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CERTIFICATION
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tested and inspected and found to meet its published specifications when it
was shipped from the factory. The Hewlett-Packard Company further
certifies that its calibration measurements are traceable to the U.S. National
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WARRANTY AND ASSISTANCE
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Hewlett-Packard products that require maintenance and repair on-site.

For any assistance, contact your nearest Hewlett-Packard Sales and Service
Office. Addresses are provided at the back of this manual.
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WARNINGS

SAFETY

If this instrument is to be energized via an auto-
transformer for voltage reduction, make sure the
common terminal is connected to the earthed pole
of the power source.

BEFORE SWITCHING ON THIS INSTRUMENT,
the protective earth terminals of this instrument
must be connected to the protective conductor of
the (mains) power cord. The mains plug shall only
be inserted in a socket outlet provided with a
protective earth contact. The protective action
must not be negated by the use of an extension
cord (power cable) without a protective conductor
(grounding).

Make sure that only fuses with the required rated
current and of the specified type (normal blow,
time delay, etc) are used for replacement. The use
of repaired fuses and the short-circuiting of fuse
holders must be avoided.

Whenever it is likely that the protection offered by
fuses has been impaired, the instrument must be
made inoperative and be secured against any unin-
tended operation.

GROUNDING

Any interruption of the protective (grounding)
conductor (inside or outside the instrument) or
disconnecting the protective earth terminal is likely
to make this instrument dangerous. Intentional
interruption is prohibited.

HIGH VOLTAGE

Any adjustment, maintenance, and repair of the
opened instrument under voltage should be
avoided as much as possible and, when inevitable,
should be carried out only by a skilled person who
is aware of the hazard involved.

Capacitors inside the instrument may still be
charged even if the instrument has been discon-
nected from its source of supply.

Adjustments and service described herein are per-
formed with power supplied to the instrument
while protective covers are removed. Energy avail-
able at many points may, if contacted, result in
personal injury.

Warnings and Cautions

CAUTIONS

LINE VOLTAGE SELECTION

BEFORE SWITCHING ON THIS INSTRUMENT,
make sure the instrument is set to the voltage of
the power source.

GROUNDING

BEFORE SWITCHING ON THIS INSTRUMENT,
ensure that all devices connected to this instrument
are connected to the protective (earth) ground.

BEFORE SWITCHING ON THIS INSTRUMENT,
ensure that the line power (mains) plug is con-
nected to a three-conductor line power outlet that
has a protective (earth) ground. (Grounding one
conductor of a two-conductor outlet is not
sufficient.)

POWER SENSOR INPUT

See Operating Precautions in Power Sensor Oper-
ating and Service Manuals for maximum power
levels which may be safely coupled to this system.
Levels which exceed the limits may damage the
Power Sensor, Power Meter, or both.
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General Information

SECTION 1|
GENERAL INFORMATION

1-1. INTRODUCTION

1-2. This manual provides information pertaining
to the installation, operation, testing, adjustment
and maintenance of the HP Model 435A Power
Meter.

1-3. Figure 1-1 shows the 435A with accessories
supplied.

1-4. Packaged with this manual is an Operating
Information Supplement. This is simply a copy of
the first three sections of this manual. This supple-
ment should be kept with the instrument for use
by the operator. Also included with the manual is
an overall schematic diagram. Additional copies of
both the Operating Information Supplement and
the Overall Schematic Diagram may be ordered
separately through your nearest Hewlett-Packard
office. The part numbers are listed on the title page
of this manual.

1-5. On the title page of this manual, below the
manual part number, is a “Microfiche” part
number. This number may be used to order
4x6-inch microfilm transparencies of the manual.
The microfiche package also includes the latest
Manual Changes supplement as well as all pertinent
Service Notes.

1-6. Instrument specifications are listed in Table
1-1. These specifications are the performance
standards or limits against which the instrument
may be tested.

1-7. INSTRUMENTS COVERED BY MANUAL

1-8. Options 001, 002, 003, 009, 010, 011, 012,
and 013 of the 435A are documented in this
manual. The differences are noted in the appro-
priate location such as OPTIONS in Section I, the
Replaceable Parts List, and the schematic diagrams.

1-9. This instrument has a two-part serial number.
The first four digits and the letter comprise the
serial number prefix. The last five digits form the
sequential suffix that is unique to each instrument.
The contents of this manual apply directly to
instruments having the same serial number pre-
fix(es) as listed under SERIAL NUMBERS on the
title page.

1-10. An instrument manufactured after the print-
ing of this manual may have a serial prefix that is
not listed on the title page. This unlisted serial
prefix indicates that the instrument is different
from those documented in this manual. The
manual for this instrument is supplied with a
yellow Manual Changes supplement that contains
change information that documents the
differences.

1-11. In addition to change information, the
supplement may contain information for cor-
recting errors in the manual. To keep this manual
as current and accurate as possible, Hewlett-
Packard recommends that you periodically request
the latest Manual Changes supplement. The supple-
ment for this manual is keyed to the manual’s print
date and part number, both of which appear on the
title page. Complimentary copies of the supple-
ment are available from Hewlett-Packard.

1-12. For information concerning a serial number
prefix not listed on the title page or in the Manual
Changes supplement, contact your nearest Hewlett-
Packard office.

1-13. DESCRIPTION

1-14. The Power Meter and a compatible Power
Sensor are interconnected with the Power Sensor
Cable to form a power measurement system. The
system power level range, frequency response, and
load impedance are dependent on the Power
Sensor.

1-15. Accuracy of the power measurement system
is ensured by the following Power Meter charac-
teristics:

a. An internal automatic zeroing -circuit
which removes error due to the ambient temper-
ature output of the Power Sensor’s power sensing
device.

b. A calibration factor adjustment which
accounts for error due to the frequency response
of the power sensing device.

c. An internal calibration reference which
has an output of 1 mW = 0.7% (5092).

1-1
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Table 1-1. Specifications

System Accuracy:
Instrumentation Uncertainty: +£1% of full scale
on all ranges (0 to 55 degrees C).

Zero Carryover: *0.5% of full scale when zeroed
on the most sensitive range.

Reference Oscillator Accuracy:
20.70% (1 mW at 50 MHz, traceable to National
Bureau of Standards).

Power Range: 55 dB with 10 full-scale ranges of 3,
10, 30, 100, and 300 uW; 1, 3,10, 30, and 100 mW;
also calibrated in dB from —25 dBm to +20 dBm
full scale in 5 dB steps.

Reference Oscillator: Internal oscillator with Type N
female connector on front panel or rear panel (Opt-
ion 003 only). Power output 1.00 mW * 0.70% at
50 MHz.

Stability: +0.02%/°C to 55°C).

Noise and Drift: Typically 1.5% of full-scale peak on
3 uW range, less on higher ranges (at constant
temperature).

Response Time: 2 seconds on 3 uW range, 0.75 sec-
ond on 10 uW range, 0.40 second on 30uW range,

SPECIFICATIONS

and 100 milliseconds on all orhter ranges. (Typical,
time constant measured at recorder output).

Cal Factor: 16-position switch normalizes meter read-
ing to account for Calibration Factor or Effective
Efficiency. Range is 100% to 85% in 1% steps.
100% position corresponds to Calibration Factor
at 50 MHz.

Cal Adj: Front panel adjustment provides capability
to adjust gain of meter to match power sensor in
use.

Recorder Qutput: Proportional to indicated power
with 1 volt corresponding to full scale; 1 k{2 out-
put impedance, BNC connector.

RF Blanking Qutput: Provides a contact closure to
ground when auto-zero mode is engaged.

Power: 100, 120, 220, or 240 Vac +5%, —10%, 48
to 440 Hz, less than 10 VA.

Weight: Net, 5 Ib, 12 oz (2,6 kg).

1-16. OPTIONS

1-17. Battery

1-18. The Model 435A, Option 001 Power Meter
is supplied with a rechargeable battery that pro-
vides up to 16 hours continuous operation from a
full charge.

1-19. If the 435A was purchased without the
battery option, it may be ordered in kit form
under HP part number 00435-60012. The kit
includes the battery, the battery clamp, a 6-32 x
1/2-inch pan head machine screw and installation
instructions.

1-20. Input-Output Options

1-21. Option 002. A rear panel input connector is
connected in parallel with the front panel input
connector.

1-2

1-22. Option 003. A rear panel input connector
replaces the standard front panel input connector;
a rear panel POWER REF OUTPUT connector
replaces the standard front panel connector.

1-23. Cable Options

1-24. A 5-foot Power Sensor cable is normally
supplied. The 5-foot cable is omitted with any
cable option. The option and cable length are
shown in the table.

Option Cable Length (feet)
009 10
010 20
011 50
012 100
013 200
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1-25. ACCESSORIES SUPPLIED

1-26. The accessories supplied with the 435A are
shown in Figure 1-1.

a. The b5-foot Power Sensor Cable, HP
00435-60011, is used to couple the Power Sensor
to the 435A. The 5-foot cable is omitted with any
cable option.

b. The line power cable may be supplied in
one of four configurations. Refer to the paragraph
entitled Power Cables in Section II.

c. A fuse with 1/8A rating for 220/240 Vac
(HP 2110-0027) is supplied. It may replace the
factory installed 1/4A fuse (HP 2110-0004) for
100/120 Vac. Refer to Line Voltage Selection in
Section II.

1-27. EQUIPMENT REQUIRED BUT NOT
SUPPLIED

1-28. To form a complete RF power measurement

system, a Power Sensor such as the HP Model

8481A must be connected to the Power Meter via

the Power Sensor Cable.

1-29. EQUIPMENT AVAILABLE

1-30. The HP Model 11683A Range Calibrator is
recommended for performance testing, adjusting,
and troubleshooting the 435A. The Power Meter’s

General Information

range-to-range accuracy and auto-zero operation
can easily be verified with the Calibrator. It also
has the capability of supplying a full-scale test
signal for each range.

1-31. An extender board (HP part number
5060-0683) may be used to place the A4 assembly
printed circuit board in a position that allows easy
access to test points and components.

1-32. RECOMMENDED TEST EQUIPMENT

1-33. The test equipment shown in Table 1-2 is
recommended for use during performance testing,
adjustments, and troubleshooting. To ensure
optimum performance of the 435A, the specific-
ations of a substitute instrument must equal or
exceed the critical specifications shown in the
table.

1-34. SAFETY CONSIDERATIONS

1-35. The 435A is a Safety Class I instrument.
This instrument has been designed according to
international safety standards and has been supplied
in safe condition.

1-36. This operating and service manual contains
information, cautions, and warnings which must be
followed by the user to ensure safe operation and
to retain the instrument in safe condition.

1-3
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DC POWER SUPPLY

RANGE SWITCH (3100-3211)

7°] ; 196K
- * 100mW | (8110570
—O¢H—O0————

DIVIDER OUTPUT

363,3K §
O8L1-057D % 55\

548. 5K §
08110572%  Jomw

139.8K ¢
081105317 3y

26, 88K ¢
081105743 1w

7.309K ::
(0811-0575) 3004w

2.207K ¢
(08110576)§ 1004w

687.7
081105781 30,
————o
216.4 ¢
08110579 1ouw

68.38
08110577 § 3w
t———= NOTES

3Le2 ¢ 1. HP PART NUMBERS IN
(0811‘3214),J' PARENTHESI S.
7 2. ALL RESISTORS 1/20w, 0, 1%,

Figure 1-2. Voltage Divider Network

Table 1-2. Recommended Test Equipment

Instrument Type Critical Specifications Suggested Use*
Model

Digital Voltmeter Ranges 100 mVde , 1000 mVde HP 34804/ P,A,T
10 M ohm input impedance 3482A
4-digit resolution *(0.05% of reading * 0.02% of range).

Oscilloscope Bandwidth dc to 50 MHz HP 180A/ P,A,T
Vertical sensitivity 0.2 V/division 1801A/1821A
Horizontal sensitivity 1 ms/division

Range HP11683A

Calibrator

Voltage Divider +0.1% resistors See Figure 1-2 P

Network

DC Power Supply Voltage Range 0 to 20 Vdc HP 6204 A P

Load regulation £0.01% +4 mV
* P = Performance Tests; A - Adjustments; T = Troubleshooting.
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Installation

SECTION 1l
INSTALLATION

2-1. INTRODUCTION

2-2. This section includes information on the
initial inspection, preparation for use, and storage
and shipment instructions of the HP Model 435A.

2-3. INITIAL INSPECTION

2-4. Inspect the shipping container for damage. If
the shipping container or cushioning material is
damaged, it should be kept until the contents of
the shipment have been checked for completeness
and the instrument has been checked mechanically
and electrically. The contents of the shipment
should be as shown in Figure 1-1. Procedures for
checking electrical performance are given in
Section IV. If the contents are incomplete, if there
is mechanical damage or defect, or if the instru-
ment does not pass the electrical performance test,
notify the nearest Hewlett-Packard office. If the
shipping container is damaged, or the cushioning
material shows signs of stress, notify the carrier as
well as the Hewlett-Packard office. Keep the
shipping materials for the carrier’s inspection. The
HP office will arrange for repair or replacement
without waiting for claim settlement.

2.5. PREPARATION FOR USE

2-6. Meter Zeroing

2-7. With the LINE switch set to OFF, the meter
pointer should be positioned directly over zero. If
necessary, insert a screwdriver into the mechanical
Meter Zero control (beneath the meter) and align
the pointer with zero. Back the adjustment off
slightly. The backlash in the control ensures against
a meter indication error caused by jarring the
instrument.

2-8. Power Requirements

2-9. The 435A requires a power source of 100,
120, 220, or 240 Vac, +5% —10%, 48 to 440 Hz
single phase. Power consumption is less than 10 VA.

WARNING

If this instrument is to be energized via an
autotransformer for voltage reduction,
make sure the common terminal is con-
nected to the earthed pole of the power
source.

2-10. Line Voltage Selection

CAUTION

BEFORE SWITCHING ON THIS IN-
STRUMENT, make sure the instrument
is set to the voltage of the power source.

2-11. Figure 2-1 provides instructions for line volt-
age and fuse selection. The line voltage selection
card and the proper fuse are factory installed for
120 Vac operation.

2-12. Power Cable

2-13. In accordance with international safety
standards, this instrument is equipped with a
three-wire power cable. When connected to an
appropriate ac power receptacle, this cable grounds
the instrument cabinet. The type of power cable
plug shipped with each instrument depends on the
country of destination. Refer to Figure 2-2 for the
part numbers of the power cable plugs available.

WARNING

BEFORE SWITCHING ON THIS
INSTRUMENT, the protective earth
terminals of this instrument must be
connected to the protective conductor of
the (mains) power cord. The mains plug
shall only be inserted in a socket outlet
provided with a protective earth contact.
The protective action must not be negated
by the use of an extension cord (power
cable) without a protective conductor
(grounding).

2-14. Interconnections

2-15. The Power Meter and a Power Sensor are
integral parts of this measurement system. Before
measurements can be performed the Power Meter
and Sensor must be connected together with the
Power Sensor Cable. (The cable is supplied with
the Power Meter.)

2-16. The power sensor cable couples the dc
supply and sampling gate drive from the 435A to

2-1
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2-32. Packaging

2-33. Original Packaging. Containers and materials
identical to those used in factory packaging are
available through Hewlett-Packard offices. If the
instrument is being returned to Hewlett-Packard
for servicing, attach a tag indicating the type of
service required, return address, model number,
and full serial number. Also mark the container
FRAGILE to assure careful handling. In any
correspondence refer to the instrument by model
number and full serial number.

2-34. Other Packaging. The following general in-
structions should be used for re-packaging with
commercially available materials:

a. Wrap the instrument in heavy paper or
plastic. (If shipping to a Hewlett-Packard office or

2-4
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service center, attach a tag indicating the type of
service required, return address, model number,
and full serial number.)

b. Use a strong shipping container. A double-
wall carton made of 275-pound test material is
adequate.

c. Use enough shock-absorbing material (3
to 4-inch layer) around all sides of the instrument
to provide firm cushion and prevent movement
inside the container. Protect the control panel with
cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container FRAGILE to
assure careful handling.
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Operation

SECTION I1ii
OPERATION

3-1. INTRODUCTION

3-2. This section provides complete operating
instructions for the HP Model 435A Power Meter.
The instructions consist of: panel features, opera-
tor’s checks, operating instructions, power meas-
urement accuracy, and operator’s maintenance.

3-3. PANEL FEATURES

3-4. Front and rear panel features of the 435A are
described in Figures 3-2 and 3-3. These figures
contain a detailed description of the controls,
indicators, and connectors.

3-5. OPERATOR’S CHECKS

3-6. Upon receipt of the instrument, or to check
the Power Meter for an indication of normal
operation, follow the operational procedure shown
in Figure 3-4. These procedures are designed to
familiarize the operator with the 435A and to give
him an understanding of the operating capabilities.

3-7. OPERATING INSTRUCTIONS

3-8. General operating instructions are contained
in Figure 3-5. The instructions will familiarize the
operator with the basic practices used when oper-
ating the 435A.

WARNING

Any interruption of the protective
(grounding) conductor (inside or outside
the instrument) or disconnecting the
protective earth terminal is likely to make
this instrument dangerous. Intentional
interruption is prohibited.

3-9. POWER MEASUREMENT ACCURACY

3-10. A power measurement is never free from
error or uncertainty. Any RF system has RF losses,
mismatch losses, mismatch uncertainty, instrumen-
tation uncertainty and calibration uncertainty.
Measurement errors as high as 50% are not only
possible, they are highly likely unless the error
sources are understood, and as much as possible,
eliminated.

3-11. Sources of Error and Measurement
Uncertainty

3-12. RF Losses. Some of the RF power that
enters the Power Sensor is not dissipated in the
power sensing elements. This RF loss is caused by
dissipation in the walls of waveguide power
sensors, in the center conductor of coaxial power
sensors, in the dielectric of capacitors, connections
within the sensor, and radiation losses.

3-13. Mismatch. The result of mismatched
impedances between the device under test and the
power sensor is that some of the power fed to the
sensor is reflected before it is dissipated in the
load. Mismatches affect the measurement in two
ways. First, the initial reflection is a simple loss
and is called mismatch loss. Second, the power
reflected from the sensor mismatch travels back up
the transmission line until it reaches the source.
There, most of it is dissipated in the source
impedance, but some of it is re-reflected by the
source mismatch. The re-reflected power returns to
the power sensor and adds to, or subtracts from,
the incident power. For all practical purposes, the
effect the re-reflected power has upon the power
measurement is unpredictable. This effect is called
mismatch uncertainty.

3-14. Instrumentation Uncertainty. Instrumenta-
tion uncertainty describes the ability of the
metering circuits to accurately measure the dc
output from the Power Sensor’s power sensing
device. In the 435A, this error is less than *1%. It
is important to realize, however, that a 1% meter
does not automatically give 1% overall measure-
ment accuracy.

3-15. Power Reference Uncertainty. The uncer-
tainty of the output level of the Power Reference
Oscillator is +0.70%. This reference is normally
used to calibrate the system and is, therefore, a
part of the systems total measurement uncertainty.

3-16. Cal Factor Switch Resolution Error. The
resolution of the CAL FACTOR switch contributes
a significant error to the total measurement
because the switch has 1% steps. The maximum
error possible in each position is +0.5%.

3-1
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3-17. Corrections for Error

3-18. Calibration Factor and Effecitve Efficiency.
The two correction factors basic to power meters
are calibration factor and effective efficiency.
Effective efficiency is the correction factor for RF
losses within the Power Sensor. Calibration factor
takes into account the effective efficiency and
mismatch losses.

3-19. Calibration factor is expressed as a percent-
age with 100% meaning the power sensor has no
losses. Normally the calibration factor will be
100% at 50 MHz, the operating frequency of the
internal reference oscillator.

3-20. The Power Sensors used with the 435A have
individually calibrated calibration factor curves
placed on their covers. To correct for RF and
mismatch losses, simply find the Power Sensor’s
calibration factor at the measurement frequency
from the curve or the table that is supplied with
the Power Sensor, and set the CAL FACTOR
switch to this value. The measurement error due to
this error is now minimized.

3-21. The CAL FACTOR Switch resolution error
of +0.5% may be reduced by one of the following
methods:

1) Leave the CAL FACTOR switch on 100%
after calibration, then make the measurement,and
record the reading. Use the reflection coefficient,
magnitude and phase angle, from the table supplied
with the Power Sensor to calculate the corrected
power level.

2) Set the CAL FACTOR Switch to the
nearest positions above and below the correction
factor given on the table. Interpolating between
the power levels measured provides the corrected
power level.

3-22. Calculating Total Uncertainty

3-23. Certain errors in calculating the total
measurement uncertainty have been ignored in this
discussion because they are beyond the scope of
this manual. Application note AN-64, “Microwave
Power Measurement”, delves deeper into the
calculation of power measurement uncertainties. It
is available, on request, from your nearest HP
office.

3-24. Known Uncertainties. The known uncer-
tainies which account for part of the total power
measurement uncertainty are:

3-2
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a. Instrumentation uncertainty *1% or

+0.05 dB.

b. Power reference uncertainty +0.7% or
+0.03 dB.

¢. CAL FACTOR switch resolution +0.5% or
+0.02 dB.

The total uncertainty from these sources is +2.2%
or +0.1 dB.

3-25. Calculating Mismatch Uncertainty. Mismatch
uncertainty is the result of the source mismatch
interacting with the Power Sensor mismatch. The
magnitude of uncertainty is related to the magni-
tudes of the source and Power Sensor reflection
coefficients, which can be calculated from VSWR.
Figure 3-6 shows how the calculations are to be
made and Figure 3-7 illustrates mismatch uncer-
tainty and total calculated uncertainty for two
cases. In the first case, the Power Sensor’s VSWR =
1.5, and in the second case, the Power Sensor’s
VSWR = 1.25. In both cases the source has a
VSWR of 2.0. The example shows the effect on
power measurement accuracy a poorly matched
power sensor will have as compared to one with
low mismatch.

3-26. A faster, easier way to find mismatch uncer-
tainty is to use the HP Mismatch Error (uncer-
tainty) Limits/Reflectometer Calculator. The
calculator may be obtained, on request, from your
nearest Hewlett-Packard office by using HP part
number 5952-0448.

3-27. The method of calculating measurement
uncertainty from the uncertainty in dB is shown
by Figure 3-8. This method would be used when
the initial uncertainty calculations were made with
the Mismatch Error/Reflectometer Calculator.

3-28. OPERATOR’S MAINTENANCE

3-29. The only maintenance responsibilities the
operator should normally perform are primary
power fuse replacement, LINE switch lamp
replacement, and rechargeable battery replace-
ment.

3-30. Battery replacement is the only undertaking
that requires tools, and then only a Pozidriv
screwdriver is needed.
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3-31. Fuses

3-32. The primary power fuse is found within the
A5 Power Module Assembly on the Power Meter’s
rear panel. For instructions on how to change the
fuse, refer to the paragraph entitled Line Voltage
Selection in Section II.

CAUTION

Make sure that only fuses with the
required rated current and of the specified
type (normal blow, time delay, etc.) are
used for replacement. The use of repaired
fuses and the short-circuiting of fuse-
holders must be avoided.

3-33. Lamp Replacement

3-34. The lamp is contained in the white plastic
lens which doubles for a pushbutton on the LINE
switch. When the 435A LINE switch is ON and is
being operated by the available line power, the
lamp should be illuminated. Figure 3-1 illustrates
how to remove and install the lamp.

3-35. Battery Replacement

3-36. If the meter indicates that the battery is
discharged by a full downscale reading, and after

Operation

charging the battery still will only power the 435A
for a short period of time, the battery is probably
defective. The replacement battery, BT1 (HP Part
Number 1420-0096), may be ordered through the
nearest Hewlett-Packard office. Refer to Battery
Installation in Section II.

KNURLED NUT,
HP 0590-0923

LAMP _HP 2140-024@

'.
GUIDE

PUSHBUTTON, PLASTIC LENS

HP 3101-0559

POWER LAMP REPLACEMENT

1. Remove lens by pulling straight out.
2. Replace lamp.
3. To replace lens, align guide with notch in receptacle.

push straight in.

Figure 3-1. Line Switch Lamp Replacement
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OPERATOR’S CHECKS
1. BEFORE SWITCHING ON THIS INSTRUMENT, ensure that the power transformer
primary is matched to the available line voltage, the correct fuse is installed, and the safety
precautions are taken. See Power Requirements, Line Voltage Selection, Power Cables, and
associated warnings and cautions in Section II.

CAUTION

1. BEFORE CONNECTING LINE POWER TO THIS INSTRU-
MENT, ensure that all devices connected to this instrument are
connected to the protective (earth) ground.

2. BEFORE SWITCHING ON THIS INSTRUMENT, ensure that the
line power (mains) plug is connected to a three-conductor line
power outlet that has a protective (earth) ground. (Grounding one
conductor of a two-conductor outlet is not sufficient.)

2. Set the meter indication to zero with the mechanical Meter Zero control. Back the control
off slightly.

3. Connect the Power Sensor to the 435A with the Power Sensor Cable.

4. Connect the Power Cable to the power outlet and Power Module receptacles. Set the LINE
switch to ON; the lamp within the switch lens should be illuminated.

5. Set the Power Meter controls as follows:

RANGE switch position - A
CAL FACTOR switch . . . . . . . . . . . . .100%
POWER REF switch .« .« .+ . . . . . . . .OFF

6. Press the ZERO switch and verify that the meter pointer moves to zero (0) and the RF
BLANKING OUTPUT is shorted to ground.

7. Set the RANGE switch to the 3 mW position.

8. Connect the Power Sensor to the POWER REF OUTPUT, set the rear panel POWER REF
switch to (ON), and verify the meter indicates approximately a 1 mW output (502 Power
Sensor).

9. Step the CAL FACTOR switch through its range noting a small increase in meter reading
with each successive step. Reset the CAL FACTOR switch to 100%.

10. Set the RANGE switch to the 1 mW position. Adjust the CAL ADJ control for a full-scale
meter reading (502 Power Sensors).

11. Check at the rear panel RECORDER OUTPUT jack for an output of =1 Vdc.

12. To check operation using battery power, disconnect the power cable from the rear panel
Power Module receptacle and set the LINE switch to ON (the lamp within the switch lens
will not be illuminated). When a power measurement is made, a normal upscale reading
indicates normal operation; a full downscale reading indicates the battery is discharged.

Figure 3-4. Operator’s Checks
3-6
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OPERATING INSTRUCTIONS

1. BEFORE SWITCHING ON THIS INSTRUMENT, ensure that the power transformer
primary is matched to the available line voltage, the correct fuse is installed, and safety
precautions are taken. See Power Requirement, Line Voltage Selection, Power Cables, and
associated warnings and cautions in Section II.

CAUTION

1. BEFORE CONNECTING LINE POWER TO THIS INSTRU-
MENT, ensure that all devices connected to this instrument are
connected to the protective (earth) ground.

2. BEFORE SWITCHING ON THIS INSTRUMENT, ensure that the
line power (mains) plug is connected to a three-conductor line

power outlet that has a protective (earth) ground. (Grounding one
conductor of a two-conductor outlet is not sufficient.)

2. Set the meter indication to zero with the mechanical Meter Zero control. Back the control
off slightly.

3. Connect the Power Sensor to the 435A with the Power Sensor Cable.

4. Connect the Power Cable to the power outlet and Power Module receptacles. Set the LINE
switch to ON; the lamp within the switch lens should be illuminated.

5. Set the Power Meter switches as follows:

RANGE position . . . . . . . . . . . . . . .3uW
CALFACTOR . . . . . . . . . . .+ . . . .100%
POWER REF . - .« . . . . . . . . . . . OFF

6. Press the ZERO switch, allow 5-seconds for the zeroing operation to take place, and release
the switch.

7. Set the RANGE switch to the 1 mW position, connect the Power Sensor to the POWER REF
OUTPUT, set the rear panel POWER REF switch to (ON), and adjust the CAL ADJ control
for a full-scale reading (5092 Power Sensors only). The meter pointer should be aligned with
the CAL mark (full-scale reading) on the meter face.

8. Disconnect the Power Sensor from the POWER REF OUTPUT and set the POWER REF
switch to OFF.

9. Locate the calibration curve on the Power Sensor cover. Find the CAL FACTOR for the
measurement frequency; set the CAL FACTOR switch accordingly.

Figure 3-5. Operating Instructions (1 of 2)
3-7
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OPERATING INSTRUCTIONS

10. Set the RANGE switch such that full scale is greater than the power level to be measured.

CAUTION

See Operating Precautions in the Power Sensor Operating and Service
Manuals for maximum power levels which may be safely coupled to
this system. Levels which exceed the limits may damage the Power
Sensor, Power Meter or both.

11. Connect the Power Sensor to the RF source. Read the power level in dBm, uW, or mW on
the panel meter.

NOTE

When the battery is being used as the power supply for the Power
Meter, an automatic test circuit continually monitors battery condi-
tion. When the battery voltage is above a predetermined level, the
meter indicates the correct power level. When the voltage drops below
the threshold level, the meter reading is full downscale.

3-8

Figure 3-5. Operating Instructions (2 of 2)
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CALCULATING MEASUREMENT UNCERTAINTY

1. Calculate the reflection coefficient from the given VSWR.

_ VSWR —1
P 7 VSWR + 1
Power Sensor #1 Power Sensor #2 Power Source
o _ 1.5—1 o _ 1.25—1 o _ 20—1
! 1.5+1 2 1.25+1 s 2.0 +1
B 0.5 B 0.25 _ 1.0
2.5 2.25 3.0
= 0.2 = 0.111 = 0.333

2. Calculate the relative power and percentage power mismatch uncertainties from the reflection
coefficients. An initial reference level of 1 is assumed.

Relative Power Uncertainty

PU = [1% (0,091

PU, = {1+1[(0.2)(0.333)]} PU, = {1+ ((0.111)(0.333)]}
= {1+0.067)> = {1+0.037)
= {1.067}2 and {0.933}2 = {1.037}2 and {0.963}2
- 1.138 and  0.870 = 1.073 and  0.928
Percentage Power Uncertainty
%PU = (PU—1)100% for PU > 1 and —(1 — PU) 100% for PU < 1
%PU, = (1.138—1) 100% and —(1 — 0.870) 100%
= (0.138) 100% and —(0.130) 100%
= 13.8% and —13.0%
%PU, = (1.073 —1) 100% and —(1 — 0.928) 100%
= (0.073) 100% and —(0.072) 100%

=  17.3% and —1.2%

Figure 3-6. Calculating Measurement Uncertainties (1 of 2)
3-9
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10[bg<

1.138
MU, =10[bg< - ﬂ and
= 10 [0.056] and
and
and
= +0.56 dB and
1.073
MUy =10 [log( ﬂ and
= 10 [0.031] and
and
and
= +0.31 dB and

3. Calculate the Measurement Uncertainty in dB.

P P
MU = 10 |logqa({—L) | dBfor —L >1
1015, 3

10P;
10P,

CALCULATING MEASUREMENT UNCERTAINTY

0

)]

P
10 [log (10P;) —log (10Py)] dB for pl <1

0

10 [log (10) (0.870) — log (10) (1)]

10 [log (8.70) — log (10)]
10 [0.94 —1]
10 [— 0.060]

—0.60dB

10 [log (10) (0.928) —log (10) (1)]

10 [log (9.28) —log (10)]
10 [0.968 — 1]
10 [— 0.032]

—0.32dB

Figure 3-6. Calculating Measurement Uncertainties (2 of 2)
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POWER SENSOR MISMATCH VERSUS MEASUREMENT ACCURACY
(60 OHM SYSTEM)
Instrument
tnitial Calibration and Measurement Total
Conditions Resolution Error Uncertainty Error
1
+3.66 dBm
2.32 mW
+0.56 dB
+13.8%
+3.0dBm +0.1dB; +2.2%
2.00 mW —0.1dB; —2.2%
—0.60dB
-13.0%
Power Sensor #1
VSWR, = 1.3 l +2.30 dBm
] 1.70 mW
I +3.41dBm
2.19 mW
+0.31dB
+7.3%
+3.0 dBm +0.1dB;+2.2%
2.00 mW —0.1d8B; -2.2%
-0.32dB
—7.2%
Power Sensor
VSWRZ - 125 +2.58 dBm
1.81 mW

Power Source

VSWR, = 2.0

Figure 3-7. The Effect of Power Sensor Mismatch on Measurement Accuracy
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MU = Py

FOI‘P1>P0

%?MU =

CALCULATING MEASUREMENT UNCERTAINTY

P
dB = 10 log {—L
or (£2)
4B _ Py
10 log <ﬁ
P _/ dB\
T el

If dB is positive then:

e

]
—
[e]
o]
-

4. Calculate the percentage Measurement Uncertainty.

(P; —Pg) 100
(1.081 —1) 100

+8.1%

3. Calculate the relative measurement uncertainty from the following formula:

If dB is negative then:

MU =PO

For Py < P,

MU

1. For this example the known values are: source VSWR, 2.2 and power sensor VSWR, 1.16.
From the Mismatch Error Calculator the mismatch uncertainty is found to be +0.24, -0.25 dB.

2. Add the known uncertainties from paragraph 3-26, (+ 0.10 dB). Our total measurement uncer-
tainty is +0.34, —0.35 dB.

— (P1 -~ Py) 100

—(1—0.923) 100

—7.7%

Figure 3-8. Calculating Measurement Uncertainty (Uncertainity in dB Known)
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Performance Tests

SECTION 1V
PERFORMANCE TESTS

4-1. INTRODUCTION

4-2. The procedures in this section test the elec-
trical performance of the HP Model 435A using the
specifications of Table 1-1 as performance
standards. All tests can be performed without
access to the interior of the instrument. A simpler
operational test is included in Section III under
Operator’s Checks.

4-3. EQUIPMENT REQUIRED

4-4. Equipment required for the performance tests
is listed in Table 1-2, Recommended Test Equip-
ment. Any equipment that satisfies the critical
specifications given in the table may be substituted
for the recommended model(s).

4-5. TEST RECORD

4-6. Results of the performance tests may be
tabulated on the Test Record at the end of the test
procedures. The Test Record lists all of the tested
specifications and their acceptable limits. Test
results recorded at incoming inspection can be used
for comparison in periodic maintenance, trouble-
shooting, and after repairs or adjustments.

4-7. PERFORMANCE TESTS

4-8. The performance tests given in this section are
suitable for incoming inspection, troubleshooting,
or preventative maintenance. During any per-
formance test, all shields and connecting hardware
must be in place. The tests are designed to verify
published instrument specifications. Perform the
tests in the order given and record the data on the
test card and/or in the data spaces provided at the
end of each procedure.

NOTE

The 485A must have a half-hour warmup
and the line voltage must be within +5%,
—10% of nominal if the performance tests
are to be considered valid.

4-9. Each test is arranged so that the specification
is written as it appears in Table 1-1. Next, a
description of the test and any special instructions
or problem areas are included. Each test that
requires test equipment has a setup drawing and a
list of the required equipment. The initial steps of
each procedure give control settings required for
that particular test.

PERFORMANCE TESTS

4-10. POWER REFERENCE OUTPUT TEST

SPECIFICATION:

+0.70% (1 mW at 50 MHz, traceable to the National Bureau of Standards).

DESCRIPTION:

A test normally cannot be performed to check the accuracy of the POWER REF OUTPUT level due to the
inaccuracy of power measurement systems. To set the output level Hewlett-Packard employs a special
system accurate to #0.5% and traceable to the National Bureau of Standards. A transfer error of +0.2% is
introduced when the level is set, therefore the total error of the reference level is +0.7%. Hewlett-Packard

NOTES

1. A system with total error of £0.7% or less, and traceable to NBS (includ-
ing calibration transfer error) may be used to set the POWER REF OUT-

PUT level.

2. The 435A may be returned to Hewlett-Packard through the nearest HP
office to have the reference oscillator checked and/or adjusted. Refer to

Section II, PACKAGING.
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PERFORMANCE TESTS

4-11. ZERO CARRYOVER TEST
SPECIFICATION:
+0.5% (0 £ 5 mVdc) on all ranges when zeroed in the most sensitive range.

DESCRIPTION:

After the 435A is initially zeroed, the change in the meter reading is monitored at the RECORDER
OUTPUT as the instrument is stepped through its ranges. The meter readings take into account noise and
drift because zero carryover and the noise drift readings cannot be separated.

DIGITAL VOLTMETER

POWER METER NEEN

HP 435A

O
s @

o9
TO REAR PANEL INPUT
| RECORDER OUTPUT

POWER SENSOR

Figure 4-1. Zero Carryover Test Setup

EQUIPMENT:
Digital Voltmeter . . . . . . . . . . . . . HP 3480A/3482A

PROCEDURE:
1. Set the DVM RANGE control to 100 mVdec.

2. Set the Power Meter switches as follows:

CAL FACTOR . 0 [0)3
RANGE position . . . . . . . . . . . . . . . . .83uWw
POWER REF (rear panel) . .« « + . . . . . . . . . OFF

3. Connect the equipment as shown in Figure 4-1.

4. Press the front panel ZERO switch and wait for the meter indicator’s position to stabilize. Verify that
the DVM reads 0 = 0.9 mVdc. Release the ZERO switch.

5. Verify that the RECORDER OUTPUT falls within the limits shown on the table for each range.
Record the readings.
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Performance Tests

4-11. ZERO CARRYOVER TEST (cont’'d)

RANGE Results RANGE Results
Switch Switch
Position Min Actual Max Position Min Actual Max
mVdc mVdc mVde mVdc mVde mVde
3 uW —15 +15 1 mW —5 +5
10 uW —17 +17 3 mW —5 +5
30 uW —14 +14 10 mW —5 +5
100 uW —11 +11 30 mW —5 +5
300 uW — 8 + 8 100 mW —5 +5

4-12. INSTRUMENTATION ACCURACY TEST WITHOUT CALIBRATOR

SPECIFICATION:
+1% of full scale on all ranges (0 to 55°C).

DESCRIPTION:

A well regulated dc voltage is coupled through a voltage divider network to the sampling gate circuit of the
power sensor. The CAL ADJ control is used to set the meter to full scale on the 1 mW range position.

Accuracy on the other ranges is verified within +1% plus noise and drift.

DIGITAL VOLTMETER

| 01D |

©00©
e ® 09¢Q

q INPUT

POWER METER
HP 435A

TO REAR PANEL
| RECORDER OUTPUT

POWER SENSOR

<50

tREFER TO STEP 5)

DC POWER SUPPLY

°
ce

("X+1]

)

VOLTAGE DIVIDER
NETWORK

Figure 4-2. Instrumentation Accuracy Test Setup Without Calibrator

EQUIPMENT:

Digital Voltmeter
Power Supply ..
Voltage Divider Network

. HP 3480A/3482A

. . HP6204B
(See Figure 1-2).
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PERFORMANCE TESTS

4-12. INSTRUMENTATION ACCURACY TEST WITHOUT CALIBRATOR (cont'd)

PROCEDURE:

1.

Remove the top cover of the Power Sensor. Refer to paragraph on REPAIR in the Power Sensor
manual.

Set the DVM Range switch to 1000 mVdc.

Set the Power Meter RANGE switch to the 3 uW position, press the ZERO switch and release after
5 seconds.

Set the Power Meter and Voltage Divider Network range switches to the 1 mW position; set the Power
Supply controls for a +15.0 Vdc output.

NOTE
The Voltage Divider Network is shown in Figure 1-2.

Connect the equipment as shown in Figure 4-2. The dc output voltage from the Voltage Divider
Network is coupled to the Power Sensor’s sampling gate input (positive output of power sensing
device). Refer to the schematic and the component location diagram in the Power Sensor manual.

With the Power Meter CAL ADJ control, set the DVM reading to 1000 + 2 mVdc.

Change the Power Meter and Voltage Divider Range switches in sequence to each range position; verify
that the DVM readings fall within the tolerances shown in the following table.

CAUTION

To avoid damage to the meter, set the RANGE control of the Power Meter
first when changing to a higher range. Select the Voltage Divider Network
range first when changing to a lower range.

RANGE Results RANGE Results
Switch Switch
Position Min Actual Max Position Min Actual Max
mVdc mVdc mVdc mVde mVdc mVdec
3 uWw +975 - +1025 1 mW +998 +1002
10 uW +978 - +1022 3 mW +990 - +1010
30 uwW +981 - +1019 10 mW +990 - +1010
100 uW +984 - +1016 30. mW +990 - +1010
300 uW +987 - +1013 100 mW +990 - +1010

4-4
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4-13. INSTRUMENTATION ACCURACY TEST WITH CALIBRATOR

SPECIFICATION:
+1% of full scale on all ranges (0 to 55°C).

DESCRIPTION:

Instrumentation accuracy is verified by coupling a full-scale reference input from the HP 11683 A Calibrator
to the 435A on each range. Verify that the RECORDER OUTPUT level is within +1% plus noise and drift.

DIGITAL VOLTMETER

POWER METER @00 ©
HP 435A * © og¢
RANGE

INPUT
CALIBRATOR
TO REAR PANEL

RECORDER QUTPUT

Figure 4-3. Instrumentation Accuracy Test Setup With Calibrator

EQUIPMENT:
Digital Voltmeter . . . . . . . . . . . . .HP3480A/3482A
Range Calibrator . . . . . . . . . . . . . . . .HP11683A
PROCEDURE:

1. Set the 11683A RANGE switch to 1 mW, the FUNCTION switch to CALIBRATE, and the POLARITY
switch to NORMAL.

2. Set the 435A RANGE switch to the 1 mW position.
3. Set the DVM Range switch to 1000 mVdec.
4. Connect the equipment as shown in Figure 4-3.

5. The front panel CAL ADJ control is adjusted to provide a reading of 1000 £ 2 mVdc on the DVM.

CAUTION

To avoid damage to the meter, set the Calibrator’s FUNCTION control to
STANDBY while changing the RANGE control settings on the Power Meter
and Calibrator.

6. Set the 435A RANGE switch to each possible position in turn. Set the 11683A RANGE switch to the
same position and verify that the DVM reading, which includes noise and drift, is within the limits
shown in the table on the following page.

4-5
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4-13. INSTRUMENTATION ACCURACY TEST (WITH CALIBRATOR) (cont’d)

RANGE Results RANGE Results
Switch Switch
Position Min Actual Max Position Min Actual Max
mVdc mVdc mVdc mVdc mVdc mVdc
3 uw +975 +1025 1 mW +998 +1002
10 uW +978 - +1022 3 mW +990 —— +1010
30 uW +981 - +1019 10 mW +990 -— +1010
100 uW +984 - +1016 30 mW +990 - +1010
300 uW +987 - +1013 100 mW +990 - +1010
Table 4-1. Performance Test Record
Hewlett-Packard
Model 435A
Power Meter Tested By.
Serial Number Date
Results
Para. Test
No. Min Actual Max.
4-11. Zero Carryover mVdc mVdc mVde
3uWw —15 +15
10 uW —17 - +17
30 uW —14 - +14
100 uW —11 - +11
300 uW —8 —_ +8
1 mW —5 +5
3 mW —5 +5
10 mW —5 +5
30 mW —5 - +5
100 mW —5 +5
4-12. Instrumentation Accuracy mVdc mVdc mVdc
or 3 uWw +975 +1025
4-13. 10 uW +978 - +1022
30 uW +981 _ +1019
100 uW +984 +1016
300 uW +987 +1013
1 mW +998 +1002
3 mW +990 - +1010
10 mW +990 - +1010
30 mW +990 - +1010
100 mW +990 - +1010
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Adjustments

SECTION V
ADJUSTMENTS

5-1. INTRODUCTION

5-2. This section describes the adjustments which
will return the Power Meter to peak operating
condition after repairs are completed.

5-3. If the adjustments are to be considered valid,
the Power Meter must have a half hour warmup
and the line voltage must be within +5 to —10% of
nominal.

5-4. The adjustment procedure entitled ‘Power
Meter Adjustments With 502 Power Sensor” is to
be performed only when the HP Model 11683A
Range Calibrator is not available.

5-5. SAFETY CONSIDERATIONS

5-6. Although this instrument has been designed in
accordance with international safety standards, this
manual contains information, cautions, and warn-
ings which must be followed to ensure safe
operation and to retain the instrument in safe
condition (see Sections II and III). Service and
adjustments should be performed only by qualified
service personnel.

WARNING

Any interruption of the protective
(grounding) conductor (inside or outside
the instrument) or disconnection of the
protective earth terminal is likely to make
the instrument dangerous. Intentional
interruption is prohibited.

5-7. Any adjustment, maintenance, and repair of
the opened instrument under voltage should be
avoided as much as possible and, when inevitable,
should be carried out only by a skilled person who
is aware of the hazard involved.

5-8. Capacitors inside the instrument may still be
charged even if the instrument has been discon-
nected from its source of supply.

5-9. Make sure that only fuses with the required
rated current and of the specified type (normal
blow, time delay, etc.) are used for replacement.
The use of repaired fuses and the shortcircuiting of
fuseholders must be avoided.

5-10. Whenever it is likely that the protection
offered by fuses has been impaired, the instrument
must be made inoperative and be secured against
any unintended operation.

WARNING

Adjustments described herein are per-
formed with power supplied to the in-
strument while protective covers are
removed. Energy available at many points
may, if contacted, result in personal

injury.

5-11. EQUIPMENT REQUIRED

5-12. The test equipment required for the adjust-
ment procedures is listed in Table 1-2, Recom-
mended Test Equipment. The critical specifications
of substitute test instruments must meet or exceed
the standards listed in the table if the 435A is to
meet the standards set forth in Table 1-1,
Specifications.

5-13. FACTORY SELECTED COMPONENTS

5-14. Factory selected components are indicated
on the schematic and replaceable parts list with an
asterisk immediately following the reference
designator. The nominal value of the component is
listed. Table 5-1 lists the parts by reference
designator and provides an explanation of how the
component is selected, the normal value range, and
a reference to the appropriate service sheet. The
Manual Changes supplement will update any
changes to factory selected component informa-
tion.

5-15. ADJUSTMENT LOCATIONS

5-16. All the adjustments for the 435A are con-
tained on the A4 assembly except the front panel
CAL ADJ control and POWER REF OUTPUT level
control. The last foldout in this manual contains a
table which cross-references all pictorial and
schematic locations of the adjustment controls.
The accompanying figure shows the locations of
the adjustable controls, assemblies, and chassis-
mounted parts.
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Adjustments
Table 5-1. Factory Selected Components
Reference Normal Value Service
Designator Selected For Range Sheet
A4R66 A fullscale reading (100 mW)with an accurate 100 mW 150K to 2
input after the adjustment procedure has been com- 250K
pleted. Hewlett-Packard recommends using a Model
11683 A Calibrator to achieve the needed accuracy for
selecting this resistor. The DVM reading at the 435A°s
RECORDER OUTPUT will be 1000 £3 mVdc with
the correct resistor in place.
A3R15 A POWER REF OUTPUT of 1 mW when the LEVEL 50K to 4
control is full ccw. Needed if the highest output 200K
level possible is <1 mW.
A3R16 A POWER REF OUTPUT of 1 mW when the LEVEL 50K to 4
control is full cw. Needed if the lowest output level 200K
possible is >1 mW.

ADJUSTMENTS

5-17. POWER METER ADJUSTMENTS WITH 50 POWER SENSOR

REFERENCE:
Service Sheets 2 and 3.

DESCRIPTION:
1. The Balance control is centered to remove the dc offset introduced by the Auto Zero circuit.

2. The DC Offset control removes any dc voltage introduced by the DC Amplifier.

3. The CAL ADJ control is used to set a level of +1.00 Vdc at the rear panel RECORDER OUTPUT jack
with a full scale input.

4. The Meter control sets the meter reading to full scale when the RECORDER OUTPUT level is +1.00
Vde.

5. The Auto Zero Offset adjustment removes any dc voltage introducted by the Auto Zero circuits when
the ZERO switch is pressed.

6. The Balance control centers the Auto Zero circuits output voltage range. The Auto Zero output is
forced to its negative extreme and the Balance control sets the RECORDER OUTPUT voltage below
center-range (+1.00 Vdc) by one-half the total range.
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ADJUSTMENTS

5-17. POWER METER ADJUSTMENTS WITH 502 POWER SENSOR (cont’d)

DIGITAL VOLTMETER

11

POWER METER o XOJ@)
HP 435A * © 099

: INPUT
3 RECORDER OUTPUT
: | (REAR PANEL)

—— &

POWER
SENSOR

Figure 5-1. Power Meter Adjustment Setup without Calibrator

EQUIPMENT:
Digital Voltmeter .« « « . .+ . . . . . .HP3480A/3482A

PROCEDURE:

1. Set the LINE switch to OFF, wait a few seconds, and adjust the mechanical meter zero control for a
meter reading of zero.

2. Set the DVM Range switch to 1000 mVdec.

3. Set the Power Meter CAL FACTOR switch to 100%.

4. Remove the right side cover of the 435A and connect the equipment as shown in Figure 5-1.
5. Set the LINE switch to (ON).

6. Center the Power Meter Balance Control A4R46.

7. Set the Power Meter RANGE switch to the 100 mW position,and adjust A4R32, DC Offset control, for
a DVM reading of 0 £ 0.2 mVdc.

8. Set the RANGE switch to the 1 mW position and the rear panel POWER REF switch to (ON).
9. Adjust the front panel CAL ADJ control to read 1000 £ 1 mVdc on the DVM.

10. Adjust A4R35, Meter control, to give a full-scale meter reading.

11. Set the rear panel POWER REF switch to OFF; the RANGE switch to the 3 uW position.

12. Press the front panel ZERO switch, hold it in, and adjust the Auto Zero Offset control A4R42 for a
DVM reading of 0 + 1 mVdc.

13. Set the RANGE switch to the 1 mW position; set the rear panel POWER REF switch to (ON).
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ADJUSTMENTS

5-17. POWER METER ADJUSTMENTS WITH 5022 POWER SENSOR (cont’d)

14.

15.

Press the ZERO switch, hold it in, and adjust the Balance Adjustment, A4R46, until the DVM reading
is 961 £ 1 mVdec.

Set the rear panel POWER REF switch to OFF and disconnect the Power Sensor from the POWER
REF OUTPUT.

5-18. POWER METER ADJUSTMENTS WITH CALIBRATOR

REFERENCE:
Service Sheets 2 and 3.

DESCRIPTION:

1. The Balance control is centered to remove the dc offset introduced by the Auto Zero circuits.

2. The DC Offset control removes any dc voltage introduced by the DC Amplifier.

3. The CAL ADJ control is used to set a level of +1.00 Vdc at the rear panel RECORDER OUTPUT jack
with a full scale input from the Model 11683 A Range Calibrator.

4. The Meter control sets the meter reading to full scale when the RECORDER OUTPUT level is +1.00
Vde.

5. The Auto-Zero Offset adjustment removes any dc voltage that is introduced by the auto-zero circuits
while the ZERO switch is pressed.

6. The Balance control centers the Auto-zero circuit’s output voltage range. The Auto-zero output is
forced to its negative extreme. The Balance Control sets the RECORDER OUTPUT voltage below the
center (+1.00 Vdc) by one-half the total possible voltage swing.

DIGITAL VOLTMETER
RANGE POWER METER
CALIBRATOR HP 435A EEED
©o00©
s © 099
e | v
Figure 5-2. 435A Adjustment Setup With Calibrator

EQUIPMENT:

Digital Voltmeter .« .+ . . . . . . . . .HP3480A/3482A
Range Calibrator . . . . . . . . . . . . HP11683A (ONLY)

5-4



Model 435A Adjustments

ADJUSTMENTS

5-18. POWER METER ADJUSTMENTS WITH CALIBRATOR (cont’d)

PROCEDURE:

1.

10.

11.

12.

13.

14.

15.

16.

Set the Power Meter LINE switch to OFF and adjust the mechanical Meter Zero control for a meter
reading of zero.

Set the Power Meter switches as follows:

CAL FACTOR e e e e e e e e s 100%
RANGE position e e e oo s 100 mw
POWERREF . . . . . . . . . . . . . . . . . . . OFF

Set the Range Calibrator RANGE switch to 1 mW, FUNCTION switch to STANDBY, and POLARITY
switch to NORMAL.

Set the DVM Range switch to 1000 mVdec.

Remove the right side cover of the Power Meter, connect the equipment as shown in Figure 5-2, and
set the LINE switch to ON.

Center the Power Meter Balance control, A4R46.

Adjust A4R32 DC Offset control for a DVM reading of 0 + 0.2 mVdec.

Set the Power Meter RANGE switch to the 1 mW position.

Set the Range Calibrator FUNCTION switch to CALIBRATE.

Adjust the Power Meter front panel CAL ADJ control for a DVM reading of 1000 + 1 mVde.
Adjust the Meter control A4R35 for a full-scale meter reading.

Set the Range Calibrator FUNCTION switch to STANDBY.

Set the Power Meter RANGE switch to the 3 uW position, press and hold the ZERO switch, and adjust
A4R42 Auto Zero Offset control for a DVM reading of 0 + 1 mVde.

Set the Power Meter RANGE switch to the 1 mW position; set the Range Calibrator’s FUNCTION
switch to CALIBRATE.

Press and hold the Power Meter ZERO switch and adjust the A4R46 Balance control for a DVM
reading of 961 + 3 mVdc.

Set the Range Calibrator FUNCTION switch to STANDBY.
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Replaceable Parts

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION

6-2. This section contains information for ordering
replacement parts for the HP Model 435A Power
Meter. Table 6-1 lists abbreviations used in the
parts list and throughout the manual. Table 6-2
lists all replaceable parts in reference designator
order. Table 6-3 contains the names and addresses
that correspond to the manufacturer’s code
number.

6-3. ABBREVIATIONS

6-4. Table 6-1 gives a list of abbreviations used in
the parts list, schematics, and throughout the
manual. In some cases, two forms of the abbrevia-
tions are given, one all capital letters and one
partial or no capitals. This occurs because the
abbreviations in the parts list are always all capi-
tals. However, in the schematics and other parts of
the manual, other abbreviation forms are used with
both lower case and upper case letters.

6-5. REPLACEABLE PARTS LIST

6-6. Table 6-2 is the list of replaceable parts and is
organized as follows:

a. Electrical assemblies and their com-
ponents in alpha-numeric order by reference
designation.

b. Chassis-mounted parts in alpha-numeric
order by reference designation.

¢. Miscellaneous parts.
d. Illustrated parts breakdown.

The information given for each part consists of the
following:

a. The Hewlett-Packard part number.

b. The total quantity (Qty) used in the
instrument.

¢. The description of the part.

d. Typical manufacturer of the part in a
five-digit code.

e. Manufacturer code number for the part.

The total quantity for each part is given only once;
at the first appearance of the part number in the
list.

6-7. ORDERING INSTRUCTIONS

6-8. To order a part listed in the replaceable parts
table, quote the Hewlett-Packard part number,
indicate quantity required, and address the order
to the nearest Hewlett-Packard office.

6-9. To order a part that is not listed in the
replaceable parts table, include the instrument
model number, instrument serial number, the
description and function of the part, and the
number of parts required. Address the order to the
nearest Hewlett-Packard office.

6-10. PARTS PROVISIONING

6-11. Stocking spare parts for an instrument is
often done to insure quick return to service after a
malfunction occurs. Hewlett-Packard has a “Spare
Parts Kit”’ available for this purpose. The kit
consists of selected replaceable assemblies and
components for this instrument. The contents of
the kit and the “Recommended Spares’ list are
based on failure reports and repair data, and parts
support for one year. A complimentary *Recom-
mended Spares” list for this instrument may be
obtained on request, and the ‘“Spare Parts Kit”
may be ordered through your nearest Hewlett-
Packard office.
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Replaceable Parts

Table 6-1. Reference Designations and Abbreviations (1 of 2)

Model 435A

2 assembly
AT attenuator; isolator;
termination
B .......... fan; motor
BT ........... battery
C .. ... ... capacitor
Cp .. ... L. coupler
CR ....... diode; diode

thyristor; varactor
DC ... directional coupler
DL ......... delay line
DS ....... annunciator:
signaling device
(audible or visual);
lamp; LED
7 ampere
ac . ... alternating current
ACCESS ..... accessory
ADJd .. ... .. adjustment
A/D analog-to-digital
AF .. ... audio frequency
AFC . ... ... automatic
frequency control
AGC ... .. automatic gain
control
AL ... ... aluminum
ALC ... .. automatic level
control
AM . amplitude modula-
tion
AMPL .. ... ... amphfier
APC automatic phase
control
ASSY .. ... ... assemblv
AUX . .. ... ... auxihary
Avg ... average
AWG .. Amencan wire
gauge
BAL . ......... balance
BCD ... ... binary coded
decimal
BD ............ board
BECU ...... berythum
copper
BFO beat frequency
oscillator
BH ........ binder head
BKDN breakdown
BP .......... bandpass
BPF bandpass filter
BRS ........... brass
BWO ... .. backward-wave
oscillator
CAL . ... ..... calibrate
cew counter-clockwise
CER . ........ ceramic
CHAN ... ...... channel
em L. ..., centimeter
CMO . . cabinet mount only
COAX . ........ coaxial

REFERENCE DESIGNATIONS

E ........ miscellaneous P electrical connector
electrical part (movable portion),
F ... .. ... fuse plug
FL ............ filter Q ...... transistor: SCR;
H........... hardware triode thyristor
HY ......... circulator R ............ resistor
J .. electrical connector RT ......... thermistor
(stationary portion); S L. switch
jack T ... ... transformer
™ ...... terminal board
K... ... ... 0. relay TC .. .... thermocouple
L ........ coil; inductoy TP ... ...... test point
M. o 00 meter
MP ....... miscellaneous
mechamecal part
ABBREVIATIONS
COEF .. ..... coefficient EDP ... .. electronic data
COM......... common processing
COMP .. ... composition ELECT ..... electrolytic
COMPL . ... ... complete ENCAP encapsulated
CONN....... connector EXT ... ...... external
CP ...... cadmium plate F oo . .. ... farad
CRT cathode-rav tube FET ....... field-effect
CTL complementary transistor
transistor logic F/F ... .. ... flip-flop
CW .. ... continuous wave FH .......... flat head
CW ... clockwise FILH ..... fillister head
em L. ... ... centimeter FM . . frequency modulation
D/A digital-to-analog FP ........ front panel
dB ........... decibel FREQ .. ..... frequency
dBm . ... decibel referred FXD ........... fixed
to 1 mw - gram
de ....... direct current GE ........ germanium
deg .. degree (temperature GHz ......... gigahertz
interval or differ- GL ............. glass
o ence) GRD . ...... ground(ed)
...... degree (plane H............. henrv
° angle) h ... oo . hour
cC ... degree Celsius HET ....... heterodyne
° (centigrade) HEX ... .. hexagonal
o F . . degree Fahrenheit HD ............. head
K ....... degree Kelvin HDW . ...... hardware
DEPC deposited carbon HF ...... high frequencv
DET . ... .. detector HG .. ....... mercury
diam .. ... L. diameter HI ............. high
DIA diameter (used in HP Hewlett-Packard
parts list) HPF high pass filter
DIFF AMPL .. differential HR ....... hour (used in
amplifier parts hst)
dy ... division HV ........ high voltage
DPDT .. ... double-pole, Hsz . ... . ....... Hertz
double-throw 1C integrated circuit
DR ............ drive ID ...... inside diameter
DSB double sideband 1IF ....... intermediate
DTIL diode transistor frequencv
logic IMPG .. ... impregnated
DVM digital voltmeter m........... inch
ECL emitter coupled INCD .. ... incandescent
logic INCL ....... include(s)
EMF . . electromotive force INP ... ... mput
INS . ....... insulation

NOTE

All abbreviations 1n the parts list will be 1n upper-case.

U ... integrated circuit,
microcircult
Voo electron tube
VR . voltage regulator:

breakdown diode
W . cable; transmission
path; wire
X e e socket
Y crystal unit (p1ezo-
electric or quartz)
Z . tuned cavity; tuned
circurt
INT .......... internal
kg ... kilogram
kHz ......... kiloherts
K2 .o kilohm
KV ... o 0. kilovolt
b ............ pound
LC ... .. inductance-
capacitance
LED .. hght-emitting diode
LF . ..... low frequencv
LG ............. long
LH ........ left hand
LIM ... ......... hmat
LIN lhinear taper (used
in parts list)
Im ....... linear
LK WASH lock washer
LO low ; local oscillator
LOG . ... logrithmic taper
(used 1n parts hst)
log . ....... logrithmdic)
LPF low pass filter
LV ........ low voltage
m...... meter (distance)
mA ... ..... mithampere
MAX maximum
M2 L. megohm
MEG meg (106) (used
in parts list)
MET FLM metal film
MET OX metallic oxade
MF ... medium frequency,
microfarad (used i1n
parts list)
MFR ... ... manufacturer
mg ......... mithgram
MHz . ....... megahertz
mH ......... milhhenry
mho ............ mho
MIN ........ mimnimum
mmn . .... minute (time)
oL minute (plane
angle)
MINAT ....... minature
mm ... ... millimeter
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Table 6-1. Reference Designations and Abbreviations (2 of 2)

Replaceable Parts

MOD ....... modulator
MOM .. ... momentary
MOS ....... metal-oxide
semiconductor
ms ........ millisecond
MTG........ mounting
MTR meter (indicating
device)
mvV.......... millivolt
mVac ...... millivolt, ac
mVde ...... millivolt, de
mVpk millivolt, peak
mvVp-p millivolt, peak-
to-peak
mVrms millivolt, rms
mwW ... milliwatt
MUX . ...... multiplex
MY ............ mylar
MA ... .. microampere
ME ... .. microfarad
MH ..o microhenry
Mmho .. .. ... micromho
Ms ... .. ... microsecond
MV o microvolt
MVac . ..... microvolt, ac
MVde ..... microvolt, de
MVpk microvolt, peak
MVp-p microvolt, peak-
to-peak
MVrms microvolt, rms
MW ..o microwatt
nA ........ nanoampere
NC ...... no connection
N/C normally closed
NE ............ neon
NEG......... negative
nF ... ..., nanofarad
NIPL ...... nickel plate
N/O ..... normally open
NOM ........ nominal
NORM ........ normal
NPN negative-positive-
negative
NPO negative-positive
zero (zero tempera-
ture coefficient)
NRFR .. not recommended
for field replace-
ment
NSR ... .. not separately
replaceable
ns......... nanosecond
nW . ..., .. nanowatt
OBD order by descrip-
tion

oD ..... outside diameter

OH ......... oval head

OP AMPL, .. operational
amph fier

OPT .......... option

osC ......... oscillator

OX ... ... oxide

OZ .. i ounce

Q. ohm

P . ... peak (used in parts
list)

PAM . . pulse-amplitude
modulation

PC ...... printed circuat

PCM pulse-code modula-
tion; pulse-count
modulation

PDM ... .. pulse-duration
modulation

pF ... ... ... picofarad

PH BRZ phosphor bronze

PHL .......... Phillips

PIN positive-intrinsic-
negative

PIV . ...... peak inverse
voltage

pk ... . . peak

PL ......... phase lock

PLO ........ phase lock
oscillator

PM .. .. phase modulation

PNP positive-negative-
posttive

PO .......... part of

POLY ...... polystyrene

PORC ........ porcelain

POS . positive; position(s)
(used in parts list)

POSN ........ position

POT ... .. potentiometer

Pp ... peak-to-peak

PP ... peak-to-peak (used
in parts list)

PPM ... .. pulse-position
modulation
PREAMPL .. . preamplifier
PRF pulse-repetition

frequency

PRR . . pulse repetition
rate

PS......... picosecond

PT . ... ... . ... pomnt

PTM pulse-time
modulation

PWM ... ..... pulse-width
modulation

PWV ... ... peak working
voltage
RC ......... resistance-
capacitance
RECT ........ rectifier
REF ......... reference
REG ......... regulated
REPL .. .... replaceable
RF ..... radio frequency
RFI radio frequency
interference
RH .. .. round head;right
hand
RLC ........ resistance-
inductance-
capacitance
RMO . rack mount only
rms . root-mean-square
RND ........... round
ROM read-only memory
R&P .. ... rack and panel
RWV reverse working
voltage
S ... scattering parameter
S u .. second (time)
..” . second (plane angle)
S-B..... slow-blow (fuse)
(used in parts hst)
SCR silicon controlled
rectifier; screw
SE .......... selenium
SECT ........ sections
SEMICON .. ... semicon-
ductor
SHF ... ... superhigh fre-
quency
SI ... o . silicon
SIL .. .......... silver
SL ........ .. .. slide
SNR signal-to-noise ratio
SPDT ...... single-pole,
double-throw
SPG ........... spring
SR .......... spht ring
SPST ...... single-pole,
single-throw
SSB ..... single sideband
SST ...... stainless steel
STL . ........... steel
SQ ... ... ... square
SWR standing-wave ratio
SYNC ...... synchronize
T . . timed (slow-blow fuse)
TA . ......... tantalum
TC .. ...... temperature
compensating

NOTE

All abbreviations in the parts list will be 1n upper-case.

MULTIPLIERS

Abbreviation

PrUsTEeaLFZOR

Prefix Multiple
tera 1012
giga 109
mega 106
kilo 103
deka 10
deci 101
centy 102
milh 103
mitcro 106
nano 1079
pico 1012
femto 1015
atto 10—18

™ ......... time delay
TERM .. ...... terminal
TFT thin-film transistor
TGL ........... toggle
THD . ......... thread
THRU .. ...... through
TY ... ... ... titanium
TOL ......... tolerance
TRIM ........ trimmer
TSTR ....... transistor
TTL transistor-transistor
logic
TV ... . ... television
TVI television interference
TWT traveling wave tube
U ..... micro (10°°) (used
in parts list)
UF microfarad (used in
parts list)
UHF . . ultrahigh frequency
UNREG unregulated
/2 volt
VA ........ voltampere
Vac ......... volts, ac
VAR ... ....... variable
vCco . voltage-controlled
oscillator
Vde ......... volts, dc
VDCW volts, de, working
(used in parts hst)
V) . .. ... volts, filtered
VFO variable-frequency
oscillator
VHF . ..... very-high fre-
quency
Vpk ... ... volts, peak
Vp-p . volts, peak-to-peak
Vims ....... volts, rms
VSWR voltage standing
wave ratio
VTO ...... voltage-tuned
oscillator
VTVM vacuum-tube
voltmeter
VXy..... volts, switched
W .o watt
W/ oo e with
8% working inverse
voltage
WwWooLoL L wirewound
wW/iO ... .. without
YIG yttrium-ron-garnet
ZO ....... characteristic
mmpedance
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Table 6-2. Replaceable Parts

Model 435A

Reference HP Part . L. Mfr

: A N Qty Description Mfr Part Number
Designation umber Code
Al 00435-60005 i CAL FACTOR SWITCH ASSY 28480 004 35-60005
AlR1 0757—-0346 15 RESISTOR 10 OHM 1% .125W F TUBULAR 24545 C4-1/8-T0-10R0-F
AlR2Z 0757-0346 RESISTOR 10 OHM 1% .125wW F TUBULAR 24546 C4~-1/8-T0-10R0-F
AlR3 07570346 RESISTOR 10 OHM 1% .125W F TUBULAR 24546 C4-1/8-TO-10R0O-F
AlR4G 0757-0346 RESISTOR 10 OHM 1% .125W F TUBULAR 24546 C4-1/8-70-10R0-F
AlR5 0757-0346 RESISTOR 10 OHM 13 .125W F TUBW AR 24546 C4-1/8-T0-10R0~F
AlRé ~ 0757-0346 RESISTOR 10 OHM 1% .125W F TUBULAR 24546 C4-1/8-T0—-10R0-F
AlR7 0757-0346 RESISTOR 10 OHM 13 .125W F TUBULAR 24546 C4-1/8-T0-10RO-F
ARS8 0757~-0346 RESISYOR 10 OHM 1% .125W F TUBULAR 24546 C4-1/8-T0~-10R0~F
AlR9 07157-0346 RESISTOR 10 OHM 1% .125W F TUBUWAR 24546 C4-1/8~-T0-10R0O-F
Al1R10 0757-0346 RESISTOR 10 DHM 13X .125W F TUBULAR 24546 C4—-1/8-T0-10R0-F
AlIR11 Q71570346 RESISTOR 10 OHM 1% .125W F TUBULAR 24545 C4~-1/8-T0-10R0~F
AlR12 0757-0346 RESISTOR 10 OHM 1% .125W F TUBULAR 24546 C4-1/8-T0~-10R0-F
ALIR13 0757-0346 RESISTOR 10 OHM 1% .125W F TUBIULAR 24546 C4~178-T0-10R0-F
AlR 14 0757-0346 RESISTOR 10 OHM 1% .125W F TUBULAR 24546 C4—-1/8—-Y0-10R0O~-F
ALRLS 0757-0346 RESISTOR 10 OHM 13 .125d F TUBWUL AR 24546 C4~-1/8~T0-10R0O-F
AlS1 3100-3073 1 SAITCH:ROTARY 28480 3100-3073
A2 00435-60009 1 RANGE SWITCH ASSY 28480 00435-60009
A2C1 0180-1704 1 CAPACITOR-FXD; 4TUF+ 10% 6VDC TA-SOLID 56289 1500476X900682
A2C2 0180-1746 1 CAPACITOR-FXD; 15UF+-10% 20VDC TA-SOLID 56289 150C156X902082
A2C3 0180-0374 4 CAPACITOR-FXD; 10UF+-10% 20VvDC TA-SOLID 56289 1500106X902082
A2C4 0180-0374 CAPACITOR~FXD; 10UF+-10% 20VDC TA-SOGLID 56289 1500106X902082
A2C5S 0180-0229 2 CAPACITOR-FXD; 33UF+ 10%Z 10VDC TA-SOLID 56289 150D0336X901082
A2R1 0811-3202 1 RESISTOR 30.615K .1% .025W P WK TUBULAR 14140 1409—-1/40~-30615R~-8
A2R2 0811-3203 1 RESISTOR 968 OHM .1% .025W PWh TUBULAR 14140 1409-1/40-968R-B
A2R3 0811-3204 1 RESISTOR 21.616K 1% .025W PWW TUBULAR 14140 1409-1/40-21616R-B
AZR4 0811-3205 1 RESISTOR 6.836K 1% .025W PWW TUBULAR 14140 1409-1/40-6836R-8
A2RS 0811-3206 1 RESISTOR 2.162K .1% .025W PWidl TUBULAR 14140 1409-1/40-2162R-8B
A2R6E 0757-0279 7 RESISTOR 3.16K 1% .125W F TUBULAR 24546 C4-1/8-T0-3161-F
A2ZR7 0757-0279 RESISTOR 3,16K 1% .125W F TUBULAR 24546 C4~1/8-1T0-3161-F
A2R8 0638-7284 2 RESISTOR 100K 2% .125W F TUBULAR 26546 C3-1/8-7T0~1003-G
A2ZR9 0757-0465 RESISTOR 100K 1% .125W F TUBULAR 264546 C4-1/8-T0-1003~F
A2R10 06958-7284 RESISTOR 100K 23 .125W F TUBULAR 24546 €3-1/8-7T0-1003-6G
AZR11 0757-0465 RESISTOR 100K 1% .125W F TUBULAR 24546 C4-1/8-T0—-1003~-F
A2R12 0757-0465 RESISTOR 100K 1% 125k F TUBULAR 24546 €C4~1/8-T0-1003-F
AZR13 Q1570279 RESISTOR 3.16K 1T .125w F TUBULAR 24546 C4-1/8-T0-3161-F
A2R14 0757-0280 S RESISTOR 1K 1% .125W F TUBULAR 24546 C4-1/8-T0—-1001-F
AZS1 3100-3090 1 SHITCH:z ROTARY 28480 31003090
A2kl 00435-60014 1 CABLE ASSY, GREEN 28480 00435-60014
A2W2 00435-60015 1 CABLE ASSY, BLUE 28480 00435-60015
A3 00435-60003 1 POMER REFERENCE ASSY 286480 00435-60003
A3C1 0160—-3964 2 CAPACITOR-FXD .002UF+100—-0Z 300WVDC 28480 0160~3964
A3C2 0160-3964 CAPAC ITOR-FXD .002UF+100-0% 300WVDC 28480 0160~-3964
A3C3 0160-3879 3 CAPACITOR-FXD .OLUF+-20% 100WVDC 28480 01603879
A3C4 0160-2207 1 CAPACITOR-FXD 300PF+-5% 300RWVDC 28480 01602207
A3CS5 0160-2204 2 CAPACITOR-FXD 100PF+-5% 300WVDC 28480 0160-2204
A3C6 0180-0100 1 CAPACITOR-FXD; 4.7UF+-10Z 35VDC TA 56289 150D475X903582
A3C7 0160-2251 1 CAPACITOR-FXD S.6PF+—.25PF S500WVDC 28480 0160-2251
A3C8 0160-3878 1 CAPACITOR-FXD .00LUF+-20% 100WVDC 28480 0160-3878
A3C9 0160-2150 1 CAPACITOR-FXD 33PF+-52 300wWVDC 28480 0160-2150
A3C10 0160-4006 1 CAPACITOR-FXD 36PF+~5% 300WVDC 28480 016 0-4006
A3C11 0160-4007 1 CAPACITOR~FXD 200PF+-52 300WVDC 28480 0160-4007
A3C12 0160-3879 CAPACITOR-FXD +O1UF+-20% 100WVDC 28480 0160-3879
A3CR1 1901-0518 4 DIODE-SCHOTTKY 28480 1901-0518
A3CR2 1901-0518 DIODE-SCHOTTKY 28480 1901-0518
A3CR3 0122-025% 1 DIODE-VVC; S1 1HWS5144 04713 INS 144
A3J1 1250-1220 1 CONNECTOR-COAX; SMC; 50 OHM MALE 98291 50~-051-0109
A3t1 9140-0 144 1 COIL3; FXD; MOLDED RF CHOKE; 4.7UH 102 24226 10/ 471
A3L2 9100-2232 1 COIL; FXD; MOLDED RF CHOKE; .56UH 10% 24226 15/560
A3L3 00435~-80001 1 INDUCTOR,y 33 UH 28480 00435-80001
A3MP1 00435-00010 1 SHIELD, CAN 28480 004 35-00010
A3Ql 18540247 1 TRANSISTOR NPN S1 T0-39 PD=1W FT=B00MHZ 28480 1854—0247
A3R1 0757-0420 1 RESISTOR 750 OHM 1% .125W F TUBULAR 24546 C4~-1/8~-T0-751-F
A3R2 0811-3234 1 RESISTOR 10K 1% .05W PWW TUBULAR 20940 140~-1/20-1002-F
A3R3 2100-3154% 1 RESISTOR; VAR; TRMR; 1XOHM 10X C 32997 3006P-1-102
A3R4 0811-3235 1 RESISTOR 7.5K 1% .05W PwW TUBULAR 20940 140-1/20-7501-F
A3RS5 0698-3155 2 RESISTOR 4.64K 1% .125W F TUBULAR 16299 C4—-1/8-T0-4641-F
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Model 435A Replaceable Parts
Table 6-2. Replaceable Parts
Reference HP Part s M#r
; ’ N Oty Description Mfr Part Number
Designation umber Code
A3RE 0757-0465 RESISTOR 100K 1X .125W F TUBULAR 24546 C4—1/8-T0-1003-F
A3R7 0757-0465 RESISTOR 100K 1% .125W F TUBULAR 24546 C4-1/8-T0-1003-F
A3RS8 0757-0280 RESISYTOR 1K 1% «125W F TUBULAR 24546 C4~1/8-T0-1001~-F
A3RS 0757-0280 RESISTOR 1K 1% .125W F TUBULAR 24546 C4-1/8-T0-1001-F
A3R10 0757~0442 10 RESISTOR 10K 1% .125W F TUBULAR 24546 C4-1/8-T0-1002-F
A3R11 0698-0083 2 RESISTOR 1.96K 13 .125W F TUBULAR 16299 C4-1/8-TO-1961-F
A3R12 0757-0398 1 RESISYOR 75 OHM 1% .125W F TUBULAR 24346 C4-1/8-TO-T5R0-F
A3R13 0698-3445 1 RESISTOR 348 OHM 1% .125W F TUBULAR 16299 C4-1/8~-T0-348R~-F
A3R 14 0698-3566 1 RESISTOR 53 OHM 1% .125W F TUBULAR 03888 PMES5-1/8-T0-53R0—-F
A3R15% 0T757-0465 10 RESISTOR 100K 1% .125W F TUBULAR 24546 C4-1/8-TG-1003~-F
* FACTORY SEL ECTED PART
A3R16%* 0757-0465 RESISTOR 100K 1% .125w F TUBULAR 24546 C4-1/8-T0-1003~F
* FACTORY SELECTED PART
A3TPL 0360-1514 48 TERMINAL; SLDR STuD 28480 0360-1514
A3TP2 0360-1514 TERMINAL; SLDR STUD 28480 03601514
A3Ul 1826-0013 [ ICSLINSOPERATIONAL AMPLIFIER 28480 1826-0013
A3U2 1820-0223 2 ICSLINSOPERATIONAL AMPLIFIER 27014 LM3 0L AH
A3VR1 1902-0033 1 DIODE; ZENERS 6.2V VI3 .25W MAX PD 03877 1NB23
A 0Q435-60001 1 AMPLIFIER/POWER SUPPLY ASSY 28480 00435-60001
A4C1 0180-2206 2 CAPACITOR-FXD; 60UF+—102 6VDC TA-SOLID 56289 1500606X900682
A4C2 0180-0228 3 CAPACITOR-FXD; 22UF+ 10% 15VDC TA-SOLID 56289 1500226X901582
A4C3 0160-2055 1 CAPACITOR-FXD .01 UF+80-20% 100WVDC 28480 016 0-2055
A4C4 0160-0164 2 CAPACITOR-FXD .039UF+-10% 200wVDC 56289 292P39392
A4C5 0160-0160 2 CAPACITOR-FXD .0082UF+-10% 200WVDC 56289 292P82292
A4C6 0180-0229 CAPACITOR~-FXD; 33UF+-10% 10VDC TA-S0LID 56289 1500336X901082
A4CT 0170-0040 2 CAPACITOR-FXD +047UF+—-10% 200WVDC 56289 292P47392
A4C8 01600164 CAPACITOR-FXD .039UF+-10% 200WVDC 56289 292F39392
A4CS 01 80-0197 & CAPACITOR-FXD; 2.2UF+-10% 20VvDC TA 56289 1500225X9020A2
A4Cl0 0180-0197 CAPACITOR-FXD; 2.2UF+-1C3 20VDC TA 56289 150D225X9020A2
A4C11 01600161 1 CAPACITOR-FXD -0lUF+10Z 200WYDC 56289 292P10392
A4C12 0180-0116 4 CAPACITOR-FXD; 6.8UF+-10% 35vDC TA 56289 1500685X903582
A4C13 0180-0116 CAPACITOR-FXD; 6.8UF+-10% 35VDC TA 56289 1500685X903582
A4Cl4 0160-0160 CAPACITOR-FXD .0082UF+—10% 200WVDC 56289 292P82292
A4C15 0170-0040 CAPACITOR-FXD .04TUF+-103 200WVDC 562 89 292P47392
A4Cle 0180-0374 CAPAC ITOR-FXD; 10UF#+-10Z 20VDC TA-50LID 56289 15001 06X902082
A4CYT7 0180-0197 CAPACITOR-FXD; 2.2UF+-10% 20VDC TA 56289 1500225X9020A2
A4Cl8 0180-0373 1 CAPACITOR-FXD; <68UF+#-10% 35VDC TA 56289 1500684X9035A2
A4C19 0180-0116 CAPACITOR-FXD; 6.8UF+10% 35VDL TA 56289 1500685X903582
A4C20 0180-0116 CAPACITOR-FXD; 6. 8UF+-103 35VDC TA 56289 1500685X903582
A4C21 0160-3456 1 CAPALITOR-FXD «001UF+-10% 1000WVDC 28480 01603456
A4C22 0180-1997 1 CAPACITOR-FXD; 20UF+50-10% 150VDC AL 28480 0180-1997
A4C23 0180-0197 CAPACITOR-FXD; 2.2UF+—-10% 20VDC TA 56289 1500225X9020A2
A4C24 0180-0374 CAPACITDR-FXD3 10UF+-10% 20vDC TA-SOLID 56289 15001 06X902082
A4C25 0160-2290 1 CAPACITOR-FXD +15UF+-10% B0WVDC 562 89 292P1549R8
A&C26 0160-2204 CAPAC ITOR-FXD 100PF+-5% 3 00WVDC 28480 0160-2204
A&C27 0160-3879 CAPACITOR-FXD .0LUF+-20% 100WVDC 284380 0160-3879
A4C28 0180-0228 CAPACITOR-FXD; 22UF+-10% 15VDC TA-SOLID 56289 150D22 6X901582
A4C29 0180-0228 CAPACITOR-FXD; 22UF+-10% 15VDC TA-50LID 56289 1500226X901582
A&C30 0180-2206 CAPACITOR-FXD; 60UF#-10% 6VDC TA-SOLID 56289 150D606X900682
A4CR1 1901-0518 DIODE~SCHOTTKY 28480 1901-0518
A4CR2 1901-0518 DIODE-SCHOYTKY 28480 1901-0518
A4CR3 1901-0033 S5 DIODE~GEN PRP 180V 200MA 28480 1901-0033
A4CRS 1901-0033 DIODE-GEN PRP 180V 200MA 284380 19010033
L4CRS5 1901-0364 1 DIODE; MULT; FULL WAVE BRIDGE RECTIFIER 04713 SDA 10185-4
A4CRE 1901-0033 DIODE-GEN PRP 180V 200MA 28480 1901-0033
A4CR7 1901-0033 DIODE-GEN PRP 180V 200MA 28480 1901-0033
A4CRS 1902-0184 1 DIODE-INR 1642V 5% DO~7 PD=.4W 28480 1902-0184
A4CR9 1901-0033 DIODE~-GEN PRP 180V 200MA 28480 1901-0033
A4J1 0360-1514 TERMINAL; SLDR STuD 28480 0360-1514
A4J2 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
A4K1 0490-0916 1 RELAY; REED; 1A .5A S0V CONT; 5V COIL 28480 0490-09156
A4MPL 1205-2085 2 HEAT-DISSIPATOR; SGL; T0-49 PKG 28480 12050085
A4MP2 1205-0085 HEAT-DISSIPATOR; SGL3 T0-49 PKG 28480 1205-0085
A4P1 0362-0063 11 TERMINAL, CRP, QDISC FEM, 0.046 TAB, 91886 122-0192-019
A4P2 0362-0063 TERMINALy CRPy QDISC FEM, 0.046 TA3, 91886 122-0192-019
A4Q1 1853-0020 3 TRANSISTOR PNP SI CHIP PD=300MW 28480 1853-0020
24C2 1853-0020 TRANSISTGR PNP S1 CHIP PD=300MW 28480 1853-0020
A4Q3 1854-0071 S TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 1854-0071
A4C4H 1854-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 1854-0071
A4CS 1854-0071 TRANSISYOR NPN SI PD=300Mw FT=200MHZ 28480 1854-0071
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Replaceable Parts

Table 6-2. Replaceable Parts

Model 435A

nce HP Part . L. Mfr

Referenc Qty Description Mfr Part Number
Designation Number Code

A4C6 1855~0020 2 TRANSISTOR: J-FEV N-CHAN, D-MODE Si 28480 1855-0020

A4CT 1855-0020 TRANSISTOR; J-FET N~-CHAN, D-MODE St 28480 1855~0020

A4Q3 1853-0001 1 TRANSISTOR PNP SI CHIP T0-39 PD=600MW 28480 1853-0001

A4Q9 1854-0003 1 TRANSISTOR NPN SI TO-39 PD=BOOMKW 28480 1854-0003

A4Q1l0 1853-0012 2 TRANSISTOR PNP 2N2904A SI CHIP 01295 2N2904A

A4lil 1853-0012 TRANSISTOR PNP 2N2904A SI CHIP 01295 2N2904A

A4Q12 1854-0072 1 TRANSISTOR NPN 2N305%4 S1I PD=25W 02735 2N3054%

A4Q13 1853-0052 1 TRANSISTOR PNP 2N3740 SI CHIP PO=25%W 04713 2N3 740

A4C14 1854—-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 1854-0071

A4C15 1854-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 18540071

A4C16 1854-0090 1 TRANSISTOR NPN SI YG—-29 PD=1W FT=100MHZ 28480 1854-0090

A4Q17 1853-0038 1 TRANSISTOR PNP SI CHIP T0-39 PD=1w 28480 1853-0038

A4C18 1853-0020 TRANSISTOR PNP SI CHIP PD=300MW 28480 1853-0020

A4R1 0698-3160 3 RESTISTOR 31.6K 1T .125W F TUBULAR 16299 C4-1/8-70-3162-F
A4R2 0698-3156 1 RESISTOR 14.7K 1% .125W F TUBULAR 16299 C4-1/8-T0~-14T2-F
A4R3 0757-0288 1 RESISTOR 9.09K 1% .125W F TUBULAR 30983 MF4C1/8-T0-9091-F
A4R4 0698-3150 2 RESISTOR 2.37K 1% .1254 F TUBULAR 16299 C4-1/8-T0-2371-F
A4RS5 0698-3152 1 RESISTOR 3.48K 1T .125W F TUBULAR 16299 C4-1/8-T0-3481-F
A4R6 0757-0459 2 RESISTOR 56.2K 1% .125W F TUBULAR 24546 C4-1/8~-T0-5622-F
A4RT 0757-0465 RESTSTOR 100K 12 125k F TUBULAR 24546 C4-1/8-T0~-1003-F
A4R8 0757-0444 1 RESISTOR 12.1K 12 .125W F TUBULAR 24546 C4-1/8-T0-1212-F
A4R9 0757-0442 RESISTOR 10K 12 .125W F TUBULAR 24546 C4-1/8-T0-1002-F
A4R1O 0698-3159 3 RESISTOR 26.1K 13 .125W F TUBULAR 16299 Ca-1/8-T0-2612-F
A4R11 0698-3159 RESISTOR 26.1K 1% .125W F TUBULAR 16299 C4-1/8-T0-2612-F
A4R12 0757-0279 RESISTOR 3.16K 1% 1258 F TUBULAR 24546 C4-1/8-1T0-3161-F
A4R13 0757-0442 RESISTOR 10K 13 .125W F TUBULAR 24546 C4—1/8-T0—-1002~-F
A4R14 0698~-3446 1 RESISTOR 383 OHM 1% .125W F TUBULAR 16299 C4-1/8-T0~383R-F
A4R15 0757-0462 2 RESISTOR 75K 1% .125W F TUBULAR 24546 C4-1/8-T0-7502-F
A4R16 0757-0279 RESISTOR 3.16K 13 .125d F TUBULAR 24546 C4-1/8-T0-3161-F
A4R17 0757-0462 RESISTOR 75K 1Z .125W F TUBULAR 24546 C4-1/8-Y0-7502-F
A4R18 0757-0442 RESISTOR 10K 1% .125W F TUBULAR 24546 C4~1/8-1T0-1002-F
A4R 19 0811-3214 1 RESISTOR 31.62 OHM 1% .025W PWW 14140 1409—-1/40-31R62-8
A4R20 0811-3218 1 RESISTOR 1K 1% .0125W PWW TUBULAR 14140 1409-1/80~-1001-8
A4R2] 0757-0290 1 RESISTOR 6.1 1% .125W F TUBULAR 30983 MF&C1/8-T0-6191-F
A4R22 0698-3450 2 RESISTOR 42.2K 1% .125% F TUBULAR 16299 C4-1/8-T0-4222~-F
AGR23 0757-0278 2 RESISTOR 1.78K 1% 1254 F TUBULAR 24546 C4-1/8-T0-1781~F
A4R24 0757-0438 1 RESISTOR S5.11K 1% .125d F TUBULAR 24546 C4-1/8-T0-5111-F
A4R25 0698-3162 2 RESISTOR 46.4K 1T .125W F TUBULAR 16299 C4-1/8—-T0—-4642-F
A4R26 0757-0280 RESISTOR 1K 1% .125W F TUBULAR 24546 C4~1/8-T0-1001~-F
A4R2T 0698-3450 RESISTOR 42.2K 1T .125W F TUBULAR 16299 C4—-1/8-T0-4222-F
A4R2B 0757-0278 RESISTOR 1.78K 1% 1258 F TUBULAR 24546 C4-1/8-T0-1781~-F
A4R29 0757-0442 RESISTOR 10K 1% .125W F TUBULAR 24546 €4-1/8-T0-1002-F
A4R30 0757-0442 RESISTOR 10K 1% .125W F TUBULAR 24546 C4—-1/8-T0-1002-F
A4R31 0698-3158 2 RESISTOR 23.7K 1% .125W F TUBULAR 16299 C4-1/8-T0-2372-F
A&GR32 2100-1738 2 RESISTOR; VAR; TRMR3 10KOHM 10% C 19701 ET50W103

A4R33 0698-8300 1 RESISTOR 840 OHM 1% .125W F TUBULAR 30983 MF4C1/8-TO-840R-F
A4R34 0757-0280 RESISTOR 1K 1% .125W F TUBULAR 24546 C4-1/8-Y0-1001i~-F
A4R35 2100-2061 1 RESISTOR; VAR; TRMR; 200 OHM 10% C 30983 ETS50W201

A4R36 0757-0419 1 RESISTOR 681 OHM 1% ~125W F TUBULAR 24546 C41/8-T0-681R-F
A4R37 0757-0399 1 RESISTOR 82.5 OHM 1% .125W F TUBULAR 24546 C4-1/8~T0~-82R5~F
A4R38 0698-3154 1 RESISTOR 4.22K 1% .1258 F TUBULAR 16299 C4-1/8-T0—4221-F
A4R39 0698-3150 RESISTOR 2.37K 1% 125w F TUBULAR 16299 C4-1/8-T0-2371-F
A4R40 NJOT ASSIGNED

A4R4] NOT ASSIGNED

A4R42 2100-1738 RESISTOR; VAR; TRMR; 10KOHM 10% C 19701 ET50W103

A4R43 0683-2265 1 RESISTOR 22M 5% .25uW CC TUBULAR 01121 £B2265

AGR44 0698-3160 RESISTOR 31.6K 1% .125W F TUBULAR 16299 C4-1/8-T0-3162-F
A4R45 0757-0467 1 RESISTOR 121K 1% .125W F TUBULAR 24546 C4-1/8-T0-1213-F
A4R46 2100-2031 1 RESISTOR; VAR; TRMR; S0KOHM 10% € 30983 ET50M503

A4R47 0757-0841 1 RESISTOR 12.1K 1% .5 F TUBULAR 30983 MF7C1/2-T0-1212-F
A4R48 0757-1000 1 RESISTOR Sle.l OHM 1% .56 F TUBU AR 30983 MFT7C1/2-T0-51R1-F
A4R49 0683-0685 1 RESISTOR 6.8 DHM 5% .25W CC TUBULAR 01121 {B68G5

A4R50 0757-0465 RESISTOR 100K 13 125w F TUBULAR 24546 C4-1/8-T0-1003-F
A4RS1 0157-0465 RESISTOR 100K 1% .125W F TUBULAR 24546 C4-1/8-T0-1003~F
A4R52 0698-3157 1 RESISTOR 19.6K 13 .125W F TUBULAR 16299 Ca~1/8~-T0—1962~F
A4R53 0157-0279 RESISTOR 3.16K 1% .125W F TUBULAR 24546 C4-1/8-T0-3161-F
A4R54 0698-3159 RESISTOR 26.1K 1% .125W F TUBULAR 16299 C4-1/8-Y0-2612-F
A4RBS 0633-1555 1 RESISTOR 1.5M 5% .25W CC TUBULAR olr21 €81555

A4R56 0757-0442 RESISTOR 10K 1% .125W F TUBULAR 264546 C4-1/8-T0-1002-F
A4RS57 0757-0441 1 RESISTOR 8.25K 1% .125W F TUBULAR 264546 C4-1/8-T0-8251~-F
A4R58 0757-0428 1 RESISTOR 1.62K 1% 125w F TUBULAR 24546 C4-1/8-T0-1621-F
A4RS59 0698-3155 RESISTOR 4.64K 1% .125W F TUBULAR 16299 C4-1/78-T0-4641-F
A4R60 0698-3162 RESISTOR 46.4K 1% 1254 F TUBULAR 16299 C4~1/8-T0-4642-F
A4RE1 0757-1094 1 RESISTOR 1.47K 1% .125W F TUBULAR 24546 C4-1/8-T0-1471-F
A4R62 0698-3449 1 RESISTOR 28.7K 1% .125W F TUBULAR 16299 C4-1/8-T0-28712-F
A4R63 0757-0442 RESISTOR 10K 1% .125W F TUBULAR 24546 C4-1/8-T0-1002-F
A4Rb64 0757-0442 RESISTOR 10K 1% .125W F TUBULAR 24546 C4-1/8-T0-1002-F
A4R6ES5 0757-0403 1 RESISTYOR 121 OHM 1% .125W F TUBULAR 24546 C4-1/8-T0-121R~-F
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Model 435A Replaceable Parts
. Table 6-2. Replaceable Parts
Reference HP Part o Descripti Mfr
. A ty escription Mfr Part Number
Designation Number P Code
A4RE6 0698-3453 1 RESISTOR 196K 1% 125w F TUBULAR 16299 €C4—1/8~T0-1963-F
* FACTORY SELECTED PART
A4R67 0698-0084% 1 RESISTOR 2.15K 1% .125W F TUBULAR 16299 C4-1/8-T0-2151-F
A4R68 0698-0083 RESISTOR 1.96K 1I .125W F TUBULAR 16299 C4-1/8-T0-1961-F
A4R69 0683-3355 1 RESISTOR 3.3M 5% .25 CC TUBULAR 01121 £B3355
A4RT0 0757-0279 RESISTOR 3.16K 1% 1258 F TUBULAR 24546 C4-1/8-10-3161-F
A4RTL 0757-0442 RESISTOR 10K 1% .125W £ TUBULAR 24546 C4-1/8-T0-1002-F
A4RT2 0698-3160 RESISTOR 31.6K 1% 125K F TUBULAR 16299 C4-1/8-T0-3162~-F
A4RT3 0757-0274 1 RESISTOR 1.21K 1% 1254 F TUBULAR 24546 C4-1/8-T0~-1213-F
A4RT4 0698-3440 1 RESISTOR 196 OHM 12 .125W F TUBULAR 16299 C4-1/8-T0-196R~F
A4RTS 0698-3158 RESISTOR 23.7K 1% .125W F TUBULAR 16299 Ca-1/8-T0-2372-F
A4RT1 0839-0011 1 THERMISTOR, NEG TC, 100 OHM DISC 83186 21€E23
A4TPL 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
A4TP2 0360-1514 TERMINAL; SLDR STUD 28480 0360~1514
A4TP3 0360-1514 TERMINAL; SLDR STuD 28480 0360-1514%
A4TP4 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
A&TPS5 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
A4TPS 0360-1514 TERMINAL; SiLDR STuD 28480 0360-1514
A4TP7 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
A4TP8 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
A4TP9 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
A4TP10 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
A4TP11 0360-1514 TERMINALZ SLDR STUD 28480 0360-1514
A4TP12 0360—-1514% TERMINAL3 SLDR STUD 28480 0360-1514
A4UL 1826-0013 ICSLIN; OPERATIONAL AMPLIFIER 28480 1826-0013
A4U2 1826-0013 ICSLIN;OPERATIONAL ANMPLIFIER 28480 182€-0013
A4U3 1826-0013 IC;LINSOPERATIONAL AMPLIFIER 28480 1826-0013
A4U4 1826-0092 1 IC5LIN;OPERATIONAL AMPLIFIER 04713 MCT7812CP
A4 US 1826-0013 IC;LINSOPERATIONAL AMPLIFIER 28480 1826-0013
A4U6 1826-0013 IC;LIN;OPERATIONAL AMPLIFIER 28480 1826-0013
A4U7 1820-0223 ICSLINSOPERATIONAL AMPLIFIER 27014 LM3 01 AH
A4VR] VR2 1902-3002 2 DIODE-INR 2.37V 5% DU~T7 PD=.4W TC(= 04713 S7 109392
ALVR3 1502-0041 1 DIODE-ZNR 5.11V 5% DO-7 PD=.4Ww TC= 04713 SZ 10939-98
ALVRY 1902-3182 1 DIODE-ZNR 12.1V_5% DO-7 PD=.4W 04713 SZ 10939-206
Alwl 00435-60013 1 CABLE, GRAY SHIELDED, 2-CONDUCTOR 28480 00435-60013
ALAL 00435-60010 1 AUTO ZERO ASSY 28480 00435-60010
A4AlC] NSR, P/0 A4A1l ASSY
A4ALC2 NSRs P/0 A4Al ASSY
A4A1C3 NSRy P/0 AaA) ASSY
A4ALC4H NSRy P/0 A4Al ASSY
A4A1CR1 NSRy P/0 A4AL ASSY
A4ARK] NSRy P/0 A4A1 ASSY
A4ALQL NSRy P/0 A4A1 ASSY
A4ALIR]L NSRy P/Q AGA) ASSY
AGALRZ NSRy P/0 A4A1 ASSY
A4ALR3 NSRs P70 A4Al ASSY
A4A1RA NSRy P/0 A4AL ASSY
A5 5060-9409 1 POWER MODULE ASSY, JADE GRAY 284890 506 0-9409
ASJ1 0360-1514 TERMINAL3 SLDR STUD 28480 0360-1514
A5J2 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
AS5J3 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
AS534 0360-1514 TERMINAL; SLDR STuD 28480 0360-1514
AS5J5 0360-1514 TERMINAL3 SLDR STUD 28480 0360~-1514
ASJ6 0360~-1514 TERMINAL; SLDR SYUD 28480 0360-1514
ASJT 0360-1514 TERMINALS SLDR STuD 28480 0360-1514
As5J8 0360-1514 TERMINAL; SLDR STUD 28480 0360-1514
A5J9 0360~-1514 TERMINAL; SLDR STUD 28480 0360-1514
AS5J10 NSR, PART OF A5 ASSY
CHASSIS PARTS
8T1 14200096 1 BATTERY:228.8V 28480 1420-0096
{FOR OPT 001)
DSl 2140-0244 1 LAMP, GLOW, BULB T-2, 105V 87034 AlH
{PART OF 51}
F1l 2110—-0004 1 FUSE .25A 250V 71400 AGC-1/4
(FOR 100,120 VAC OPERATION)
F1 2110-0027 1 FUSE .125A 250V 71400 AGC 1/8

{FOR 220,240 VAL OPERATION)

See introduction to this section for ordering information



Replaceable Parts

Table 6-3. Replaceable Parts

Model 435A

Reference HP Part o Descrioti Mfr
. . ty escription Mfr Part Number

Designation Number P Code
Ji 1251~3228 2 COVMNECTOR, 12-CONT, FEM, CIRC AUDIO 13511 917 3638-1000

{P/0 W1, SEE MP4)
J2 NSR P/0 W3 OR W9; SEE MP3 AND MP6.
J3 12500118 2 CONNECTOR-COAX; BNC3 50 OHM FEMALE P49 31-2221-1022
Ja 1250-0118 CONNECTOR-CJAX3 BNC; 50 GHM FEMALE 90949 31-2221-1022
Js 1251-3228 CONNECTOR, 12-CONT, FEM, CIRC AUDIO 13511 9173638-1000

(P/0 W6, SEE MP4)
M1 1120-1513 1 METER 28480 1120-1513
¥P1 0370-1100 1 KNOBy BASE-CONC PTR, 45 IN, JGK 28480 0370-1100

{CAL FACTOR SWITCH)
MP2 0370-2388 1 KNOB:BAR SKIRTED, JADE GRAY 28480 0370-2388

{RANGE SWITCH)
NP3 0590-0011 1 NUT; KNRLD R 5/8-24 .125 X <755 BRS; NI 28480 0590-0011

(USED WITH J2}
NP4 1251-3362 1 NUT SHEX 28480 1251-3362

(USED WITH J1 AND J5)
hd &1 0590-0923 1 NUT; KNRLD R 1/2-32 .125 X €355 SST; 28480 0590~-0923

{P/0 s1)
MPSE 2950-0079 1 NUT3; HEX 5/8-24 .125 X .753 BRS 76854 169597002

(P/0 WO OR W9y 'SEC WITH J2}

MP7
MP9
MP13
MPI2
MP11
T MP23
Figure 6-1. Cabinet Parts, Exploded View

»P7 5060-8555 1 COVER ASSY:TOP 5 X 11 28480 5060—-8555
¥P8 00435-00003 1 PANEL, REAR 28480 00435-00003
MPS 5000-8565 2 COVER:SIDE 28480 5000-8565
MP10 5000-8571 i COVER:BOTTOM 5 X 11 28480 5000-85T71
»P1l 00435-00001 1 PANEL, FRONT 28480 00435-00001
MP12 00435-00011 1 GUSSET, FRONF PANEL 28480 00435-00011
MP13 5020-7633 1 METER TRIM:THIRD MODULE 28480 5020~7633
MP14 00435-00004 1 BRACKET, SWITCH 28480 00435-00004
MP15 0043 5-00005 1 BRACKET MOUNTINGy, MICROSWITCH 28480 00435-00005
MPlo 5060—0703 2 FRAME ASSY:z6 X 11 SM 28480 5060~0703
MP17 00435-00007 1 DECKs CHASSIS 28480 00435—-00007
MP18 5060-0727 2 FOOT ASSY 28480 5060-0727
MP19 5020-0700 1 SPACER: CABINETY 28480 5020-0700
MP20 1490-0031 1 SPRING WFRM .156-DD SST 28480 1490-0031
MP21 5040-0700 2 HINGE 28480 5040-0700
mMp22 00435-00002 i BRACKET MOUNTING, CAL POT 28480 00435-00002
MP23 2360-0190 8 SCREW-MACH 6-32 100 DEG FL HD POZI REC 28480 2360—-0190
»P24 2360~0194 2 SCREW-MACH 6—-32 100 DEG FL HD POZI REC 28480 2360-0194

6-8

See introduction to this section for ordering information



Model 435A Replaceable Parts
Table 6-2. Replaceable Parts
Reference HP Part o Descripti Mfr
. ! escription Mfr Part Number
Designation Number ty P Code
Pl 0362-0063 TERMINAL, CRP, QDISC FEM, 0.046 TAB, 91886 122~0192-019
P2 0362-0063 TERMINAL, CRP, QDISC FEM, 0.046 TA3, 91886 122-0192-019
P3 0362-0063 TERMINAL, CRP, QDISC FEM, 0.046 TAB, 91886 122-0192-019
P4 0362-0063 TERMINAL, CRP, QDISC FEM, J.046 TAS, 91886 122-C192-019
P5 0362-0063 TERMINAL, CRP, QDISC FEM, 0.046 TAB, 91886 122-0192-019
Pé6 0362-0063 TERMINAL, CRP, QDISC FEM, 0.046 TAB, 91386 122-0192-019
P7 0362~-0063 TERMINAL, CRP, WQDISC FEM, 0.0456 TAB, 91886 122-0192-019
P8 0362-0063 TERMINAL, CRP, QDISC FEM, 0.046 TA3, 91886 122-0192-019
P9 0362-0063 TERMINAL, CRP, QDISC FEM, 0.046 TAB, 91886 122-0192-019
P10 1250~1411 1 CONNECTOR-COAX3 SMC; 50 OHM FEMALE 98291 50-328-3188
{(P/0 W3 OR W9)
R1 2100-3342 1 R:VAR 10K OHM 5% 10-TURN 28480 2100-3342
R2 0757-0459 RESISTUR 5642K 1% .125W F TUBULAR 24546 C4-1/8-T0-5622~-F
{P/D W2)
s1 3101-1395 1 SWITCH; PB 1-STA RECT DPDT 87034 53-67280-121/A1H
(P/0 W2y, INCLUDES DS1 AND MPS)
52 3102-0006 i SWITCH-SENS SPDT SUBMIN .5A 28VDC 23480 3102-0006
(ZERO)
00435-00006 1 SPRING, PUSHBUTTON 28480 004 35~00006
00435-40001 1 PUSHBUTTON, MICROSWITCH 28480 00435-40001
03603-2004 1 NUT PLATE, MICROSWITCH 28480 03603-2004
s3 3101-0070 1 SWITCH; SL3 DPDT NS; .5A 125VAC/DC 19727 GF-126-0000
{POWER REF. SWITCH)
T 9100-3391 1 TRANSFORMER 28480 9100—-3391
T81 5020-8122 1 LINE VOLTAGE SELECTION CARD 28480 5020-8122
k1 0043 5-60006 1 CABLE, INPUT, GRAY 28480 C0435-60006
{INCL J1, SEE MP4, OMITTED ON OPT 003)
w2 0043 5-60007 1 CABL E, POWER PRIMARY 284380 00435-60007
({INCLUDES R2 AND S1)
w3 00435-60004 1 CABLEy POWER REFERENCE 28430 00435-60004
(INCLUDES J2, P10 AND MP6, SEE MP3,
OMITTED ON GPT 003)
e 00435-60011 1 CABLE; POWER SENSOR, S5', STANDARD 28480 00435-60011
{OMIT DN OPTY 009,010,011,012 & 013)
00435-60020 1 CABLE, POWER SENSOR, 10* {OPT 009 ONLY) 28430 00435-60020
00435-60021 1 CABLE, POWER SENSOR, 20' (OPT 010 ONLY) 28480 004 35-60021
00435-60022 1 CABLE, POWER SENSOR, 50" (OPT 011 ONLY) 284380 00435-60022
00435-60023 1 CABLE, POWER SENSOR, 100* (GPT 012 ONLY) 28480 004 35-60023
00435-60024 1 CABLE, POWER SENSOR, 200' (OPT 013 ONLY) 284380 00435-60024
W5 8120-1378 1 CABLE; UNSHLD 3-COND 18AWG 28480 8120-1378
®6 00435-60027 1 CABLE, INPUY, GRAY 28480 00435-60027
{INCL J5, SEE MP4, FOR OPT 002 & 003}
N7 00435-60025 1 CABL E; GREEN 28480 004 35-60025
w8 00435-60026 1 CABLE, BLUE, 2-CONDUCTOR 28480 00435-60026
WS 00435-60028 1 CABLEy POWER REFERENCE 28480 C0435-60028
(INCL J2y, P10 AND MP6}, SEE MP3,
OPT 003 ONLY).
XA 4 1251-0233 1 CONNECTOR; PC EDGE3 22-CONT; SOLDER EYE 71785 251-22-30-261
MISCELLANEOUS PARTS
04030131 2 GUIDE, P.C. BOARD, GRAY 28480 0403-0131
6960-0010 1 PLUGy, HOLE, STANDARD HD, .625 DIA STEEL 77122
6960-0024 1 PLUGy HOLE, STANDARD +D, .688 DIA NYLON 28520 P-687
5040-0345 4 INSULATOR: CONNECTOR 28480 5040-0345
00435-00009 1 ClL.AMP, BATTERY (OPT 0OCl1 ONLY) 28480 00435-00009

See introduction to this section for ordering information
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Table 6-3. Code List of Manufacturers

Model 435A

MFR
NO.

01121
01295
02735
63877
¢3898
04713

14140
16299
19701
20940
24226
24546
27014
28480
28520
30963
32997
56289
71406
71785
76854
77122
79727
83186
B7034
90949
91886
98291

MANUF ACTURER NAME

ALLEN RRADLEY CO

TEXAS INSTR INC SEMICOND CMPNY DIV
RCA CORP SOLID STATE DIV
TRANSITRON ELECTRONIC CORP
PYPOFILM COPP

MOTOROLA SEMICINDUCTOR PRODUCTS

EOTISON ELEK DIV MCGRAW-FDISON
CORNING GL WK ELEC CMPNT DIV
MEPCO/ELECTRA CORP

MICPO-CHM C(RP

GOWANDA ELECTRONTCS CORP

CORNING CLASS WORKS

NATIONAL SEMICONDUCTOR CORP
HEWLFTT-PACKARD CO CORPORATE HQ
HEYMAN MFG CC

MEPCO/FLECTRA (ORP

BOURNS INC TRIMPUT PROD DIV
SPRAGUE ELECTRIC CO

RUSSMAN MFG DIV OF MCGRAW-EDISON CO
TRW ELEK COMPONENTS CINCH DIV

OAK IND INC Sw DIV

PALNUT CO UNITED-CARR DIV TRW INC
C-W INDUSTRIES

VICTORY ENG INE ERING CORP
MARCO-0AK DIV CAK IND INC
AMPHENTL SALES DIV OF BUNKER-RAMO
MALCO MFG CO INC

SEALECTRO C(RP

ADDRESS

MILWAUKEE WI
DALLAS TX
SOMMERVILLE NJ
WAKEFIELD MA
WHIPPANY NJ
PHOENIX AZ

MANCHESTER NH
RALEIGH NC
MINERAL WELLS TX
FL MONTE CA
GOWANDA NY
3RADFORD PA
SANTA CLARA CA
PALO ALTO CA
KENILWORTH NJ
SAN DIEGO CA
RIVERSIDE CA
NORTH ADAMS MA
ST LOUIS MO

ELK GROVE VILLAGE IL

CRYSTAL LAKE IL
MOUNTAINSIDE NJ
WARMINSTER PA
SPRINGFIELD NJ
ANAHEIM CA
HAZELWOOD MO
CHICAGO IL
MAMARONECK NY

1P
CODE

53212
75231
08876
01880
07981
85008

03130
27604
76067
91731
14070
16701
95051
94304
07033
92121
92507
01247
63017
60007
60014
07092
18974
07081
92803
63042
60650
10544

6-10
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Manual Changes

SECTION ViI
MANUAL CHANGES

7-1. INTRODUCTION

7-2. This section contains information for
adapting this manual to instruments for which the
content does not apply directly. In addition,
information about recommended modifications for
improvements to the instruments is provided.

7-3. MANUAL CHANGES

7-4. To adapt this manual to your instrument,
refer to Table 7-1 and make all of the manual

changes listed opposite your instrument serial
number.

7-5. If your instrument serial number is not listed
on the title page of this manual or in Table 7-1
below, it may be documented in a yellow
MANUAL CHANGES supplement. For additional
important information about serial number cover-
age refer to INSTRUMENTS COVERED BY
MANUAL in Section I.

Table 7-1. Manual Changes by Serial Number

Serial Prefix or Number

Make Manual Change

1234A

A

MANUAL CHANGES

7-6. MANUAL CHANGE INSTRUCTIONS

CHANGE A

Table 6-2:
Change:

A3R14 to 0698-5068, R: FXD 50 OHM 1% 1/8W F TUBULAR, 30983, MF4C1/8-T9-50R0-F.
A4R67 to 0757-0280, RESISTOR, FXD 1K 1% 1/8W F TUBULAR, 24546, C4-1/8-TO-1001-F.
A4R68 to 0757-0444, RESISTOR, FXD 12.1K 1% 1/8W F TUBULAR, 24546, C4-1/8-TO-1302-F.
A4U4 to 1826-0013, INTEGRATED CIRCUIT; LINEAR OP AMP, 28480, 1826-0013.

Delete A3L3, A4C30, A4R74, and A4R75.

Figure 8-7, (Service Sheet 2):

Change the diagram as shown by the partial schematics, Figures 7-1 and 7-2.

Figure 8-11 (Service Sheet 3):

Delete A4R74 (The connection is made directly from A4 A1l output to X A4 pin 40).

Figure 8-13 (Service Sheet 4):

Change the diagram as shown by the partial schematic, Figure 7-3.
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MANUAL CHANGES

Model 435A

CHANGE A (cont’d)

P/0 A4 AMPLIFIER AND POWER SUPPLY ASSEMBLY (00435-60001)

+12v
s FIRST AMPLIFIER \
I 31 R6
! 31, 6K 56. 2K l
Ja !
XAd $R2 ‘60 +12v |
314.7K
123, NI c7 |
| < -ul 047
! 5 [1826-0013 N
! +
; 2
| \B/ -12v R7 1t RS =05 VRI
1 b3
,: : 100k 3121k T.0082 2 37V
1
! CRL WCRZ 3N VR2
1 R66* 2.3V
] 196K
125 w1
——= € - R6T  SR68
! $RI10 1000 $12.1K
E <$26.1K -1V
. )
| < Rll 106
124, . 326.1K ;33
B %
b -1V
Figure 7-1. P/O A4 Assembly Schematic (Part of Change A)
Y SECOND AMPLIFIER
I
|
XA4 +12v <'R25;7
12¢ AN C9 CI0 346.4K +12v
o u2 A W NN e
LAY 7 +
| ) —1826-0013 - » 6 7
i 4 2 lcn | 182670013 N
. -12v $42.2k T.01 T
| cul 4Rz
b oy -008T 322K
f $R23
i /J 1780 SRo8
| 7 21780
! R19 ,J@
13 31.620

Figure 7-2. P/O A4 Assembly Schematic (Part of Change A)

7-2
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MANUAL CHANGES
CHANGE A (cont’'d)
______________ =
50 MHz
OSCILLATOR ————————
L1
4.7

t

ov

al
1854-0247 | C10
wE Toor R4 0 Py 2
e Ve o OUTPLT
Len ikl
T 200pF s 1 mw
/L £0,7%
m AT 50 MHz

348 /];0.01

-R2v

Figure 7-3. P/O A3 Assembly Schematic (Part of Change A)

INSTRUMENT MODIFICATIONS

7-7. MODIFICATION OF A4 ASSEMBLY (SERIAL PREFIX 1234A)

7-8. The Power Meter’s A4 assembly must be changed to HP Part Number 00435-60001 Revision B
(B-130304) when used with a Power Sensor Cable of length greater than 5-feet. The new board, which
may be used without further modification, may be ordered through your nearest Hewlett-Packard office.

NOTE

Perform the adjustments in Section V after
installing the new board.

7-3/7-4
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Service

SECTION Vil
SERVICE

8-1. INTRODUCTION

8-2. Service information is provided in this sec-
tion. General service information relates to
troubleshooting. Repair information relates to
performance testing and adjustments after repairs
are made. The service sheets include principles of
operation and troubleshooting information, loca-
tion diagrams, and a schematic diagram.

8-3. The last foldout in the manual includes a
table, which cross-references all pictorial and
schematic locations of each assembly, and chassis
mounted and adjustable component. The foldout
also shows the location of each assembly, chassis
mounted component, and adjustable component.

8-4. SAFETY CONSIDERATIONS

8-5. Although this instrument has been designed in
accordance with international safety standards, this
manual contains information, cautions, and
warnings which must be followed to ensure safe
operation and to retain the instrument in safe
condition (see Sections II, III,and V). Service and
adjustments should be performed only by qualified
service personnel.

WARNING

Any interruption of the protective
(grounding) conductor (inside or outside
the instrument) or disconnection of the
protective earth terminal is likely to make
the instrument dangerous. Intentional
interruption is prohibited.

8-6. Any adjustment, maintenance, and repair of
the opened instrument under voltage should be
avoided as much as possible and, when inevitable,
should be carried out only by a skilled person who
is aware of the hazard involved.

8-7. Capacitors inside the instrument may still be
charged even if the instrument has been discon-
nected from its source of supply.

8-8. Make sure that only fuses with the required
rated current and of the specified type (normal
blow, time delay, etc.) are used for replacement.

The use of repaired fuses and the short-circuiting
of fuseholders must be avoided.

8-9. Whenever it is likely that this protection has
been impaired, the instrument must be made
inoperative and be secured against any unintended
operation.

WARNING

The service information is often used with
power supplied and protective covers
removed from the instrument. Energy
available at many points may, if con-
tacted, result in personal injury.

8-10. SERVICE SHEETS

8-11. The service sheets normally include prin-
ciples of operation and troubleshooting informa-
tion, a component location diagram, and a
schematic, all of which apply to a specific portion
of circuitry within the instrument.

8-12. Service Sheet 1 includes an overview of the
instrument operation, troubleshooting on an
assembly or stage level, and a troubleshooting
block diagram. The block diagram also serves as an
“index” for the other service sheets.

8-13. The Schematic Diagram Notes, Figure 8-3,
aids in interpreting the schematics.

8-14. Principles of Operation

8-15. The operation of the circuitry shown by the
schematic diagram is explained in the Principles of
Operation. This information is outlined by using
assembly and stage names. These names also
separate circuit areas on the schematic diagrams.

8-16. Troubleshooting

8-17. This information is in the form of hints and
suggestions pertaining to problems one may
encounter while troubleshooting the 435A. The
troubleshooting information is located on the left-
hand foldout of the service sheet following the
Principles of Operation.

8-1
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8-21. RECOMMENDED TEST EQUIPMENT

8-22. Equipment recommended in Table 1-3
should be used for testing and troubleshooting the
435A, to ensure that it is operating within the
limits set forth in the specifications listed in Table
1-1. Test equipment that meets or exceeds the
critical specifications listed may be used in place of
the recommended equipment.

8-23. REPAIR

8-24. After repairing any circuitry within the
435A, refer to Section V and perform the adjust-
ments.

8-25. Perform the tests in Section IV to ensure
that the instrument is operating within the
specified limits.

NOTE

If the A3 Power Reference Assembly is
repaired, see the Power Reference Output
test in Section IV for instructions on
setting the power output level.

8-26. GENERAL SERVICE INFORMATION
8-27. Etched Circuit Boards

8-28. The etched circuit boards used in Hewlett-
Packard equipment are the plated-through type
consisting of metallic conductors bonded to both
sides of an insulating material. The metallic
conductors are extended through the component
holes or interconnect holes by a plating process.
Soldering can be performed on either side of the
board with equally good results. Table 8-1 lists
recommended tools and materials for use in
repairing etched circuit boards. Following are
recommendations and precautions pertinent to
etched circuit repair work.

a. Avoid unnecessary component substitu-
tion; it can result in damage to the circuit board
and/or adjacent components.

b. Do not use a high power soldering iron on
etched circuit boards. Excessive heat may lift a
conductor or damage the board or a component.

CAUTION

Do not use a sharp metal object such as an
awl or twist drill to remove solder from
component mounting holes. Sharp objects
may damage the plated-through
conductor.

Service

¢. Use a suction device or wooden toothpick
to remove solder from component mounting holes.

d. After soldering, remove excess flux from
the soldered areas and apply a protective coating to
prevent contamination and corrosion.

8-29. Component Replacement

8-30. The following procedures are recommended
when component replacement is necessary:

a. Remove defective component from board.

b. If component was unsoldered, remove
solder from mounting holes with a suction device
or a wooden toothpick.

c. Shape leads of replacement component to
match mounting hole spacing.

NOTE

Although not recommended when both
sides of the circuit board are accessible,
axial lead components such as resistors
and tubular capacitors, can be replaced
without unsoldering. Clip leads near body
of defective component, remove com-
ponent and straighten leads left in board.
Wrap leads of replacement component
one turn around original leads. Solder
wrapped connection and clip off excess
lead.

d. Insert component leads into mounting
holes and position component as original was
positioned. Do not force leads into mounting
holes; sharp lead ends may damage the plated-
through conductor.

8-31. Operational Amplifiers

8-32. Operational Amplifiers Function. Opera-
tional amplifiers are used to provide such functions
as summing and offsetting voltages, as buffer
amplifiers, detectors, and in power supplies. The
particular function is determined by the external
circuit connections. Equivalent circuit and func-
tional diagrams for typical operational amplifiers
are contained in Figure 8-2. Circuit A is a non-
inverting buffer amplifier with gain of one. Cir-
cuit B is a non-inverting amplifier with gain de-
termined by the resistance of R1 and R2. Cir-
cuit C is an inverting amplifier with gain deter-
mined by R1 and R2, with the input impedance
equal to R2. Circuit D contains the functional

83
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circuitry and pin connection information with an

operational amplifier review. Circuit D contains

the functional circuitry and pin connection infor-

mation with an operational amplifier review.
NOTE

It is assumed that the amplifier has high
gain, low output impedance and high
input impedance.

8-33. Troubleshooting. An operational amplifier
can be characterized as an ideal voltage amplifier
amplifier having low output impedance, high input
impedance, and very high gain. Also the output
voltage is proportional to the difference in the
voltages applied to the input terminals. In use, the

Model 435A

amplifier drives the input voltage difference close
to zero.

8-34. When troubleshooting an operational ampli-
fier, measure the voltages at the two inputs with no
signal applied; the difference between these volt-
ages should be less than 10 mV. A difference
voltage much greater than 10 mV indicates trouble
in the amplifier or its external circuitry. Usually
this difference will be several volts and one of the
inputs will be very close to an applied circuit
operating voltage (for example, +20V, —12V).

8-35. Measure the amplifier’s output voltage. It
will probably be close to one of the supply voltages

Table 8-1. Etched Circuit Soldering Equipment

item Use Specification ftem Recommended
Soldering tool Soldering Wattage rating: 472 — 56 Ungar No. 776 handle with
Unsoldering Tip Temp: 850 — 900 degrees *Ungar No. 4037 Heating
Unit
Soldering* tip Soldering *Shape: pointed *Ungar No. PL111
Unsoldering

De-soldering To remove molten solder
Aid from connection

Suction device

Soldapult by Edsyn Co.
Arleta, California

Remove excess flux from
soldered area before appli-
cation of protective coating.

Resin (flux)

Must not dissolve etched circuit
base board material or conduc-
tor bonding agent.

Freon, Aceton, Lacquer
Thinner, Isopropyl Aleohol
(100% dry)

Solder Component replacement Resin (flux) core, high tin

Circuit board repair content (60/40 tin/lead),

Wiring 18 gauge (SWG) preferred
Protective Contamination, Good electrical insulation, Silicone Resin such as
coating corrision protection corrosion-prevention GE DRI-FILM**88

properties

degrees) and Ungar No, PL113, 1/8-inch chisel tip.

*For working on etched boards; for general purpose work, use Ungar No. 1237 Heating Unit (37.5W, tip temperature of 750—800

**General Electric Co., Silicone Products Dept., Waterford, New York, U.5.A,
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or ground. Verify that the output voltage follows
the input voltages, i.e., if the non-inverting input
voltage is more positive than normal and/or if the
inverting input voltage is more negative than
normal, then the change in output voltage should
be more positive. If the non-inverting input is less

Service

positive and/or the inverting input voltage is less
negative, the change in output voltage should be
less positive. The preceding symptoms indicate the
defective component is in the external circuitry. If
the symptoms as stated are absent, the operational
amplifier is probably defective.

GAIN =1
INPUT

INPUT IMPEDANCE: VERY HIGH
OUTPUT IMPEDANCE: VERY LOW

INPUT IMPEDANCE: R2
OUTPUT IMPEDANCE: VERY LOW

OPERATIONAL AMPLIFIER

OUTPUT

Cc
GAIN = -R1/R2
vl
———— OUTPUT
R2
INPUT ——w -
R1

IF“A" IS LARGE, Vg = V4

GAIN =1+R1/R2

INPUT

OUTPUT

R2

Y ;

INPUT IMPEDANCE: VERY HIGH
QUTPUT IMPEDANCE: VERY LOW

R2 R1
Vg —m—rd VW

M | Vg=vq (1+50 vy (E5)
(@ IFV2=0( ), THEN | Vo=Vq (1403
@) IFVy=0(g), THEN | Vg=-Vy (AL)

Figure 8-2. Operational Amplifier Equivalent Circuit

8-5
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SCHEMATIC DIAGRAM NOTES

Resistance in ohms, capacitance in microfarads, inductance in milli-
henries unless otherwise noted.

microhenries
%k Asterisk denotes a factory-selected value. Value shown is typical.
Part may be omitted.
2 Tool-aided adjustment.
'®) Manual control.
] Encloses front-panel designation.
7 Encloses rear-panel designation.
_——— Circuit assembly borderline.

Other assembly borderline. Also used to indicate mechanical inter-
connection (ganging).

Heavy line with arrows indicates path and direction of main signal.

Heavy dashed line with arrows indicates path and direction of main

feedback.
& Wiper moves toward CW with clockwise rotation of control (as
viewed from shaft or knob).
Numbered Test Lettered Test point.
point. Measure- No measurement
ment aid provided. aid provided.
) Encloses wire color code. Code used is the same as the resistor color

code. First number identifies the base color, second number identi-
fies the wider stripe, third number identifies the narrower stripe.
Eg., denotes white base, yellow wide stripe, violet narrow

stripe.

1 A direct conducting connection to the earth, or a conducting connec-
tion to a structure that has a similar function (e.g., the frame of an
air, sea, or land vehicle).

h A conducting connection to a chassis or frame.

'§‘7 Common connections. All like-designated points are connected.

e 6 Letter = off-page connection.

Number = Service Sheet number for off-page connection.

Figure 8-3. Schematic Diagram Notes (1 of 3)
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Model 435A

SWITCH DESIGNATIONS

EXAMPLE: A3S1AR(2-1/2)

SWITCH S1 WITHIN
ASSEMBLY A3

A3S1

A = 1STWAFER FROM
FRONT (A=1ST, ETC)

R = REAR OF WAFER
(F=FRONT)

{2-1/2) = TERMINAL LOCATION
(2-1/2) (VIEWED FROM
FRONT)

Figure 8-3. Schematic Diagram Notes (3 of 3)

SERVICE SHEET |

PRINCIPLES OF OPERATION
General

The Power Meter and a compatible Power Sensor
are used to measure RF power levels. For example,
the power range of the HP Model 8481A is from
—35 to +20 dBm (=0.3 uW to 100 mW) into 5082;
the frequency range is from 10 MHz to 18 GHz.

Power Sensor

The power sensing device dissipates the input RF
energy into 50 ohms and produces a dc voltage
proportional to the power level. This de voltage is
sampled creating an ac signal which is coupled to
the Input Amplifier for amplification.

8-8

AC Amplifiers/A2 Range Switch Assembly

The ac signal is amplified by the Power Sensor’s
Input Amplifier and the Power Meter’s First,
Second, and Third Amplifiers. The RANGE switch
attenuators which are placed between the First and
Second and Second and Third amplifiers are used
to set the range-to-range gain of the Power Meter
amplifiers.

DC Circuits

The Synchronous Detector converts the ac signal
back to dc. The output is coupled to the DC
Amplifier via a Low Pass Filter network which is
part of the A2 Range Switch Assembly. The DC
Amplifier drives the meters, the Servo Amplifier,
and possibly an external device through the
RECORDER OUTPUT jack.
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Servo Amplifier/Auto Zero

The Servo Amplifier amplifies the DC Amplifier
output. When the front panel ZERO switch is
pressed, the Servo Amplifier output is connected
to the auto zero circuits completing the automatic
zeroing feedback loop. The auto zero dc output
voltage (error signal) is added to the ambient
temperature output of the Power Sensor’s power
sensing device. The polarity of the error signal and
the feedback loop gain force the DC Amplifier
output to ground potential after five seconds.
When the zero switch is released, the Auto Zero
circuits hold the error signal constant.

Power Reference Assembly

The A3 Power Reference Assembly contains a 50
MHz oscillator with an ALC loop capable of
providing an exceptionally stable output level. The
calibrated output is 1 mW + 0.70% at 50 + 5 MHz.

Power Supply

The Power Supply is a 24V series regulator with a
shunt regulator coupled across the output. The
shunt regulator places ground potential midway
between the 24V potential difference thus pro-
viding supply outputs of +12 and —12 Vdc. The
battery charging and test circuits are automatically
operative with the battery installed.

TROUBLESHOOTING

General

Before beginning to troubleshoot the Power Meter,
remove the cover from the right side of the
instrument and measure the power supply voltages
at TP9 and TP10.

When a malfunctioning component is isolated to an
assembly or stage, refer to the appropriate Service
Sheet for component level troubleshooting.

Block Diagram Troubleshooting Conditions

The waveforms and voltages shown are normal
when operating under the following conditions.

NOTE
To exhibit the correct waveforms in the
RANGE positions shown, the Power Sensor
(as part of the measurement system) must
measure power from —35 to +20 dBm (50).

a. POWER METER AND SENSOR. Set the
Power Meter’s RANGE switch to the 1 mW position,
CAL FACTOR switch to 100%, and the rear panel
POWER REF switch to (ON). Connect the Power
Sensor to the Power Meter’s POWER REF OUT-
PUT Jack.

b. POWER METER AND HP MODEL
11683A RANGE CALIBRATOR. Setthe Power
Meter’s RANGE switch to the 1 mW position and
CAL FACTOR switch to 100%. Set the Range Cali-
brator’s RANGE switch to 1 mW, POLARITY
switch to NORMAL, and FUNCTION switch to
STANDBY. Connect the Range Calibrator to the
Power Meter with the Power Sensor Cable. Set the
Range Calibrator FUNCTION switch to CALI-
BRATE.

AC Amplifiers

If the waveform and/or voltage at TP1 is incorrect,
it must be determined if the circuit malfunction is
in the Power Meter, Power Sensor, or cable.
Substitution of another cable and a Range Calibra-
tor or Power Sensor for the Power Sensor will
quickly isolate the defective instrument.

Replace a defective cable, refer to the Operating
and Service Manual of a defective Power Sensor,
and check the multivibrator output (TP7 and 8) of
a malfunctioning Power Meter. If a spare cable and
Power Sensor or Range Calibrator is not available,
refer to the troubleshooting information for the
First Amplifier on Service Sheet 2.

Miscellaneous

Voltages at TP4, 5, 6, and 12 are correct as shown
for full-scale meter readings on any range.

With a full scale input, on 1 mW range only, press-
ing the front panel zero switch should produce a
meter reading of about 0.96. If the reading is in-
correct, refer to Section V and perform the adjust-
ments. If the problem still exists, refer to auto-
zero circuit troubleshooting on Service Sheet 3.

A noise problem evident as meter vibration may be
due to defective components illustrated on Service
Sheets 2, 3, or b.






SERVICE SHEET 2
PRINCIPLES OF OPERATION

General

The RF input power coupled to the Power Sensor is dissipated by
the load impedance of the power sensing device. The dc output of
the power sensing device is converted to a 220 Hz ac signal by a
sampling gate (chopper) circuit. The ac signal, which is propor-
tional to the RF input, is amplified by tuned ac amplifier states in
the Power Sensor and Power Meter. The Synchronous Detector
converts the amplified 220 Hz ac signal back to a dc level which
also is proportional to the RF input.

The RANGE switch attenuator networks attenuate the ac signal
for higher power inputs. This allows equal measurement resolution
for high and low power levels. The Synchronous Detector and a
sampling gate circuit (in the Power Sensor) are driven in phase by
the 220 Hz Multivibrator.

A4U4B is connected as a voltage follower between the Input
Signal Ground and Signal Ground. This circuit ensures a minimum
voltage difference exists between the grounds thereby eliminating
the possibility of unreliable readings. High current flow, through
the ground return of cables which are greater than 5 feet long,
cause the voltage difference.

First Amplifier

The First Amplifier of the Power Meter and the Power Sensor’s
amplifier stage form a low-noise high-gain hybrid operational
amplifier (refer to the figure below). The ac gain is approximately
750; dc bias is set by A4R1, R2, R6, R10, and R11.

~———POWER SENSOR POWER METER —m—mr—m—
|
le12vne
SAMPLED
AC INPUT
220Hz
OUTPUT
3L6
; $22.1K
$
-12vDC
POWER SENSOR CABLE

SERVICE SHEET 2 (cont’d)

Diodes A4CR1, CR2, VR1, and VR2 and their associated compo-
nents are part of a shaping network which compensates for the
non-linear output of the Power Sensor’s power sensing device. At
RF inputs near the maximum power input (100 mW for Model
8481A) the power sensing device is slightly more efficient and the
hybrid amplifier’s gain is reduced slightly to provide an overall
response that is linear.

The combination of A4C5, R8, and R9 is one of three RC
networks in the ac amplifiers which determine the high frequency
cutoff (240 Hz) of the 220 * 20 Hz bandpass. A4C1, C6, and C30
are line noise filters.

A2 Range Switch Assembly

The A2 assembly and associated components on the A4 assembly
form two separate attenuator networks and a low pass filter (the
filter is shown and discussed on Service Sheet 3).

With higher power RF inputs, relatively high voltages are coupled
to the attenuator inputs. The higher the voltage the more it is
attenuated, thus allowing for greater sensitivity needed for low
power measurements while providing the needed resolution for
each range. The various levels of attenuation permit ten usable
range positions from 3 yW to 100 mW (full scale). The following
table shows the individual and combined effect of the attenuators
on the ac signal.

Attenuation
I:‘Sevln\!cslf Network #1 Network #2
Position (A2S1R1, R2, (A2S1R3, R4 Total
and A4R19 R5, and A4R20)

3 uw +1 + 1 + 1

10 uW + 1 + /10 + 1012
30 uW =1 + /100 + 10
100 uW + 1 + /1000 + 1032
300 uW + /1000 + /10 + 102

1mW ++/1000 ++/100 + 1052

3 mW +4/1000 + /1000 + 108
10 mW + 1000 + /10 + 107/2
30 mW + 1000 + /100 + 10%
100 mW + 1000 +4/1000 + 10972

Hybrid Operational Amplifier

The bandpass of the ac amplifiers in the Power Meter is approxi-
mately 220 + 20 Hz. The lower cutoff frequency (200 Hz) is fixed
by the combination of A4C7 with A2S1R1, A2S1R2, and A4R19;
also A4R15 with A2S1R3, A2S1R4, A2S1R5, and A4R20.

SERVICE SHEET 2 (cont’d)

Second Amplifier

A4U2 and U3 and associated components are operational ampli-
fiers with voltage gains of about 25 each. Gain for A4U2 is
determined by A4R22 and R23; for A4U3 by A4R27 and R28.
Bias current is provided for A4U3 by A4R25.

The tuned amplifiers upper bandpass limit (240 Hz) is set by the
parallel RC network of A4C11 and R22; A4C14 and R27; also in
conjunction with a parallel RC network in the First Amplifier.

Third Amplifier

A4U4A and its associated components form an operational ampli-
fier stage with variable voltage gain from 1.3to 3.4. The front
panel CAL ADJ gain control is set to compensate for differences
in sensitivity of individual Power Sensors. The gain is determined
by A4R24, R21, and the CAL ADJ control R1.

Synchronous Detector

The phase shift of the 220 Hz signal through the tuned amplifiers
is approximately zero. Because the phase shift is minimal, error
introduced into the system is also minimal. This ensures that the
detector output is proportional to the RF power input level.

The Synchronous Detector, like the sampling gate circuit in the
Power Sensor, is driven by the 220 Hz Multivibrator drive signal.
When A4Q6 is biased on, the equivalent sampling gate FET (which
is connected to ground) is also on. Therefore, a negative going
signal is coupled to the ac amplifiers. Because there is no phase
inversion of the signal throughout the ac amplifiers, the output of
the third amplifier is also the negative going portion of the
distorted sinusoidal waveform. During this half cycle current flows
from ground through A4Q6 and R2§ to charge C12 and C13. A
positive voltage is stored on the positive terminal of C13. When
the 220 Hz drive signal turns A4Q6 off and Q7 on, the sampling
gate input is coupled to the output of the power sensing device, a
positive going signal. The third Amplifier output is now the positive
going portion of the distorted sinusoidal waveform. This positive
going signal is superimposed on the voltage across C12 and C13
such that the peak voltage is about twice the peak voltage of the
Third Amplifier output. This voltage charges A4C16 through R26
and Q7. The dc output voltage is coupled across a dc pass filter to
the DC Amplfier.

TROUBLESHOOTING
General
Before attempting to troubleshoot the circuits represented by this

schematic, verify that the power supply is operating properly. The
voltage on TP9 should be +12 Vdc; on TP10, —12 Vdc.

The important characteristics of the waveforms shown on this
schematic are the frequency and peak-to-peak voltage. If the shape
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of the waveform varies slightly, the performance of the system will
not be degraded. Measuring and recording dc voltages and
comparing them with the normal levels shown on the schematics
may help to isolate defective components. Refer to General
Service Information (in Section VIII) with regard to operational
amplifier circuits.

The waveforms and voltages shown on the schematic are normal
when operating under the following conditions.

NOTE
To exhibit the correct waveforms in the
RANGE switch positions indicated, the
Power Sensor (as part of the measure-

ment system) must measure power
from —35 to +20 dBm into a 5092 load.

a. POWER METER AND SENSOR. Set the Power Meter’s
RANGE switch to the 1 mW position, CAL FACTOR switch to
100%, and the rear panel POWER REF switch to (ON). Connect
the Power Sensor to the Power Meter’s POWER REF OUTPUT
jack.

b. POWER METER AND HP MODEL 11683A RANGE
CALIBRATOR. Set the Power Meter’s RANGE switch to the 1
mW position and CAL FACTOR switch to 100%. Set the Range
Calibrator’s RANGE switch to 1 mW, POLARITY switch to
NORMAL, and FUNCTION switch to STANDBY. Connect the
Range Calibrator to the Power Meter with the Power Sensor Cable.
Set the Range Calibrator FUNCTION switch to CALIBRATE.

First Amplifier

To troubleshoot the hybrid operational amplifier effectively,
consider the complete amplifier as shown on the schematic on the
opposite foldout and the Power Sensor’s schematic.

The bias levels may be used most effectively to isolate the problem
to the Power Meter. If the dc voltage at TP1 is correct but the ac
voltage is incorrect, a defective component probably exists in the
Power Sensor before the signal is input to the hybrid amplifier. A

A dc voltage coupled with a positive voltage (=+3 Vdc) at A4U1
pin 2 would indicate a defect in the Power Sensor’s hybrid
amplifier input or the interconnect cable. If the voltage at pin 2 is
about 0.0 Vdc, the defective component is probably in the Power
Meter’s First Amplifier.

A positive voltage at TP1 indicates the malfunction is probably in
the Power Meter’s First Amplifier.

Troubleshooting Block Diagram
4 SERVICE SHEET 1

Service

SERVICE SHEET 2 (cont’d)
NOTE

Do not overlook the possibility that a
problem can exist in the Auto-zero
circuits shown on Service Sheet 3.

An increased noise level may be caused by C1, C6,
or C30 line noise filters.

Range-to-range inaccuracy between the 100 mW
range and another range may be due to a shaping
circuit defect.

A2 Range Switch Assembly

Range-to-range inaccuracy which is caused by the
RANGE switch attenuators can easily be isolated
by performing one of the Instrumentation
Accuracy Performance Tests (refer to Section IV).

Third Amplifier

Adjust the CAL ADJ control from its present
setting to the ccw stop. Then adjust the control the
cw stop. The meter reading will normally change
by * 2 dB (> 4 dB from stop to stop). The ac
voltage at TP4 will change from the nominal
setting to approximately —35% (ccw stop) and
+70% (cw stop).

Synchronous Detector

The phase change of the 220 Hz signal between the
Power Sensor’s sampling gate and the Synchronous
Detector cannot be measured directly because the
detector output is dc rather than ac. However, the
phase difference at TP4 (the input to the detector
circuit) can be measured. Because the phase change
between TP4 and the detector is known, the phase
relationship between the drive signal (TP7) and the
TP4 signal indicates the total phase shift through
the ac amplifiers. This is the step-by-step procedure
for checking phase shift.

a. Set the Power Meter and (if used) the
Range Calibrator controls as shown in the general
troubleshooting information above.

b. Connect the oscilloscope’s vertical inputs
to the 220 Hz drive (TP7) through a divide-by-ten
probe (Channel A) and to TP4 through a one-to-
one probe (Channel B).

c. Set the oscilloscope controls as follows:
Channel A sensitivity to 0.05V/division with ac
coupling, Channel B sensitivity to 0.2V/division,
horizontal sweep to 0.5 ms/division, and the
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display mode to Channel A and B, chopped with
triggering from B.

d. Adjust the vertical position controls until
both traces are symmetrical with respect to the
horizontal center line (refer to the typical
waveform below).

e. Set the time base magnifier control to
X10. The horizontal scale is now 50 u/division
(refer to the expanded waveform below).

7
/'/ /

= A\ g

TYPICAL WAVEFORM

———/

ta—— 150 us

EXPANDED WAVEFORM

f. Set the Power Meter’s rear panel POWER
REF switch to OFF or set the Range Calibrator’s
FUNCTION switch to STANDBY. With the Oscil-
loscopes Channel A position control,set the trace
representing a zero input at TP4 to the grid
horizontal center line.

g. Set the Power Meter’s POWER REF
switch to (ON) or set the Range Calibrator’s
FUNCTION switch to CALIBRATE. The zero
crossing of the Channel A (TP4) trace should lag
the drive signal by 150 £ 75 us.
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PRINCIPLES OF OPERATION

General

The input from the Synchronous Detector passes through a Low
Pass Filter before it is amplified by the DC Amplifier. The output
drives the Meter, the Servo Amplifier, and may also be coupled
through the RECORDER OUTPUT jack to drive an external
device such as an x-y recorder. The gain of the DC Amplifier is set
by the CAL FACTOR switch.

The Servo Amplifier generates an error voltage if the DC Amplifier
output is not ground potential. Without an RF input coupled to
the Power Sensor, the DC Amplifier output is very close to 0 Vdc.
When the ZERO switch is pressed, the Servo Amplifier error offset
voltage is coupled to the Auto-Zero circuits. The error voltage is
processed, attenuated, and coupled across the Power Sensor’s
power sensing device output as a zeroing correction voltage. This
correction voltage is of equal dc level but opposite polarity to the
output of the power sensing device (no RF input). With the
corrected input voltage, the DC Amplifier output is exactly zero.
When the ZERO switch is released, the Servo Amplifier output
voltage is stored within the Auto-zero circuits and the correction
voltage remains coupled across the output of the power sensing
device. (Refer to the Auto Zero feedback diagram below.)

POWER
SENSING INPUT AC SYNC DC
DEVICE AMPLIFIER AMPLIFIERS ~ DETECTOR ~ AMPLIFIER

+>

™S
- P

y

AUTO ZERO

B ZER0QQ o SERVO

N [ AMPLIFIER

Auto Zero Feedback Path

SERVICE SHEET 3 (cont’d)

DC Ampilifier

The input to the DC Amplifier is filtered by a two-stage Low Pass
Filter A4R29 and C17; R30 and C18. On the three most sensitive
ranges additional filtering is introduced by components which are
mounted on the A2 Range Switch Assembly.

The DC Offset control A4R32 is set to eliminate any dc offset
voltage introduced by the DC Amplifier. The gain of the DC
Amplifier is controlled by A4R38, A4R33, and A1R1-15. The
gain is variable from approximately 5.3 to 6.2 in 15 one-percent
steps as determined by the CAL FACTOR switch. The CAL
FACTOR switch setting is dependent on the frequency response
of the power sensing device (refer to the chart on the Power
Sensor case).

The DC Amplifier drives the Meter, Servo Amplifier, and an
external instrument through the rear panel RECORDER OUTPUT
jack. The Meter control, A4R 35, is used to calibrate the meter with
a known input; thermistor A4RT1 compensates for changes in
sensitivity of the meter due to temperature.

Servo Amplifier

The DC Amplifier output is coupled to A4R39, the Servo
Amplifier input. Because of the high dc gain (=7000) a small dc
output from the DC Amplifier U5 produces a large error voltage at
the Servo Amplifier U6 output. When the ZERO switch is pressed,
this error voltage is coupled to the Auto Zero circuit.

Capacitor A4C21 with R43 gives the Servo Amplifier the
characteristics of a low pass filter. The Auto Zero Offset Control
A4R12 is set to remove any dc offset voltage introduced by the
Servo Amplifier.

Auto Zero Circuit

When the front panel ZERO switch S2 is pressed, A4Q17 is turned
on, the collector voltage goes positive which places a dc voltage
across relays A4K1 and A4A1K1. The RF BLANKING OUTPUT
is now coupled to ground by A4K1 and the Servo Amplifier error
voltage is coupled to A4A1Q1 and A4A1C1 by A4A1K1.

The error voltage from the Servo Amplifier biases Q1 which
produces an equivalent error voltage at @1 source. This voltage is
attenuated by A4A1R2, A4A1R4, and A4R74. The voltage is
further attenuated in the Power Sensor and is coupled across the
ambient temperature dc output of the power sensing device as a
correction voltage. The algebraic sum of the dc voltages is
amplified and coupled back to the Auto Zero input. Because the
feedback loop is a negative path, the correction voltage across the
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power sensing device output begins to change and continues to do
so until it is the same level but opposite polarity as the power
sensing device output. The input to the Power Meter circuits goes
to zero which means the DC Amplifier output is also zero. When
the ZERO switch is released, relay A4A1K1 opens and the final
Servo Amplifier error voltage is stored on A4A1C1 at the high
impedance input to A4A1Q1. The correction voltage across the
power sensing device remains constant as long as the error voltage
remains on C1.

Diodes A4CR4 and A4A1CR1 reduce voltage spikes caused by
switching the relays. A4R69 also reduces switching transients in
the feedback path.

The voltage which appears at the source of A4A1Q1 is coupled to
A4U6 pin 2 through A4R44, C20, and C19. This voltage tends to
keep the Servo Amplifier output constant when the ZERO switch
is first pressed. It dampens the violent change which tries to occur
because of the high gain of the Servo Amplifier. The initial change
thus occurs slowly.

A4A1R1 establishes an RC time constant (1 s) with A4A1C1
which averages out the thermal noise during the zeroing operation.

The special construction of the A4A1 assembly and the high gate
impedance of A4A1Q1 reduce leakage from A4A1C1 and thus
increases the correction voltage storage time.

A4A1R2, R3, R4, C2, C3, and C4 are part of a frequency response
network which keeps the Auto-zero feedback loop from oscillating
during the zeroing sequence.

A4R46, R45, and A4A1R4 form a voltage divider stick. The
Balance control A4R46 removes the dc offset introduced by the
Auto Zero circuit thus centering its effective range at 0 Vdec.

TROUBLESHOOTING
General

Before attempting to troubleshoot these circuits, verify that the
power supply is operating properly. The voltage on TP9 should be
+12 Vdc; on TP10,—12 Vdc.

If the dc offset controls A4R32, R42, or R46 are incorrectly
adjusted, the Auto Zero circuits may not respond properly. Refer
to the adjustment procedures in Section V.

Noise problems may be due to defective components in the Low
Pass Filter (especially the three most sensitive ranges) or the Servo
Amplifier which is an active low pass filter. A noise problem in the
Servo Amplifier will be evident only during the zeroing sequence.

SERVICE SHEET 3 (cont'd)

DC Ampilifier and Servo Amplifier

Measure the dc input and output voltages. Verify that the
amplifier outputs respond properly to the inputs. For trouble-
shooting operational amplifiers refer to Ge:neral Service Informa-
tion in Section VIII. A Servo Amplifier piroblem will be evident
only during the zeroing sequence.

Auto Zero Assembly

The normal value range of the offset error voltage at TP A is about
—14 to +14 mVdc. The power sensing device normally exhibits a
slight positive output due to ambient te mperature, therefore the
normal correction voltage is slightly nega’ive, hence —4 mVdec.

The voltage measured at TP B will provide an indication of how
long the charge is retained on A4A1C1.. The voltage should remain
virtually unchanged (+1 mVdc) for 24 hours.

If any component on the A4A1 asseimbly is found to be defective,
the entire assembly must be replaced:.

P/O A2 RANGE Switch {Attenuators) Assembly
P/O A4 Assembly (AC Ampl/Sync Detector)
€ SERVICE SHEET 2
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SERVICE SHEET 4

PRINCIPLES OF OPERATION
General

The A3 assembly provides a 50 + 5 MHz output at 1 mW + 0.7%.
The oscillator output is held constant by an ALC loop made up of
a peak detector CR2 and comparator U2. The comparator
reference input is from a very stable +5V power supply composed
of Ul, VR1, and their associated components. The LEVEL
control R3 sets the comparator reference which controls the
oscillator feedback level and thereby controls the A3 assembly
POWER REFERENCE OUTPUT level.

50 MHz Oscillator

The oscillator circuit is made up of common emitter amplifier Q1
and its associated components. Resistors R10, R11, R12 and R13
bias Q1 for an emitter current of approximately 5 mA. The
n-network tuned circuit, C9, L2, C10, and C11 determines the
operating frequency. The amplifier ac gain is set by the operating
circuit impedance across the tuned circuit and the emitter resistor
R12 (which is ac coupled to ground by C12). The positive
feedback required to sustain oscillation is satisfied in this circuit.
Phase shift of 180° is a characteristic of both common-emitter
transistor amplifiers and 7-network tuned circuits. This feedback is
coupled through C7 and C8, back to the base of Q1.

ALC Loop

At the positive peak of each cycle, current momentarily flows
from the feedback loop through peak detector diode CR2 to C5.
The resultant stored charge is coupled, as a dc input voltage, to
pin 3 of U2. The detector output is compared to a very stable
reference input by comparator U2. Any difference between the
comparator’s input voltages produces an error voltage at the dc
output. The comparator output is coupled to a reactance voltage
divider, capacitor C7 and varactor CR3. As the error output
voltage goes more positive the capacitive reactance of CR3
decreases, which reduces the oscillator feedback. Conversely, a
more negative output voltage will increase the feedback. For
example, if the oscillator output were to suddenly increase, the
detector output would become more positive. The comparator
output would become more positive, a lower CR3 reactance would
decrease the feedback to Q1 which forces the oscillator output
level back to its original level. If the R3 LEVEL control were
adjusted for a more positive reference voltage, the comparator
output would go more negative, the feedback would increase,
allowing the oscillator output to increase. Therefore, the peak
detector output would increase until it equals the comparator
reference level input, thus establishing a higher leveled-output
signal from the oscillator.

A1 CAL FACTOR Switch Assembly
P/O A2 RANGE Switch (Low Pass Filters) Assembly
P/O A4 Assembly (DC Ampl/Auto Zero)

4 SERVICE SHEET 3
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SERVICE SHEET 4 (cont'd)

Frequency shaping components R7, R8, R9, and
C6 determine the upper limit of frequency re-
sponse of the ALC loop which prevents spurious
oscillations.

+BV Power Supply

A3VR1 provides a reference voltage of —6.2 Vdc
to the power supply reference amplifier A3U1. The
gain of the reference amplifier is set by R2, R3,
and R4 and is approximately —0.8 with R3
centered. The very stable output is coupled
through CR1 as the reference. voltage input to
comparator U2. Diode CR1 temperature compen-
sates CR2.

TROUBLESHOOTING

General

Before trying to troubleshoot the A3 assembly,
verify the presence of +12 Vdc and —12 Vdc on
the circuit board.

If a defect in the A3 assembly is isolated and
repaired, the correct output level (1 mW * 0.7%)
must be set by a very accurate power measurement
system. Hewlett-Packard employs a special system,
accurate to +0.5% and traceable to the National
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Bureau of Standards. When setting the power level,
a transfer error of +0.2% is introduced making the
total error *0.7%. If a system this accurate is
available it may be used to set the proper output
level. Otherwise, Hewlett-Packard recommends
returning the Power Meter so it can be reset at the
factory. Contact your nearest Hewlett-Packard
office for more information.

50 MHz Oscillator

Malfunctions of the oscillator circuits will occur as
a wrong output frequency or as an abnormal
output level. The voltage at TP2 will indicate if the
ALC loop is trying to compensate for an incorrect
output level.

Modulation of the 50 MHz signal or spurious
signals, which are part of the output, may be
caused by defects in R7, R8, R9, or C6 in the ALC
loop.

ALC Loop and Power Supply

Isolating problems in the ALC Loop and Power
Supply circuits may be quickly isolated by measur-
ing dc voltages at the inputs and outputs of the
integrated circuits. For added information on
troubleshooting integrated circuits, refer to
General Service Information in Section VIII.









SERVICE SHEET 5
PRINCIPLES OF OPERATION

General

Power Sources for the Power Meter are line (Mains) power or the
rechargeable battery. If the battery is being used as a power
source, it will receive a charging current anytime the line voltage is
coupled to the instrument and the LINE switch is set to ON. When
the line voltage is disconnected, the battery automatically
becomes the power source.

CAUTION

A voltmeter or oscilloscope which is used to measure the
24V output across the +12V terminals must have a
floating ground input.

The 12V Shunt Regulator establishes a reference ground at the
half voltage point of the 24V Series Regulator output and thus
establishes the +12 and —12 Vdc outputs with respect to ground.

24V Series Regulator
NOTE

The explanation of the 24V Series Regulator is based on
the assumption that TP9 is the reference ground and the
regulator output is —24 Vdc at TP10.

A reference voltage of —12 Vdc is established on the base of Q11
by VR4. Because Q10 and Q11 are a differential amplifier pair a
difference in voltage between the base of Q11 and the base of
Q10, half the 24V output (refer to the note above), produces an
error output on the collector of Q11. This error voltage is coupled
to Q16, the regulator driver, and from there to Q13, the series
regulator. If, for example, the output voltage suddenly decreased
to —23 volts, the.current through Q11 would increase and the
collector voltage would become less negative. Current flow
through Q16 increases and the collector voltage goes more nega-
tive. The emitter voltage of Q13 follows the collector voltage of
Q16 and approaches —24V. As the output voltage becomes more
negative, the Q10 base voltage also becomes more negative until it
equals the base voltage of Q11. At this instant, the output voltage
is —24 Vdc and the circuit action (voltage change) ceases.

Regulating action of the 24V supply is started by CR9, R58, and
R60. When the LINE switch is set to ON, current begins to flow
through R60 and VR4. As the voltage increases across VR4,
current begins to flow through Q11 which biases Q13 and Q16 on.
The regulator output begins to increase in a negative direction.
The output voltage biases CR9 which, in turn, causes the voltage
across VR4 to increase. The resulting rapid increase in voltage on
the base of Q11 keeps it ahead of that on the base of Q10. When
the Q11 base voltage stabilizes at —12Vdc, the lower voltage on
Q10 keeps the output level increasing until it approaches —24Vdec.
At this point the base voltages of Q10 and Q11 become equal, the
differential amplifiers error output goes to zero, and the output is

stabilized at —24V. A3 Power Reference Assembly

‘ SERVICE SHEET 4
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SERVICE SHEET 5 (cont'd)

C25 and R61 form a low pass filter which reduces
the high gain of the circuit at high frequencies thus
preventing unwanted oscillations. R59 and C24
form anoise filter for the zener diode.

The input voltage to the 24V regulator may be as
high as 70 Vdc from the line voltage or as low as
26 Vdc from the battery.

12V Shunt Regulator

U7 is connected as a voltage follower circuit
through the base-emitter junctions of Q8 and Q9.
Chassis ground is coupled to the inverting input of
U7 and the non-inverting input is coupled across
half the 24V series regulator output by a voltage
divider R63 and 64. If the voltage input to pin 3
tries to shift toward +12 or —12 Vdc, the output
from U7 would cause either Q9 or Q8 respectively
to conduct and bring the voltage at U7 pin 3 back
to ground potential. For example, if the voltage at
pin 3 goes positive, the output follows the input
and goes positive which biases Q9 on and the
current flow through Q9 brings U7 pin 3 back to
ground potential.

Battery Test
NOTE

The battery test circuit is in operation any
time the LINE switch is set to ON,
however the only time the meter indica-
tion is meaningful is when the battery is
supplying power.

When the battery is supplying power for the Power
Meter circuits, and the battery is defective or
discharged, the battery test circuit removes the
positive (+12Vdc) supply voltage from the DC
Amplifier (A4U5). This causes a full downscale
meter indication.

The test circuit measures a percentage of the
voltage difference between the —12V output and
the negative battery terminal. As this voltage dif-
ference decreases to approximately 3 Vde, Q14
begins to turn off. The collector voltage begins to
go positive and the change is transmitted through
R51 and CRS8 to Q18. As Q18 begins to turn off,
its collector goes more negative. A negative going
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transient is coupled through R55 to the base of
Q14 which speeds up the turn-off time. The
positive supply voltage is removed from the collec-
tor of Q18 and also the DC Amplifier. As the
battery voltage is further reduced, the series regu-
lated output begins to decrease faster than the
battery voltage and, eventually, the 3 volt thres-
hold voltage is exceeded. Q14 is then biased on,
but because the battery voltage is less than 20 Vde,
the knee voltage of CR8 cannot be reached. There-
fore, CR8 does not conduct and Q18 remains
biased off.

Battery Charger

If a battery has been placed in the Power Meter as
a secondary power source, it is always being
charged whenever the line voltage is coupled to the
Instrument and the LINE switch is ON. With ac
line (Mains) power supplying energy, VR3 is turned
on which biases Q12 for a charging current of
approximately 90 mA. This current is supplied
through CR6 to the battery BT1. CR7 is reversed
biased while the battery is being charged. When the
line voltage is removed, CR7 is forward biased by
the current flowing to the Power Meter circuits
from the battery. CR6 is turned off and no current
flows through the charging circuit.

Current Limiter

If the current flow through the 24V regulator were
to suddenly increase to approximately 90 mA, Q15
would turn on and draw the drive current away
from Q16. Consequently, the current flow to Q13
would disappear and the regulator output would be
reduced.

TROUBLESHOOTING

Set the line switch to off and remove A4P1 (red
wire) from A4J1 and A4P2 (blue wire) from A4dJ2.
This disconnects the load from the power supply.
If the supply voltages are now correct, the mal-
function is not in the power supply.

If, after removing the load, the output voltages
measured are less than normal but of equal and
opposite polarity, the malfunction is probably in
the series regulator circuits.

Voltages shown in parenthesis are for battery
operation only.
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Table 8-2, Assembly and Chassis and Adjustable Component Locations

Assembly or Component Service .
Reference Designator Sheet Figure Remarks

Al Assembly 3 89

A2 Assembly 2,3 8-5, 8, 16

A2W1 2 8-5, 8, 16 8-16 Front Panel Int. View

A2W2 2 8-5, 8,16 8-16 Front Panel Int. View

A3 Assembly 4 8-12, 16

A3R3 LEVEL SET CONTROL 4 8-12, 16 8-16 Top View

A4 Assembly 2,3,5 8-6, 10, 14, 16

A4R32DC OFFSET CONTROL

A4R35 METER CONTROL 3 8-10, 16 8-16 Right Side View

A4R42 AUTO ZERO OFFSET 3 8-10, 16 8-16 Right Side View

CONTROL 3 8-10, 16 8-16 Right Side View

A4R46 BALANCE CONTROL 3 8-10, 16 8-16 Right Side View

A4A1 Assembly 3 8-10, 16

A5 Assembly 5 8-16

J1 2 8-16

J2 4 8-16

J3 3 8-16 8-16 Rear Panel Int. View

J4 3 8-16 8-16 Rear Panel Int. View

B 15) 2 - Rear Panel Connector

M1 3 8-16

P1-9 5 —— Cable coupling from S1 & T1
to Ab Assembly

P10 4 8-16 8-16 Front Panel Int. View

R1 CAL FACTOR CONTROL 2 8-16

R2 5 — Connected to S1 inside safety cover

S1 5 8-16

S2 3 8-16

S3 4 8-16 8-16 Rear Panel Int. View

T1 5 8-16 8-16 Rear Panel Int. View

w1 2 8-16

w2 5 8-16

W3 4 8-16

W4 2 —— Power Sensor Cable

W5 5 - — Power Cable

w6 2 —— Rear Panel INPUT CONNEC-
TOR (Opt. 002, 003 only)

W7 2 —— Coupled to R1 and X A4 pin 8

W8 2 —— Coupled to R1 and XA4
pins 27 and 28

W9 4 —— Takes place of W3 (Opt. 003
only)

XA4 2,3,5 8-16







HEWLETT

hp: PACKARD

SALES & SERVICE OFFICES

UNITED STATES

ALABAM

8290 Whnesburg Dr SE
P 0 Box 4207
Huntsville 35802
Tel (205& 881-4591
TWX 810-726 2204
Medical Only

228 W Valley Ave
Room 302
Birmingham 35209
Tel (205) 879-2081/2

ARIZONA

2336 E Magnolia St
Phoenix 85034

Tel (602) 244-1361

TWX 910-951-1331

2424 East Aragon Rd
Tucson 85706

Tel (602) 889 4661

*‘ARKANSAS

Medical Service Only
Littie Rock 72205
Tel (501) 664-8773

CALIFORNIA
1430 East Orangethorpe Ave
Fullerton 92631
Tel (714& 870-1000
TWX' 910-592-1288
3939 Lankershim Boulevard
North Hollywood 91604
Tei (213) 877-1282
TWX 910-499-2170
6305 Arizona Place
Los Angeles 90045
Tel (213) 649-2511
TWX 910-328-6147
“Los Angeles
Tel (213) 776- 7500
3003 Scott Boulevard
Santa Clara 95050
Tel (408) 249 7000
TWX 910-338-0518

'Rldgecrest
Tel (714) 446-6165
2220 Watt Ave
Sacramento 95825
Tel (916) 482-1463
TWX' 910-367-2092

9606 Aero Drive

PO Box 23333

San Diego 92123

Tel (714)279-3200
TWX 910-335-2000
Calculators Only

601 Cahformia St

San Francisco 94108
Tel (415) 989-8470

COLORADO

5600 South Ulster Parkway
Englewood 80110

Tel (303) 771-3455

TWX 910-9.5-0705

CONNECTICUT
12 Lunar Drive
New Haven 06525
Tel (203) 389-6551
TWX 710-465-2029

FLORIDA

P O Box 24210

2806 W Oakland Park Bivd
Ft. Lauderdale 33307
Tel (305) 731-2020
TWX 510-955-4099
*Jacksonville

Medical Service only

Tel (904) 725-6333

P 0 Box 13910

6177 Lake Eitenor Dr
Orlando 32809

Tel (305) 859-2900
TWX 810-850-0113

21 East Wright St

Suite 1

Pensacola 32501

Tel (904) 434 3081

GEORGIA

P O Box 28234
450 Interstate North
Atlanta 30328

Tel (404) 434-4000
TWX 810-766-4890

HAWAII

2875 So_ King Street
Honolulu 96814

Tel (808) 955 4455

ILLINQIS

5500 Howard Street
Skokie 60076

Tel (312) 677-0400
TWX 910-223-3613

*St. Joseph

Tel (217) 469-2133
INDIANA

7301 North Shadeland Ave
Indianapolis 46250

Tel (317& 842-1000
TWX' 810-260-1796

{OWA

1902 Broadway
towa City 52240

Tel (319) 338-9466
Night (319) 338-9467

"KANSAS
Derbg'
Tel (316) 267 3655

LOUISIANA

PO Box 840

3239 Williams Boutevard
Kenner 70062

Tel (504) 721-6201
TWX 810-955-5524

KENTUCKY
Medical/Caicuiator Onfy
8003 Troutwood Court
Lousswille 40291

Tel (502) 426-4341

MARYLAND
6707 Whitestone Road
Baltimore 21207
Tel (30% 944-5400
TWX 710-862-9157
4 Choke Cherry Road
Rockville 20850
Tel (301) 948-6370
TWX 710-828-9685
710-828-0487
PO Box 1648
2 Choke Cherry Road
Rockville 20850
Tel (301) 948-6370
TWX 710-828-9684

MASSACHUSETTS
32 Hartwell Ave
Lexington 02173
Tet (677) 861-8960
TWX' 710-326-6904

MICHIGAN

23855 Research Drive
Farmington 48024

Tel (3131476-6400

TWX' 810-242-2900

MINNESOTA
2400 N Prior Ave
Roseville 55113
Tel (612) 636-0700
TWX 910-563-3734

MISSISSIPPI
*Jackson

Medical Service only
Tel (601) 982-9363

MISSOUR!

11131 Colorado Ave
Kansas City 64137
Tel (816) 763-8000
TWX 910 771-2087

148 Weldon Parkway
Maryland Heights 63043
Tel (314) 567-1455
TWX 910-764-0830

NEBRASKA
Medical Oni

11902 Eim gtreet
Surte 4C

Omaha 68144

Tel (402) 333-6017

NEW JERSEY
W 120 Century Rd
Paramus 07652
Tel (201) 265-5000
TWX' 710-990-4951

NEW MEXICO

P O Box 11634

Station E

11300 Lomas Bvd N E
Albuquerque 87123
Tel (505) 292-1330
TWX 910 989-1185

156 Wyatt Drive

Las Cruces 88001
Tet (505) 526 2485
TWX 910-983-0550

NEW YORK

6 Autonation Lane
Computer Park
Alban?' 12205

Tel (518) 458-1550
TWX 710-441-8270

Calculators Only

1251 Avenue of the Americas
Floor 32 Surte 3296

New York City 10020

Tel {212) 265-5575

New York City

Manhattan Bronx

Contact Paramus NJ Office
Tel {201) 265-5000
Brooklyn Queens Richmond
Contact Woodbury NY Office
Tel (516) 921-0300

201 South Avenue
Poughkeepsie 12601

Tel (914) 454-7330

TWX 510-248-0012

39 Saginaw Drive

Rochester 14623
Tel (716) 473-9500
TWX 510-253-5981

5858 East Molloy Road
Syracuse 13211

Tel (315) 455-2486
TWX' 710-541-0482

1 Crossways Park West
Woodbury 11797

Tet (516) 921-0300
TWX' 510-221-2168

NORTH CAROLINA
PO Box 5188

1923 North Main Street
High Point 27262

Tel (919) 885 8101
TWX' 510-926-1516

OHIO

16500 Sprague Road
Cleveland 44130
Tel (216) 243-7300
Night 243-7305
TWX 810-423-9431

330 Progress Rd
Dayton 45449

Tel (513) 859-8202
TWX' 810-459-1925
1041 Kingsmil| Parkway
Columbus 43229

Tel (614) 436-1041

OKLAHOMA

PO Box 32008
Oktahoma City 73132
Tel (405) 721 0200
TWX' 910-830 6862

OREGON

17890 SW Boones Ferry Road
Tualatin 97062

Tel (503) 620-3350

TWX 910-467-8714

PENNSYLVANIA

111 Zeta Drive
Pittsburgh 15238

Tel (412) 782-0400
Night 782-0401

TWX 710-795-3124
1021 8th Avenue

King of Prussia Industnal Park
King of Prussia 19406
Tel (215& 265-7000
TWX' 510-660-2670

SOUTH CAROLINA
6941-0 N Trenholm Road
Columbia 29260

Tel (803) 762 6493

TENNESSEE
*Memphis

Medical Service only
Tel (901) 274 7472
*Nashville

Medical Service only
Tet (615) 244-5448

TEXAS

P 0 Box 1270

201 E Arapaho Rd

Richardson 75080
Tel (214) 231-6101
TWX 910-867 4723

P 0 Box 27409
6300 Westpark Drive
Suite 100

Houston 77027 «
Tel {713) 781-6000
TWX 910-881 2645

205 Billy Mitchell Road
San Antonio 78226
Tei (512& 434-8241
TWX 910-871-1170

UTAH

2160 South 3720 West Street
Salt Lake Cit:

Tel (801) 487 571

VIRGINIA

Medical Only

PO Box 12778

No 7 Koger Exec Center
Suite 212

Norfolk 23502

Tel (804) 497 1026/7

P 0 Box 9854

2914 Hungary Springs Road
Richmond 23228

Tel (804) 285-3431
TWX 710 956-0157

WASHINGTON
Bellefield Office Pk
1203-114th SE
Bellevue 98004
Tel (206) 454-3971
TWX 910-443 2446

"WEST VIRGINIA
Medical/Anaiytical Only
Charleston

Tel (304) 345-1640

WISCONSIN

9004 West Lincoln Ave
West Allis 53227

Tet (414) 541 0550

FOR AREAS NOT LISTED.
Contact the regional office
nearest you Atlanta Georgia
North Hollywood Calforma
Rockville {4 Choke Cherry Rd )
Maryland  Skokie (llinois
Thetr complete addresses

are hsted above

“Service Only

CANADA

ALBERTA

Hewlett-Packard (Canada) Ltd

11748 Kingsway Ave

Edmonton T5G 0X5

Tef (403) 452-3670

TWX 610-831-2431

Hewlett-Packard (Canada) Ltd

9 5 42 Avenue S E Suite 102
r! T2G 121

Tel (403) 287-1672

BRITISH COLUMBIA
Hewlett-Packard (Canada) Ltd
837 £ Cordova Street
Vancouver V6A 3R2

Tel (604) 254-0531

TWX' 610-922-5059

MANITOBA
Hewlett-Packard (Canada) Ltd
513 Century St
James
WInn 67 eg R3H OL8
Tel (204) 786-7581
TWX 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd
800 Windmill Road
Dartmouth B3B 111

Tel (902) 469-7820

ONTARIO

Hewlett Packard (Canada) Ltd
1785 Woodward Dr

Ottawa K2C OP9

Tel (613) 225-6530

TWX 610-562-8968
Hewlett-Packard (Canada) Ltd
6877 Goreway Drive
Mississauga L4V 119

Tel (416) 678-9430

TWX 610-492-4246

QUEBEC

Hewlett-Packard (Canada) Ltd
275 Hymus Blvd

Pointe Claire HIR 1G7

Tel (514) 697 4232

TWX 610-422 3022

TLX 05-821521 HPCL

Hewlett-Packard (Canada) Ltd
2376 Galvam Street
Ste-Foy G1N 4G4
Tel (418) 688-8710

FOR AREAS NOT LISTED:
Contact Hewlett-Packard (Canada)
Ltd n Mississauga

CENTRAL AND SOUTH AMERICA

ARGENTINA
Hewlett-Packard Argentina
ACel

Lavalle 1171-3° Piso

Buenos

Tel 35 0436 35 0627 35-0341
Telex 012-1

Cable HEWPACK ARG

BOLIvVIA
Stambuk & Mark (Bohvia} Ltda
Av Manscal Santa Cruz 1342

La Paz

Tel 40626, 53163 52421
Telex 3560014

Cable BUKMAR

BRAZIL
Hewiett-Packard Do Brasit
EC Ltda

Rua Frel Caneca 1 152-Bela Vista

01307-Sao lo-SP

Tel 288-71- 11 287 81-20
287-61-93

Telex 309151/2/3

Cable HEWPACK Sao Paulo

Hewlett-Packard Do Brasil
{EC Lida

Praca Dom Feliciano  78-8°

-andar (Sala 806/8)

9000-Pérto Alegre-RS
Tel 25-84-70-DDD (0512)
Cable HEWPACK Porto Alegre
Hewlett-Packard Do Brasi
IEC Ltda
Rua Siqueira Campos 53 4°
andar Copacabana
2000-Rio de Janeiro-GB
Tel 257-80-94-DDD (021)
Telex 2100 79 HEWPACK
Cable HEWPACK

Rio de Janeiro

CHILE

Calcagnt y Metcalfe Ltda
Calle Lwa 81 Oficina 5
Casilia 2118

Santiago 1

Tel 398613

Cable CALMET

COLOMBIA

Instrumentacion

Henrik A Langebaek & Kier S A
Carrera 7 No 48-59

Apartado Aéreo 6287

Bogota, 1 D E

Tel 45-78-06 45-55-46
Cabie AARIS Bogota
Telex 44400INSTCO

COSTA RICA

Cienfifica Costarricense S A
Apartado 10159

San José

Tel 21-86-13

Cable GALGUR San José

GUATEMALA
IPESA

Averida La Reforma 3-48
Zona 9

Guatemala

Tel 63627 64786

Telex 4192 TELTRO GU

MEXICO

Hewlett-Packard Mexicana

SA deCV

Torres Adalid No 21 11° Piso
Col del Valle

Mexico 12 DF

Tel (905) 543-42-32

Telex 017-74-507

Hewlett-Packard Mexicana
e CV

Ave Constrtucion No 2184
Monterrey N L
Tel 48-71-32 48-71-84

NICARAGUA

Roberto Terdn G

Apartado Postal 689
Edficio Teran

Managua

Tel 3451 3452

Cable ROTERAN Managua

PANAMA

Electrénico Balboa S A
P O Box 4929

Calle Samuel Lewis
Cuidad de Panama
Tel 64-2700

Telex 3431103 Curunda

Canal Zone
Cable ELECTRON Panama

PERU

Compariia Efectro Médica S A
Ave Ennque Canaval 312
San Isidro

Casilla 1030

Lima
Tel 22-3900
Cabte ELMED Lima

PUERTO RICO

San Juan Electronics Inc

PO Box 5167

Ponce de Le6n 154

Pda 3-PTA de Teerra

San Juan 00906

Tel (809) 725-3342 722-3342
Cable SATRONICS San Juan
Telex SATRON 3450 332

URUGUAY

Pablo Ferrando S A
Comercial e Industrial
Avemda Italra 2877

Casilla de Correo 370
Montevideo

Tet 40-3102

Cable RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela

c

Apartado 50933

Edificio Segre

Tercera Transversal

Los Ruices Norte
Caracas 107

Tel 35-00-11

Telex 21146 HEWPACK
Cable HEWPACK Caracas

FOR AREAS NOT LISTED,
Hewlett-Packard
Inter-Americas

3200 Hillview Ave

Palo Alto Cahfornua 94304
Tel (415) 49.

TWX' 910-, 373 1260

Cable HEWPACK Palo Alto
Telex 034-8300 034 8493
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EUROPE

AUSTRIA
Hewlett-Packard Ges m b H
Handelska 52 3

PO Box7

A 1205 Vienna

Tel (0222) 35 16 20 to 29
Cabte HEWPAK Vienna
Telex 75923 hewpak a

BELGIUM
Hewlett Packard Benelux
AN

v
Avenue de Col Vert 1
(Groenkraaglaan)
B 1170 Brussels
Tel (02) 672 22 40
Cable PALOBEN Brussels
Telex 23 494 paloben bru

DENMARK
Hewlett Packard A S
Datave) 52

DK-3460 Birkerod
Tel (02) 81 66 40
Cable HEWPACK AS
Telex 166 40 hpas

Hewlett Packard A S

Navervej 1

DK 8600 Silkeborg
Tel (06) 827166
Telex 166 40 hp as
Cable HEWPACK AS

FINLAND

Hewlett Packard Oy
Nahkahousunte 5

PO Box 6

SF 00211 Helsinki 21

Tel 6923031

Cable HEWPACKOY Heisinki
Telex 12 15363

FRANCE

Hewiett Packard France
Quartier de Courtaboeuf
Baite Postale No 6

F 91401 Orsay

Tel {1) 907 78 25
Cable HEWPACK Orsay
Telex 60048

Hewlett Packard France
Agence Regional
Chemin des Moullles
Boite Postaie No 12

F 69130 Ecully

Tel {78) 33 8125
Cable HEWPACK Ecully
Telex 31617

Kewlett Packard France
Agence Régtonale
Zone Aéronautique
Avenue Clément Ader
f 31770 Colomiers
Tel (61) 78 11 55
Telex 51957

Hewlett Packard France
Agence Régionale

Centre d aviation générale
F 13721 Aéroport de

Marignane
Tel (91)89 1236
TWX 4177G F

Hewlett Packard France
Agence Régionate

63 Avenue de Rochester
F 35000 Rennes

Tel 74912 F

Telex 74 912 F

Hewilett Packard France
Agence Reégionale

74 Aliée de la Robertsau
F 67000 Strasbourg
Tel (88) 35232021
Telex 89141

Cable HEWPACK STR8G

Medical Calcuiator Only
Hewilett Packard France
Agence Regionale
Centre Vauban

201 rue Colbert
Entrée Az

F 59000 Lille

Tel (20) 5144 14

GERMAN FEDERAL REPUBLIC

Hewiett Packard GmbH |
Vertriebszentrate Frankfurt
Bernerstrasse 117

Teﬁ (0811) 50 04
Cable HEWPACKSA Frankfurt
Telex 4132 49 fra

Hewlett Packard GmbH
Technisches Buero Boblingen
Herrenbergers'rasse 130

D7 ?en Wurttemberg
Tel (07031&

Cable HEPAK Boblmgen
Telex 07265739 bbn

Hewlett Packard GmbH
Technisches Buera Dusseldort
Vogelsanger Weg 38

D 4000 Dusseldorf

Tet (0211& 63 80 315

Telex 8586 533 hpdd d
Hewlett Packard GmbH
Technisches Buero Hamburg
Wendenstrasse 23

D 2000 Hamburg 1

Tel (040) 24 13 93

Cable HEWPACKSA Hamburg
Telex 21 63 032 hphh d

Hewlett-Packard GmbH
Techmisches Buero Hannover
Metlendorfer Strasse 3

D 3000 Hannover-Kieeteld
Tel (0511) 55 80 46

Telex 092 3259

Hewett Packard GmbH
Techmsches Buero Nuremberg
Neumeyer Str 90

D-8500 Nurember:

Tel (0911) 56 30 83/85
Telex 0623 860

Hewlett Packard GmbH
Techmisches Buero Muchen
Unterhachinger Strasse 28
ISAR Center

52
Cable HEWPACKSA Munchen

{West Berlin)

Hewlett Packard GmbH
Technisches Buero Berln
Keith Strasse 2 4

D 1000 Berlin 30

Tel (030) 24 90 86
Telex 18 34 05 hpbin 0

GREECE
Kostas Karayannis
18 Ermou Street
GR-Athens 126
Tel 3230 303 Sates'SVC
3230 305 Adm  Order Proc
Cable RAKAR Athens
Telex 21 59 62 rkar gr

Hewlett Packard S A

Mediterranean & Middle East

Operations

35 Kolokotrom Street

Platia Kefallanou

Gr-Kifissia-Athens

Tel 8080337 8080359
8020429 8018693

Telex 21 6588

Cable HEWPACKSA Athens

Analytlcal Only

NTECO G Papa(hanassmu & Co
Marm 17
GR Athens 103
Tel 521 815
Cable INTEKNIKA
Telex 21 5329 INTE GR
Medical Only
Technomed Hellas Ltd
52 Skoufa Street
GR - Athens 135
Tel 626 972
Cable ETALAK Athens
Telex 21 4693 ETAL GR

IRELAND
Hewlett-Packard Lid

King Street Lane
Winnersh Wokingham
GB Berkshire RG11 5AR
Tel Wokingham 784774
Telex 847178 848179

Hewlett Packard Ltd
The Graftons
Stamford New Road
GB Altrincham Cheshire
Tel (061) 928 9021
Telex 668068

ITALY

Hewlett-Packard Htaliana S p A
Via Amengo Vespucc: 2
1-20124 Milan

Tel (2) 6251 (10 lines)

Cable HEWPACKIT Milan
Telex 32046

Hewiett Packard Italiana S p A
Via Pietro Maroncell 40

(ang Via Visentin)

| 35100 Padova

Tel 66 48 88

Telex 32046 via Milan

Medicat Only

Hewlett Packard Itahana S p A
Via Meda Ile d Oro

1-56100

Tel (050) 2 3204

Telex 32046 via Milan

Hewlett Packard S p A

Via G Armelm 10

1-00143 Rome-Eur

Tel (6) 5912544 5

Telex 61514

Cable HEWPACKIT Rome

Hewlett Packard Italana S p A

Via San Quintino 46

1 10121 Turin

Tet 53 82 64/54 84 68

Telex 32046 via Milan

Medicai/Caiculators Only

Hewlett Packard Italiana S p A

Vna Principe Nicola 43 G C
95126 Catamia

Te| (095) 370505

LUXEMBURG
Hewlett Packard Benelux
SANV
Avenue de Col Vert 1
(Groenkraagiaan)

70 Brussels
Tel (02) 672 22 40
Cable PALOBEN Brussels
Teiex 23 494

NETHERLANDS
Hewlett-Packard Benelux N V
Van Heuven Goedhartlaan 121
P O Box 667

NL 1134 Amstelvee

Tet (020) 47 20 21

Cable PALOBEN Amsterdam
Telex 13 216 hepa nl

NORWAY
Hewlett-Packard Norge A S
Nesveren 13

Box 149

N 1344 Haslum

Tet 25 38 360

Telex 16621 hpnas n

POLAND
Analytical;Medical Only
Hewlett-Packard
Warsaw Technical Office
UL Spitaine 1

00-120 Warsaw

Tel 268031 ext 30
Telex 812453

PORTUGAL

Telectra Empresa Técnica de
Equipamentos Eléctricos Sar |
Rua Rodnigo da Fonseca 103
PO Box 2531

P-Lis|

Tel (19) 68 60 72

Cable TELECTRA Lisbon

Telex 12598

Mundinter

Intercambio Mundsal de Comércio
Sarl Avenida Antonio Augusto
de Aguar 138

P O Box 2761

P Lisbon

Tel (19)5321317

Cable INTERCAMBIO Lisbon

SPAIN

Hewlett Packard Espanola S A
Jerez No 3

E Madrid 16

Tel (1) 458 26 00 (10 lines)
Telex 23515 hpe

Hewlett Packard Espafiola S A
Milanesado 21 23

E Barceiona 17

Tel (3) 203 6200 (5 lines)
Telex 52603 hpbe e
Hewiett-Packard Espanola S A
Av Ramon y Cajal 1

Edificio Sevilla | planta 9

E Seville
Tel 64 44 54:58

Hewlett Packard Espafola S A
Edificio Albia 1l 7* B

E Bilbao

Tel 2383 0623 82 06

Calculators Only

Hewlett Packard Espanoia S A
Atvaro Bazen 12

{Edificio Luz)

t valencia 10

Tet 60 42 00

SWEDEN
Hewlett-Packard Sverige AB
Enighetsvagen 1 3

Fack

S 161 20 Bromma 20

Tel (08) 730 05 50

Cable MEASUREMENTS
Stockholm

Telex 10721

Hewlett Packard Sverige A8
Hagakersgatan 9C

§ 431 41 Molndal

Tel (031) 27 68 00 01
Telex Via Bromma

SWITZERLAI
Hewlett-| Fackard (Schwelz) AG
Zu..hers(rasse 20

Box 6
CH 8952 Schlleren Zurich
Tel (01) 98 1
Cable HPAG CH
Telex 53933 hpag

Hewlett Packard (Schweiz) AG
9 chemin Lours Pictet

CH 1214 Vermer Geneva
Tel (022) 41 49 50

Cable HEWPACKSA Geneva
Telex 27 333 hpsa ¢h

TURKEY

Telekom Engineering Bureau
Saglk Sok No 15 1
Ayaspasa Beyogiu

P'0 Box 437 Beyoglu

TR istanbul

Tel 49 40 40

Cable TELEMATION Istanbu

UNITED KINGDOM
Hewlett-Packard Ltd

King Street Lane
Winnersh Wokingham
GB Berkshire RG11 5AR
Tel Wokingham 784774
Telex 847178/848179
Hewlett Packard Ltd

The Graftons
Stamford New Road
GB-Altrincham Cheshire
Tel (061) 928 9021
Telex 668068

Hewtett Packard Ltd

€10 Makro

South Service Wholesale Centre
Amber Way

Halesowen Industnial Estate

GB Halesowen Worcs

Tel Birmingham 7860

Hewlett Packard Ltd

4th Floor

Wedge House

799 London Road

GB Thornton Heath CR4 6XL
Surrey

Tel (01) 684 0105

Telex 946825

Hewlett Packard Ltd

¢ 0 Makro

South Service Wholesale Centre
Wear Industnal Estate
Washington

GB New Town County Durham

Tel Washington 464001 ext 57 58

Hewiett Packard Ltd s registered
address for VA T purposes
only

70 Finsbury Pavement
London EC2A1SX

Regstered No 630597

USSR

Hewlett Packard USSR

¢ 0 Commercial Office

Amencan Embassy {Box M)
A 1091 Vienna Austria

Tel 2217971

Tetex 7825 hewpak SU

YUGOSLAVIA
iskra Standard Hewlett Packard

fhice

Miklosiceva 38/VII
61000 Ljubljan:

Tel 315 879’321 674
Telex 31265

SOCIALIST COUNTRIES

PLEASE CONTACT

Hewlett Packard S A

7 rue du Bois du Lan

P © Box 349

CH 1217 Meyrin 1 Geneva
Switzerland

Tel ([]22g 41 54 00

Cable HEWPACKSA Geneva

Telex 224 86

AFRICA, ASIA, AUSTRALIA

ANGOLA

Telectra

Empresa Técnica de
Equipamentos

Eléctnicos SARL

R Barbosa Rodngues 42 1°01

Caixa Postal 6487 Luanda

Tel 35515/6

Cable TELECTRA Luanda

AUSTRALIA
Hewlett Packard Australia

Pty Ltd
31 41 Joseph Street
Blackburn Victonia 3130
Tel 89 6351 89-6306
Telex 31024

Cable HEWPARD Metbourne

Hewlett Packard Austraha
Pty Lid
31 Bridge Street

Pymbie

New South Wales 2073
Tel 449 6566

Telex 21561

Cable HEWPARD Sydney

Hewlett Packard Australia
Pty Ltd

97 Churchilt Road
Prospect 5082
?(Jlu!h Austraha

Catle HEWPARD Adelaide

Hewtett Packard Australia

141 Stirhng Highway
Claremont W A 6010
Tel 86 5455

Telex 93859

Cable HEWPARD

Hewlin Packard Austraha

121 Wollongong Street
Fyshwick ACT 2609
Tel 95 3733

Hewlett Packard Australia
Ltd

5th Floor

Teachers Union Building
485-499 Boungdary Street
Spring HI" 4000 Queensiand
Tel 261

Telex AA 42133

CEYLON

Umted Electrica's Ltd

PO Box 681

60 Park St

Colombo 2

Tel 26696

Cabie HOTPOINT Colombo

CYPRUS
l%péomcs
regonos & Xenopoul
PO Box1 povlos R
cY Nlcosla
Tel 45628 29
Cabie KYPRONICS PANDEHIS

HONG KONG
Schmidt & Co (Hong Kong) Ltd
P 0 Box 297
Connahght Centre
39th Floor
Connaught Road Central
Honzg Kong
Tel 255291
Telex 74766SCHMCHX
Cable SCHMIDTCO Hong Kong

INDIA

Blue Star Ltd
Kasturi Buildings
Jamshed)l Tata Rd
Bombay 400 020
Tel 29 50 21

Telex 3751
Cable BLUEFROST
Blue Star Ltd

ahas
41412 Vir Savarkar Marg
Prabhadewvi
Bombay 400 025
Tel 4578 87
Telex 4083
Cable FROSTBLUE
Blue Star Lid
Band Box House
Prabhadevi

Bombay 400 025
Tel 4573 01
Telex 375t
Cable BLUESTAR
Blue Star Ltd

14 40 Cwil Lines
Kanpur 208 001

el 68882

Cable BLUESTAR
Blue Star Ltd
7 Hare Street
P 0 Box 506
Calcutta 700 301
Tel 23 0131
Telex 655
Cable BLUESTAR
8Blue Star Ltd
Blue Star House
34 Ring Road
Lajpat Nagar
New Delm 110 024
Te' 6.
Telex 2
Cable BLUESTAR
Blue Star Ltd
Blue Star House

11 11A Magarath Road
Bangalore 560 025
Tel 55668
Telex 430
Cable BLUESTAR
Blue Star Ltd
Meeaksh: Mandiran
xxx 1678 Mahatma Gandh Rd
Cochin 682 016 Kerala

Blue Star Ltd

11171
Sarojrm Devi Road
Secunderabad 500 003
Tel 76391 77393
Cable BLUEFROST
Telex 459
Blue Star Ltd
23/24 Second Line Beach
Madras 600 001
Tel 23954

Telex 379

Cable BLUESTAR
Biue Star Lid
Nathra; Mansions

2nd Floor Bistupur
Jamsheddpur 831 001

Tel 380
Cable BLUESTAR
Telex 240

INDONESIA

BERCA Indonesia P ¥

PO Box 496

1st Floor JL Cikini Raya 61

Jakarta
Tel 56038 40369 49886
Telex 2895 Jakarta

IRAN

Muiti Corp international Ltd
Avenue Soraya 130

P O Box 1212

IR Teheran

Tel 83 10 35 39

Cable MULTICORP Tehran
Tetex 2893 mci tn

ISRAEL

Electronics & Engineerng
Div of Motorola Israel Ltd

17 Aminadav Street

Tel-Aviv

Tel 36941 (3 hnes)

Cable BASTEL Tel Aviv

Telex 33569

JAPAN

Yokogawa Hewlett Packard Ltd
Ohashi Building

1591 Ynyogrl

Shibuya ku Tokyo

Tel 03-370 228192

Telex 232 2024YHP

Cable YHPMARKET TOK 23 724
Yokogawa Hewlett Packard Ltd
Niser Ibarags Bidg

2 2 8 Kasuga

Ibaragi Shi

Osaka

Tel (0726) 23 1641

Telex 5332 385 YHP 0SAKA
Yokogawa Hewlett Packard Ltd
Nakamo Building

No 24 Kamisasazima cho
Nakamura ku Nagoya City
Tel (052) 571 5171

Yokogawa Hewlett-Packard Ltd
Tarmigawa Bullding

2 24 1 Tsuruya-cho

Kanagawa ku

Yokohama 221

Tet 045 312 1262

Telex 382 3204 YHP YOK
Yokogawa Hewiett Packard Ltd
Mito Mitsui Building

1-4 73 San no maru

Mito 310

Tel 0292 25 7470

Yokogawa Hewlett Packard Ltd
Inoue Buiidng

1348-3 Asahi cho 1 chome
Atsugr 243

Tel 0462-24-0452

KENYA

Technical Engineering Services
PO Box 18311

Nairobi Kenya

Tet 57726

Cable PROTON

KOREA

American Trading Company
Korea

1 PO Box 1103

Dae Kyung 8idg 8th Floor

107 Sejong Re

Chongro Ku Seoul

Tel (4 lines) 73 8924 7

Cable AMTRACO Seoul

KUWAIT

Al Khaidrya Trading &
Gontracting Co

Al Soor Street

Michaan Bidg No 4

Kuwait

Tel 4299 10

Cable VISCOUNT

LEBANON

Constantin E_Macndis

Clemenceau Street 34

PO Box 7213

RL Beirut

Tel 36 63 97 8

Telex 21114 L

Cable ELECTHONUCLEAR Bewrut

MALAYSIA

MECOMB Malaysia Ltd

2 Lorong 13 6A

Section 13

Petaling Jaya Selangor
Cable MECOMB Kuala Lumpur

MOZAMBIQUE

AN Goncalves Lta

162 1 Apt 14 Av D Lus
Caixa Postal 107
Lourenco Marques

Tel 27091 27114

Telex 6 203 Negon Mo
Cabie NEGON

NEW ZEALAND
Hewlett-Packard (N Z ) Ltd
4 12 Cruickshank Street
Kiipirnie Wellington 3
Mailing Address
Hewlett-Packard (N Z } Ltd
P O Box 9443

Courtney Place
Wellington

Tel 877 199

Telex NZ 3898

Hewlett Packard (N Z ) Ltd
Pakuranga Professional Gentre
267 Pakuranga Highway
Box 51092

Pakuranga

Tel 569 651

Cable HEWPACK Auckland
Analytical ‘Medical Only
Dental & Medical Supply Co Ltd
Scientific Division

79 Carlton Gore Road
Newmarket

PO Box 1234

Auckland

Tel 75 289

Cable DENTAL Auckiand

NIGERIA

The Electronics
Instrumentations Ltd

N6B/770 Oyo Road

Otuseun House

PMB 5402

Ibad;

Tel 61577

Cabie THETEIL Ibadan

The Electronics (nstrumenta
tions Ltd (TEIL)

16th Floor Cocoa House

P MB 5402

ibadan

Tel 22325

Cable THETEIL Ibadan

PAKISTAN

Mushko & Company Lid
Qosman Chambers
Abdullah Haroon Road
Karachi 3

Tel 511027 512927
Cable COOPERATOR Karach
Mushko & Company Ltd
38B Sateiite Town
Rawalpindi

Tel 41924

Cable FEMUS Rawaipindi

PHILIPPINES

Electromex Inc

6th Floor Amalgamated
Development Corp Bldg

Ayala Avenue Makati Rizal

CCPO Box 1028

Makati Rizal

Tel 86 18-87 87 76 77

Cable ELEMEX Mania

REUNION ISLANDS
Z00M
B P 938 97400 Sant Dems

Hewiett-Packard Taiwan
38 Po Al Lane San Min Chy

Kaohsiung
85 Rue Jean Chatel Tel 297319
lie de la Reunon
Elsom Research Building
SINGAPOREP Bangjak Sukumwvit Ave
&

Engineering Company Pte
Ltd

1012 Jalan Kilang

Red Hill industrial Estate
Singapore 3

Tel 647151 (7 hnes)
Cable MECOMB Singapore
Hewlett Packard Singapore

(Pte )
Blk 2 6th FLOOR Jalan
Bukit Merah
Redhill Industnal Estate
Alexandra P O Box
Sm%apore 3
Tei 633022
Telex HPSG RS 21486
Cable HEWPACK Singapore

SOUTH AFRICA

Hewlett Packard South Africa
(Pty) Lid

Hewlett Packard House

Daphne Street Wendywood

Sandton Transvaal 2001

Tel 802 1040

Telex SA43 4782JH

Cable HEWPACK

Hewlett Packard South Africa
(Pty) Ltd

Breecastle House

Bree Street

Cape Town

Tel 2694123

Cable HEWPACK Cape Town

Telex 0006 CT

Hewlett-Packard South Africa
{Pty ) Ltd

641 Ridge Road Durban

P O Box 37099

Overport Durban 4067

Tel 88-6102

Telex 6 7954

TAHITI

Metagraph

BP 1741

Papeete

Tel 20320 29979
TAIWAN

Hewlett Packard Taiwan

39 Chung Shiao West Road

Sec 1 Overseas Insurance
Corp Bidg 7th Floor

Tapel

Tel 389160 12

Telex TPB24 HEWPACK
Cable HEWPACK Taipet

Tel 932387 930338
Cable UNIMESA Bangkok

VIETNAM

Peminsular Trading Inc
PO BoxH3

216 Hien Vuong

Saigon
Tel 20-805 93398
Cable PENTRA SAIGON 242

ZAMBIA

RJ Tilbury {(Zambia) Ltd
P O Box 2792

Lusaka

Zambia_Central Africa

Tel 7379
Cabie ARJAYTEE Lusaka

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES
NOT SHOWN CONTACT
Hewlett Packard S A
Mediterranean and Middie
East Operations

35 Kolokotronc Street

Platia Kefallariou

GR Kifissia Athens

Telex 21 6588

Cable HEWPACKSA Athens

OTHER AREAS NOT LISTED,
Hewlett Packard

Export Trade Company

3200 Hillview Ave

Palo Alto Califorma 94304

Tel {415) 493 1501

TWX 910 373 1267

Cable HEWPACK Palo Aito
Telex 034 8300 034 8493

08175
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