by the open-circuited line in the first quarter wavelength. In the 
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second quarter wavelength the impedance consists of resistance + an inductive 
term, corresponding to the inductive value during the second quarter wave-
length of the open-circuited line. 

The Line with ZL (Resistive)<Zo  

1161. When ZL was a pure resistance. Zo we also had absorption and reflection, 
but the voltage minima and current maxima occurred at the termination and even 
quarter wavelength intervals, while the voltage maxima and current minima 
occurred at the odd quarter wavelength intervals. Since we again have both 
reflection and absorption the effect is the same as if we had both resistive 
and reactive components in the load. The line will again offer a pure 
resistance at the quarter wavelength points. At the odd quarter wavelengths 
the value of this resistance is again given by Zo4  value is a gain given by ZL. 

Z1 
This transformation holds good, then, for any resistive mismatch. The reactive 
components in this case may logically be expected to correspond to the shorted 
line, i.e., resistance + inductance in the first quarter wavelength, and 
resistance + capacitance in the second quarter wavelength. 

1162. We have not previously discussed loads which consisted of both reactance 
and resistance. If we have a load containing a resistive component plus a 
reactive component, the essential difference is that the whole standing wave is 
shifted bodily by an amount which depends on the amount of reactance present. 
The direction of the shift is to the right if the reactance is capacitive and 
to the left if the reactance is inductive. The impedance variations along the 
line will be the same as before if we use as a reference point the first 
voltage maximum for the case when ZL> Zo and the first voltage minimum for 
ZL  

Summary  

1163. We may gather up the following major points about impedance transfor-
mations by transmission lines:- 

(a) Any length of line terminated in a resistive load equal in value to 
the characteristic impedance of the line acts as a 1 : 1 transformer. That is, 
the input impedance is always equal to the load and to Zo = ZL = R. 

(b) Any length of open-circuited line acts as pure reactance. Lengths 
up to a quarter wavelength act like a condenser and lengths between a quarter 
azure half wavelength act like an inductance. For the first quarter wavelength 
we may substitute any odd number of quarter wavelengths, and for the second 
quarter wavelength, we may substitute any even number of quarter wavelengths. 

(c) Any length of short-circuited line acts like a pure reactance. 
The odd quarter wavelengths act like an inductance and the even quarter 
wavelengths like a condenser. 

(d) If we take a shorted quarter wavelength or an open half wavelength 
the impedance is infinite as either of these acts like a rejector circuit 
(L and C in parallel). 

(e) If we take a shorted half wavelength or open quarter wavelength, 
the impedance is zero, so these act like an acceptor circuit (L and C in series) 

(f) Lines with unmatched loads, whether purely resistive or a 
combination of resistance and reactance, show a pure resistive impedance 
at voltage maxima and voltage minima. The range of variation is from Z02 

to ZL. Between the quarter wavelength points the impedance shows 	ZL 
both resistive and reactive components. Proceeding from the termination 
toward the generator from any voltage minimum (current maximum) to the next 
voltage maximum (current minimum) the reactance is always inductive. Passing 
from the voltage maximum to the next voltage minimum the reactance is always 
capacitive. 
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(g) All impedance values are repeated at half-wavelength intervals. 
Any integral number of half wavelengths of line will, therefore, act as a 
1 : 1 transformer since the input impedance is equal to the termination. 

(h) The input impedance a quarter wavelength from the termination is 
always given by Z02  . We may rearrange this in the form of Zinput =  Z02   or 

ZL 	 Zoutput 

Zinput x Zoutput = Zo2. This is true at any odd number of quarter wavelengths 
from the termination. 

Matching By Means of Transmission Line  Impedance Transformations. 

1164. From para.1163(a) it follows that we can couple any generator of 
internal impedance R to a resistive load of the same value by any length of 
cable if its characteristic impedance is also equal to R. Such a system is  
matched at all frequencies. 

1165. From para.1163(g) it follows that we can couple any generator of internal 
resistance R to a resistive load of the same value by a line of any character-
istic impedance if its length is an integral number of half wavelengths. Such 
an arrangement is matched only at the frequency for which the line length is 
an integral number of half wavelengths. This method of matching is termed 
half-wave transformer matching. It is accompanied by phase inversion as in a 
normal mutual transformer. 

1166. From para.1163(h) it follows that we can match a length of line of 
characteristic impedance Z1 to a line of characteristic impedance Z2 by means 
of an odd number of quarter wavelengths of line of characteristic impedance Zo  

where the value of Zo  is determined by the equation ZI x Z2 = Z02. This method 
of matching is called quarter wave transformer matching. The principle is 
essentially that a reflection occurs at the input end of the transformer. An 
equal amplitude reflection occurs at the output end. Since the second wave 
has travelled forward a quarter wavelength and back a quarter wavelength it is 
a half wavelength or 1800  out of phase with the first reflected wave. The two 
reflections are then equal in amplitude and in antiphase, so cancel out. There 
is then no effective reflection so there is an effective match. 

1167. From para.1163(f) it follows that between any maximum and minimum 
there will be a point where the resistive component of the impedance into 
which the line has transformed the load is equal to Z0. This follows since 
the resistive component varies between Z02  and ZL. If ZL.:>Z0  then 2024:20. 

ZL 	 ZL 
Hencesthe resistive component passes through the value Z0  in its range of 
variation. If Z/i < Z0  then Z02>Z0  so the resistive component again passes 

ZL 
through the value of Zo in its range of variation. In general, there will 
also be a reactive component at this point. That is, the load looks like a 
resistance R = Zo  shunted by either a condenser or an inductance. If we 
could connect in parallel with this reactive component the opposite reactance 
which would resonate it at the frequency in use, we should have R = Z0  now 
shunted by a rejector circuit which would be equivalent to an infinite shunt 
resistance, i.e., an open circuit across R = Zo. We could thus eliminate the 
unwanted reactive component completely. The line from the generator to the 
matching point will then be working into a matched impedance at the matching 
point, so there will be no reflected wave back to the generator and hence no 
standing waves on this part of the line. If the matching is done near the load, 
standing wave losses are eliminated from most of the line. 

Stub Matching 

1168. We know from para.1163(c) that we can obtain any desired value of 
inductive reactance from a shorted length of line up to a quarter wavelength 
long and any value of capacitive reactance from a shorted length between a 
quarter and a half wavelength long. Hence, if we can find the first point 
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back from the load where the resistive component of the impedance presented 
to the line is equal to Z0, and can tap in at that point a shorted stub of 
the length which will resonate the reactive component at that point, we 
shall have matched the line to the load. This is the principle of stub 
matching. What we have really done is so adjusted the stub length that the 
wave travelling down the stub, reflecting with a 1800 phase change at the 
shorted end and coming back up and reflecting back toward the generator, is 
equal in amplitude and opposite in phase to the wave reflecting at the 
tapping point. The two reflected waves returning toward the generator then 
cancel out so there is no effective reflected wave and only a travelling 
VIM from the generator to the load. There is, however, a standing wave on 
the stub. 

1169. From para.1163(b) it follows that the appropriate length of open-
circuited stub might also be used. In general, it is easier to work with an 
open stub and vary the position of a shorting bar to get the desired length 
of shorted stub. 

A general rule for stub matching may be stated as follows:- 

(a) Locate the first current maximum or voltage minimum back from 
the load (generally a radiating array). Somewhere within the 
1th wavelength towards the aerial a match can be made with a 
length of shorted stub less than a quarter wavelength long. 

(b) Alternatively, a match can be made with a length of open stub 
less than a quarter wavelength long within the Lth wavelength 
from the current maximum back toward the transmitter. 

These rules are equally applicable to coaxial and open wire lines but 
more difficult to achieve in the case of coaxial lines. 

Matching a Generator to a Line  

1170. We have seen that a line can be matched to an aerial by some form of 
stub matching. We have also noted that different sections of a composite 
line can be matched to one another by means of quarter wave transformers. 
We have not, however, discussed the problem of matching a generator to the 
first section of the line. This matching involves an impedance transformation 
that will make the Zo  of the line offer a resistive impedance to the 
generator that matches the internal resistance of the generator. If the 
generator has any internal reactance, the transformation must also present an 
equal and opposite reactance. If the internal impedance of the generator is 
a pure resistance the latter problem does not arise. In so far as the trans-

mitters familiar to the radar mechanic are concerned, the method used for the 
transmitters in the lg metre band is usually to take off aerial taps on the 
transmitter lecher lines. What is then effectively being done is that the 
lecher line is being used as a transformer. Since it is an oscillatory 
circuit, it is effectively a coil and condenser tank circuit with the high 
impedance end of the tank circuit connected to the oscillator valves. Tapping 
the aerial feeders in towards the bottom end of the lechers is equivalent to 
tapping down on a coil at the point where the tank circuit dynamic resistance 
matches the impedance of the feeder. If the feeder is correctly matched to 
the aerial the maximum power flow goes to the aerial. 

1171. In the case of transmitters using actual coil and condenser tank 
circuits, the aerial feeder may be transformer-coupled by means of another 
tuned circuit or merely tapped in at the appropriate point on the main tank 
coil. The impedance transformation is then the same as that achieved by any 
transformer. The basic rule is 

v
/ 

	

	Z feeder 	= 	
T aerial coil  

Z tank circuit 	T tank coil 

where T aerial coil is the turns on the aerial coil 
and T tank coil is the turns on the tank coil. 

Where a tapped coil is used the action is that of an auto-transformer. 
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1172. If the aerial is not correctly matched to the feeder there will be 
reflections from the aerial and a standing wave on the feeder. Trans is 
equivalent to saying that input impedance of the feeder now contains a 
reactive component. Ihhen the generator is an oscillator it automatically 
adjusts its frequency to the value where the net reactance of the tuned 
circuit and the reactance effectively coupled in by virtue of the standing 
wave becomes zero. Hence, a variation in the standing wave will cause 
frequency changes. For frequency stability the minimasing of standing waves 
on feeders becomes essential. In the case of airborne transmitters the 
impedance presented by an aerial to the feeder may vary as guns are swung, 
or, in the case of aerials near propellors, as the propellors turn. These 
changes nay result in frequency shifts due to reactance coupled back into the 
oscillatory circuit. 

1173. In the case of tightly coupled circuits, i.e., when a tank circuit is 
tapped or transformer-coupled to get the asocumia power from the transmitter 
to the feeder, there may be two frequencies at which the net reactance mar be 
zero, depending on the amount of aerial current. Hence, as the cu.rent builds 
up and decays, the frequency aay jump between the two values. 2L) avoid this 
difficulty it is necessary to reduce coupling, i.e., work with a coupling that 
takes less power from the tranalitter. We then have a mismatch between trans-
mitter and feeder. This does not cause any standing waves. The result is only 
to reduce the power applied to the feeder. The loading of the transmitter is 
reduced and its frequency stability is improved. 

1174. In the case of cm. equip.ient like the Marl IIC H.2.3. installation, the 
matching of the coaxial feeder to the magnetron transmitter as done by combinin 
the principle of the quarter wave transformer and impedance transformations by 
tranaaission lines of other lengths. Details are discussed in paras. 262-266. 

Uatchine a Cable to a Receiver 

1175. The problem of matching a feeder to a load also crops up in radar 
receivers. When signals come from the aerial or other stage to an amplifier 
on a coaxial feeder, the power must be transferred to the tuned input circuit. 
The coil of this input circuit is normally used as the impedance transformer. 
As the impedance of the tuned circuit will normally be higher than that of the 
feeder used the feeder will usually be tapped down on the coil. The tapping 
point that results in the greatest power transfer to the input circuit will be 
given by 

Z feeder 	= T feeder coil_ 
Z input circuit 	T input coil 

T feeder coil will be the turns between the tap and the earthy end of 
the coil. T input coil will be the full coil turns. 

The action is again that of an auto-transformer. The tamping point which gives 
the best power transfer will not necessarily give the best signal-to-noise 
ratio due to the relation between nose generated in an input circuit and band-
width of input circuit. 

The Half-Wave Dipole  

1176. The properties of the half-wave dipole nay be deduced from the open-
circuited transmission line. Suppose we consider first fig.173(a). We 
know that we shall have in-phase reflection at the end of the line to produce 
a voltage maximum and current minimum. At the quarter wavelength point X we 
shall have a voltage minuaum and current maximum. The open end is an infinite 
impedance point and the quarter wavelength point X is a zero impedance point. 
We also know that all the energy is reflected. There will be standing waves 
on the line but if the wires are close together the fields of one wire will 
largely cancel those of the other, so there will be little net radiation. 

1177. If we bend back the quarter wavelength at the end of the line as in 
fig.173(b), this cancellation will no longer hold. Hence, there is some 
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radiation from each of the bent sections. This means that some power is 
actually being taken from the generator and we are obtaining the same effect 
as if we had a high resistance as a termination. The amplitude of the 
reflected wave therefore falls and the standing wave is reduced. The voltage 
at X is then no longer zero. We see then that as the ends are bent back the 
impedance at X rises (because the voltage rises) and the impedance at the 
end falls as the voltage falls. 

1178. If we continue the bending until the two quarter wavelengths are at 
right angles to the line there is considerable radiation as cancellation 
between the two fields is now a minimum. The impedance at X then reaches its 
highestvalue of around 72 ohms. The sections XZ and XY now constitute a 
half-wave dipole radiating element or aerial which offers a resistive load 
of about 72 ohms to the line. Since the energy is being radiated into space, 
the effect, in so far as the generator is concerned, is the same as if a 72 ohm 
resistor were connected across the line. We say then that the half-wave 
dipole has a radiation resistance of about 72 ohms when in free space. This 
value will be modified if it is in a dipole stack or associated with 
reflectors or directors. 

1179. To feed such a dipole with a travelling wave the characteristic 
impedance of the line should obviously be 72 ohms if the line length is not 
to be critical. At one particular frequency it would, of course, be possible 
to use a line an integral number of half wavelengths long and obtain a 
travelling wave regardless of the Zo of the line. In general, it is preferable 
to match the line to the aerial by some form of stub matching employing the 
principles discussed in para.1169. 

Voltage Feedl/Ig 

1180. Fig.174 shows a voltage-fed half-wave dipole. By voltage feeding we 
mean feeding at a point of high voltage and low current, i.e., at a high 
impedance point. The free end of the dipole will be a current minimum or 
voltage maximum.  The same condition holds at the input end, back a half wave-
length, since the impedance cycle always repeats every half wavelength. Hence 
the input end is a high impedance or high voltage point. If the one side of 
the line were linked directly there would be a mismatch unless the Zo  of the 
line matched the aerial. Matching may be done conveniently by fitting the 
aerial to a shorted quarter wave stub and then tapping the feeder in at the 
point on the stub which results in a negligible standing wave on the line. 
The portion of the stub below the tap then becomes the matching stub and the 
balance of the stub becomes part of the feeder. As the end of the feeder is a 
current minimum the first current maximum would occur a quarter wavelength back 
along the feeder. Our stub is between this point and the aerial so we are 
using the rule in para.1169(a). This case must not be regarded as a 72 ohm 
load across the line as the aerial is not being centre fed but is being end-

fed, i.e., at a point where it presents a high impedance. The considerations 
are then those that apply when a line feeds a resistive load of value greater 
than Zo. The first quarter wavelength of line shows resistance plus 
capacitive reactance. The stub is therefore an inductive reactance. 

1181. An alternative way of looking at the shorted quarter wave stub is to 
regard it as a rejector circuit. The aerial is tapped in at the high 
impedance end of the equivalent coil and the feeder is tapped down so that 
the feeder impedance is stepped up to match the aerial. 

Current Feeding 

1182. Current feeding a dipole means that the feeder is connected at a low 
voltage, high current point, i.e., at a low impedance point. This suggests 
the 72 ohms offered by a centre-fed half-wave dipole. This is illustrated 
in fig.175. Assuming a 200 ohm line and a 72 ohm load, we have 44:Zo. The 
centre of the dipole is then a current maximum. The first current maximum 
on the feeder will be back half a wavelength. According to the rule in 
para.1169(a), a match can be obtained within the gth wavelength towards the 
aerial with a shorted stub less than a quarter wavelength long. This condition 
is obtained by feeding the aerial from a shorted half-wave stub and tapping 
the feeder in as shown. 
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Current Feeding with Coaxial Feeder for Microwave Dipole  

1133. When using a parallel wire line to centre-feed a half-wave dipole the 
two sides of the line are balanced with respect to earth by some form of 
symmetrical or centre-tapped feed at the input end. The fields of the two 
wires will then essentially cancel out both in so far as current flow to the 
aerial is concerned and insofar as fields induced on the feeder by electro-
magnetic waves in space. The only effective radiating and receiving element 
is then the dipole. When a coaxial line is used one side of the dipole is 
connected to the inner and the other to the outer which is earthed. We then 
have an unbalanced arrangement in which the potential fluctuations are all on 
the inner Radiation from the aerial or other waves in space may induce voltages 
on the outside of the outer which are applied to the dipole section attached 
to the outer in addition to the voltage induced in the dipole itself. Ito 
such components will appear in the half of the dipole connected to the inner. 
This will destroy the directional properties of the aerial. To overcome 
these difficulties it is merely necessary to convert the unbalanced arrangement 
to a balanced one in which there is no tendency for power to flow from the 
dipole section attached to the outer down the outer surface, nor for voltages 
induced on the outer to reappear at the aerial. This condition is achieved 
by means of a shorted quarter wave arrangement. surrounding the outer is a 
cylinder a quarter wavelength long making metallic contact with the outer of 
the feeder. As such a shorted stub offers a high impedance or acts as a 
rejector circuit, there is no tendency for any power to flow down the outside 
of the feeder. Conversely, any voltage appearing on the outside Df the can 
would likewise be rejected at the mouth of the stub so would not reach the 
dipole section. This principle 35 also employed in the capacity joint in the 
scanner type 63 to prevent loss of IS. down the outside of the coaxial feeder. 

Physical Lengths of Half-Wave DIpoles 

in,. A resonant half-wave dipole, that is, a dipole that acts like a pure 
resistance at some frequency, is slightly shorter than the physical half wave-
length because of a small amount of capacity between the ends and ground or 
other adjacent surfaces. If an aerial is too short for the frequency applied 
it acts like a resistance capacity. If it is too long it acts like a 
resistance plus inductance. In either case the standing wave shifts as 
discussed in para.1162. The position of a matching stub is therefore also 
shifted. Its length will also be affected. To effectively correct aerial 
lengths loading units are used (as in Gee) instead of stubs at the longer 
wavelengths. 

Parasitic Aerial Elements  

1185. Where it is desired to concentrate all the energy radiated by an aerial 
in a s.aall arc parasitic aerial elements are introduced. These are excited 
by the radiation from the driver element and re-radiate in such a way that the 
combined effect of their radiation and that of the driver element is to achieve 
cancellation in all but the required sector Vlore reinforcement is obtained. 
This calls for a spacing that will result in anttpliase relations between the 
waves travelling where no radiation is wanted, and in-phase relations in the 
direction where radiation is wanted. 

1136. A reflector will he placed behind the radiator and a director is placed 
in front of it. Reflectors are normally about 56  longer than the radiator 
and directors eather shorter. Spacing and lengths mu3t be adjusted to give 
thedesiredtyye of beam. 

The Shorted  Quarter-Wave Stub as an Insulator 

1187. Since a shorted quarter wave stub acts as a rejector circuit it can 
be used to support transmission lines in preference to the usual type of 
insulator which will tend to show leakage and losses due to dielectric heating. 
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Transmission Lines ia Tank Circuits for iscallitorb 

1188. Since tilt, Ickaaint fleouency pi' a tuned carol-at is given by 	_fa  ' 

the development 	ale(ll'hOle3 calls I or 	kill value offEC. 2.1TJC 
We can reduce a/T-f, 	.aduelli c ,moil te aaeo:Ing only the self-capacity between 
the coil tutus. For larteel reductions in ILO ae must reduce L by using 
smaller and saa3ler 'dolls. Tau, involves 4 reduction an the value oi' the aynamic 
resistance of the talk circuit which is given by L .'nd in the value of Its 
(4 which is given 'ey aa. the fall in .anaamle 	CR 	resistance means a fall 
in output voltage 	2 	for a given R. P. current. The fall in the Q  value 
means a reduced frequency stability. To get over these difficulties sections 
of transmission line may be used as tuned circuits. The faailiar push-pull 
lecher bar tank circuit is essentially a half wavelength of line but round and 
centre-tapped to earrh. It thus becomes effectively the shorted quarter wave 
stub rejector circuit. By centre-tapping to earth the open ends oscillate 
180° out of phase whack is the site result as is obtained in the normal push-
pull oscillator usina an L.C. tank circuit with a centre-tapped coil. The 
large surface area that can be ?rovided to carry R.F. currents makes it 
possible to keep the resistive losses down and thus obtain a high a and nigh 
frequency stability. 

Line Resonators  

1189. In general, a shorted quarter wavelength and an open hale wavelength of 
line have the property of acting as a resonant circuit at the frequency which 
makes them an electrical quarter or half wavelength, respectively. Capacitive 
effects to ground or other surfaces will normally result in electrical lengths 
which are shorter than the corresponding physical lengths. The mixer line 
used in :lark IIC H.2.S. is an example of a reoonant coaxial line section. How 
such resonance comes about can be visualised by realizing that in the case of 
the shorted line whose length is an odd number of quarter wavelengths, a wave 
travels to the shorted end, reflects with a phase chanae of 1300, and returns 
to the mouth where it is in phase with the incoming wave. This phase relation 

arises out of a travel path which is an even number of quarter wavelengths 
(i.e., an odd number of half wavelengths) + a phase change of 180° at reflection. 
Since the two waves are in phase at the input end the voltages add to give a 
high voltage across the .mouth of the stub or a high impedance joint. 

1190. The same type of argument holds for an open circuited line whose length 
is any integral number of nalf wavelengths since there is no phase change on 
reflection. In both cases the voltage is high at the input end and suitable 
for matching to a high impedance source or load. Other impedances can be 
matched by tapping in at a suitable point. 

Limitations of the c4uarter-Wave :latching Transformer 

1191. We noted in pat-a.1166 that two line sections of characteristic impedance 
Zl and Z2 could be matched by a section of line a quarter wavelength long of 
characteristic impedance Zo  =VEiZ2. This same method can, of course, be used 
to match a line to an aerial or other load. ithen used to match aerials to the 
main feeder, the term j-bars is sometimes applied to the quarter-owavc trans-
former section. Such a transformer can only match at the frequency for which 
its length is a quarter wavelength. Where frequency tends to vary something 
less selective is called for. This is sometimes achieved by a section of line 
of gradually varying Zo. In the case of the open line the spacina is gradually 
varied. In the case of the coaxial line the diameter of the outer is gradually 
changed. Where such a section is introduced, it is possible to pass gradually 
from a load impedance or a generator impedance to a line impedance without 
heavy reflections over a range of frequencies. This idea is utilised in the 
flared coaxial line section which is attached to the magnetron in the :lark IIC 
transmitter unit. 

Keeping Returned Signals out of the Tx in  ::onion T. and R. Systems  

1192. A transmission line problem that arises in radar equipments where a 
common aerial is used for transmission and reception is the effective prevention 
of interference between signals coming directly into the receiver charnel, and 
signals that travel dawn the transmitter channel to the cold transmitter where 
they reflect and come back in such a phase as to partially cancel the signals 
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coming straight into the receiver channel. This may be achieved by so 
selecting the line lengths that the cold transmitter impedance is transformed 
to a high value at the junction point in comparison with the matched impedance 
presented by the receiver. 

Limitations of the Caudal Line for Microwaves  

1193. When the 9 cm. mad of wavelength is reached dielectric losses sad 
softening of dielectric due to R.F. heating, in addition to B.F. heating of 
the skin of the inner, render the use of coaxial feeders for high power work 
rather wasteful. Once the 3 cm. band is reached such feeder losses become 
prohibitive. Obviously, the R.F. skin resistance losses would be reduced if 
the surface of the conductor available for carrying the R.F. currents could 
be increased. Dielectric losses would not be serious if air dielectric could 
be used. These two requirements are achieved when waveguide transmission is 
used instead of the familiar "go" and "return" type of transmission. 

The Inosphere and the Earth's surface as a Waveguide  

1194. Long range radar transmission is achieved at low frequencies by 
directing radiation toward the Sosphere where it reflects back to the earth's 
surface. The electromagnetic waves travel around the earth in the form of 
successive reflections between the inosphere and the earth's crust. These two 
tin-faces may thus be visualised as a gigantic waveguide which serves to guide 
the wave around the earth. 

Waveguide Equivalents of Voltage and Current  

1195. It has been found that e.m. waves can be set up and guided from one 
place to another by means of metallic tubes of suitable dimensions. A wave 
is launched at one end and travels inside the guide to the required load. since 
we no longer have two conductors the ideas of voltage and current are no 
longer very apkavpriate in the way we normally think of them. We must go back 
to the ideas behind voltage and current. 

1196. We know that an electric field exists between two surfaces that are 
at a different potential, i.e., have a voltage across them. Hence, in so far as 
waveguides are concerned, we shall use the electric field concept instead of 
voltage. If we have an electric field or E vector of a given frequency vo can 
detect its presence and variations in intensity by means of a pea lamp whose 
filament leads are brought out as little dipole elements to form a hail wave 
dipole which is resonant at the frequency involved. The direction of the E 
vector at any point in a guide is given by the direction of the dipole when 
the lamp glows most brightly. 

1197. We also know that a moving magnetic field causes an induced current in 
a conductor placed perpendicular to the magnetic field. We can therefore use 
our pea lamp to detect an alternating magnetic field. When the dipole is 
held to give the maximum brilliance in an R.F. magnetic field the dipole is 
perpendicular to the H vector. The H vector is the waveguide analogue of 
current. 

The Electromagnetic Wave in Free Space  

1198. When an e.m. wave travels in space we have a moving magnetic field and 
a moving electric field. At any point in the path of the wave the E vector 
rises and falls sinusoidally at the frequency of the wave, in a direction at 
right angles to the direction of propagation. The H vector does likewise but 
in a direction perpendicular to the plane containing the E vector and the 
direction of propagation. This plane is called the plane of polarisation. 
There is no E or H vector present in the direction of propagation. Such a 
wave is called a transverse wave as the E and H vectors are perpendicular or 
transverse to the direction of propagation. 
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The Electromagnetic Wave in a Waveguide  

1199. In the guided wave we find a new component in addition to the transverse 
E and H components appearing in the free space wave. In some cases a dipole-
fitted pea lamp held in a guide with the dipole along the longitudinal axis 
of the guide will light up. This means that there is an R.F. variation in 
the E vector, along the length of the guide. That is, the wave in the guide 
has an E component in the direction of propagation. Such a wave is called an 
E wave in England and a transverse magnetic or T. It. wave in America. The 
term T.M. indicates that there is a travelling R.F. magnetic field associated 
with the travelling electric field whose H vector is perpendicular or trans-
verse to the direction of propagation. 

1200. Another type of wave is found in guides where the pea lamp remains 
lighted if the dipole is held perpendicular to the longitudinal axis of the 
guide. This indicates that there is an R.F. H component perpendicular to the 
dipole, i.e. along the guide axis, and a transverse E component. Such a wave 
is called an H wave in England and a transverse electric or T.E. wave in America, 

1201. We see then that guided waves have a longitudinal E or H component 
which we regard as transferring the R.F. power along the guide. If the long-
itudinal component is electrical we shall call the guided wave an E wave and 
look for it with the dipole pea lamp along the guide axis. If the longitud-
inal component is magnetic we shall call the guided wave an H wave, and look 
for it with the pea-lamp dipole perpendicular to the guide axis. 

1202. An alternative method of detecting guided waves is by means of crystal 
rectifiers. If a crystal is fitted with a probe and connected in series 
with a meter it will work in the same way as the pea-lamp. If the crystal is 
fitted with a coupling loop it must be held at right angles to the R.F. H 
vector. Hence, the plane of the loop will be parallel to the guide axis when 
it picks up an E wave, and perpendicular to the guide axis when picking up 
an H wave. 

Guide Shapes  

1203. Guides in practical use are in general either rectangular or circular. 
Guides of elliptical cross-section have been investigated but have not 
appeared in equipment. 

Mcciting Guides  

1204. If a probe is taken from a magnetron along the axis of a guide it will 
start an E wave in the guide. If the launching probe is introduced at right 
angles to the guide axis we shall obtain an H wave in the guide. 

The H.10 Wave in Rectangular Guides  

1205. To produce an H wave in a rectangular guide, it would appear possible 
to introduce the launching probe at right angles to the guide axis in either 
the horizontal or vertical plane. Suppose we consider first the case when 
the probe is horizontal. If the dimension "b" in fig.177(a), is progressively 
reduced, it will be found that when b becomes less than a half wavelength the 
waves will die out. This means that we cannot pass an H wave down the guide 
unless we make the dimension perpendicular to the launching probe at least a 
half wavelength wide. We say then that b 	whereAis the free space 
wavelength, is the cut-off or critical dimension. If a = X/2 or greater,- we 
could put the probe in vertically as well as horizontally and the wave would 
be passed down the guide in two ways. If a0/2, there is only one way in 
which we can launch the wave and propagate it down the guide. The wave then 
obtained is the simplest H wave that can be formed in a rectangular guide. 
It is called an HA.° wave. 

1206. Since the H.10 wave is the wave we most commonly use we shall be 
interested in the field patterns across the mouth of the guide and along its 
length. These patterns are shown in fig.177. The end view shows that we 
have a distribution of E that is a maximum at the centre and falls off sinus-
oidally to zero at the top and bottom. This can be demonstrated by moving 
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the dipole-fitted pea-lamp across the end with the dipole held horizontally. 
This pattern would appear in any section along the guide length. The top 
view and side view are instantaneous views of the E and H distributions 
along the length of the guide in the horizontal and vertical longitudinal 
sections. These patterns travel along the guide when it is correctly 
matched to some load. If a mismatch exists there will be a stationary 
longitudinal pattern. Where the E vector has its maximum distribution 
across the guide walls in this stationary pattern there will be danger of 
flash-over. The minimum width i.e., minimum value of "a" is fixed by this 
factor. 

1207. The subscript "1" in the name H.10 indicates that we have one half-
wave E pattern across the longer dimension "b". The subscript "0" indicates 
that number of half-wave E patterns across the shorter dimension "a". Since 
there is no E pattern across "a", we usually drop the subscript "0" end 
merely speak of H.1 waves in the rectangular guide. 

1208. If the guide dimensions are such that "b" lies between ,W2 and X 
and "a" is less than j/2 the H.1 wave is the only type that can be propagated 
in the guide. The appearance of unwanted modes can be prevented by using 
this cut-off or filtering property of waveguides. 

The H.1. Wave in the Circular Guide  

1209. If a launching probe is inserted along the diameter of a circular guide 
an H wave will appear in the guide. If radius is between. .V3.42 and x/1.61,, 
whereXis the free space wavelength, we obtain the simplest H wave that can be 
produced in a circular guide. The E pattern across a section of the guide is 
shown in fig.178(a). The travelling H pattern in a vertical section through 
the guide axis is shown in fig.178(b). The E distribution in the cross sectic 
would show the same sinusoidal fall in the value of the E vector as in the 
rectangular guide if tested with the dipole-fitted pea lamp held with the 
dipole horizontal. This wave is termed an /1,11 wave when given its full name. 
It is usually called an H.1 wave in a circular wave guide. It is worth noting 
that the pattern is very similar to the H.1 wave in a rectangular guide. It 
is the wave that calls for the smallest circular guide. A circular guide  
can therefore be made large enough to pass the IlL1 wave but no other form of  
wave whatever. For this reason, as well as the saving in material, the H.1 
wave is usually used in circular guides unless other considerations call for 
a different wave type. 

1210. If a dipole-fitted pea-lwgp is inserted along the axis of a circular 
guide passing an II.11 wave, or a rectangular guide passing an H.10 wave, no 
glow will appear. This indicates that there is no axial or longitudinal E 
component in these waves. 

The Bo Wave in a Circular Guide  

1211. If a launching probe is inserted along the axis of a circular guide 
an E wave will be set up. If the guide radius lies between A/2.61 andX/1.61 
the c wave obtained will have field patterns as shown in fig.179p In this 
case we have a radial E vector which is symmetric in the cross-section but 
always in antiphase along opposite aides of the same diameter. There is also 
a travelling E component along the guide axis. If the dipole-fitted pea lamp 
is inserted along the axis the lamp will glow. If the guide is properly 
terminated the glow will be uniform along the axis. If standing waves are 
present, the glow will vary in intensity as the lamp is moved, keeping the 
dipole parallel to the axis. 

1212. The H vector distribution in the cross-section appears in the form of 
concentric circles whose density diminishes from the centre toward the circum 
ference. If the pea-lamp detector is moved along a radius with the dipole 
parallel to the longitudinal axis the intensity of the glow will fall 
sinusoidally from a madam at the centre to zero at the circumference. 

1213. It should be noted that the size of the guide required to pass the Eo 
wave is sufficiently large to permit passage of the H.1 wave at the same time 
It will therefore be necessary as a rule to provide some form of filter to  
eliminate the H.1 wave when it is necessary to use the Eo wave in a circular  
_in_ 



1214. The Eo wave is mainly used in rotating waveguide joints where its 
circular symmetry with respect to the axis of rotation is an advantage, 
particularly if there is to be a bend beyond the rotating joint. 

Wavelengths in Guides 

1215. Wavelengths of guided wavas are longer than in free space. In the 
TR.3555 series transmitter unit the 3.2 cm. radiation in the form of the 
H.1 wave has a wavelength of 4.14 ems. in the rectangular guide, and a wave-
length of 5.95 ems. in the circular guide. 

Wave Impedance of Guides  

1216. The term applied to waveguides which corresponds to the characteristic 
impedance of a transmission line is wave impedance. For a loss-free guide 
the wave impedance is a pure resistance. The value of this wave impedance 
depends on:- 

a Whether the guide is circular or rectangular, and its dimensions. 
b Frequency used. 
c Whether H wave or E wave. 
d Kind of H or E wave. 

In a circular waveguide the lowest impedance is about 350 ohms. In a 
rectangular waveguide the impedance may take any value depending on the ratio 
of the two dimensions. The value is proportional to the narrow dimension. 
For a fixed wide dimension and a fixed frequency, the impedance may be varied 
between o and about 465 ohms by varying the narrow dimension. 

Waveguide Matching Problems 

1217. When using waveguides as transmission lines the following matching 
problems arise:- 

1 

 '141  Matching clifTer:elliOns Of guide to each other. 
c Matching a guide to a load. 
d Matching out the reactance introduced by any form of discontinuity. 

1218. The primary radar applications coming under (a) will be the question of 
matching an oscillator of the magnetron or klystron type to a guide. 

1219. Under (b) we shall come up against the problem of establishing matches 
where it is necessary to change from rectangular to circular guides and vice 
versa. These problems arise in the H.2.S. Mark IIIA transmitter unit and in 
the scanner. 

1220. Under (c) the chief applications are matching a guide to a mixer and 
matching a guide to free space. The latter problem arises when we use the 
mouth of a waveguide as a radiator. As the guide is supplying power to free 
space we must consider free space as constituting a load. This load is 377  
ohms resistance provided there are no capacitive effects due to adjacent  
surfaces which introduce reactance. 

1221. Under discontinuities we must consider such things as breaks in the 
guide walls, sharp bends, branch lines, and obstacles of any description such as 
filters, etc. Where such discontinuities occur there will be reflections. 
As in transmission lines we may regard any such reflection as due to a 
reactance in parallel with the guide. 

How to Tell When Matching Is Achieved 

1222. A generator will be matched 	a guide or a load when the maximum 
power is taken from the generator. 

1223. A guide will be matched to a load when there is no standing wave on 
the guide. 
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1221ure Sections of guide will be matched if there are no standing waves 
on the guide. 

1225. In the case of a transmitter the best match to the guide will be found 
when the matching adjustments cause the maximum power output to appear at the 
radiating end of the guide or in some load inserted in the guide. 

The Fundamental Problem of Hatching a Generator to a Guide  

1226. This problem is the same as in the case of the transmission line:- 

(a) The wave impedance of the guide must be transformed to be 
equal to the resistive impedance of the generator. 

(b) Any reactive component in the output impedance of the generator 
must be matched out by means of an equal and opposite reactance. 

Matching a Magnetron Launching Probe to a Guide 

1227. When the output probe of a magnetron is introduced into a guide at 
right angles to the longitudinal guide axis to launch an H.1 wave, the probe 
is operating as a dipole radiating element. The energy radiated makes the 
probe show a radiation resistance. The more energy actually radiated the 
greater will be this radiation resistance. The problem of matching for maximum 
output into the guide then becomes a matter of making this radiation resistance 
match the wave impedance of the guide. According to a mathematical development 
by Slater this radiation resistance can be varied by means of a moveable 
piston behind the probe. This corresponds to varying the distance of a 
reflector behind a dipole in an ordinary aerial array. The position of the 
reflector will modify the radiation resistance of the aerial. This type of 
matching adjustment is used in the TR.3555 series of transmitter units. 

1228. If a dipole is sufficiently close to other surfaces to show capacitive 
effects it also dhows a reactive component in its impedance which should be 
matched out. In the same way the presence of the guide walls makes a launching 
probe show a reactive component which should be matched out. We met• think 
of this reactive component as alternately pushing power out and getting it 
back in the same way as when an alternator feeds a transformer on no load. 
If we can introduce a reflected wave that is equal in amplitude and opposite 
in phase we can eliminate the reflection due to a reactive component. This is 
done in the older TR.3555 units by means of an adjustable quarter wave matching 
iris. This iris is merely an adjustable guide section of smaller diameter 
inside the main guide. The inside diameter of this iris must, of course, be 
greater than the H.1 cut off dimension. By sliding this iris the reactive 
component is matched out. The two adjustments are not independent since the 
position of the piston relative to the probe varies the reactive component 
to be matched out. Alternative adjustments are therefore required until the 
maximum power is fed down the guide. 

1229. In later TR.3555 units, the matching device consists of an adjustable 
carriage which moves two silica rods projecting into the guide. These silica 
rods are separated by a quarter wavelength and the distance they project into 
the guide is variable. By varying the distance the rods project into the 
guide a reflected wave of any amplitude can be set up. By varying the position 
of the carriage relative to the probe the phase of this reflected wave can be 
varied. By using the two adjustments a reflected wave can:be introduced which 
is equal in amplitude and opposite in phase to that appearing between the 
probe and the fixed end of the guide due to both resistive and reactive mis-
match factors. Hence a match is obtainable. 

Matching Guide Sections to Each Other  

1230. Where a guide section of one wave impedance is joined to a guide 
section of another wave impedance we have reflection without power absorption, 
i.e., we have a reactance. Matching out this reactance is done by introducing 
something that causes a reflected wave of the same amplitude but opposite phase.  
Any form of obstacle or discontinuity will introduce some reactance. If it 
is rao.Lutiia it will also absorb power and cause losses. What we wish to 
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achieve is reflections without loss of power. A screw tapped into a guide 
wall so as to cut the travelling magnetic field will serve to introduce a 
reactance. Plates inserted through the guide wall will achieve the same 
result. If they cut across a travelling transverse E vector they act as 
capacitive reactances. If they are across the path of the travelling H 
vector they act as inductances. Such reactive diaphragms are called irises. 
Types for both circular and rectangular guides are shown in fig.181. 

Filters as Reactances 

1231. Where a guide dimension is sufficiently large to pass more than one 
mode or wave pattern it is necessary to introduce filters. This Joey be rings 
or diaphragms that reduce the guide dimensions below the cut-off for the 
unwanted wave while permitting the flow of the wanted wave. Since such 
obstacles are discontinuities they will introduce reflections. 17  inserting 
two separated by an odd number of quarter wavelengths, the second reflected 
wave will have travelled an additional odd number of half-wavelengths (from 
1st and 2nd filter and back). The two waves will then be in antiphase so will 
cancel out. 

Matching out the Reactance Due to Bends 

1232. Where a sharp bend occurs there is a tendency for part of the wave to 
reflect back along the path already traversed and then return and partially 
cancel out the wave passing directly into the second guide section. To annul 
the effect of this reflected wave, a shorted extension may be introduced at 
the bend which will also introduce a reflected wave. py correctly choosing 
the length of this shorted section the phase of its reflection will be such 
as to cancel the other reflection. Alternatively, some form of iris diaphragm 
arrangement may be employed. 

Design of Bends to Avoid Reflections  

1233. The introduction of fixed matching adjustments for bend reflections 
is frequency sensitive so it is preferable, where possible, to design bends 
that will not produce reflections. These methods involve either the use of 
inclined corner plates as shown in fig.132(a), or rounded bends whose radius 
of curvature is large in comparison with a wavelength. The rounded bench is 
used in the feed to the mirror of the scanner type 63 and 71. The inclined 
plate is used in the TR.3555 transmitter unit series at the junction of the 
circular and rectangular guides. The perpendicular from the inner side of the 
bend on the corner plate should equal or exceed the narrow dimension of the 
guide. If this condition is fulfilled no reflection occurs when the E 
vector is perpendicular to or in the plane of the bend. The Eo wave is 
undisturbed by bends since the transverse E vector is radial. 

Matching a Guide to Free Space  

1234. If a circular or rectangular guide is left open at the output end 
it will not show complete reflection as in the case of the open-circuited 
line. Some energy will be radiated and some will be reflected. A waveguide 
can therefore be used as a radiator, but unless some form of matching is 
used, the reflections will set up standing waves in the guide. To minimise 
such standing waves the impedance of the guide is altered gradually by 
flaring out the guide mouth in the form of a horn. By suitably choosing the 
horn dimensions a reasonable freedom from reflections is attainable. 

The Waveguide as a Radiator  

1235. The shape of the beam radiated from the horn termination of a wave-
guide will depend on the horn design. Some patterns produced by horn 
terminations are shown in fig.134. In the case of the H.2.S. scanners the 
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horn is used to radiate into the paraboloid mirror to obtain a much sharper 
beam than could be obtained with the horn alone. It will be noted that the 
beam has its minimum width in the plane at right angles to the plane of 
polarisation. The paraboloid mirror serves to produce a 900  rotation to  
give us a narrow beam in the horizontal plane with horizontal polarisation. 

Polarisation Shifting 

1236. In many cases it is necessary to twist a guide in order to bring the 
horn termination into the position which gives the desired polarisation for 
feeding a scanner. This can be done without introducing appreciable reflections 
if the twist is gradual. 

Rotating Joints and Waveguide Transformers  

1237. In the H.2.S. scanners type 65 and 71, a waveguide feed is employed. 
One part must rotate with the scanner but the other section must remain 
stationary. To keep the two sections opposite each other, a circular guide 
must be used for the rotating joint. Furthermore, to prevent reflections due 
to distortion cf the field pattern by the rotation, it is necessary to use the 
Bo wave in this circular section because of the symmetry of the pattern about 
the axis of rotation. We shall, however, want an H.1 wave again to obtain a 
horizontally polarised beam, and we also feed an H.1. wave to the scanner. We 
are thus faced with the problem of transforming the H.1 wave to an Bo and the 
Bo back to the H.1. The basic details of the transformations are shown in 
fig.185. The H.1. wave is brought into the circular guide with a vertical 
polarisation. Since the circular guide is in the vertical plane, the E vector 
is along the guide axis. The wave is then transformed partly into the Eo wave 
and partly into the H.1 circular or H.11 form which will exist on a circular 
guide smaller than that required for an Eo wave. Suitable filters are inserted 
to remove the H.11 wave. A fixed matching section is used at the junction to 
match out the bend reactance. 

1238. At the other end the procedure is exactly reversed. The rectangular 
guide taps into the circular guide at right angles to the longitudinal axis of 
the circular guide. The axial E components of the Eo wave then appears across 
the narrow dimension of the rectangular guide and an Hal wave is set up in the 
rectangular guide. A suitable matching section is incorporated at the junction. 

1239. The two circular sections are separated by a gap 1 mm. wide. This is 
so narrow that the escape of energy is negligible. 

Vibration Joints 

1240. To allow for vibration or tolerances in the size of components it may 
be necessary to break guide sections. Such breaks constitute possible sources 
of loss due to radiation. To prevent such losses we must effectively close 
the gap while leaving it physically in existence. This can be done by fitting 
flanges and cutting ditches a quarter wavelength deep at right angles to the 
E vector and a quarter wavelength from the guide wall as shown in fig.180. 
The R.F. currents flowing in the upper flange beyond the ditch will be a half 
wavelength out of phase with those beyond the ditch in the lower flange. This 
follows since the currents in the lower flange had to flow down one wall of the 
ditch and up the other, i.e., a path of an extra half wavelength. The fields 
therefore neutralise beyond the ditch and there is no escape of energy. The 
arrangement therefore acts like an R.P. choke. When the primary purpose of the 
joint is to allow for tolerances in the dimensions of components the term choke 
joint"is commonly used to designate this type of joint. 

Resonant Irises 

1241. We noted in para.1250 that the metal diaphragms placed across guide 
walls could act as either condensers or inductances in parallel with the guide, 
i.e., in parallel with the resistive wave impedance of the guide. This suggests 
that if we suitably combined the two types we could produce a resonant 
circuit across the guide. Such a combined iris then gives us a resonant iris. 
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The CV.115 used in the TR.3555 series transmitter units is an application of 
this principle. When set into violent oscillation by the transmitter pulse 
the voltage across the slot becomes so great that the argon filling flashes 
over and the slot becomes a conducting path which effectively seals the 
guide wall. 

1242. When there is no ionisation the iris acts like a very high impedance 
rejector circuit in parallel with the relatively low resistive impedance of 
the guide. There is then no loss of power in the iris and the result is the 
sane as if the iris were not present. 

1243. Another form of the resonant iris for circular guides is shown in 
fig.186. Such an iris of the correct dimensions has no effect on the flow 
of energy if the supports for the centre section are perpendicular to the 
transverse E vector. As both metallic portions act as reflectors it must 
be the gap which is passing the energy. Hence, if we insert a metal ring of 
the same dimensions as the gap with its supports parallel to the transverse 
E vector, it will completely reflect H.1 waves. In the case of Eo waves the 
transverse E component is radial so it is always perpendicular to the ring so 
the Eo wave will not be affected. 

The Ring Filter 

12144. This property is employed to separate the R.11 (H.1) wave front the 
Eo wave in the rotating joint used in the scanner type 71. Filter rings of 
the correct dimensions are mounted on trolitul supports in the two circular 
sections of the rotating joint. 

Ring Switches 

1245. If provision is made to throw such a blocking ring across the guide 
when it is desired to effectively seal off the guide, and to drop the ring so 
it lies along the guide axis when the guide is to be opened, we have a wave-
guide power switch. Such an arrangement is used in the TS.205 input switch. 

1246. Another application of the same principle is in aerial switching. 

Waveguides as Resonant Cavities 

124.7. The radar mechanic will he familiar with the acoustic resonance that 
can be set up in tubes and other cavities. Similar resonance properties 
appear in sections of waveguide. A familiar example is the mixer cavity used 
in the TR.3555 transmitter units. Less obvious examples are the resonant 
cavity to the Klystron and the soft rhumbatron. These cavities are effectively 
distorted shorted half wavelength guide sections. Echo boxes constitute 
another application of the waveguide as a resonant cavity. If a calibrated 
moveable piston is fitted, an echo box can be used as a wavemeter. 

Sealing off Branch Lines 

1e49. In common T. and R. working, it is necessary to seal off the received 
branch line while the transmitter pulses. This can be achieved by putting a 
short across the branch line any integral number of half wavelengths from the 
junction. When such a short is introduced the wave passing into the branch 
line reflects back into the main guide. It will have travelled an integral 
number of wavelengths so will be in phase with the direct wave in the main line 
and will not therefore cause any interference or standing waves. The effect 
is then the same as if branch line were completely sealed off. To introduce 
such a short it is possible to use either a resonant iris type of valve like 
the CV.115 or a resonant cavity type like the CV.114. In either case, resonance 
results in ionisation and an effective short at some integral number of half 
wavelengths from the guide. The shorted half wavelength of waveguide thus 
serves the same purpose as the shorted quarter wave stub in transmission lines. 

Coupling Into and Out of Resonant Cavities  

124.9. Coupling may be by means of probes or coupling loops. Probes must be 
parallel to the E vector and loops must have their plane perpendicular to the 
H vector for maximum coupling. 
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1250. In the case of loop coupling, the tightness of coupling can be 
varied by moving the loop away from the position where the concentration of 
magnetic flux is a maximmn by rotating the plane of the loop, by changing its 
size or placing a shield around part of it to effectively short it out. 

1251. In the case of probe coupling, the coupling can be varied by varying 
the distance the probe projects into the field, the angle relative to the E 
vector, or the position of the loop relative to the part of the field where 
the E vector has its maximum value. 

Effectively Sealing off the Transmitter for Returned Signals  

1252. The common T. and R. problem of preventing loss of returned signal 
power due to a flow into the transmitter channel arises in waveguide systems 
as in transmission line systems. The problem may be viewed as a matter of 
interfering waves. The incoming signal divides at the junction, part going 
into the receiver channel and part into the transmitter channel. At the end 
of the transmitter channel reflection occurs and the wave returns to reach the 
junction in some phase that depends on the length of path. If this length 
were such that the reflected signal would be in phase with the direct signal 
as it passes into the receiver line, no adjustment would be required. Normally, 
this is not the case and interference occurs to reduce the effective input to 
the receiver channel. To eliminate this difficulty provision is =PAP to 
introduce another reflected wave to cancel out the wave which passes into the 
transmitter channel. This calls for a second branch line of adjustable length 
so that the phase of the deliberately introduced reflection can be controlled. 
This is the function of the anti-T.R. chamber in the TR.3555 series transmitter 
units. Details are discussed in Chapter 5. 

Dwarf Loads for Waveguides 

1253. In experimental or test work it is sometimes necessary to have a 
non-reflecting, i.e., a resistive termination, to absorb the R.F. power in 
a waveguide. For this purpose, various types of &Easy load are used. One 
type used in rectangular guides is a fish-tail cut in piece of wood. For 
circular guides, a wooden cone may be used. Such terminations serve to break 
up the wave front and the whole energy is used to heat the dummy load. Other 
forms of dummy load use resistive plates or resistive irises which absorb the 
R.F. power. 
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CHAPTER 14 - LUGER() 

Outline of the Lucero System 

1254. The H.2.5. installations as used in Bomber Command are designed to 
provide for the inclusion of the Mark II Lucero interrogator system whenever 
this may be desirable. The additional items required are :- 

(a) The main tuners, unit - TR.3160 or TR.3160A (Mark no) or 
TR.3566 (Mark II1A) 

The push-button control unit - Type 222A. 
The TR. beacon aerial system - Type 184 (port and starboard) 
The BABB receiving aerial - Type 308 
Aerial change-over switch - Type 78A 

The Lucero unit contains a push-pull lecher-line transmitter. If 
the Lucero switch on the switch unit is set to B + H, B or BA, this transmitter 
is indirectly triggered from the 20 microsecond pulse from one of the violet 
Eye plugs on the modulator 64+ The pulse is applied to a counting down circuit 
(or frequency divider stage) which divides by 3 to develop a 5 microsecond 
modulating pulse on the back edge of every third 20 microsecond pulse. The 
Lucero transmitter is thus operated in synchronism with the 1142.8. transmitter 
but only on a p.r.f. of about 220. The 5 microsecond pulse, radiated from 
vertical type 184 port and starboard aerials, can be used to trigger any one 
of the following :- 

(a) Lucero blind approach (BABE) runway beacons 
Long range responder beacons 
Light portable beacons of the Eureka type 
Mark III I. F.F. sets 

1255. The triggered equipment re-transmits and after a time determined by 
its range from the aircraft, the response is received on the same aerial as 
was used for transmission. The system thus is of the common T. and R. type. 
The received signals are fed to a switch motor which connects the aerials 
alternately to the receiver section of the Iucero unit at a changeover rate 
of 40 times per second. These switched signals pass through one stage of R.F. 
amplification and are fed into a mixer along with an L.O. signal whose 
frequency is such as to give an I.F. output at the same frequency as that 
used in the 11+2.S. installations The I.F. signal passes through one stage 
of I.F. amplification and is then delivered to a brown Pye plug on the 
lacero panel. 

1256. From the brown Eye plug on the Lucero unit the I.F. output is taken 
to the brown Pye plug on the 11.2.5. receiver-timing unit and thence into the 
I.F. strip. If the Lucero switch on the switch unit is set to B + H, H.T. 
will be applied to the B.2.26 head amplifier and the E626S. signals will 
simultaneously be applied to the I.F. strip via the green Pye plug. The 
receiver output valve will then deliver to the receiver-timing unit mixer 
stage the 11.2.S. signals, the responses from the Lucero-triggered equipment, 
and the heading or track marker. If the Lucero switch is set to "B", the 
B.T. supply to the head amplifier is cut off and only Lucero signals are fed 
into the I. F. strip. If the control unit type 222A is not fitted and a 
jumper socket is fitted to the 18-way plug on the Iucero panel, the I.0. and 
mixer frequency will be changed automatically (see pars. 1264) to receive 
responses from BAGS runway beacons if the Lucero switch is set to BA. If 
the control unit type 222A is fitted, the appropriate pushbyttorm are used 
to make this change-over. The range marker is added in the receiver-timing 
unit mixer whose output goes via the slate Pye plug to the waveform generator. 
The signals are fed from the slate Eye plug to the red Eye plug via a 
condenser and thence to the red Eye plug on Lucero. 
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1257. The input at the red Eye plug on Lucero is fed back into the switch 
motor which feeds the signals alternately to the yellow and orange plugs. 

1258. The outputs from the yellow and orange Eye plugs on Lucero are 
applied to the corresponding plugs on the indicator 184 and thence to the 
grids of the height tube parephase amplifier valves. Since the signals 
appear alternately on opposite grids the height tube display now becomes 
double-sided. The noise and range marker will appear as deflections to 
both right and left. Homing beacon responses will likewise appear as wide 
double-sided blips. Their distance up the tube will be a measure of the 
range which can be measured with the range marker and the range control. 
The relative amplitudes of the two sides will indicate whether the beacon 
is to port, starboard or dead ahead. This is possible because the switch 
motor operation is such that signals picked up on the port aerial appear 
as deflections to the left on the height tube while signals picked up on. 
the starboard aerial appear as deflections to the right. With a symmetric 
polar diagram the two deflections will be of equal amplitude if the beacon 
is dead ahead. If a blip gives a larger deflection to the left the port 
aerial is receiving a stronger signal than the starboard aerial which is 
partly shielded by the aircraft. The beacon must then be to port. By 
altering course until the amplitudes become equal it is possible to home 
on the beacon. Different beacons can be identified by having them radiate 
their responses so as to give the visual impression of a morse signal on 
the height tube. 

1259. When the Lucero switch on the switch unit is set to B + B6 B or BA, 
a relay is energised in the Lucero unit which disconnects the white Pyre plug 
from the yellow one and thus cuts off the height marker from the height tube. 

Lucero and Blind Approach 

1260. Lucero blind approach (HAGS) runway beacons can be used in 
conjunction with Lucero to assist aircraft in making runway approaches in 
conditions of bad visibility. If the aircraft carries sane form of absolute 
altimeter such as the A.Y.D. to give accurate height indications, landings 
can be made under bad operating conditions. /war° + BABS alone, however, 
can only give the range and runway direction. The BABS transmitter when 
triggered by Lucero, feeds equal signals alternately to two directional 
aerials which provide two broad, diverging beams of radiation. One aerial 
radiates a 1.2 microsecond pulse while the other is arranged to radiate a 5 
microsecond pulse. The aerials are switched so that each is connected 50% 
of the time and the switching'rate is 20 changeovers per second i.e. half 
the airborne switching frequency. The height tube display will then show a 
narrow blip inside a broad one, the two having a common base line. 

1261. Due to propeller modulation these blips may show flickering tips, 
if the port and starboard beacon aerials are used to provide a double-sided 
display. Since great steadiness is required for accurate lining up of the 
tips of the two blips it is unsatisfactory to use the homing aerials for 
blind approach purposes. A third aerial is therefore fitted which can be 
connected to one side of the switch motor by means of an aerial change-over 
switch. As signals are then applied to only one aide of the switch motor a 
single-sided display is obtained on the height tube. 

1262. The Lucero blind approach (BASS) beacon is located at the end of the 
runway in use. When properly aligned, the lobes from the two beacon aerials 
will overlap just down the centre of the runway. If the aircraft is 
approaching straight down the centre, i.e., in the equisignal region, the 
DABS aerial will receive equal strength signals from both beacon transmissions 
The amplitudes of the wide and narrow blips on the height tube display will 
then be equal arka their tips will therefore coincide. If the aircraft is to 
either side of tie runway the one blip will be wider than the other. In 
making an approach it is then necessary to alter course until the tips of the 
two blips coincide when the aircraft will be flying straight down the centre 
of the runway. 



FIG.I90 FIG-190 

T.R. 3160. FRONT VIEW 

—+EDCB A 

BLACK 	BLUE 

E.H.T. LEAD 

Fill WIRE 

RA. UNIT 

A 0 7 
s1 /4" 7 	 

COVER OVER 
BASE OF SWITCH 

IN F. C‘• TYPE 

T.R. 3160. UNDERSIDE VIEW 

234 5 6 7 

JUNCTION BOX 

WHITE 

T. R. 3160 COMPLETE ASSEMBLY 

JUNCTION 
BOX 

PORT AERIAL 

RED/WHITE 

C.D. 0896 L 

RED ORANGE YELLOW WHITE 



c.r4o8961, 

1263. The range of the beacon can be determined by means of the range 
control. An indication of height is given by the height marker. For 
accurate indications at low altitudes some form of absolute altimeter is 
required. Some form of glide path indicator may also be employed to give 
the correct angle of descent from a-known height at a known range. 

1264. To eliminate ground returns as much as possible the BABS signals are 
transmitted on a frequency differing from that of the transmitted signal by 
several megacycles. Different tuned circuits are therefore required in the 
Lucero receiver section. The changeover can be made by means of the 
appropriate push-buttons on the control unit type 2229. If the c.u.222A 
is not fitted only two of the four possible receiver channels and one of the 
transmitter channels are usable. As normally connected pp them are the 
Coastal Command frequencies 177 Mcs and 173 Mcs for reception and 176 Moe 
for transmission. In Bomber aircraft the Control Unit will always be used. 
In Coastal aircraft the change is effected, as with Lucero Mk. I, by changing 
from either the H B or the B switch position, to the BA position. 

Multiple Band Facilities 

1265. The Lucero transmitter is tuned by means of a series of four 
condensers mounted on a motor-driven mechanism called a turret. The R.F. 
amplifier and local oscillator in the Lucero receiver section have four 
preset tuning circuits which also are mounted on motor-driven turrets. 
The 4 condensers for the transmitter tuning and the inductances in the 
receiver tuned circuits provide frequency °averages as listed in the table 
below. The table also gives the push-buttons on the control unit to bring 
these channels into operation. 

Push-Button 	Transmit 	 Receive 

A 	171-181 Mo/s 	171-181 Mo/s 
B 	212-226 Mc/s 	168.5-178.5 Mc/s 
C 	222-236 Me/s 	210-228 Mc/s 
D 	222-236 Mc/s 	220-238 Mc/s 
E 	Inoperative 	Inoperative 

1266. (a) The A buttons are intended to cover the 176 Mils hoeing beacon 
channel and also to provide I. F. F. interrogation. 

(b) The combination of button A (transmit) and B (receive) is 
designed to take care of the 176/173.5 Mc/e BABE channel. 

(c) The various available combinations of B, C and D (transmit) 
with C and D (receive) provide beacon and BASS channels on 
various combinations of 214, 219, 224, 229 and 234.gc/e. 

(d) The E buttons are imperative. When either E button is 
accidentally pressed the frequency remains unchanged. 

The Lucero Equipment  

1267. Mark II Lucero is built on the "brick" or sub-assembly principle. 
Any particular Mark II Lucero will include the following sub-assemblies :- 

a Chassis assembly 
b 	Transmitter unit 
c Receiving unit 

Waveform generator 
e Power unit 
f Switch unit 

These individual sub-sections will differ according to the requirements of the 
installation into which the particular composite Mark II Lucero unit 

is to be used. Differences arise mainly over the following points :- 

(a) Whether the aircraft supply is 12 or 24A. 
(b) Whether the A.R.I. intermediate frequency is 13.5 

Mc/s., 30 Mc/s., or 45 Mots. 
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(c) R. F. coverage demmnded of the receiver 
(d) R.F. coverage demanded of the transmitter 

1268. 	Bomber Command requirements are tabulated below :- 

Constituents 
Unit Refako. Chassis Tx-Unit 	R:--Unit Assembly 

Bower 
Unit 

SW. 
Unit 

TR.3160 10D8/868 Type 101 Type 105 	Type 159 	Type Type Type 
for 10E8/6300 10183/6099 	1ore/6098 	30 115 
B.2.8. P7(171-178Ws IF. 13.5Mc/s 	10VB/ 

5
100/  100/ 

Mark (212-236Mc/s 0(171-1811frli 6007 6035 556 
IIC 241. (21Gazgwvis 
TRA3566 10x8/6348 Type  127 Type 127 	Type 161 	Type Type Type 
for 	 1012V6545 1001W6099 	lami6106 	30 532 115 
Ea 2, So RP(171-181Mc/s IF. 45 Me/s 	100/ 1088/ 100/ 
Mark (212-2362/c/s RF(171-181Mq6 	6007 6035 556 
ZI1A 2W  (210-238/DA 

1269. 200 pre-production models are called TR.3160A, ref. 10E0/6636. These 
have minor differences in the chassis assembly, 13.5 Mc/i receiver, and 
transmitter. These sub-units carry type and reference numbers as follows ;- 

(a) Chassis Assembly Type 123 - Ref. 100/5689 
(b Receiver Unit Type 194 - Ref. 10DB/6688 
(c) Transmitter Unit Type 117 - Ref. 10DB/6690 

Wave Form Generator Type  30 (Pig.197) 

1270. Performs the following functions 

(a) Divides the repetition frequency of the 20 microsecond input 
pulse frmm the modulator 64 violet Pye by 3 to give an output 
of about 2200/s. 
Generates the five microsecond modulating pulse for the 
transmitter at the counted down p.r.f. 
Generates the "gating" waveform used to bring the receiver 
into operation for about 1300 microseconds after the 
termination of each transmitter pulse. 
Develops a waveform suitable for suppressing a Mark III 

set in the same aircraft. This suppression waveform 
will be at the counted down repetition rate. 

The Receiving Unit Type 159 or 161LPigs. 201 and 202)  

1271. Ras four stages as follows 
R.F. amplifier stage 

b Local oscillator with four preset tuning circuits selected by 
the push-buttons on the control unit. The selected tuned 
circuit is connected into circuit by means of a motor-driven 
"turret" mechanism. 
Mixer stage 
I.F. amplifier stage at 13.511c/i in type 159 and 45 Mo/s 
in type 161. 
It also includes the selector drive unit and turret mechanism 
for switching the R.F. amplifier and L.O. tuned circuits. 

Transmitter Unit Type 105 (11g.200)  

1272. Comprises the following stages s- 

Series modulator valve stage 
Push-pull lecher line transmitter whose power output is 
about 0.5189. at p.r.f. of about 220 and pulse width of 
5 microseconds. 

(c) Also includes the tuning condenser turret and the 
selector drive unit. 

(b) 

(a) 

(d)  

(13 
(e)  
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Power Unit Type 532 (Fig.196)  

1273. Includes the following :- 

VU.120 half-wave rectifier -2.5 KV + (15% - O))  3 ma for the 
transmitter E.H.T. 
5214 full-wave rectifier 250 ± 25V, 40 ma. for the H.T. 
supply. 
Heater supplies of (i) 2 + 0.1V., 2 ma., for the VU.120 

(ii 5 + 0.25V.,2 ma., for the 5Z4C. 
(iii 6.3 + 0.3V. 8 ma., for other valves 

Relay C which is energised when the "Trans.-ON" switch on the 
control unit type 222A is pressed after H.2.S. is switched on 
at the switch unit. 

Chassis Assembly Type 101 (Pigs. 190 - 191)  

1274. The chassis assembly serves to connect the various units and to 
mount than. It also provides for the connections to the control unit type 
222A and to the H02.5. units. B relay, which switches the signals to the 
red and orange plugs, is mounted on the chassis. The ommmon T. and H. links 
and their junction box are mounted on the chassis external to the transmitter 
and receiver sub-units. 

Switch Unit Type 115 (Figs. 204 and 205)  

1275. This is the Dicers/ switch motor which connects the aerials alternately 
to the transmitter and receiver, and simultaneously switches the receiver 
output alternately to the two paraphrase amplifier grids to get the two-sided 
homing beacon presentation with port signals to the left and starboard signals 
to the right. The port and starboard aerials are connected direct to the 
switch which connects one or other of them to the transmitter and receiving 
units at a changeover rate of 40 times per second. Relay type contacts are 
used which are operated by cams and push rods. The cams are mounted on a 
common shaft rotating at 600 r.p.m. and driven by a 6:1 reduction gear from 
the motor shaft which runs at 3,600 r.p.m. The output contacts on the 
switch overlap in angular duration of contact. The aerial changeover occurs 
during the output overlap to avoid undesirable effect on the height tube. 

1276. The switch unit section shows six Pye plugs on the front of the 
Lucero panel (fig.190), of which only the red/White and green/white are used. 
The red/white is connected to the port and the green/white to the starboard 
aerial. 

The Control Unit Type 222A (Pig.192)  

1277. (a) This unit houses the transmitter and receiver frequency selector 
push-buttons which serve to operate the selector drive units. 
The drive units rotate turret mechanisms to bring the desired 
components into circuit. 

(b) The unit also carries the "Trans.-ON" switch. This switch must 
be closed in order to energise C relay in the power unit type 
532 and connect the H.T. supply to the W.F.G. type 30. Until 
this supply is completed no modulating pulse is developed Pram 
the 20 microsecond input from the modulator 64 and the 
transmitter remains therefore inoperative. 

The Aerial System, Type 184 (Fig.203)  

1278. This serial syttem comprises two vertical half-wave dipoles, one on 
the port and one on the starboard side of the aircraft. The dipoles are 
provided with directors. 
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The Aerial system Type 308  

1279. This is the aerial system used for receiving the runway beacon 
signals. A changeover switch is used to disconnect the port and starboard 
healing beacon aerials and to connect this aerial instead when a landing 
approach is being made to a stunaky with a BAGS beacon. The aerial is of 
the quarter wave type and is provided with a director. The signal input 
is so applied as to obtain deflections to the right. 

The Common T. and. B. System 

1280. To use the same aerials for both transmission and reception, it is 
necessary to make the following arrangements 

That the minimum of transmitter output gets into the receiver 
That the receiver is suppressed while the transmitter is 
pulsing to prevent overloading on transmitter breakthrough. 
That the minimum of receiver signal power is lost into the 
transmitter. 

To meet the (a) and (c) requirements as well as possible, the transmitter 
output line and receiver input line are taken to a junction box (see fig. 
193) on the chassis assembly. From the junction box, a transmitter output 
link goes to the switch motor which feeds the signal alternately to the two 
aerials. The returned signals picked up on the aerials came back on this 
link to the junction box and then pass to the receiver. The length of link 
from the transmitter to the junction box is so chosen that it looks like a 
high impedance stub to incoming signals which then go mainly to the receiver. 
The link from the junction box to the receiver input is chosen to look like 
a relatively high impedance compared with the output path to the switch motor. 
The greater pert of the transmitter output is thus applied to the aerials. 

1281. To meet condition (b) a suitable receiver suppression waveform is 
developed in the waveform generator section of the TR.3160. 

Cabling Installation 

1282. The panel of the Mark II Lucero unit is shown in fig.190. Figs. 13 
and. 14 show how the TR.3160 and control unit type 222A are fitted into the 
aircraft installation. 

The Lucero Circuit 

The TR.3160 circuit containing the sub-units appropriate 
to B.2.2. Mark IIC is given in fig.193. 
For 8.2.8. Mark Ina the receiver unit type 159 must be 
replaced by type 161. The type 161 circuit is shown in 
fig. 202. 
The control unit type 222A is shown in fig.192. 

Power Switching_  

1284. To appreciate how the Lucero switch on the switch unit 207 B and the 
"Trans. ON* and "Main ON" switches an the control unit type 222A are 
interrelated it is necessary to study fig. 194. When 862.S. is switched on, 
+ 24V. is applied to pin 7 and -24V. to pin 8 of the Lucero 12-rmy. Pin 8 
applies -24V. to one side of both B and C relays and the switch motor, -24.V. 
is also applied to one side of the control unit push buttons via 18/13 and 
one side of the "Trans. ON" switch via relay C and 18/15 of the 18-way from 
Lucero to the control unit 222A. 

1285. The +24V. line canes in on pin 7 of the Lucero 12-way to one of the 
contacts (B/1) on B relay. This line is also connected to the Lucero switch 
on the switch unit. 

1286. Contacts B + H and B on the Lucero switch are strapped and linked to 

1113 

(0) 

1283. 	(a) 
(b)  

(c)  
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the other aide of B relay via pin 9 of the Lucero 12-way. The BA contact on 
the Lucero switch is returned to pin 10 of the Lucero 12-way and thence to 
another winding on relay B. Hence, when the Lucero switch is set to B + 
B or BA, relay B is energised. If the Lucero switch is set to "OFF" the D.C. 
supply to relay B is not completed. The changeover contacts, B/3 and BA, 
shown in the upper right-hand corner of fig.193, then connect the red Pye to 
the orange and the white to the yellow. The normal 11.2.8. presentation is 
then obtained. As soon as B relay is energised by setting the Lucero switch 
to any of the other three positions the contacts change over. The red Eye is 
then connected to the switch motor which switches the output from the 
receiver-timing unit mixer, V411, between the orange and yellow Pye plugs. 
Signals from the port aerial go to the yellow and signals from the starboard 
aerial to the orange Pye plugs. When BA changeover contact connects the 
yellow Pye plug to the switch motor the white Pye plug is floating and there 
is no height marker input to the height tube. 

1287. Referring now to fig.194, we note that when relay B is energised, 
contact B/1 connects + 24V. from 12/7 to FR.4 on the receiver and thence to 
the other side of the switch motor (see fig.193). 

1288. WI also connects +247. via pin 14 of the 18-way to the control unit 
to "Trans. ON", "Main ON" and push-buttons. If the "Trans. ON" switch is 
closed, +24V. is connected to the other side of C relay which now becomes 
energised. 

1289. To appreciate the function of C relay we must first consider the 807. 
A.C. channel. This supply comes to TR.3160 on pins 4 and 6 of the Lucero 
12-way from the main junction box. From fig.193 we see that 12,4 and 12/6 
feed to P.4 and P.5 and then to the power transformer in the power unit type 
532. The 2507. H.T. and -2.5RV. S.H.T. supplies are then developed. The 
+250V. passes via PO and B/2 to the receiver which now becomes operative. 
The -2.517. supply passes via P.10 to T.8 and the CV.75 modulator valve. 
B.7. 11.5, it.4, 2.3 and R.2 form a bleeder between -2.5 KV. and earth, which 
holds the modulator cathode so positive to the grid that the modulator valve 
is cut off until a positive modulating pulse is applied to the grid. This 
pulse comes from the anode of V.2 in the Lucero waveform generator via 1:5 
and T.4. But the H.T. to the waveform generator is completed via relay C. 
Hence, until relay C is energised there is no H.T. to the waveform generator 
and no modulating pulse. As soon as the "Trans. Ole switch is closed, the 
waveform generator develops the modulating pulse which renders the modulator 
valve conducting for 5 microseconds after the back edge of every third 20 
microsecond pulse applied via the violet Pye plug to the grid of V.1 in the 
waveform generator. 

1290. The heater supply for the CV.0 transmitter valves is obtained from 
the isolating heater transformer in the transmitter unit. The supply to the 
primary is obtained via T.2 and P.2 frmn the power unit transformer. This 
supply is completed as soon as H.2.S. is switched on. The transmitter is 
thus ready to go into operation as soon as the "Trans. ON" switch is closed 
to energise relay C and bring the waveform generator into operation to 
develop the modulating pulse. 

1291. Sunning up, we have the following major points : - 

(a) When H.2.8. is switched on, the 807. supply to the power 
unit is completed via 13/4 and 12/6 and +250V., -2.5KV., 
and heater supplies are developed. The modulator valve is 
held biassed to cut off and the transmitter is imperative. 

(b) The -24V. supply is completed to :- 
(i) One aide of relays B and C via 34/8 
(ii) One side of the "Trans. ON" switch via C 

relay solenoid and 18/15. 
(iii) One side of the switch motor. 

(c) The +24V. supply is completed via 12/7 to the back contact 
of B/1. 

(d) When the Lucero switch on the switch unit is set to B + H 
or B, the +24V. supply is completed to the other side of 
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relay B via 12/9 and relay B is energised with the 
following results :- 

(i) B/1 closes and connects +24V. to the push 
buttons and the other aide of the "Trans, 
ON" switch and puts +24V. on the switch 
motor via FR4. 

(ii) B/2 closes and connects +250V. to the contact 
on relay C. 

(iii) B/3 changes over and connects the red Pye to 
the switch motor and via the switch motor to 
the orange Pye for signals from the starboard 
aerial. 

(iv) B/4 changes over (leaving the height marker 
floating) and connects the red Pye via the 
switch motor to the yellow rye for signals 
from the port aerial. 

The whole equipment is now ready to go into operation on homing beacons 
when the H.T. supply to the waveform generator is completed. 

(e) If the"frans. ON" switch is closed the 221)/. supply to 
C relay solenoid is completed and C relay is energised. 
The contact closes and puts H.T. on the waveform 
generator which now develops the modulating pulse to 
bring the modulator valve and transmitter into operation. 

(f) If the Lucero switch is set to BA, the +24Y. supply is 
completed to another winding on relay B via 12/10. This 
second winding is incorporated to permit use of independent 
jumper socket channels for automatic frequency selection 
by means of the lacer° switch for either homing beacons or 
blind approach beacons. Its significance does not appear 
if the control unit type 222A is used. In this case the 
appropriate frequency selection must be done by means of 
the push-buttons on the control unit. All the Lucero 
switch then does is to energise B relay, regardless of 
whether the B or BA position is used. The push buttons 
determine the frequency selection. 

Frequency Selection 

1292. The mechanical details of the selector drive unit mechanism are shown 
in fig.195. The essentials of the operation can be gathered from fig.194e 
which shows what the conditions would be if both A. push-buttons had been 
pressed. We note the following points 

-24V. is applied to the pilot lamps via i2/8 and 18/13►  
-24V. is applied via the lamps of the free buttons and the 
open contacts of these buttons to the 3-sector disc and 
thence to one side of the electromagnet solenoid, G. 
-24V. is applied via FT.9 and FR.3 to the other side of 
the electromagnets via the S.D.M. contacts. 
+24V. is applied via 12/7, Bil and 18/14 to the push-
buttons in series. 
The 24V. supply is completed through the pilot lamps of 
the two closed buttons. 
The +24V. contacts from the closed push-buttons to the 
sector discs are floating. 
+24V. is connected via Bil to F2.8 and the F contact 
(normally open) of the transmitter selector drive unit. 
The corresponding connection to the receiver is made 
via FR.4. 
The turrets will be so rotated as to put the A frequency 
condenser into circuit in the transmitter and the A 
frequency tuned circuits into the B.F. amplifier and 
local oscillator in the receiver. 



c. r408961, 

1293. Suppose that now button B is pressed for the transmitter. The 
following events will occur 1- 

The mechanical interlocking of the transmitter buttons will 
release the A button which will fall back into the open 
position, breaking the supply through the pilot lamp which 
goes out. -24V. is now applied to the sector contact, Sa. 
The +24V. supply is connected to B lamp which now lights. 
The +24V. supply is connected through B lapp, 18/2 and FT.4 
to Sb, and thence through the sector disc to the one side 
of the solenoid. 
The electromagnet is energised and_attracts the armature. 
The movement of the armature rotates the ratchet, the ring D, 
the sector disc B and the turret. 
The S.D.M. contact breaks and the armature flies back under 
the tension of the retractor spring to complete the contact 
again and give the ratchet another pull. 
When the contact Sb slides off its sector, the +24V. line via 
the sector disc is broken. The channel is, however, completed 
via the F contact which will be out of its notch and completing 
the supply via FT.8 and B/1. 
Movement continues until F contact drops back into its notch 
whet Sb is opposite the blank section of B. There is than no 
further energising of the electromagnet and the turret is 
stationary with the B frequency condenser in the transmitter 
circuit. 

1294. The operation of the receiver push-buttons is identical. 

1295. If 13 button is pressed nothing happens as it has no connection to the 
sector disc. 

1296. The connections shown dotted in fig.194 are made with a Jumper socket 
fitted on the 18-way when the control unit is not used. Fins 1, 6 and 11 are 
strapped so that when the Lucero switch is set to B or B + H, the transmitter 
and receiver automatically tune to frequency A. Similarly pins 7 and 12 are 
strapped so that when the H.Z.S. switch is in the BA position the transmitter 
remains on frequency A but the receiver tunes to frequency B. 

1297. Since the "Trans. ON" switch brings the transmitter on via C reley, 
it can be used as a mane key for cathode ray signalling with Lucero. If 
the Jumper socket is fitted, pins 14 and 15 of the 18-way are connected so 
that C relay is energised by B relay. Tne worse facility is then lost 
unless this strapping is broken and a morse key or switch fitted in its place. 
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The Power Unit Type 532 

1298. The circuit is shown in fig.196 and mechanical details in fig.208. 

1299. The following voltages should appear on the terminals, measured on 
load :- 

1300. The EI.ILT. voltage at P.10 caa be measured with an electrostatic 
voltmeter. The reading should be -2.5KV. + 15% - 

1301. Care must be taken in checking the heater voltage of V.2 as the 
heater is 2.5KV. below earth. 

The Waveform Generator Type 30  

1302. (a) The circuit is shown in fig.197 and mechanical details in 
fig. 206. 
Theoretical waveforms are shown in fig.198. 
Waveforms as observed on the monitor 28 are shown in fig.199. 

The Counting-Down Circuit  

1303. The Waveform Generator should count down, with stability, by two, 
three or four with an input of 670 per second recurrence frequency and three, 
four and five at 1200 recurrence frequency. R5 is adjusted so that it counts 
down by three for a 670 recurrence frequency input. V.1 (VR.116) and half of 
V.3 (VR.54) perform the function of counting down. The 20 microsecond 40-50V. 
positive pulse frau the violet Eye plug is applied to V.1 grid through the 
time constant, C.1 R.1, with a value of about 12,000 microseconds. The grid 
current flow into C.1 during the pulse period develops an autobias across R.1 
that holds the valve cut off on the grid except during the pulse periods. 
When V.1 goes into conduction the flow of amde current through T.1 primary 
causes point F to swing positive. 0.2 (.025) then takes current through the 
diode, V.3. On the back edge of the 20 microsecond pulse V.1 cuts off due to 
grid current bias and point F swings negative and drives V.1 suppressor about 
120V. below earth. Anode current in V.1 is then cut off until the negative 
charge on C.2 can leak away through R.3 and R.5 to H.T. By adjusting R.5, 
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the discharge period can be adjusted so that V.1 can only pass anode current 
on every third 20 microsecond pulse (p.r.f. of 670). The counted down wave-
form from F at about 220 c/a is applied to the grids of both V.2 and V.3. 

3304. p65, the Lucero p.r.f. control, is a preset situated on the waveform 
generator chassis (see fig.206). 

Transmitter Modulation Pulse  

1305. V.2, a 6V6G high current tetrode, is used to develop the modulating 
pulse. Its anode load is a permeability-tuned coil, 1.1, which resonates with 
its stray capacity at about 100 go/s. A half-cycle will then take 5 micro-
seconds. The input to V.2 grid is the counted down ring at the point F. 
This ring has a positive swing of 60-80 volts corresponding to every third 
20 microsecond pulse and a negative swing of 30-40 volts on the back edge of 
these pulses. The positive swings carry V.2 into heavy grid current which 
develops sufficient autobias to keep V.2 cut off between inputs. During the 
conducting periods energy is stored in the magnetic field of 1.1. The 
negative overawing on the back edge of the input pulse serves to cut V.2 off 
very sharply. V.2 anode potential then swings up several hundred volts as the 
magnetic field about L.1 collapses. 2.9 and 2.10 serve to damp the ring out 
so that only the first positive swing is of consequential amplitude. The 
setting of the core of 1.1 determines the pulse width. The position of 14.1 is 
shown in fig.206. 

1306. The anode waveform is taken out on W.5 and applied to the grid of the 
modulating valve in the transmitter unit via T.4. 

The Receiver Suppression Waveform 

1307. It is desirable to have the receiver suppressed at all times except 
for a period of approximately 1500 microseconds commencing on the back edge of 
the transmitted pulse. We require, therefore, a 1500 microsecond sensitising 
waveform which begins on the back edge of the output at V.2 anode. This wave-
form is developed by V.4 and the second half of V.3. It is applied to the grid 
of the local oscillator. 

1308. Approximately one fifth of the amplitude at V.2 anode is tapped off 
across 2.9 and applied across C.5 and R.11. When V.2 cuts off the positive 
swing applied to c.5 carries the diode into conduction and a positive voltage 
is developed across the cathode load, R.12. This rise is applied to V.4 grid 
via c.9 and swings V.4 into grid current which charges 0.9 negatively. When 
the modulating pulse at V.2 anode collapses, the diode is cut off and the 	• 
cathode potential falls from anurni 440V. to OW This fall is applied to V.4 
grid and carries the grid well below cut-off. The anode potential will then 
rise to R.T. and will retain there until the charge of 0.6 leaks away through 
R.23. This leakaway period is of the order of 1300 microseconds so we have 
the desired 1500 microsecond positive pulse at V.4 anode cal:mewing on the back 
edge of the modulating pulse. The anode output is tapped down across 1416 And 
taken to W.4 via C.8. Pram Welt, it is taken to 2.4 and the local oscillator 
grid (see fig.153). The first such pulse carries the local oscillator into 
grid current and charges C.8 negatively. On the back edge the local oscillator 
grid is carried below cut-off. The effect is then that the waveform is 
negatively D.C. restored at the local oscillator grid by grid current so 
serves only to lift the grid to W. for 1300 microseconds after the trans-
mitter has pulsed and then takes it below cut-off until after the next 
transmitter pulse. 

The 	Suppression Waveform  

1305. 	suppression involves two requirements 

The 	set must be rendered so insensitive during the 
transmitter pulse period that it cannot be triggered. 
After the transmitter pulse has terminated., the sensitivity 
of the set must be kept down sufficiently to prevent it Pram 
radiating a snail amount of R.F. modulated at the quench 
frequency. Such radiation.mould act as interference. 

(a)  

(b)  
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These requirements call for a composite waveform with one part of duration 
at least equal to the pulse period and a second part of much smaller amplitude 
for the duration of the 1300 microsecond sensitive period. This result is 
achieved by utilising the counted dawn ring from F on T.1 secondary and the 
positive-going 1300 microsecond waveform et V.4 anode which are applied to 
V.5 grid. 

1310. The positive swing at F when V.1 cuts on puts a positive swing of 
about 50V. on V.5 grid. This is followed by a small negative overawing which 
is of no consequence as the large positive pulse from V.5 cathode will have 
rendered the I.F.P. set inoperative in this period via the I.F.F. suppression 
stage. The positive 1300 microsecond waveform from V.4 anode is tapped down 
across R.17 and also applied to V.5 grid to produce a corresponding 10 volt 
positive swing at V.5 cathode. The composite suppression waveform, shown in 
figs. 198 and 199, is taken to the yellow/black Pye from V.5 cathode for 
application to the suppression plug on the 	set. A cathode follower 
output is used to permit matching to low impedance cable without distorting 
the waveshape. 

The Transmitter Unit Type 105  

1311. (a) Circuit details are shown in fig. 200 
(b) Mechanical details are shown in fig. 209 

1312. The modulator valve, V.3, is a CV.73 beam tetrode. The push-pull 
oscillator, V.1, V.2, employs CV.63 triodes. The valves are connected as a 
series modulation circuit. The transmitter valve anodes are returned to earth 
through the lecher line. The cathodes are tied to the anode of the modulator 
valve. The 02.5KV. H.T. from the Lucero power unit canes in on FT10 and 
develops its output voltage across the bleeder formed by R.7 (1001:0.  R.9 
(10014), R.4 (lm.), R.3 (IM.), and R.2 (47 ohms). This bleeder fixes the non. 
operating D.C. levels of the electrodes of V.3. V.3 grid is held sufficiently 
negative to the cathode to keep the valve cut off when no modulating pulse is 
applied to the grid. 

1313. When the grid of V.3 is carried up with the positive-going modulating 
pulse applied via C.1, V.3 passes a current of about 1 amp. which is drawn 
from C.3, the F.E.P. reservoir condenser in the power unit. The 1 amp. of 
cathode current during the pulse period charges up C.3 across the cathode load, 
10, and this effect added to the standing bleeder bias, holds V.3 grid about 
250V. negative to the cathode between modulating pulses. The effective E.H.T. 
across the transmitter during the pulse period is about 2KV. The remaining 
drop is across the bleeder and V.3. 

1314. The frequency changing is done by mechanically changing the tuning 
condensers, C.5, C.6, c.7, c.8 across the lecher lines. These condensers can be 
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preset to desired values within their respective coverage bands. Operating 
the transmitter push-buttons on the control unit type 222A introduces the 
selected condenser through the mechanical action of the transmitter selector 
drive unit. 

1315. The transmitter valves have their anode and grid leads brought to the 
top of the bulb. The anodes are connected to suitable lecher lines and the 
grids are strapped by a short flexible connection. This link serves as the 
grid inductance which combines with the anode-grid valve capacities to form 
the grid tuned circuit. The cathodes are choke-fed from the modulator anode 
and are strapped to one side of the heaters. The chokes are provided to keep 
the R.E. out of the modulator and heater circuits. Since high voltages exist 
at the cathodes the heater supply is insulated from earth by an isolating 
transformer. The same transformer provides an insulated 4.2V. supply for V.3. 

1316. A negative 5 microsecond pulse is available across R.2 in the anode 
circuit of V.1 and V.2. Its amplitude is about -50V. and it is fed out via 
T.3. This pulse is not used in the circuit operation of the TR.3160. 

1317. The R.F. pulse is coupled to the feeder system by a coupling loop on 
the anode lechers and is fed to the blue Eye plug on the underside of the 
transmitter unit. Thence it goes via the T - link to the chassis junction box 
and the switch motor for application to the aerials. The degree of coupling 
between the loop and anode lines is a compromise between the requirements of 
maximum power output and minimum change of frequency with variations in aerial 
loading. This co"nling is fixed and no attempt should be made to change it. 

The Receiver Unit Type 159 (Mark IIC)  

1318. The circuit diagram is shown in fig.201 and the mechanical details 
in fig.207. 

Local Oscillator 

1319. The L.O. valve is V.1, a V7901 strapped as a triode in a series fed 
Hartley circuit. The four tuning inductances, 10, L.10, I'll, 1.12 are 
switched in mechanically by means of the push-button controlled selector drive 
unit mounted in the receiver. The receiver suppression waveform is brought in 
from the waveform generator on R.4- and applied to the grid across R.1. As 

pointed out in para. 1308, the waveform is negatively D.C. restored by grid 
current and keeps V.1 grid below cut-off for all but the desired 1300 micro-
second conducting period. 

The R.F. Amplifier 

1320. V.2, a CV.66 grounded grid triode, serves as the R.F. amplifier. 
The R.F. input from the switch motor passes to the TR. Junction box and thence 
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via the receiver link to the black Bye input plug. The signal is applied via 
C.3 and the input coil, L.2 to V.2 cathode. The grid is effectively earthed 
for RF. by means of the condensers C.6, C.7, 0.13, 0.14. The anode circuit is 
tuned by the turret-mounted inductances, I.13, 1.14, 14.15 and 1.16. These can 
be preset to selected spot frequencies within their respective bands by 
adjustable brass eddy-current tuning slugs. 

The Mixer 

1321. V.3 is the VR.92 diode mixer stage. The outputs of V.1 and V.2 are 
applied to the mixer anode by C.12 and co. The I.F. voltage is developed 
across the band-pass I.F. coils, 1.6, 1.7. 

The I.F. Amplifier  

1322. V.4 (VR.65) provides one stage of I.F. amplification at 13.5 Mc/Is 
before injecting the Lucero signals into the 81.2.S. I.F. strip. I.7 is the 
input tuned circuit and 1.8 the anode tuned circuit. Both are permeability 
tuned. The overall bandwidth of the receiver unit type 159 and the R.2.R. 
I.F. amplifier is 1.5 Mc/s for 6db. drop. However, in certain cases adequate 
selectivity may not be available to separate beacon channels 4 Mc/s. apart. 
If this is so, filter unit 171 may be employed between TR.3160 and the 
m62:s. I.F. amplifier. This filter unit has the effect of steepening the 
aides of the response curve. The output is taken to the brown Eye plug in the 
panel and thence to the 11.2.8. I. F. amplifier. 

1323. The range marker is mixed in at the mixer stage in the receiver-timing 
unit whose output goes to the slate Bye and thence to the slate Rye on the W.F.G. 
Condenser coupling takes the signal to the red Eye and thence back to the red 
Rye on Luoero for Application to the switch unit which switches the video signals 
between the orange and yellow. Pye plugs. From these, the video homing beacon 
signals are alternately applied to the two height tube amplifier stages and the 
height tube I-plates. ?ABS signals are, of course, applied to only one height 
tube amplifier grid. 

The Receiver Unit Type 161 (Er.2.8. Mark IIIA)  

1324. (a) Circuit details are shown in fig. 202 
(b) This receiver unit is designed to provide an I.F. output at 

45 Mc/s. for application to the Mark IIIA I.P. strip. 
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The Local Oscillator 

1325. The local oscillator stage, V.1, employs a VR.157 working in a 
series fed Hartley circuit and biassed by grid current through R.2. The 
tuning coils, L.1, L.2, 1.3, L.4 are switched mechanically to the selector 
drive unit. The suppression voltage is applied to V.1 grid via R.1. 

The R.P. Amplifier  

1326. This stage uses a CV.66 grounded grid triode. The signal input from 
the common T.R. junction box is applied to V.2 cathode via the tuned circuit 
1,14, C3. This circuit serves to reject direct I.F. pickup. The coupling 
condenser, 0.2, taps into the input coil, 1.13, which resonates flatly with 
strays and valve capacity at about 200 Mc/s. The grid is held at R.F. earth 
by the condensers 0.4, C.10, 0.6, 0.7. The anode tuned circuits are 1.6, 1,7, 
1.8 or 1.9, turret-mounted and switched mechanically. These coils are tuned 
by 0.14 and the anode/earth stray capacity. H.T. is fed to the valve through 
1.12 which has a high impedance over the whole band covered. 

The Mixer 

1327. The mixer stage is a VR.136 operating as an anode bend detector. 
V.1 output is applied to the grid via 0.13 and V.2 output via 0.12. R.8 is 
a grid leak which develops a wall negative bias from rectified oscillator 
input. The anode load is a band-pass filter tuned to 45 Mc/s. A 4-7IC 
damping resistor, R.14, is connected across the output winding, 1,18. A 
pentode mixer is used to provide the additional gain required because the 
45 Mils. I. F. strip has a lower gain than its 13.5 Mc/s. counterpart in 
H.2.8. Mark 11C4 

The I. F. Amplifier  

1328. A further VR.1.56 stage is used for the I. R amplifier, V.4. The 
anode load is the permeability-tuned inductance, 1..22, which resonates with 
0.23 and anode/earth capacity. H.T. is fed to V.4 anode through the high 
impedance choke, L.19, shunted by R.17. The output impedance at the white 
Pye plug is made accurately 100 ohms by choice of R.17, 1,21 and 0.23. 
The output goes to the brown ?ye plug on the panel and thence to the 11.2.6. 
I.F. strip. Para. 1323 outlines the remaining channels. 

The Aerial System, Type 184 

1329. This aerial system comprises two half-wave vertical dipoles provided 
with directors. Assembly details are shown in fig. 203. 

1330. Each aerial-director assembly is attached to the aircraft by a 
streamline section tube which contains a Pawsey stub comprising a quarter-
wave matching section and a quarter wave stub. The former connects the 
two halves of the dipole to the concentric feeder. The short tail of 
uniradio 4 has its braid removed where it enters the Pawsey stub and con-
tinues through the brass tube therein to connect to the upper dipole. The 
brass tube itself is connected to the lower dipole. The Pawsey stub 
assembly is secured mechanically to the dipoles by a guide tube and saddle 
clamp. The saddle clamp is secured by a 2BA bolt to a Permali cap. 
This cap is attached to the streamline section by 2BA studs which are fixed 
to brackets inside the section. The screw holes in the Ftrmali cap and 
also the edges of the streamline section meeting it, are waterproofed by 
the application of Bostick compound. The director is attached to the 
streamline section by means of a welded steel tube. 



C. D. 08961 

1331. A rectangular box is fitted inside the aircraft on both port and 
starboard sides. The inside dimensions are sufficient to accommodate the 
section or fairing carrying the Pawsey stub. The aerial is set up with 
the director pointing up and down and the steel tube connecting the director 
to the fairing parallel to the axis of the aircraft when in flight. The 
director must be in front of the radiating element. The distance from the 
dipole to the skin of the aircraft is adjusted to be exactly 25 on. The 
assembly is then secured in position by means of 4. bolts passing through the 
box and the transverse steel tubes in the fairing. The mouth of the box in 
the aircraft skin is then closed by means of a steel plate cut to the shape 
of the fairing. The whole aerial system is painted but care is necessary 
that no paint be left on the dipole insulators or on the Ferman cep. 

Switch Unit Maintenance and servicing 

1332 Details of the unit are shown in figs. 204. and 205. 

Contacts 

1333. Remove switch cover and examine all contacts carefully. The 
rounded contacts should fit truly on one another. They should be clean and 
not contaminated with oil, graphite or flux. If they require cleaning use 
a Contact Cleaner No.1 (1W6). A solvent such as carbon tetrachloride or 
aviation spirit may be used with advantage. 

Cams and Push Rods  

1334. The cams should not be over-lubricated as oil is then likely to get 
on the contacts. The lubricant to be employed is a mixture of anti-freezing 
oil (specification yini.201) and graphite oildag. The push rods should be 
clear in the holes in the springs through which they pass. If there is any 
fouling the motor should be replaced. 

springsets  

1335. The adjustment of the springsets should be undertaken with great 
care and, in general, only if replacements cannot readily be obtained. 

1336. The two moving springs in each set which are operated directly by 
the push rods should sit on the insulating buffer blocks when not making 
contact with the actuated springset. When making contact they should be 
lifted clear of the buffer block. In general, this.will ensure that adequate 
contact pressure is being maintained. If this condition is not found to be 
correct the springs concerned should be adjusted with the spring adjusters. 
Bending should be done by moving the adjuster smoothly along the spring blade 
with a stroking motion. 

1337. The second requirement is that angles over which contact is made 
should be correct for the springsets. The X and y aerial contacts should 
"make" for a period corresponding to 80-850  of rotation of the camshaft. 
The P and Q output contacts should "make" for 100-1100  of rotation. During 
the overlap period the aerial contacts must change over. To measure the 
angles of contact the switch must be removed from the chassis. This involves 
unscrewing the 4  panel bolts and disconnecting the feeder fran the transmitter 
socket. Switch tester (10SS/113) is supplied for testing the contact angles. 

1338. This item is a circular plate marked in degrees from 0-360°  with a 
small transparent pointer and the necessary screws for fitting to the switch. 
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The black markings in the centre of the plate are for a stroboscopic check 
of the switch speed. This is not normally required for the switch unit 
type 115 where speed is not critical. The engraved plate is fixed to the 
end of the camshaft on the side remote from the feeder outlet and held by 
the am screw supplied. The pointer is screwed on to the switch frame and 
spaced from it by the special collar also provided. The closing and opening 
of the contacts should be observed on an Avometer set to the resistance 
range 0-1000 ohms, or by means of a battery and a lamp continuity tester. 
The switch should be slowly rotated by hand, always in the sane direction, 
and the contact angles noted in a table. 
typical test is given below :- 

A table of results obtained in a 

Contact 1st Quadrant 2nd Quadrant 3r3 Quadrant 4th Quadrant Contact Periods 
Red Aerial From 800 	To 	163° From 2600 To 	312° 83, 82 
Green Aerial To 	73°  From 170° To 	253°  From 350°  83, 83 
P.2 output To 	81°  From 160° To 	264° From 338°  104, 103 
P.5 output Fran 68°  To 	176°  From 248° To 	355° 108, 107 

The other springsets are not used in TR0160. The table shows the fulfilment 
of the two requirements of limits 80-85m  for aerial contacts and /00-1100  for 
output contacts, and the completion of the aerial changeover in the overlap 
period. If a switch does not pass this test the contact angles should be 
adjusted by suitably bending the springs with spring adjusters. Nb attempt 
should be made to unlock the cams on the crankshafts If adjustment of 
spring:Jets does not give the required results the switch should be replaced. 

Governor 

1339. This requires no adjustment or oiling and should not be interfered 
with. 

Beals  

1340. The two ball-races on the mainshaft and the bearings on the camshaft 
should be lubricated when necessary with anti-freezing oil (ETE6201). 

Wormwheel  

1341. One or two drops of oildag may be placed on the wormwheel when 
required. Only the minimum quantity of lubricant must be used and care taken 
to ensure that it does not get on to the contacts. 

Motor 

1342. The motor can be removed for inspection or replacement by removing 
the four countersunk bolts securing it to the switch frame. In general it 
is not recommended•to adjust or service the motor. The following procedure 
is described for emergency only. 

The drive shaft should rotate freely am show no evidence 
of rough spots or stiffness. At the same time there 
should be no undue side or end play in the shaft. 
Before dismantling inspect the commutator and carbon 
brushes. The brushes are mounted at the end remote from 
the shaft in either paxolin or bakelite holders. They can 
be removed by undoing a screw. After removing the brushes 
inspect the commutator through thesperture with the aid of 
a bright light. If the commutator requires cleaning it may 
be possible to do it with a small piece of rag soaked in 
carbon tetrachloride introduced on the end of a match stick. 
Alternatively, very small pieces of fine glass paper may 
be used. Emery paper is not recommended. When replacing, 
take care that the brush is so put in that the concavity 
fits back on the commutator. When replaced, the brushes 
should move freely in their holders and not chafe the 
sides. The brush holder should not touch the commutator. 
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1343. To dismantle the motor for lubrication or checking of the internal 
wiring, undo the nuts securing the end plate. The armature and endplate 
can then be withdrawn. To separate the armature from the end plate push out 
the small pin through the driving shaft. This allows the shaft to be drawn 
through the bearing. Dimling the withdrawal collect the balls from the 
ball-race in a cloth or large paper. To lubricate the ball-race use a very 
small quantity of high melting point grease. Vaseline must not be used as 
it melts too easily. 

1344. When reassembling make sure that the brushes have been removed 
before fitting the armature into position. The end plate must be done up 
tightly and the pin through the shaft replaced. Finally the brushes should 
be replaced. 

1345. When putting the motor back into the switch assembly, make sure that 
the pin through the shaft engages correctly with the flexible insulating 
coupler which is keyed to accept it. It is important that the contacts on the 
motor make firm contact with the springs that supply the current. 

Bench Setting-Up Procedure  

1346. (a) Switch on the equipment and set the 4. position Iucero switch 
on the E.2.S. switch unit to "B" so that H.T. to the head 
amplifier is cut off and no B62.S. signals are visible on the 
height tube. 

(b) Set the gain control almost to maximum. The range marker and 
tail of the Inter° transmitter pulse should appear on a 
double-sided display. If the aerials are connected and there 
is a homing or beam approach beacon within range (a mile or 
so), locked and possibly unlocked beacon responses may appear. 
The noise amplitudes on the two sides should be equal. 

Counting Down Potentiometer, 2.5  

1347. Using Monitor 28 s- 

l

Trigger monitor from 20 microsecond pulse (Pye violet). 
Time base switch to "Frequency". 
Monitor input switch to "Direct". 

d Transmitter switch on control unit 222A in "ON" position. 
e) Apply waveform at junction of HO and 2.5 to the monitor 

28 and adjust 2..5 to give 3 lines on monitor screen. Set 
the control to the centre of the range which gives the 3 
lines and lock in this position (see fig. 199a). 

1348. Using phones t- 

Connect phones across the yellow/black I.F.F. suppression 
plug. 
ay turning the counting down control, g.5, the 3 ranges of 
setting, corresponding to counting down ratios of 2, 3 and 
4 to one, will be made obvious by changes in pitch of note. 
The snail unstable ranges are detectable by an unsteady 
pitch. Adjust the control to the centre of the range 
giving a steady note of the intermediate frequency, showing 
that the counting down is 3a. lock the potentiometer 2.5 
in this position. 

Note s Familiarity with this note enables a simple check 
of the counting down stage to be made on the 
daily inspection. 

(a)  

(b)  

(0) 
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Receiver Tuning 

1545. (a) With the Lucero unit on its aide detach the trimming 
tool from the side strut of the chassis. Set the 
4,-position Lucero switch on the H.2.8. switch unit 
to the "B" position. 

(b) Press the "A" Ex button on the control unit 222A. 
Check that the Rx turrets rotate into position 1. 
The number of the turrets should be visible through 
the cut-out in the base-plate. 

(c) Connect the "Sig.Gen" output on the W164$ to one of 
the aerial sockets through the attenuator provided. 
Set the appropriate frequency on the black dial scale 
(labelled "Sig. Gen") opposite the index. Set the 
incremental dial to sera. Plug in the head-set jack 
at the waveneter jack-point. 

(d) Check the dial calibration against the wavemeter 
crystal as follows :- 

(i) Set the wavemeter switch in the "xtal" 
position. 

(ii) Rotate the main dial to bring the nearest 
multiple of 5 Mc/s under the index. For 
example, if the wanted frequency were 177 
Mc/s the dial would be set to 175 Mc/i on 
the black "Sig. Gen." scale. If the 
calibration is correct the beat note will 
be heard in the phones. The wavemeter dial 
will then be set to 177 Me/s on the "Sig. 
Gen." scale and the receiver tuned as out-
lined below. 

(iii) If the beat note is not beard, rotate the 
main dial until it is obtained and note the 
reading. Suppose it is 175.5 M0/1. This 
means that 175.5 on the dial means 175 M4/e. 
That is, the dial reads 0.5 Mc/s high. 
Hence, if a signal of 177 Mo/s is wanted the 
dial must be set to 177.5 MC/s on the "sig. 
Gen." scale. Had the dial read 174.8 when 
the beat note was heard the dial would read 
0.2 liqis low. To get a 177110/8 output the 
required setting would be 176.8 Mils on the 
"Sig.Gen" scale. 

(e) Set the wavemeter switch to "ON". Lock the main dial 
at the setting on the "Sig.Gen" scale that will give 
the required frequency, as determined in (d). The 
height tube should now show C.W. interference. 
Set the gain control on the H.2.3. switch unit well 
below the level which will cause saturation of the 
11.2.5. Ex. With the trimming tool adjust the Luoero 
1.0. tuning control No.1 for maximum response. As 
tuning proceeds the H.2.S. gain should be checked to 
ensure that saturation is not occurring. 

(f) Tune the RF turret condenser No.1 in the same 
way. 

(g) Repeat the same routine for the B, C and D positions 
of the Rx push-buttons on the control unit. 

Transmitter-Tuning 

1.550. (a) Only preliminary approximate tuning can be done on the 
bench. Press the "A" Tx button on the control unit 
222A. Check that the Tx turret stops in position 1. 

(b) Set up the W164$ as a wavemeter, on the appropriate 
frequency as follows - 

(i) Set the wsvemeter switch to the "al" position 
(ii) Suppose the required frequency is 176 Mc/s. 

Set the nearest multiple of 5 Mo/a, i.e. 175 
Mo/s, on the red waveneter dial scale under the 
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index. Set the incremental dial to zero. 
Rotate the main dial slightly until the 
beat note is heard in the phones. Jock 
the main dial in this position, which means 
that the 11610 oscillator is working at 
160 Mc/s and the mixer IF coil is tuned to 
15 Mc/s. 

(iii) Set the incremental dial to +1. This means 
that the mixer IF coil is now tuned to 16 
Mc/s. If an external pulsed signal at a 
frequency of 176 Mc/a is now applied to the 
mixer valve, the signal will beat with the 
160 Mc/s. 11649 oscillator signal to produce 
pulses at the IF of 16 Mc/s, to which the 
mixer anode load is tuned. The mixer output 
voltage is applied to the cathode follower 
detector grid. The 10 Microsecond CR in the 
cathode of the OF detector will follow the 
envelope of the pulses and apply video 
pulses of a frequency equal to the Lucero 
p.r.f. to the grid of the output valve. 
The p.r.f. note will then appear in the 
phones. If the external signal applied 
to the 116451  does not differ from the 
11649 oscillator signal frequency by the 
IF, the mixer output will not be at its 
maxim= value and the p.r.f. note in the 
phones will not be at maxims intensity. 

(0) Set the wamemeter switch to "OH" and set up the 11649 
aerial rod or apply a signal to the input Pye plug). 
Tune the transmitter condenser No.1 for madman signal 
in the phones. 

(d) Repeat the same routine for the "B", "C" and "D" Tx 
push-buttons or the control unit 2221. 

Installation in Aircraft 

1351. (a) Connect up the installation and check that all Pye plugs 
are firmly in their sockets and secured by their wire clips. 

(b) Connect up the P.M. set and switch on 11.2.8. I.T. 

Checking Tranamitter Frequency  

1352. Set up the wavemeter 1649 in the aircraft. Tune the tredsmitter 
condensers to the appropriate frequencies. 

Checking the Displays  

1353. Cheek the appearance of the displays on the height tube when set 
for Ea.& only, E62.5. + beacons, beacons only, PUBS only, etc., to ensure 
that the switch motor, aerials and changeover switch are operating correctly. 

Checking DP 

1354. If there is a beacon in the vicinity responses should be visible 
on the timebase. These can be used to check the sense of the D.F. aerials. 
If the beacon is to port, the left wing of the response should be larger than 
the right wing. If the sense is wrong, check that the aerial feeders are 
correctly connected. 

Daily Inspection Recommended by Tags& for normal Blind 
Approach Use of Lacer° 

1355. (a) Connect P.E. set and switch on the equipment. 
b) Set ',metro switch to "OFF" and normal E62.S. display 

should be obtained. 
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Set Lucero switch to B + H. The local hosing beacon 
signal should appear on the display. If the control 
unit 222A is used the appropriate push-buttons must 
be operated. 
Set Lucero switch to B. Beacon display alone and 
local ground returns diminished. 
Set Lucero switch to BA (if jumper socket used) or 
operate appropriate push-buttons for the local BA 
signals. Set changeover switch for BA signals. 
Check that all ground returns disappear and only 
BA signals appear. 

1356, Check operation of gain control, scan-marker switch and range 
control. 

1357. Check that no undue or unusual amount of interference appears 
on the trace. If such interference appears check mbether it is due to 
the switch motor or external pick-up. If it is still present when both 
aerial feeders are disconnected from the TR.3180, the switch motor is at 
fault. 

1358. Check transmitter frequencies with the wavameter and adjust if 
necessary. 

1359. Check aerials for continuity and insulation with an iwometer and 
500 volts wagger. 

1360. Check all pye sockets for tightness of gland nut and small grub 
screw in the centre. 

Note a- If Lucero BA is to be used for accurate location of the 
beginning of runways and for blind landing in conjunction 
with other equipment such as a glide path indicator, a 
precision method of setting up the & 2.3. markers, will 
be incorporated in the p,I, and bench alignment. 
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