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NOTE TO READERS

The subject matter of this publication may be affected by Defence Council
Instructions, Servicing Schedules or “General Orders and Modifications™
leaflets in this A.P. in the associated publications listed below, or even in some
others. If possible, Amendment Lists are issued to correct this publication
accordingly, but it is not always practicable to do so. When an Instruction,
Servicing Schedule, or leaflet contradicts any portion of this publication, the
Instruction, Servicing Schedule, or leaflet is to be taken as the overriding authority.

The inclusion of references to items of equipment does not constitute authority for
demanding the items.

Each leaf, except the original issue of preliminaries, bears the date of issue and
the number of the Amendment List with which it was issued. New or amended
technical matter will be indicated by triangles positioned in text thus: €——p
to show the extent of amended text, and thus: p 4 to show where text has been
deleted. When a Part, Section or Chapter is issued in a completely revised form,
the triangles will not appear.

The reference number of this publication was altered from A.P.2891J, Volume 1
to A.P.114M-0200-1 in November, 1965. No general revision of page captions
has been undertaken but the code number appears in place of the earlier A.P.
reference on new or amended leaves issued subsequent to that date.

qRevised material issued after September 1969 has been brought into line with
current practice as follows:

(1) Frequencies are given in Hz, kHz and MHz instead of c¢/s, kc/s and
Mc/s. Since only parts of the manual are revised c/s and Hz may be
treated as synonymous.

(2) Semiconductor diodes are referred to in the text by the letter D as
opposed to V in earlier material. Since component locations painted
on chassis are unchanged, the references on revised circuit diagrams
and component layouts are given in the new form followed by the old
form in brackets e.g. 5D3 (5V8)

Certain earlier material contains the reference MR for semiconductor diodes and
this has not been revised; D and MR are to be treated as synonymous. p
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OUTLINE OF PERFORMANCE
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GENERAL

1. ARI 5919 is a 130kW X-band search radar system designed for installation
in all V-bombers. It is a light-weight and compact equipment consisting of a
tail-mounted radar unit and an indicator in the cockpit. The indicator combines
the functions of indicator and control unit.

2. The equipment is intended to form part of the ¢ECM» equipment ofoa
V-bomber to give warning of the presence of other aircraft within a 90 cone
to the rear. At a range of 10 miles, there is a 75% probability that a following
aircraft of Hunter size will be detected.

3. When airborne, the equipment will normally be maintained in a stand-by
condition (i.e. not transmitting) for most of the time. This is because the other
{ECM? equipment in the bomber includes ARI 18105. When required ARI 5919
can be switched to transmit in order to find the exact range and bearing of the
attacking fighters.

Chap.1
AL35, Jan.74 Page 1



4. Information is provided to the Air Electronics Officer in the form of an
"inverted' X-scope display. In this, the following aircraft appears as a bright
arc whose radius varies inversely as the range of the following aircraft so that
range is measured from the rim of the display.

5. Two timebase ranges are available; these are
(1) 0 to 5 nautical miles
(2) 0 to 18 nautical miles
SCANNING ‘
6. The equipment transmits a radar beam which is made to trace out a cone

whose apex angle varies in a cyclic manner. The result of this is a spiral scan
pattern consisting of an inward and an outward spiral. To do this, the scanner
mirror rotates at approximately 1,000 rev/min about the roll axis of the bomber
and at the same time the angle between the scanner mirror axis and the bomber
roll axis is made to vary gt a slow rate (1 cycle in 2%s). The spiral commences
with the beam centre at 2 from the bomber roll axis and, since the beam width

is 5.5° at half power points, this covers the dead-astern direction. The total
cover is a cone of semi-angle 45 . Fig. 1 gives an impression of this scanning
action though the spiral pattern is drawn with only a few lines for the sake of clarity.
Actually, the pattern contains 36 lines and the inward and outward spirals (18 lines
each) are interlaced. The lines are deliberately cramped slightly at the extreme
angles to improve the illumination of aircraft at the edge of the cover.

DISPLAY

7. In the situation shown in Fig.l, a following aircraft is within the cover of the
ARI 5919 equipment. Echo pulses are obtained from this aircraft, each time the
radar beam passes over it, and a paint appears on the display tube in the indicator.

8. The direction of the echo blip from the centre of the display tube is the
direction of the following aircraft from the bomber roll axis in the vertical plane
containing the bomber chord axes. pd . Aircraft approaching from the starboard
side of the bomber will always appear on the 4left-hand? side of the display and
those approaching from port on the dright? . This will apply whatever the
mounting position chosen for the indicator in the bomber and the operator must
ignore his particular position and merely refer to right and left as indicated.
Aircraft below the bomber roll axis will be indicated in the lower half of the display
and those above in the upper. It should be noted that the whole display is relative
to bomber axes.

9. The echo blip always appears as an arc of a circle varying between a complete

ring when the following aircraft (or missile) is dead astern, and being uniformly
illuminated by the innermost turn of the scanning spiral, and a short arc subtending
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about 5° at the centre of the display tube when the following aircraft is at the
maximum angle of 45° off. Interpretation of the display to obtain the angle
accurately is a difficult matter depending on the type of aircraft and the gain
setting of the equipment. The following list gives a rough guide.

Angle subtended by Angle off of following
echo blip (degrees) aircraft (degrees)
360 0
180 : 3
90 5
30 10
15 20
10 30
5 45

10. Generally, it should be sufficient for the pilot to be informed of the range
and direction of the attacker for him to start taking evasive measures.

Effect of roll

11. If the bomber rolls, the equipment rolls with it. Since the scan pattern is
generated about the roll axis, the scan pattern will still cover the same portion
of space as previously but any echo blip on the display will move round in a
direction opposite to the direction of roll.

Effect of pitch

12, Since there is no stabilization in pitch or roll, bomber pitch will alter the
elevation of the scan pattern and hence the apparent elevation of any following
aircraft.

Typical display

13. A typical display is given in Fig.2. The echo blip indicates that the attagker
is on thedleftrof the bomber and slightly above it. The blip subtecr)lds about 30

at the display tube centre indicating that the attacker is about 10 off the bomber
roll axis. The second trace ground returns, which are sometimes present,

show that the bomber is banked with ¢left-wingb down.

Range markers

14. Fixed marker circles, at 2 or 4-mile intervals depending on the timebase
range in use, are available.

Chap.!1
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IN-FLIGHT TESTING

15. In order to test the equipment when airborne, a Radar Signal Cartridge
is fired from the Very Pistol. This falls astern of the bomber and, if the
equipment is transmitting and working correctly, it should pick up an echo
from the cartridge and give a corresponding blip on the display. This will
increase in range at the bomber true air speed and should be visible out to

> miles range.

POWER CONSUMPTION

16. The power consumption of ARI 5919 is approximately

(1) 2A at 28V d.c.

(2) 1.3kW at 200V, 400Hz three-phase a.c. (power factor 0.9)
WEIGHT
l7. The weight of the complete pressurized tail assembly will vary with the

>omber type but should be approximately 200 1b (including the radome and
mounting ring). The weight of the indicator is 12 1b.

lage 4
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Chapter 2
GENERAL DESCRIPTION
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Introduction
1. ARI.5919 consists of the following items:— ring and radome vary with the type of aircraft and
there are normally two types; one for the Victor
(1) Radar unit 6934 Mk, 2 and the other for the Vulcan Mk. 2, A third
type, for Valiant aircraft, is possible. A view of the
(2) Indicator c.r.t. 6935 radar head for the Vulcan aircraft is given in Fig. 1.
(3) Radome 3. Radar units, rings and radomes are separately
delivered to units where they must be assembled
(4) Mounting ring into complete radar heads. The various radar heads
are known as:
(5) Backplate assembly
(1) Radar head 6931—for Victor
(6) Friction damper assembly
(7) Thermostat assembly (cooling air) (2) Radar head 6932—for Vulcan
8) Connectors (3) Radar head 6930—for Valiant.
2. The radar unit, when fitted to a mounting ring Once assembled, radar units and mounting rings will

and radome, becomes known as a radar head. The not normally be separated except for major repairs.
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Fig. 3. Thermostat assembly—circuit

cuit configuration is shown in the circuit diagram

(Fig. 3).

21. qWhen the temperature falls to —15°C, switch
S2 operates and connects the 28V d.c. supply to the
‘closing’ circuit of the motor driven air valve in the
aircraft system; the valve closes and remains closed
until its ‘opening’ circuit is energized. Switch 51
releases on rising temperature at +20°C connecting
the 28V d.c. supply to the ‘opening’ circuit of the
motor valve.p

FUNCTIONAL DESCRIPTION

22. A block diagram of the equipment is given in
Fig. 5.
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23. <fThe scanner aerial system rotates about the
aircraft roll axis at 1000 rev/min. The pulse repe-
tition frequency is 2000 c’s and is derived from a
free running oscillator in the waveform generator.
An output from the free running oscillator is ampli-
fied and used to drive trigger circuits.p»

24. One trigger circuit drives a circuit which gener-
ates the c.r.t. timebase waveform for the indicator.
This waveform consists of a sawtooth followed by a
sinusoildal overswing; the energy contained in the
overswing is approximately equal to that during the
sawtooth. The sawtooth portion represents move-
ment of the spot on the indicator c.r.t. from the centre
out to the edge and back again; the subsequent over-
swing represents movement from the centre to the
opposite edge and back again. A bright-up waveform,
also produced by the waveform generator, ensures
that the c.r.t. spot is only seen making an excursion
from the tube edge to the centre during the sawtooth
portion of the timebase waveform.

25. The timebase waveform is applied to an output
stage which produces a current waveform. This is
connected to the rotor of a synchro which is mounted
on the scanner and driven at the aerial spin speed.
Resolved outputs are obtained from the synchro and
these are applied to the indicator c.r.t. deflection
coils so that a rotating radial timebase is obtained.
This timebase starts at the edge of the tube and runs
to the centre giving a display of the form known
as ‘inverted’ X-scope. Range is measured from the
tube edge.

26. «fSince the repetition frequency of the time-
base is 2000 ¢ s and the scanner speed is 1000 r.p.m.,
it follows that approximately 120 strokes are displaved
for each scanner rotation. The timebase is not locked
to the scanner and there is a tendency for the picture
to have a spoking effect.pp

BAR

MICROSWITCH SI

BLOCK

ADJUSTING SCREW

Fig. 4. Thermostat assembly—general view



27. Another trigger circuit in the waveform
generator drives a circuit which produces 7 uS
pulses known as prepulses; the trailing edges of
these ultimately determine the triggering of the
transmitter. The prepulse must occur just before
the c.r.t. spot reaches the edge of the tube face on
its outward journey in order that zero range (the
instant at which the transmitter pulse occurs)
appears just after the start of the inward journey.

28. In the transmitter section of the equipment, a
trigger pulse is generated from the trailing edge of
the prepulse; this trigger pulse is used to drive a
thyratron valve which causes the discharge of an
artificial line through the primary of a pulse trans-
former to provide a driving pulse for the magnetron
transmitting valve. The } uS r.f. pulses from the
magnetron are connected to the r.f. unit (fig. 9).

29. The r.f. unit includes the r.f. block. This
consists of two matching, machined aluminium-

A.P.114M—-0200-1, Part 1, Sect. 1, Chap. 2
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alloy sections which are bolted together to form a
waveguide labyrinth. The labyrinth forms a
common T and R system employing hybrid 3 dB
slot couplers in such a manner that energy from the
magnetron is passed to the scanner and the signal
echoes reaching the scanner are passed via a signal
mixer to an i.f. strip. The r.f. block forms a
mounting for the i.f. unit; the klystron local
oscillator and the a.f.c. system are also part of the
r.f. unit and are mounted on the block.

30. A sample of the transmitter pulse is taken in
the r.f. unit and is connected to an a.f.c. mixer
together with the oscillations from the klystron
local oscillator. The resulting i.f. output from the
a.f.c. mixer is applied to a frequency discriminator
(frequency control unit 12131). This gives an
output of magnitude and polarity depending on the
degree and direction of the frequency difference
between the a.f.c. mixer output and the correct i.f.
of 30 MHz.

INDICATOR CRT

4 6935
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Fig. 5. Block diagram






31. The a.f.c. system also incorporates a search
feature which causes the klystron frequency to vary
n a cyclic manner until the i.f., as indicated by the
frequency discriminator output, is close to the
correct value. An a.f.c. lock system then operates
placing the klystron under automatic control which
maintains the klystron frequency at 30 MHz above
the magnetron frequency. Since the klystron
output also feeds the signal mixer, the signal
mixer output must then be at a frequency of 30
MHz as well.

32. In addition to maintaining the klystron
frequency correct, the a.f.c. system also ensures
that the klystron always operates in the centre of
the correct oscillation mode (i.e. at maximum
power). This is done by impressing a sinusoid
(one cycle of a sinusoidal waveform) on the klystron
reflector. By this means, the klystron power out-
put is made to vary and so give a variation of a.f.c.
crystal current during the sinusoid. The crystal
current waveform is examined in a discriminator
circuit (in the klystron control unit). The amplitude
and polarity of the time discriminator output
depend on the degree and direction of the departure
from mode-centre operation. This output is made
to alter the klystron conditions in the direction of
mode centre operation.

33. The sinusoid generating circuit is triggered by
a pulse from the waveform generator. This pulse,
known as the a.f.c. trigger pulse, occurs before the
prepulse so that the mode-centring activity takes
place during the dead period between the reception
of the lIongest range echoes and the occurrence of
the following transmitter pulse; the a.f.c. trigger
pulse is the first pulse to occur in the system.

34. The output of the if. unit consists of video
signals which are connected to amplifying and
gating circuits in the waveform generator. The
output from the waveform generator consists of
the amplified video signals mixed with range
markers and bright-up pulses; the composite wave-
form is applied to the indicator. After further
amplification in the indicator, the waveform is
applied to the c.r.t. to provide brightness modula-
tion of the display.

35. The if. amplifier is supplied with suppression
and swept-gain waveforms; these are developed
in the suppression unit from the prepulse. The
purpose of the waveforms is to suppress the i.f.
strip during the transmitter pulse and to allow the
gain of the strip to increase steadily after the
transmitter pulse; this prevents the strip from being
saturated by the transmitter pulse or by short-range
echoes. The i.f. strip is also supplied with a gain
control voltage. This is obtained from a poten-
tiometer network including the GAIN control on
the indicator and resistors in the waveform gen-
erator. The gain control voltage is fed to the
suppression unit and is applied to the i.f. strip
together with the suppression pulses.

A.P.114M-0200-1, Part 1, Sect. 1, Chap. 2
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36. The power supplies to the various circuits are
switched by means of the master switch on the
indicator in conjunction with a master relay unit
(fig. 7) and timing unit (fig. 9) in the radar head.
The purpose of the timing unit is to hold back the
application of h.t. supplies to the transmitter until
a period of five minutes has elapsed after the master
switch is moved from the OFF position.

Overall performance testing

37. A sample of the transmitter pulse is taken in
the r.f. unit and is connected to the resonator
performance testing (fig. 8) where it causes an
echo box toring. This ringis used during servicing
as a signal source for the receiver and enables the
overall performance of ARIL.5919 to be measured by
the gating unit (Part 2, Chap. 6). Under normal
operating conditions, to prevent the echo box
feeding an output into the receiver, a dummy
socket fitted to an output test plug (PLD on the
heat exchanger, para. 46) causes the echo box to be
driven off tune.

Indicator c.r.t. 6935

38. The indicator is a rack mounting unit situated
in the aircraft pressure cabin. It provides the
display for the Aircraft Electronics Officer and
carries all the controls necessary for operating
ARIL.5919 in the air. The controls are listed in
Chap. 12.

CIRCUIT DESCRIPTION

39. A complete circuit diagram, showing all the
components of the main frame circuit, and the
interconnections between the main frame and
various sub-units, is given in fig. 13. Details of
the interconnections between the radar head and
the indicator, and the aircraft system cabling, are
given in the cabling diagram ( fig. 12).

40. In the spares breakdown for the equipment,
only the assemblies held as complete spares are
considered as sub-units. The sub-units are shown
simply as blocks in fig. 13; circuit details are given
in other chapters of this Section as follows:—

Sub-unit Chapter
Waveform generator 3

Transmitter chassis assembly 4 p
Thyratron drive unit 4
Master relay unit 5
Timing unit 5
Scanning unit 6923 7

RF unit 6926

RF Block 8
I.F. unit 6927 9
Suppression unit 9
Frequency control unit 12131 10
Klystron and tuning mechanism 10
Klystron control unit 10
Relay unit (klystron) 6928 10
Stabilizer unit 11
Resonator performance testing 12549 13



«q41. Certain assemblies of the radar unit are not
considered as sub-units and components in these
assemblies are not prefixed by identifying numbers
but are referenced in the main frame series. An
exception to this rule is the transmitter chassis
assembly (Fig. 10). This carries components
referenced in the main frame series, namely
magnetron V33, magnetron blower X2, diodes
V23, V24, heater transformer T5 and pulse trans-
former T4. Despite its method of component
referencing the transmitter chassis assembly is held
as a spare sub-unit. Connections to the main
frame wiring are made via plug PL8 (fig. 10),
SK 10 and SK13.p

42. The various parts of the main frame circuit
are described together with their associated systems
in other chapters of this Section. A guide to the
various descriptive paragraphs is given in the
following list.

Components Chapter Remarks
Tl 4 High-voltage heater
supplies
T2 and DI to D18 11 H.T./L.T. power
(V5to V22) supplies

T3, V2to V4 4 Transmitter e.h.t.
supply

V25to V32 10 Klystron reflector
supply

Blower X1

5 Main blower
5 Protection against
loss of air pressure

X3, X4, 82,83

Wiring conventions
43. The following colour code is observed in the
equipment:

Supply Wire colour
200V, 400 c/s 3-phase

White phase White
Blue phase Blue
Red phase Red
-+285V Red
-+175V Red/Blue
+150V Red/green
—-175v Violet/green
—300V Violet
—1000V Orange
6-3V a.c. Brown
+28V Red

44. Where wires are soldered to numbered
terminals (as on transformers T1, T2, T3) the wire
terminations carry coloured markings correspond-
ing to the terminal numbers; the colour code is the
same as that used for resistor values. For example,
the wire connected to terminals 24 on T2 is marked
with a red band and a yellow band, the red band
being the one nearest the terminal. Where choke
terminals are numbered 1 and 2, 1 always refers to
the input end.

Plugs and sockets

45. All plugs and sockets on the heat exchanger
panel (those carrying services external to the radar
unit) have a letter suffix e.g. PLA. All internal
plugs and sockets have number suffixes.

46. Two test plugs are provided to enable the
monitoring of various quantities without the need
for releasing the unit pressure and removing the
pressure sleeve. Plug PLD is a 25-pole plug for the
connection of a piece of special test gear known as
meter unit (Monitoring) 6415. When the test gear
Is not attached, the plug must be fitted with a
dummy socket which makes the connections
marked with asterisks in fig. 13. Plug PLE
provides a monitoring point for the video output
of the i.f. strip, the mixed video output of the wave-
form generator, the prepulse and the magnetron
pulse. When ARI.5919 is installed in Victor and
Vulcan aircraft, the prepulse output from PLE
(pole A) is used to suppress the E.C.M. equipment
ARI.18105 for duration of the transmitter pulse
of ARI.5919.

Note on photographic illustrations Fig. 6-10

47. Tllustrations in other chapters of this pub-
lication have been revised and reissued to conform
with the modifications state of the equipment as at
September 1969. The photographic illustrations
in this chapter will be revised and reissued with a
later A.L. In the meantime the following points
should be noted.

(1) Fig. 6 Radar Unit 6934—side view 1.
(a) The waveform generator now appears
as in Part 1, Sect. 1, Chap. 1, Fig. 20.
(b) Components between the voltage
stabilizer unit and the waveform generator
arenow as in Part I, Sect. 1, Chap. 11, Fig. 1.

(2) Fig. 10. Radar Unit 6934—, end view.
The two upper valves visible in the voltage
stabilizer unit, in this view, are replaced by
semiconductor rectifier diodes (see Part 1,
Sect. 1, Chap. 10).

NOTES ON INITIAL ASSEMBLY

48. The radar unit, as delivered by the manu-
facturer, is packed in a storage case (Ref. No.
10D/21450). The storage case consists mainly of a
sealed cylindrical container enclosed in a metal-
bound wooden crate.

Unpacking

49. The procedure for opening the crate is as
follows :—

(1) Remove the twelve nuts securing the four
lifting straps to the upper half of the crate and
hinge the straps downwards.

(2) Remove the locking clips and release the
six fasteners.

(3) Lift off the upper half of the crate. The
inner, sealed container, which encloses the
radar unit is now accessible. Do not attempt
to remove it from the crate.
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50. A cavity, inside the crate, provides stowage
for a polythene envelope. The envelope contains
brief instructions for packing and unpacking the
equipment, and a drawing which gives details of
the packing case and special pack items.

51. Proceed to remove the radar unit from the
cylindrical container as follows:—

(1) Open the pressure equalizing valve by
turning it in a counter-clockwise direction.
The valve is located at the centre of the upper
half of the container drum.

(2) Unfasten the closure ring that secures the
flanged joint half-way up the container.
Allow the ring to drop on to the cushion round
the lower part of the container.

(3) Lift off the upper half of the container,
taking care to keep it clear of the radar unit
inside. Place it in the upper part of the outer
crate.

(4) Unhook one end of the each of elastic
cords and remove the loops from the scanner
balance weights.

(5) Remove the red-painted bolts securing the
angle-iron bearers to the lower part of the con-
tainer.

(6) Place the lifting beam (supplied in the
crate) across the guard bars taking care to keep
it clear of the scanner and dipole. Attach
the lifting beam shackles to the ends of the
angle-iron bearers.

(7) Secure a hoist to the lifting beam. Lift
the radar unit from the container and remove
the lower part of the packing case.

(8) Lower the radar unit to the floor, allowing
it to rest on the special baseboard attached to
the heat exchanger.

(9) Remove the lifting beam.

(10) Remove the four stiffnuts securing the
angle iron bearers to the radar unit. Lift off
the bearers and the guide ring for the radar unit
pressure sleeve.

(11) Release the baseboard retaining hooks
from the radar unit guide rollers.

(12) Hinge back the guide rollers and lower
the pressure sleeve as far as it will go.

(13) Remove the bearer studs from the radar
unit.

(14) Refit the various pack items to the angle
iron bearers and stow them in the lower drum
for future use.
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Radar head assembly

52. It is assumed that the radar unit has been
unpacked from its sealed container and that it is
standing on the floor with the scanner uppermost
and the heat exchanger protected with the wood and
felt baseboard from the packing case.

(1) Remove the fibreglass pressure sleeve by
lifting it upwards over the scanner assembly.
Be very careful not to damage the pressure
sleeve end rings in the process.

(2) Separate the radome from the aircraft
mounting ring.

(3) The aircraft mounting ring is supplied
complete with the necessary bolts, nuts, split
pins, nylon bushes, nylon washers and metal
washers for fixing it to the radar unit. Thedia-
gram of fig. 14 shows the method of assembly
at each of the four fixing points. The pro-
cedure is as follows:—

(a) Offer the mounting ring to the radar
unit in such a manner that the centre holes
for the lifting attachment (fig. 1) are at the
same side as the Schrader valves on the heat
exchanger (i.e. the side shown in fig. 7).
Allow the mounting ring to rest on the radar
unit and register the mounting holes in the
ring with the lugs on the radar unit.

MOUNTING SURFACE 141

AIRCRAFT RING BOSS
OF RADAR UNIT

5~ NYLON NSULATING
/8 UNF STAINLESS STEEL WASHER
BOLT AND CASTLE NUT

METAL WASHE
WITH SPLIT PIN ASHER

MOUNTING LUG
ON RADAR UNIT

NYLON INSULATING BUSH
PART OF RADAR UNIT

DATUM FACE OF .AIRCRAFT RING

Fig. 14. Mounting ring attachment

(b) Lift the edge of the ring, at a point near
one of the fixing holes. Fit a nylon bush to
the mounting ring in such a manner that the
the bush flange is between the ring and the
radar unit lug. Fit the other three bushes
in a similar manner.

(c) Pass a bolt, fitted with a metal washer
followed by a nylon washer, through each
nylon bush in the mounting ring. Make
sure that the threaded ends of the bolts pass
correctly through the mounting lugs of the
radar unit.

(d) Fit a metal washer and a castle nut to
each bolt. Tighten the nuts in rotation, a
little at a time, until all are secure. Do not
overtighten them to the point where dis-
tortion of the nylon bushes and washers is
likely to occur.

(e) Lock the castle nuts with split pins.
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Introduction
1. The waveform generator consists of seven sub-
units mounted on a sheet metal tray. The tray
carries inter-sub-unit wiring together with various
preset potentiometers and relays. Connections
between the tray and the sub-units are made via
micronector plugs and sockets.
2. The unit develops the following output wave-
forms.
(1) The prepulse. This is used to trigger the
modulator and to initiate the i.f. strip sup-
pression waveform.
(2) A bright-up waveform for the indicator.
(3) Theindicator timebase waveform.
(4) The a.f.c. trigger pulse.
(5) The mixed video waveform for the in-
dicator display. This includes signal echoes
and range markers.

GENERAL DESCRIPTION

3. A simplified block diagram of the waveform
generator is given in fig. 1.

Oscillator and stagger circuit

4, The repetition frequency of the equipment is
determined by the frequency of a 2 kHz oscillator.
The output of this oscillator is applied to a stagger

2kHz
STAGGER OSCILLATOR
100 Hz AFC TRIGGER | K.CU.
OSCILLATOR PULSE GENERATOR| ™ TRIGGER
TIMING PREPULSE
RUNDOWN TRIGGER
TIMEBASE PREPULSE
TRIGGER GENERATOR PREPULSE
TIMEBASE TIMEBASE TIMEBASE
GENERATOR AMPLIFIER AVEFORM
BRIGHT UP
DIFFERENTIATOR T en [ BRIGHT UP
LE VIDEQ VIDEO MIXED
VIDES | AMPLIFIER MIXER " ViDEo
RANGE
MAGNIELRLZ%- FLIP FLOP MARKERS
GENERATOR

Fig. 1. Waveform generator: block diagram
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circuit which provides a train of rectangular
pulses. The positive-going edges of these pulses
ultimately determine the start of the timebase sweep
on the indicator, the timing of the a.f.c. trigger
pulse, the occurrence of the prepulse and the firing
of the magnetron. The stagger, or variation in
interpulse period is achieved by mixing the 2 kHz
waveform with the output of a 100 Hz oscillator.

AF.C. trigger

5. The a.f.c. trigger pulse is generated by a block-
ing oscillator which delivers a 1 uS negative-going
pulse coincident with the leading edge of the timing
pulse from the stagger circuit. The a.f.c. trigger
pulse is the first pulse in the system ensuring that
the mode centering activity (Chap. 10) is completed
before the occurrence of the magnetron pulse.

Timing run-down

6. The timing pulse from the stagger circuit is
applied to a circuit which generates a linear voltage
run-down commencing at the onset of the timing
pulse.  There are two trigger circuits associated
with this run-down voltage; one of these determines
the timing of the prepulse and the other the timing
of the start of the timebase.

Timebase generator

7. Two timebase ranges are available, range 1,
0-5 n.m. and range 2, 0-18 n.m. Both ranges
require triggering before the prepulse since the
c.r.t. spot normally rests near the centre of the tube
face and has to run out to the edge before the
magnetron pulse occurs. The required timing of
the timebase trigger is determined by selecting the
point on the timing run-down at which the time-
base trigger operates.

8. The timebase generator commences operation
at the onset of the timebase trigger waveform. The
generator consists of a Miller integrator having a
tuned circuit as part of its anode load. The
integrator is fed first with a positive voltage so that
a linear voltage run-down is obtained. This
corresponds to spot movement from the centre to
the edge of the display. When the spot reaches the
edge of the display, the voltage at the integrator
grid is changed to a negative one and a linear
voltage run-up is obtained corresponding to the
timebase sweep. At the end of the run-up, the
integrator is cut off and the tuned circuit is allowed
to oscillate for one half cycle giving a voltage
overswing at the integrator anode. The waveform
so obtained, after passing through a.c. couplings,
will be balanced about a voltage such that the
energy during the sawtooth portion is equal to the
energy during the overswing. The amplitude of
the overswing therefore determines the position of
the spot on the c.r.t. at the end of the timebase
sweep. This is arranged to be such that an open
centre display is obtained.

9. The timebase voltage waveform is applied to an
amplifier which employs current negative feedback.
The current waveform obtained from the amplifier



is applied to the timebase synchro on the scanner
where it is resolved into components, proportional
to the sine and cosine of the angle turned through
by the aerial, for application to the deflecting coils
of the indicator c.r.t.

Prepulse generator

10. The prepulse generator is a blocking oscillator
which generates a 7uS rectangular pulse. The
voltage point on the timing run-down at which the
prepulse trigger circuit operates is arranged to be
such that the prepulse starts a few microseconds
before the end of the timebase run out, and there-
fore finishes a few microseconds after the start of
the timebase sweep. The magnetron pulse is
initiated by the trailing edge of the prepulse and
defines the point of zero range on the timebase.

Bright-up

11. A waveform, consisting of the timebase wave-
form without the overswing, is obtained from
the timebase generator stage and is applied to a
differentiator. The output of this consists of a
positive-going rectangular pulse lasting for the
duration of the integrator run-down followed by a
negative-going pulse lasting for the integrator
run-up. This waveform is applied to an amplifier
stage which provides two outputs coincident with
the negative-going part of the differentiator output
—a negative-going one {rom the cathode circuit and
a positive-going one from the anode. The pulse
from the cathode is applied to the video circuit in
the indicator ultimately providing a negative-going
excursion of the c.r.t. cathode to the point where
beam current is just cut off. Any further de-
pression of the c.r.t. cathode thus causes beam
current to flow and provide a spot on the c.r.t.

Video amplifier and mixer

12. The positive-going bright-up output from the
bright-up amplifier is used to gate the video mixing
circuit. The video output from the if. strip
(Chap. 9) is applied to the video mixing stage to-
gether with the range markers and both quantities
are gated by the bright-up pulse. The video output
from the mixer is applied via a coaxial cable to the
indicator where the signals are developed across a
100 ohms CONTRAST control.

13. The application of the bright-up pulse to the
video mixercauses a voltage pedestal to be developed
in the output and the video signals rise from this.
The pedestal drives the cathode ray tube in the
indicator sufficiently to lift the screen brightness to
the threshold of visibility when the indicator
CONTRAST control is adjusted for optimum signal
brilliance. 1f the incident illumination on the tube
face changes, the CONTRAST control will require
adjustment. The amplitude of the pedestal is
subject to the setting of the CONTRAST control.
Consequently, if optimum signal brilliance, is the
criterion for setting the CONTRAST control, the
threshold brilliance of the picture will be correct for
all settings and it will not be necessary for the user
to adjust the BRILLIANCE control (which sets the
“black” level) during operation.

14. The intensity of the range markers can be
adjusted independently of the signal echoes by
means of the MARKER BRILL control on the indicator.

Range markers

15. The magnetron pulse, obtained from a small
resistor in series with the pulse transformer in the
transmitter, is used to trigger a flip-flop circuit.
The negative-going rectangular pulse output from
this is applied to the range markers generator and
allows a train of short duration pulses to be
generated for a period corresponding to about 20
miles of range. The circuit is switched by the
range switch on the indicator to give pulses at
2-mile intervals on range 1 and 4-mile intervals on
range 2. These pulses are fed to the video mixing
stage to provide 2 or 4 mile range rings on the
display as appropriate to the timebase range. The
range markers circuit is made to operate by the
MARKERS switch on the indicator.

CIRCUIT DESCRIPTION

General

16. A complete circuit diagram of the waveform
generator system is given in Fig. 27. This circuit
includes the associated parts of various other units
in the radar head (e.g. scanner and indicator). The
following points should be noted with regard to the
convention used for circuit references.

(1) All components on waveform generator
sub-units are prefixed with the sub-unit number
(e.g. IR1 refers to R1 on waveform generator
(sub-unit 1).

(2) Components prefixed “w” are on the
waveform generator tray assembly (e.g. WRV1
is RV1 on the tray)

(3) Plug and socket poles are prefixed with
their location reference and an oblique stroke.
Plugs and sockets on the main framework of
the radar unit are prefixed G/. Note that 5/ re-
fers to the plug and socket connection between
waveform generator unit 5 and the tray but G5/
refers to the plug and socket connection between
the tray and the radar unit main framework
wiring.

17. The complete circuit diagram of Fig. 27 is
intended for use in following the circuit description
and for fault finding on a sub-unit basis. Separate
circuit diagrams of the individual sub-units, and
the tray are given on Fig. 22 to 26. Views of the
various sub-units and tray are given in Fig. 4 to 19.
Views of the complete waveform generator are
given in Fig. 20 and 21.

2 kHz oscillator

18. Valve 5V7 is a Hartley oscillator generating
a sinusoidal voltage at a frequency of approximately
2 kHz. The anode circuit consists of coil 5L1 in
parallel with capacitors 5C9 and 5C10; these
resonate at 2 kHz, The output is taken from 5V7
anode and is fed via 5C8 and 5R16 to the grid of
valve 1V5.



100 Hz oscillator

19. Valve 1V4 is a resistance-capacitance coupled
oscillator generating a sinusoidal voltage at a
frequency of approximately 100 Hz. The theory
of such an oscillator is given in A.P.1093E(2),
Chap. 8, Sect. 20. In order to prevent spurious
pulses being generated. 1V4 is cut off, by a circuit
involving 1D2 and 1D3, until such time as the out-
put from 5V7 has reached a maximum amplitude.
Valve 1V4 is cut off by about —16V from the chain
consisting of 1VI2 and 1R33 to 1R35 connected
across the —175V bias supply. The resulting
negative voltage across 1C15 is offset by the 2 kHz
output from valve 5V7 fed into the circuit by 1C16,
shunt rectified by 1D3 and used to charge 1CI15
via 1R33; the process takes about 16 sec. The
diode 1D2 prevents 1V4 bias becoming positive
when the output from valve 5V7 reaches maximum
amplitude.

2 kiHz staggered pulse generator

20. The 2 kHz sine waveform output from valve
5V7is applied to the grid of 1V5 via 5R16. Nega-
tive d.c. bias is applied to the valve from the junc-
tion of 5R16 and 1R14. The valve is driven into
grid current by the positive peaks of the 2 kH
waveform and is cut off by the negative peaks. A
rectangular waveform is obtained in the anode
circuit. The mark-to-space ratio of this waveform
depends on the points at which the 2 kHz wave-
form passes through the grid base of the valve;
these points are varied regularly by the presence of
the 100Hz waveform from 1V4 fed via 1C8 and
1R13. The main purpose of 1R13 is to prevent
1V5 grid current from charging 1C8 and clamping
the positive peaks of the 2 kHz waveform at earth
potential.

21. The output from the anode of 1V5 may be
considered as consisting of a train of positive-
going rectangular pulses at a repetition frequency
of 2 kHz having pulse-width modulation at 100 Hz
(waveform 2, Fig. 2). Since the time intervals
between the centres of consecutive pulses are equal
(the centres coincide with the negative peaks of the
2 kHz waveform), it follows that the time intervals
between the leading edges of consecutive pulses
vary at 100 Hz. The maximum difference between
one interval and the next occurs when the rate-of-
change of the 100 Hz voltage is a maximum; that
is, as it passes through zero. The greatest interval
occurs at the start of a positive half-cycle of the
100 Hz wave and the smallest at the end. The
mean interval, equal in duration to one cycle of the
2 kHz voltage, occurs at a positive or negative peak
of the 100 Hz voltage.

22. The leading edges of the positive-going pulses
at 1V5 anode ultimately determine the instants at
which the magnetron pulses occur. The inter-
pulse period of the equipment thus varies at 100 Hz
resulting in the spreading of any second trace
echoes on the display. This prevents echoes from
objects at ranges greater than those represented by
the interpulse periods from appearing on the
display as discrete echoes which would confuse
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the user. This is the only effect of the interpulse
period variation or ‘stagger’. The stagger may be
neglected completely when considering the action
of the rest of the circuits.

A.F.C. trigger

23. The a.f.c. trigger pulse, which initiates the
sinnusoid for the mode centering feature of the a.f.c.
system (Chap. 10) is generated by valves 1V1 and
V2.

24. The timing pulse from the anode of 1V5 is
connected to the control grid of 1V1 via a differ-
entiating circuit consisting of 1C1 and 1R2. The
valve is normally cut off by a negative voltage from
the junction 1R2, 1R1. The sharp positive-going
pulse, resulting from the differentiation of the
leading edge of the timing waveform, drives a pulse
of current through the valve and through the
primary of the pulse transformer 1T1 in the anode
circuit of 1V2, The negative pulse which occurs
at 1V1 grid, coincident with the end of the timing
pulse. has no effect on the valve since it is already
cut off by the negative grid bias.

25. Valve 1V2 is a blocking oscillator. The
theory of this type of oscillator is given in A.P.
1093E (2), Chap. 10, Sect. 8. The circuit is
triggered by the current pulse from 1V1 and the
output, consisting of a negative-going 1uS pulse
(waveform 4. Fig. 2), is taken from a tertiary
winding on the pulse transformer 1T1. The diode
ID1 prevents any positive-going overswing from
occurring after the output pulse.

Timing run-down

26. Valve 1V7 is connected as a Miller timebase
valve similar to that described in A.P.1093E (2)
Chap. 11, Sect. 10. The rectangular positive-
going timing pulse (waveform 3, Fig. 2) from 1V5
anode is connected to 1V7 suppressor grid via 1C9.
The diode 1D4 clamps the positive level of this
pulse at earth potential and 1V7 is therefore cut off
during the periods between pulses.

27. When the leading edge of a timing pulse
arrives at 1V7 suppressor grid, anode current
starts to flow through the valve and the normal
Miller run-down voltage occurs at its anode. The
rate of this run-down is determined by the time
constant 1C11, 1R20. At the end of the timing
pulse on the suppressor grid, anode current is cut
off by suppressor grid bias and the anode voltage
rises exponentially as 1C11 charges via 1R19 and
the grid-cathode impedance of the valve. This
voltage rise stops at about 100V since, at this
level, valves 1V8 and 5V1 start to draw grid current.

Prepulse generation
28. The prepulse, which determines the timing of

the magnetron pulse, is generated by the action of
valves 5V1, 5V2 and 5V4.

29. Valves 5VI1, 5V2 are connected in a cathode
coupled trigger circuit. The action of this is as
follows.
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Fig. 2. Timing, a.f.c. trigger, prepulse and timebase trigger: theoretical waveforms

30. The grid of valve 5V2 is caught at the voltage
of the junction wR8/WR6 by the diode 5D1. The
grid of 5V1 is connected to the anode of 1V7 and
it therefore follows the timing run-down voltage.
At the start of the timing run-down, 5V1 grid
voltage is high and 5V2 is cut off by cathode bias.

31. At the point in the run-down when the run-
down voltage (and therefore the common cathode
voltage of 5V1, 5V2) approaches 5V2 grid potential,
5V2 starts to conduct taking some of the current
from 5V1. 5BI1 anode potential rises and with it

the grid potential of 5V2 by coupling via 5CI.
5V2 anode current increases still further and,
because of the common cathode coupling 5V1
current decreases by the same amount. The action
is cumulative and ceases when 5V2 is fully con-
ducting and 5V1 cut off. The common cathode
potential is now determined by 5V2 grid potential
which has been lifted by the rise in 5V1 anode
potential. The time constant 5CI, 5R6, is long
enough (about 250uS) for the effect of the charging
of 5C1 on the grid potential to be ignored.



32. Valve 5V2 remains conducting with 5V1 cut
off until 5V1 grid rises at the end of the timing run-
down. As 5V1 grid passes through the common
cathode potential, the cumulative action takes
place in the opposite direction cutting off 5V2 and
driving 5V1 on. The resulting fall in 5V1 anode
potential, coupled via 5C1 drives 5C2 grid down to
the voltage at the junction wR8, wR6 where it is
caught by 5V3.

33, The output from the trigger circuit is taken
from the anode of 5V2. It consists of a negative-
going rectangular pulse which starts at some point
in the timing run-down (known as the prepulse
pick-off point) and ends at the end of the timing
run-down (waveform 6, Fig. 2).

34. Valve 5V4 operates as a blocking oscillator
whose output pulse length is determined by a delay
network 5DL1 in the grid circuit. The valve is
normally biased beyond cut off by a voltage derived
from the junction 5SR4, 5RS.

35. The leading negative-going edge of the pulse
from 5V2 is applied via 5C4 to the anode of 5V4.
This edge is applied in antiphase, by the action of
the pulse transformer 5TI, to 5V4 grid where it
drives the valve into grid current. The voltage
at the grid end of the grid winding on the trans-
former is limited at earth by the grid current and
a sharp negative edge therefore appears at the other
end. This is propagated along the delay network
and is reflected from the open circuit termination
with the same polarity. Since the delay time of the
network is 3-5 uS in each direction, a further
negative edge, of the same amplitude as that
applied but 7 uS later appears at the input terminals
of the network and thus cuts off 5V4. The network
then discharges via 5R4 and the voltage across it
decays exponentially to the steady voltage at the
junction 5R4, 5R5. The waveforms generated at
5V4 grid and at the junction 5R4, 5RS are given in
fig. 2 (waveforms 7 and 8). The h.t. supply to
5V4 is switched by contacts of relay wZ/l; the
operating coil of the relay is connected in serics
with WR7 across the —175V bias supply. The
reason for this is that the 4285V h.t. supply is
derived from silicon diode rectifiers whereas the
—175V supply was originally generated by valves.
Thus if the bias circuit were not allowed sufficient
time to warm up, (as when switching straight from
WARM UP to TRANSMIT) the prepulse generator
could run free at a high repetition rate which would
cause the transmitter overload circuit to trip.
Relay WZ/2 prevents this effect by ensuring that
the 285V h.t. supply cannot appear at 5V4 anode
until the —175V supply is present.

36. The prepulse output (waveform 9, fig. 2) is
taken from a winding on the transformer. Diode
5D2 is included to prevent any overshoot, or
ringing from the transformer, from appearing on
the prepulse. Another pulse, coincident with the
prepulse, is taken from a further winding to
operate the i.f. strip suppression circuit.
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Timebase trigger circuit

37. Since the rest position of the spot on the
indicator display tube is near the centre of the tube
face, the spot has to move out to the edge before
starting the timebase sweep. On both ranges the
timebase trigger must occur before the prepulse
trigger. On range 1 (0-5 n.m.) the timebase
trigger occurs 70 uS before the prepulse trigger and
on range 2 (0-18 n.m.) the timebase trigger occurs
30 xS before the prepulse trigger. The magnetron
pulse occurs about 1 uS after the end of the pre-
pulse (8 uS after start) and this instant is required
to be about 5 uS after the start of the timebase
sweep.

38. Valves 1V8 and 1V9 are connected as a
cathode coupled trigger circuit similar to that
already described for the prepulse trigger (para.
29). The time-base pick-off points on the timing
run-down (waveform 5, fig. 2) are determined by
the settings of WRV1 (range 1), wRV3 (range 2)
and the condition of relay 0. Relay contacts 10A
operate on range 2. Valve 1V10 clamps the
negative excursion of 1V9 grid to the pick-off
voltage. The voltages set by wRV1 and wRV3 are
both more positive than the prepulse pick-off so
that the timebase trigger occurs before the pre-
pulse on both ranges (waveform 5, Fig. 2).

39. The output from the timebase trigger circuit
is taken from the anode of 1V8 via 1Ci3. It
consists of a positive-going rectangular pulse
which starts at the instant determined by the pick-
off voltage on the timing run-down and ends at the
end of the timing run-down (waveform 10, Fig. 2).

Timebase generator

40. Valve 2V8 is connected in a Miller integrator
circuit. The anode voltage of the valve is required
to execute a linear run-down, followed by a linear
run-up, followed by a voltage overswing. The
run-down period ultimately provides a c.r.t. spot
movement from near the centre of the tube face
to the edge. The run-up provides spot movement
from the edge back towards the centre for the
timebase sweep. The voltage overswing ensures
that the timebase origin will be situated near the
centre of the tube face.

41. Valves 2V2, 2V3 form a cathode coupled
trigger similar to that used for the prepulse trigger
(para. 32). The operation of this circuit is initiated
by the leading edge of the timebase trigger wave-
form from 1V8 fed via 1C13. It is terminated
when the run-down voltage from 2V8 anode
reaches a particular level; the action of 2V8 is then
made to change from run-down to run-up.

42. Immediately before the leading edge of the
timebase trigger pulse, valve 2V8 rests at cut off
since its grid is connected via 2V6 to a negative
voltage at the junction wR4, wRS5 via pole 2B3.
Valve 2V9 will be conducting via 2R26 and, al-
though no anode current flows through 2V8, there
is a current flowing in the choke 2L1 as will be
explained later (para. 49). Valve 2VI10 is con-
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rises sharply taking the grid (and hence the cathode)
of the cathode follower 2V4 to the clamping
potential at the junction 2R 1, 2R2 by the action of
2D]. The voltage step (about +55V) at 2V4
cathode forms a low impedance voltage source
which drives the Miller integrator 2V8 via 2V5and
2R 15 (waveform 1, Fig. 3).

44, Valve 2V8 starts to conduct as a result of the
voltage rise at 2V4 cathode and the current flowing
through 2R15 (or 2R15, 2R34) discharges the feed-
back capacitor 2C5. The anode voltage of 2V8
therefore executes a linear run-down. Immediately
the run-down starts, 2V10 cuts off.

45. At some point on the run-down voltage
(approximately +45V) valve 2V7 conducts and
the run-down voltage appears at its anode. This
linearly falling voltage, applied to 2C3, 2R30,
causes an exponentially falling voltage (A.P.
1093E(2) Chap. 2, Sect. 3) to appear at 2V2 grid
and this eventually cuts off 2V2. The voltage rise
caused at 2V2 anode is coupled to 2V3 grid which
rises to approximately +22V where it is caught by
2V1. Valve 2V3 conducts resulting in a fall in the
voltage at 2V4 cathode which cuts off 2V5. The
input current to the Miller integrator 2V8 now
reverses since it flows from the —175V line via
2R21, wRV4 (range 2) or 2R23, wRVS5 (range 1).
The feedback capacitor 2C5 commences to charge
and 2V8 anode voltage starts a linear run-up. The
rate of this run-up is determined by the condition
of contacts 20B (relays O operate on range 2). At
the point when the run-up voltage passes through
+45V, 2V7 cuts off.

46. When the run-up voltage reaches + 100V,
2V10 conducts preventing any further voltage
increase and 2V9 cuts off breaking the feedback
circuit via 2C5.  The grid of 2V8, deprived of feed-
back, now moves quickly negative to the clamping
level, determined by 2V6, and 2V8 cuts off.

47. During the Miller action, the anode load of
2V8 consists of the tuned circuit 2L1, 2C6 in
parallel with the anode load resistor 2R26. If a
voltage is applied across the terminals of a choke,
the current driven through the choke will depend
on the voltage and the length of time for which it is
applied. The current change in the choke during
the Miller action is therefore proportional to the
integral of the Miller waveform. Also, although
the voltage across the choke varies during the wave-
form, it has uniform polarity and the resulting
current change will be in the same direction
throughout the waveform. It was stated in para.
42 that some current flows in the choke at the start
of the Miller waveform. This current is in
opposite direction to that induced during the wave-
form and the amount of current flowing when 2V8
cuts off is the increase in current during the wave-
form less that which was flowing at the start.

48. When valves 2V8 and 2V9 cut off, the resistor
2R26 is disconnected allowing the resonant circuit
2L1, 2C6 to oscillate at its natural frequency. At
the start of this action, there is a current flowing in
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the choke and there is also a small voltage across it
(approximately —10V since one end of the choke
is connected to 90V at the junction 2R27, 2R28
and the Miller run-up terminated at 4-80V). At
the start of the oscillatory action, the voltage
increases positively to zero as 2C6 discharges
causing a slight increase in current. Then follows
a complete positive half-cycle of voltage; at the end
of this, the voltage across the circuit is again zero
the current being a maximum in the opposite
direction. The voltage then moves sinusoidally
negative until it is about —10V when the potential
at 2V8 anode falls to +80V and 2V9 conducts
providing a path through 2R26 for the current.
The current is less than that normally drawn by
2V10 so that the current passing through that
valve, when 2V9 conducts under these conditions,
is reduced but the voltage at 2V9 anode (and hence
at 2V8 anode) remains at +80V.

49. The voltage across 2L1 is now fixed at —10V
andthis figure determines the current through it.
Since the voltage is constant, the rate of change of
current must be constant also and it follows that
the current decreases in a linear manner. Before
the current decreases to zero, the next trigger
pulse edge arrives at 2C2 grid and the next Miller
run-down action commences. This explains why
there 1s current flowing in the choke at the start of
the Miller run-down (para. 42).

50. The amplitude of the positive-going voltage
overswing at 2V8 anode, after the valve cuts off, is
determined by the current in the choke at the cut
off point; this, in turn, depends on the current in
the choke at the start of the Miller action which,
in turn, depends on the rate of change during the
period between the end of the overswing and the
next trigger pulse.

51. The waveform at 2V8 anode (waveform 2,
Fig. 3) will be balanced about a voltage level such
that the energy represented by voltage excursions
above the level will balance the energy represented
by those below. Thus, the larger is the positive
overswing, the greater will be the difference between
the balance level and the voltage (4-80V) at the
end of the Miller run-up, and the larger will be the
open centre obtained on the indicator display.
The resistor 2R28 determines the size of the open
centre since it determines the voltage across the
choke at the end of the overswing and hence the
current in the choke at the start of the Miller action.

52. The waveform at the anode of 2V8 is con-
nected via 2C7 to the network consisting of 2C12,
2R25, 2R24 and either WRV6 or wRV7 depending
on the setting of the range switch on the indicator.
Potentiometers WRV6 and wRV7 are included only
to adjust the circuit for component tolerances and
to give a fine control of the timebase amplitude on
the display. Part of the timebase waveform is
connected from the junction 2R24, 2R25 to the
input grid of the timebase amplifier circuit. Capa-
citor 2C12 is included in parallel with 2R25 to
balance the input capacitance of the amplifier
circuit so preventing distortion of the waveform.



Timebase amplifier

53. The timebase amplifier consists of a push-pull
voltage amplifier circuit 3V1 and 3V2 followed by
a push-pull output circuit 3V3, 3V4,

54. The circuit of the voltage amplifier is similar
to that described in A.P.1093E(2) Chap. 7, Sect. 23.
The output stage follows normal practice and
should require no further explanation. Current
negative feedback, from the output circuit, is
applied to the cathode circuit of 3V1. The voltage
waveform across 3R2 is similar to waveform 2,
Fig. 3. and represents the current waveform
obtained in the c.r.t. deflector coils. Resistor
3R14, across the output of the circuit is included to
assist in damping any tendency to high frequency
oscillation.

Bright-up circuit

55. Valve 2V9, in the timebase generator circuit,
is cut off during the period of the positive-going—
overswing on the timebase waveform. The wave-
form at the anode of 2V9 therefore consists of a
triangular wave, formed by the run-down and run-
up voltages from 2V8 anode (waveform 3, Fig. 3).
This waveform is applied to a differentiating valve
6V9.

56. Valve 6V9 is a high gain amplifier and a
‘virtual earth’ may be considered to exist at its grid
since a large change of output voltage will be
obtained for an infinitesimal grid voltage excursion.
Any input voltage applied to the grid circuit is
developed across the input capacitor 6C10. The
current flowing through 6C10 will be proportional
to the rate-of-change of input voltage and, if grid
current is not to flow, this current must flow
through the feedback network 6R18, 6V12, 6R24
and 6C12. 6V9 anode voltage therefore follows
the rate-of-change of the voltage applied to 6C10
(i.e. it is a differentiated version of the input
voltage).

57. 1In order that the differentiator circuit may
always work within the anode voltage swing of
6V9, an asymmetric time constant is used in the
feedback arm 6R18, 6D4, 6R24 and 6Cl12; the
asymmetry is due to the diode 6D4. At the onset
of the run-down voltage from 2V9 anode, 6V9
anode moves sharply positive. It remains steady
during the period of the run-down. At the—
transition from run-down to run-up, 6V9 anode
moves to a level more negative than its starting
point, where it remains until the end of the run-up
voltage, and returns to the quiescent level. The
asymmetric time constant reduces the amplitude
of the positive-going waveform due to the run-down
voltage, since 6D4 conducts under this condition
and the feedback arm is virtually 6R18 alone.
Conversely, on the run-up voltage 6D4 is non-
conducting and the feedback arm becomes 6R18
and 6R24 in series thereby increasing the amplitude
of the negative-going waveform due to the run-up
voltage.

58. The output from 6V9 is applied via 6Cl11 to
the grid circuit of 7V1. The positive-going part
of the waveform is developed across 7R2 and has no
effect on the valve since the grid potential is pre-
vented from rising by grid current. The following
negative-going portion of the waveform cuts off
7V1 and a positive-going rectangular pulse, lasting
for the duration of the timebase sweep, is obtained
from the anode of the valve (waveform 5, Fig. 3);
an antiphase version of this is obtained at the
cathode. At the end of the driving pulse, 7V1
returns to grid current. The positive-going pulse
from the anode circuit is used to gate the video
mixer circuit (para. 69). The negative-going
pulse from 7V1 cathode circuit is used to define the
‘black’ level for the indicator c.r.t. (para. 71).

Range markers

59. The range markers circuit produces a train of
short duration pulse at intervals corresponding to
2 miles on range 1, and 4 miles on range 2. The
train lasts for about 20 miles of range and is
initiated by the magnetron pulse.

Starting and sustaining circuit

60. Valves 6V1 and 6V3 are connected as cathode
coupled flip-flop circuit. In this, 6V3, is normally
conducting and 6VI1 cut off since their grid poten-
tials are determined by the voltages at the junctions
6R1, 6R2 and 6R2, 6R3 respectively. The grid of
6V3 is prevented from rising above the voltage at
the junction 6R1, 6R2 by the action of the clamping
diode 6V2.

61. The magnetron pulse, obtained from a small
resistor in series with the pulse transformer in the
transmitter (Chap. 4), is connected via 6D1 and
6C2 to 6V1 grid and drives the valve into conduc-
tion. The diode 6DI1 is included to prevent any
negative-going rings following the magnetron
pulse from cutting 6V1 off again. When a
magnetron pulse arrives, 6V1 anode voltage falls
and cuts off 6V3 by coupling through 6C4. Valve
6V3 remains cut off after the end of the magnetron
pulse until 6C4 discharges via 6R8. The time
taken for this corresponds to about 20 miles of
range.

Oscillator

62. Valve 6V5 is a series fed Hartley oscillator
having one of the tuned circuits 6L1, 6C6 (range 2)
or 6L2, 6C7 (range 1) in its grid-cathode circuit.
The appropriate tuned circuit is selected by
contacts 60D and 60E which operate accordingly
to the postion of the range switch on the indicator.

63. The rectangular waveform (waveform 7,
fig. 3) at 6V1 anode is applied via 6C3 to the grid
circuit of 6V4 where its positive level is d.c. restored
to earth potential by a diode 6D2. Valve 6V4
conducts during the positive-going portion of the
waveform, damping the oscillatory circuit and
preventing it from operating. During the ne-
gative-going portion of the waveform from 6V1,
6V4 cuts off allowing 6V5 to oscillate for a period
corresponding to about 20 miles of range following
the magnetron pulse (waveform 8, fig. 3).



Output circuit

64. Valve 6V7 is normally in grid current since
its control grid is connected via 6R14 to the + 150V
line. The negative-going half cycles of the
oscillation from 6L1, 6C6 or 612, 6C7 are con-
nected to the grid of 6V7 via the diode 6V6 and cut
off the valve. The diode 6V6 prevents 6V7 grid
current from damping the tuned circuit. Each
time 6V7 cuts off a positive-going voltage pulse is
obtained across the choke 613 in its anode circuit.
Each time the valve conducts again a negative
voltage pulse would occur at the anode but it is
removed by the diode 6D3. The resulting wave-
form at 6V7 anode thus consists of a train of
positive-going sharp pulses each pulse being
coincident with the start of a negative-going half-
cycle of voltage at 6V7 grid (waveform 9, Fig. 3).

65. The anode circuit of 6V7 is connected to the
h.t. line via contacts of relay wQ; the range
markers are thus available when relay wQ is not
operated. The relay is controlled by the MARKERS
switch on the indicator.

Video amplifier

66. Valve 4V3 is the partner of the output valve
in the i.f. unit (Chap. 9). Resistors 4R6, 4R7 form
the common cathode load. Positive-going video
signals on the control grid of the if. unit output
valve cause positive-going video signals to appear at
4V3 anode; these are limited by the action of 4V3
which cuts off at large signal amplitudes.

67. The positive-going limited output from 4V3
is applied via 4Cl1 to the grid of a cathode follower
valve 4V2. The diode 4D1 is a d.c. restorer which
ensures that the signals and noise at 4V2 grid rise
from earth potential. The video output at 4V2
cathode is connected via poles 4/D4 and 7/D3 to
the grid of 7V4 (where it forms the video input to
the video and marker mixing stage) and via G8/B
to GE/F (video test).

Video and marker mixing stage

68. Valves 7V3 and 7V7 are connected as a long-
tailed pair whose cathode circuit includes valves
7V4 and 7V8. The grid of 7V3 is connected to a
more positive point on the potential divider 7R14,
7R1S, 7R16 than is the grid of 7V7. In the static
condition, with no inputs to any of the valve
control grids, 7V3 conducts and the common
cathode potential of 7V3, 7V7 is determined by the
potential at the junction 7R14, 7R15 and 7V7 is cut
off by cathode bias. The grid of 7V8 is returned
to a negative voltage at the junction 7R20, 7R19 so
that, in the static condition, 7V4 conducts and
7V8 is cut off. It is convenient to regard 7V4,
7V8 as current generators, 7V3 as a gate valve, and
7V7 as a ‘sink’ taking any surplus currents.

69. The positive-going bright-up pulse from 7V1
(para. 58) is applied via 7C2 and 7R7 to the grid
circuit of 7V3. The diode 7D2 clamps the peak
of this pulse to the potential at the junction 7R 14,
7R15. Valve 7V3 can thus only conduct during
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the bright-up pulse since, when the pulse is not
present, the valve grid falls in potential by an
amount equal to bright-up pulse amplitude. When
the bright-up pulse is absent any current passed by
7V4, 7V8 flows through 7V7 and 7R21.

70. The voltages appearing at the anode of 7V3, as
a result of current through the valve during the
bright-up period, form the video input to the in-
dicator. The connection is made by means of a
coaxial cable terminated by the 100 ohms CONTRAST
control in the indicator. The bright-up pulse
(para. 58) lasts for the duration of the timebase
sweep and the magnetron pulse (para. 37) occurs
a few microseconds after the start of the timebase
sweep. To prevent signals and noise from appear-
ing before the transmitter pulse, the prepulse is
applied to the grid of 7V7 from the pulse trans-
former in 5V4 anode circuit. The connection is
made via 7C7 and 7R18. The amplitude of the
prepulse is great enough to hold 7V7 on, even
though the bright-up pulse has started at 7V3 grid.
7V3 therefore starts to conduct at the end of the
prepulse and cuts off at the end of the bright-up
pulse; this applies on both ranges.

71. The current turned on in 7V3 by the bright-up
pulse generates a negative-going voltage pedestal
and the negative-going video signals and markers
fall from this. During the periods between bright-
up pulses, the indicator c.r.t. operates beyond
beam cut off. The negative-going bright-up pulse
from 7V1 cathode is applied to the indicator and
the indicator BRILLIANCE control is adjusted so that
this pulse is just sufficient to depress the tube
cathode potential to beam cut off or ‘black’ level.
The video pedestal from 7V3 depresses the c.r.t.
cathode potential still further lifting the picture
brightness to the threshold of visibility. Since this
pedestal is adjusted by the CONTRAST control, the
picture threshold will be correct for all levels of
incident illumination on the tube face if the
CONTRAST control is adjusted for optimum signal
brightness.

72. Positive-going video signals from 4V2 are
applied via 7C4 and 7R11 to the grid of 7V4. The
negative level of these signals is clamped at earth
potential by the action of the d.c. restoring diode
7D3. The current which flows in 7V4 thus con-
sists of standing current (or steady state current)
plus video current.

73. In the absence of video signals, the current
flowing through 7R10 (the cathode load of 7V4)
consists of standing current plus about 1-5 mA
which flows via 7R6 and the diode 7D1. For
video signals which cause an increase of less than
1-5mA through 7V4, the cathode load is decoupled
by 7C3 and the valve operates at high gain. When
the video current exceeds 1-5 mA, the current
passed by 7DI falls to zero and 7DI cuts off dis-
connecting the decoupling capacitor 7C3. Valve
7V4 then works with negative current feedback
and the gain is reduced in consequence. The
circuit thus operates at high gain for small signals



and at reduced gain for large ones. The gain
obtained for large signals is determined by the
value of 7R10 which determines the amount of
negative feedback. This resistor also determines
the bias on the valve when the diode is conducting.
In order to ensure that the valve works at a point
on its characteristic where high gain can be ob-
tained for small signals, the bias is adjusted by the
current which flows from the —175V line via 7R9.
It should be noted that the cathode-screen grid
voltage of 7V4 is high to enable it to handle a
large signal input without running into control grid
current.

74. The current turned on in 7V3 by the bright-
up pulse is the standing current of 7V4 less the
current by-passed through 7R21. In the absence
of 7R21, all the standing current of 7V4 would be
available and this would generate too large a video
pedestal. The current turned on in 7V4 by the
video signals is an increase above the pedestal level
and pulses of video current therefore flow through
7V3 during the bright-up. The cathode-screen
grid voltage of 7V3 is low and the valve therefore
limits large signals. The common cathode po-
tential then falls allowing 7V7 to conduct and
bleed away the excess video current. Valve 7V7
has a high cathode-screen grid voltage to enable it
to behave as an efficient ‘sink’.

75. Marker information is added to the video
signals by the action of 7V8. The 2 or 4 mile
range markers are connected to 7V8 grid from the
anode of 6V7 via 6C9.

76. The range markers are of sufficient amplitude
to drive 7V8 into grid current setting a limit to the

anode current which they turn on in the valve.
The value of the limited anode current is deter-
mined by the screen potential of the valve. This
can be varied, so carrying the brightness of the
markers on the display, by means of the MARKER
BRILL knob on the indicator.

77. Assuming the bright-up pulses to be present
at 7V3 grid, the current turned on by the markers
in 7V8 flows through 7V3. Any excess current,
beyond that necessary to cause limiting in 7V3,
flows through 7V7. Any marker pulses occurring
after the end of the bright-up pulse have no effect
on 7V3 and flow entirely through 7V7.

Gain control
78. The gain control voltage in this equipment is
obtained from the indicator and is ultimately added
to the suppression waveform before application to
the i.f. strip.

79. A circuit consisting of the indicator GAIN
control, wRVS8, 4R9. 4R10 is connected between
earth and the —175V line. The gain voltage for
the suppression unit is taken from the junction
wRVE, 4R9 and is adjustable by either wWRV8 or
the indicator control. Potentiometer WRVS is the
preset control and its setting determines the
minimum gain control voltage and therefore the
maximum gain of the i.f. strip.

80. A connection is also made from the junction
WRV8, 4R9 to pole U of the 26 pole test plug D via
poles G11/B3, GI11/B4 (resonator performance
testing). This enables the receiver gain to be set
at the gating unit 10D/23451 during overall
performance testing.
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