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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the
Jactory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities
of other International Standards Organization members.

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year
from date of shipment [,except that in the case of certain components listed in Section 1 of this manual, the warranty
shalil be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either
repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country.

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer,
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental
specifications for the product, or improper site preparation or maintenance,
NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.
EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES, HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available
Jor Hewlett-Packard products.

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

The foilowing general safety precastions must he observed during all phases of operation, service, and repair of this
instrument. Failure to comply with these precsutions or with specific warnings eisewhars in this manusl viclates
safaty standards of design, manufacture, and intended use of the instrument. Hewlstt-Packard Company assumes no
liability for the customer's failure to comply with these reguirements. This is a Safety Class 1 instrument.

GROUND THE INSTRUMERT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec-
trical ground. The instrument is equipped with a three-conductor ac power cable. The power
cable must either be plugged into an approved three-contact electrical outlet or used with a
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the
power cabie meet International Electrotechnical Commission (IEC) safety standards.

DO NOT GPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers, Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components
with power cable connected. Under certain conditions, dangerous voltages may exist even with
the power cable removed. To avoid injuries, always disconnect power and discharge circuits
before touching them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment uniess another person, capable of render'ing first
aid and resuscitation, is present.

DG ROT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute parts or per-
form any unauthorized modification to the instrument. Return the instrument to a Hewlett-
Packard Sales and Service Office for service and repair to ensure that safety features are main-
tained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

| WARNING I

Dsngerous veltages, capable of causing death, are present in this instrument. Use ex-
trame caution when handling, testing, and adjusting.




SAFETY SYMBOLS

General Definitions of Safety Symbols Used Or Equipment or In Manuals.

>

-
CNG

¢

H
§
k

d

I WARKING '

NOTE:

Instruction manual symbol: the product will be marked with this
symbol when it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument,

Indicates dangerous voltage (terminals fed from the interior by
voltage exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical
shock in case of a fault. Used with field wiring terminals to in-
dicate the terminal which must be connected to ground before
operating equipment,

Low-noise or noiseless, clean ground {earth) terminal. Used for a
signal common, as well as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must
be connected to ground in the manner described in the installation
(operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of
the equipment which normally includes all exposed metal struc-
fures.

Alternating current (power line).
Direct current (power line).

Alternating or direct current (power line).

The WARNING sign denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctly per-
formed or adhered to, could result in injury or death to personnel,

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered to, could result in damage to or
destruction of part or all of the product.

The NOTE sign denotes important information. It calls attention
to procedure, practice, condition or the like, which is essential to
highlight.
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SECTION |

GENERAL

1-1. DESCRIPTION.

1-2. The Hewlett-Packard Model 652A Test Oscillator is a
highly stable, capacitance-tuned oscillator that has a
frequency range of 10 Hz to 10 MHz. The oscitlator has a
sine-wave output that is adjustable from 10 microvolts to
3,16 volts into 50 or 600 ohms. The Model 652A Test
Oscillator is shown in Figure 1-1, and the specifications are
given in Table I-1.

1-3. Two output impedances are provided at the front panel
output connectors. The 600 ohm connector provides an
output with an impedance that is compatible with
transmission lines and many distribution systems. The 50
ohm connector provides an output for circuits needing a low
source impedance.

14, The Model 652A Test Oscillator output voltage is
constantly monitored at the input to the attenuator by an
internat . voltmeter. The voltmeter has two scales for RMS
voltage readings, and a dBm scale referenced to 1 milliwatt
into 50 ohms, The meter scale can be expanded and used to
set and maintain a reference for the output voltage, when the
MONITOR switch is in the EXPAND position. The 1.0 volt
scale is shaded from 0.9 to 1.0 to denote the expandable
area. Other voltages can be obtained using the OUTPUT
ATTENUATOR and, if desired, an external 1 dB attenuator.

1-5. The QUTPUT ATTENUATOR, in conjunction with the
AMPLITUDE contrel, allows any output voltage from 10

Madal ASTA
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microvolts to 3.16 volts to be selected, when matched into a
50 or 600 ohm load.

1-6. ACCESSORY FEATURES.

1-7. The accessory furnished with the Model 652A is the
Sip- Model 11048C Feedthrough Termination. It is used to
insure that the Test Oscillator is operating into the rated
impedance, in the event that the instrument is connected to a
device with an impedance greater than 50 ohms. The
specifications for the Model 11048C Feedthrough
Termination are listed below:

Terminating Resistance - 50 ohms +/- 0.25%

Connectors - BNC male on one end, and BNC female

on the other end.

1-8. INSTRUMENT AND MANUAL tDENTIFICATION,

1-9. Hewlett-Packard uses a two-section serial pumber, The
first section (prefix) identifies a series of instruments. The
last section {suffix) identifies a particular instrument within
the series, If a letter is included with the serial number, if
identifies the country in which the instrument was manu-
factured. If the serial prefix of your instrument diffess from
the one on the title page of this manual, a change sheet will
be supplied to make this manual compatable with newer
instruments or the backdating information in Appendix C
will adapt this manual to earlier instruments. All corre-
spondence with Hewlett-Packard should include the com-
plete serial number,

1-1
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Table 1-1. Specifications

Frequency Range: 10 Hz to 10 MHz, 6 bands, dial
calibrations: 1 to 10.

Dial Accuracy: {including warm-up drift and +/- 10%
line voltage variation}
+/- 2% 100 Hz {on X100 Range) to 1 MHz {on X100K
Range)
+/-3% 10 Hz to 100 Hz ané 1 MHz to 10 Mlz.

OQutput:

Maximum: 3.16V intoe 50 or 600 chms
6.32V open circuit
+23 dBm into 5¢ ohms

Ranges: 0.1 mV to 3.16V full scale, 10stepsin 1,3, 10
sequence, coarse and fine adjustable. -70 dBm to
+23 dBm (50 ohm output) full scale, 10 dBm per
step, coarse and fine adjustable.

Flatness (Amplitude not readjusted to a reference on the
ouiput monitor):
+/- 2% 100 Hz (on X100 range) to | Mz
+/-3% 10 Hz to 100 Hz
+/-4% 1 MHz to 10 MHz*

Flatness (Ampltude readjusted {0 a reference on the
output monitor):

Range Frequency
16Hz 20Hz 4MHz 10MHz
3Vand 1V 2% 1% 2%
3V io 3mV 25% | 1.5% 2.5%
dmy 3% 2% 3%

*This specification applies only at 30 ohm output, The
response above I MHz at the 600 ohm output is affected
by capacitive loads. ,

Flatness (Amplitude readjusted using expanded
scale on output monitor):
+/- 0.25% 3V and 1V ranges
+/-0.75% 3V to .3 mV range
+/-1.75% .1 mV range

less than 1% 10Hz to 2 MHz
less than 2% at 2 MHz to 5 MHz
less than 4% 5 MHz to 10 MHz

Distortion:

Hum and Noise: less than 0.05% of maximum
rated ocutput between 10 Hz and 10 MHz.

Output Monitor:

Accuracy: +/- 2% of full scate,

Voltmeter monitoss level at input of attenuator in
volts or dB. Top scale calibrated in volts;
bottom scale in dB. Expand scale: expands
reference voltage of the Normal scale from 0.9
to 1.0 or 2.810 3.2,

Attenuator;
Range: 90 dBin 10 ¢B steps.

Overall Accuracy: +/-0.075 dB, -60 dBm to 20 dBm
+/-0.2 4B, -70 dBm to -60 dBm

Amplitude Control: 20 dB range: coarse and fine.
Amplitude Stability: +/- 2% per mo., 20° € t0 30° C
Temperature Range: 0° C to + 50° C.

Power Requirements: +1-5V-or-238%-+=10%30-W-
A8 te-66- M

1-2

Section I

HE V= 10%, 48 To 440 4%, OR 230 YV £ 10%
48 T b Mz, 3D YA HOMIM AL, 38 VR M nun,
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SECTION i
INSTALLATION

2-1. INTRODUCTION.

2-2. This section coniains information and instructions
necessary for installing and shipping the Model 652A Test
Oscillator. Included are initial inspection procedures, power
and grounding requirements, environmental information,
installation instructions and instructions for repackaging for
shipment,

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both mechani-
cally and electrically before shipment. It should be free of
mars or scratches and in perfect electrical order upon
receipt. To confirm this, the instrument should be in-
spected for physical damage incurred in transit. If the
instrument was damaged in transit, file a claim with the
carrier. Check for supplied zccessories (Paragraph 1-6) and
test the electrical performance using the Performance Tests
given in Section V. If there is damage or deficiency, see the
warranty in the front of this manual.

2-5. POWER REQUIREMENTS.

8.7 66 Hz. The instrument can_be-efsily con-
verted from 11518230 volt opgratich by changing the
position of the slide swiWﬁ@@Eﬁ on rear panel, so that

eﬁﬁﬁé on the switeh.matches the nomi-

the designation
nal volt the power source. A 0.4 amp#re;slow—blow

“Z6... The Model 652A will operate from either 115 or.236
VOl;S\a\C,él

£us€ 18 used for 115 and 230 volt operation. T

2-7. Power Cords,

2-8. Figure 2-1 illustrates the standard pbwer plug config-
urations that are used throughout the United States and in
other countries. The -hp- part number directly below each

81201369 B120—1689.

125V — BA® Q\ ’“‘\ N
[

250V — 8A*

8120134

5TD-8-4195
*UL LISTED FOR USE IN THE UNITED STATES OF AMERICA

Figure 2-1. Power Cords.

Madal A5 A

drawing is the part number for 2 652A power cord
equipped with a power plug of that configuration. I the
appropriate power cord is not included with the instru-
ment, notify the nearest -hp- Sales and Service Office and a
replacement cord will be provided.

2-9. GROUNDING REQUIREMENTS.

2-10. To protect operating personnel, the National Electri-
cal Manufacturer’s Association (NEMA) recommends that
the instrument panel and cabinet be grounded. The Model
6524 is equipped with a three—conductor power cord
which, when plugged into an appropriste receptacle,
grounds the instrument. The offset pin on the power plug is
the ground connection,

2-11. INSTALLATION.

2-12. The -hp- Model 652A is fully transistorized; there-
fore, no special cooling is required. However, the instru-
ment should not be operated where the ambient tempera-
ture exceeds 50° € (122° F).

2-13. RACK/BENCH INSTALLATION.

2-i4. The Model 652A is initially shipped as a bench-type
instrument (unless ordered specifically as a rack type) with
plastic feet and a tilt stand in place. Conversion to a rack-
mounted instrument can be accomplished by using the rack
mounting kit -and--instructions-furnished-with-yous-insteu-
ReRd. HP PART RUOHMaER 306D+ 27740,

2-15. REPACKAGING FOR SHIPMENT.

2-16. The following is a general guide for repackaging for
shipment. If you have any questions, contact your local
-hp- Sales and Service Office. (See Appendix B for office
locations.}

NOTE

If the instrument is to be shipped to Hewlett-
Packard for service or repair, attach a tag to the
instrument identifying the owner and indicating
the service or repair fo he accomplished,
include the model number and  full serial
nmumber of the instrument. In any correspond-
ence, Identify the instrument by model num-
ber, serigl nwmber and serial number prefix.

a. Place instrument in original container if available. If
original container is not available, a suitable one can be pur-
chased from your nearest -hp- Sales and Service Office.

2-1
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If eriginal container is not used,
b.  Wrap instrument in heavy paper or plastic before
placing in an inner container.

¢.  Use plenty of packing material around all sides of
instrument and protect panel faces with cardboard strips.

Section [

d. Place instrument and inner container in a heavy ¢ar-
ton or wooden box and seal with strong tape or metal

bands,

e. Mark shipping container with “Delicate Instrument,”

“Fragile,” etc.

Model 652A
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SECTION

OPERATING

31. INTRODUCTION.

3-2. The Model 652A Test Oscillator generates a stable sine
wave output that is available at output impedance levels of
600 ohms and 50 ohms. The frequency of the output is
variable from 10 Hz to 10 MHz. The output power level can
be varied from 10 microvelis to 3.16 volts into 600 or 50
ohm loads, The output monitor may be used as a voltmeter
to monitor the amplitude of the output, or it may be used to
establish a reference level for the output.

3-3. CONTROLS AND INDICATORS.

3. Figure 3-1 identifies and describes the function of all
the front and rear panel controls, connectors, and indicators
on the Model 652A,

3-5. ADJUSTMENT OF MECHANICAL ZERO.

3-6. The ouiput monitor is properly zero-set when the meter
pointer rests over the zero mark, and the Test Oscillator is in
normal operating position at normal operating temperature,
and is turned off. Zero-set the output monitor as follows to
obtain maximum accuracy and mechanical stability.

a. Turn Test Oscillator on and allow it to operate for
at least 20 minutes, to let the meter movement
reach normal operating temperature.

b. Turn Test QOscillator off, and allow 30 seconds for
all capacitors to discharge.

c. Insert pointed object {such as tip of ball-point pen)
into recess on adjustment wheel, and rotate wheel
until meter pointer is exactly over zero.

3-7. OPERATION,

3-8, To operate the 652A Test Osciliator, proceed as
follows:

a.  Set the slide switch (S5) to the proper line voltage
(115 V or 230 V at 48 — 066 Hz), and connect the
selected primary power to the Test Oscillator.

b, Tum LINE ON switch to On position. Indicator
lamp will glow, verifying application of primary
power,

c. Set FREQUENCY RANGE switch and
FREQUENCY Dial to desired output irequency,

d. Set QUTPUT ATTENUATOR switch to desired
voltage range.

LY. PN PN Vo I Y

LML LAUIE B1R

HI

INSTRUCTIONS

e. Connect load to output connector having an
impedance which matches impedance of toad.

f. Place MONITOR switch in NORMAL position, and
adjust AMPLITUDE controls for desired output
voltage, as indicated on the output monitor.

g. The output moniter, M1, indicates the rins value of
the output voltage, and the power level in dBm for
resistive loads of 50 ohms. The output voltage level
is obtained by multiplying the monitor scale reading
by the monitor scale multiplier which appears on
the OQUTPUT ATTENUATOR switch. Use the
following equation and the impedance correction
graph of Figure 3-2 to obtain the Model 652A
output power level in dBm, for loads other than
those marked on the output connectors.

R

Output Voltage = X 2Vm

RL"PRS

Where,

Ry = Load Resistance (Terminating
Resistance)

Rg = Source Resistance (OCutput
”  Impedance of Osciliator)

Viu = Model 652A Output Monitor
voltage indication muitiptied
by the output attenuator vol-
tage setiing.

Problem: A 600 ohm load is placed on the 50 ohm output
connector. The Model 652A output monitor indicates an
output of 0.9 volts, with the OUTPUT ATTENUATOR set
on the 1.0 volt (+10 dBm) range. Find the actual output
voltage and power level (in dBm) of the Model 652A.

Solution: The actual cutput voltage is calculated as follows:

Cutput Voltage = __ 600 X2 {0.9) = 1.66 valts
600 + 50

H the monitor were to indicate this i.66 volts, then the
power level indicated would be +17.3 dBm (on the +20 dBm
range). The actual power level, however, in the 600 ohm load
is the algebraic sum of this theoretically indicated power
(+17.3 dBm) and a correction factor. The correction factor is
obtained from the impedance graph of Pigure 3-2; for this
example, using a 600 ohm load, it would be —10.8 ¢Bm. The
actual power level in the 600 ohm load, then, is +6.5
dBm[17.3 dBm + (—10.8 dBm)]

3-1
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(1) FREQUENCY Dial: Varies output frequency within
each frequency range. Dial reading multiplied by range
setting is the output frequency of the instrument.

FREQUENCY RANGE Switch (S1): Selects one of six
frequency ranges, fram 10 Hz to 1 MHz.

Output Monitor (M1): Monitors the amplitude of the
test oscillator output. May be used to set and maintain
an ouiput amphitude reference, when the MONITOR
switch is in the EXPAND position.

Mechanical Zero Adjust: Aliows output moenitor to be
mechanically zeroed, when instrument is off,

OUTPUT ATTENUATOR: Attenuates fest oscillator
output in nine steps of 10 dB each.

Output Connectors {(J2 and J3): Provides the cutput
signal, at impedance levels of 50 ohms and 600 ohms.

(7) AMPLITUDE Coarse and VERNIER Control
smplitude of signal applied to
ATTENUATOR.

s: Controls
QUTPUT

MONITOR Switch (S4): Expands top 10% of monitor
scale, to allow an amplitude reference o be set.

REF SET Coarse and VERNIER Controls: Adjusts
monitor to desired reference setting.

FREQUENCY VERNIER: Provides a fine frequency
' aé]tl%tmem for FREQUENCY dial.

LINE ON Switch (S3) and Pilot Lamp: Switch applies
primary power to instrument; pilot lamp glows to
indicate application of primary powez.

INDICATOR LIGHT: Glows when power switch is set
fo “LINE”.

115/230 V Slide Switch (S5): Sets instrument to
operate from a primary power source of either 115 Vac
or 230 Vac.

FUSE (F1): 04 amp fuse protects instrument from
overioads.

Primary Power Connector (J1): Connects primary
nower to fest oscillator.

IDENTIFICATION PLATE: Shows instrument serial
number.

POWER TRANSFORMER (T1).

Figure 3-1. Location and Description of Controls and Indicators

Sectinn FET
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NOTE

To use the EXPAND function of the
Model 652A perlorm steps h through j.
To obtain a reference on the output
monitor the mowmtor indication must be
in the top 10 % of scale. If not, the REF
SET controls will not have sufficient
range to establish a reference.

Section 1l

h. Set MONITOR switch to EXPAND position,

i.

Adjust REF SET controls until desired reference is
indicated on the percent scale of the output
monitor.

Use AMPLITUDE controls to maintain set reference
whenever frequency of oscillator is changed.

:

+2%

15 b

+5

METER CORRECTION ~ DBM
gl

-20

-25

LY

i 10 100

K

FHOK 16101

$70-8 - 0753 IMPEDANCE - OHMS

Figure 3-2. Impedance Correction Graph
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Section IV

SECTION 1V
THEORY OF OPERATION

4-1. GENERAL DESCRIPTICN,

4-2. The Model 652A Test Oscillator includes an oscillator,
power amplifier, peak detector, attenuator, normal monitor
circuit and expand monitor circuit. A block diagram of the
instrument is shown in Figure 6-1. The oscillator circuit uses
a modified Wien bridge network to generate a stable,
distortionless sine wave signal which is applied to the power
amplifier circuit. The automatic gain control utilizes a
feedback voltage from a peak detector to the osciltator
circuit to stabilize the output signal. The power amptifier
circuit is used to increase the outpui power available at the
50-chm and 600-ohm output connectors and to improve the
frequency siability of the output signal with changing output
icads. The output atienuator provides a means of attenuating
the signal at the output connectors in nine steps of 10 dB
each. The normal monitor circuit monitors the signal level at
the input to the attenuator. The expand monitor circuit
allows the top 10% of the monitor scale to be expanded, so
that a reference can be set. The regulated power supply
provides all voltages required by the 652A circuits.

4-3. CIRCUIT DESCRIPTION,

44, Refer to Figures 62 thru 64 for the following
discussion.

4-5. OSCILLATOR CIRCUIT.

4-6, The oscillator circuit generates a sinusoidal signal at the
frequency selected by the RANGE switch and FREQUENCY
Dial located on the front panel. The RC bridge network isa
modified Wien bridge circuit, consisting of an RC frequency
selective network and a resistive voltage divider network. The
Wien bridge in the Model 652A Test Oscillator differs from
the conventional Wien bridge circuit in the design of the
resistive  voltage divider network. The resistor in the
conventional Wien bridge is replaced with a variable
impedance (Z! on Figure 6-1) consisting of A2CR6 and
A2CR7.

4-7. Oscillation at the selected frequency is made possible by
the use of both positive and negative feedback. Positive
feedback is provided through a frequency sensitive RC
network to the differential amplifier A2Q2 and A2Q3;
negative feedback is provided to the differential amplifier
through a network insensitive to frequency. Only at the
selected frequency will the positive feedback exceed the
negative feedback voltage to sustain oscillation.

4-8. The RANGE switch, S1, selects combinations of
resistors and capacitors (SIRI through S1R24, and SICI
through $1C15) to establish the frequency sensitive RC
networks for the six frequency ranges of the Test Oscillator,

The FREQUENCY Dial varies the main frequency tuning
elements C1A, C1B, and C1C. The RC componentsmaintain
the proper phase relationship of the positive feedback

voltage. At frequencies where X = R, the positive feedback
voltage is in phase with the oscillator output voltage (refer to
Figure 4-1) and exceeds the negative feedback voltage, At
frequencies other than where X¢ = R, the positive feedback
voltage is neither of the right phase nor of sufficient
amplitude to maintain oscillations.

4-9. The impedance converter transistor, A2Q1, provides a
high impedance in series with the input impedance of the
differential amplifier on the first four frequency ranges (X10
- X10K). The high impedance added prevents the RC bridge
circuit from being loaded by the low input impedance of the
differential amplifier, A2Q2 and A2Q3, on the lower
frequency ranges. The irapedance converter is bypassed on
the X100K and XIM ranges due to lower resistor values in
the RC bridge.

4-10. The difference between the feedback voltages from the
bridge circuit is amplified by differential amplifier A20Q2 and
A2Q3, and is applied fo the complementary symmetry
circuit A2Q5 and A2Q6, through emitier follower A2Q4. A
positive  feedback voltage from the output of the
complementary symmetry circuit is applied between resistors
A2RS8 and A2R9, in the collector circuit of A2Q2, on the
first four frequency ranges. The application of the feedback
voltage at this point is used to make the effective resistance
of the collector load higher than the input impedance of the
emitter follower A2Q4, forcing the collector current into the
base of the emitter follower. The increase in the signal level
results in an increase in the loop gain of the oscillator circuit,
The feedback voltage is removed on the X100K and X1IM

FREGQUENCY
0.5
A
Oud — — LAS
-
0.3 / \’/
hd -
F -
P / - \ PHASE

Qo l -
LEAD
Fa
X.=R
Fp = POSITIVE FEEDBACK RATIO
TO AMPLIFIER PHASE —————
F = FEEDBACK TO RC NETWORK asih-s=i0a

Figure 4-1. RC Network Characteristics
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frequency range due to the value of resistors A2R8 and
AZRY exceeding the input impedance of the emitter follower
at the higher frequencies.

4-11, The complementary symunetry cireuit is used to
provide power gain and to increase the dynamic voltage range
of the oscillator; also, the low output impedance of the
complementary symmetry circuit prevents the oscillator
output circuit from being loaded by the RC bridge. The
complementary symmetry circuit iransistors are
forward-biased by diodes A2CR2, A2CR3, and A2CR4, and
with no signal applied, are conducting slightly to reduce
cross-over distoriion in the outpot signal.

4-12. The output of the oscillator circuit drives the power
amplifier with a constant voltage set by the AMPLITUDE
coarse and VERNIER controls, R2A and R2B. The voltage
level applied to the power amplifier is held constant by the
action of the peak detector circuit.

4-13. AUTOMATIC GAIN CONTROL,

4.14. The output of the oscillator circuit is superimposed on
a negative reference bias at the base of A2Q7. This bias
voltage is determined by the setting of the amplitude
controls. The peak detector, A2Q7, will conduct only on the
positive peaks when the negative bias is overcome. The
average dc voltage across A2C7, A2C8, A2C9 and A2C10
biases the diodes A2CR6 and AZCR7 to determine the
mpedance of the negative feedback side of the Wien bridge.
Thus the amplitude of the oscillations is automatically
conirolied. A2CRS5 and A2CRS provide temperature
compensation for the bias voltage on A2Q7, and A2ZCRS
prevents the reverse breakdown of A2G7. A2RI17 is
adjustable to compensate for differences in the operating
characteristics of diodes A2CR6 and A2CR7Y, minimizing
distortion in the negative feedback and subsequently in the
oscillator output,

4-15. POWER AMPLIFIER.

4-16. The power amplifier circuit increases the power gain of
the signal received from the oscillator circuit. The operation
of the djfferential amplifier A2Q8 and A2Q9, emitter
follower A2Q10, and complementary symmetry circuit
A2Q11 and A2Q12 is similar to the corresponding stages in
the oscillator circuit. The negative feedback voltage from the
output of the complementary symmetry eircuit is applied to
the differential amplifier at a fixed level to stabilize the
power amplifier output signal. The power amplifier output is
continuously monitored by one of the two monitor circuits
before the signal is applied to the output attenuator circuit.

4-17. NORMAL MONITOR CIRCUIT.

4-18. The normal monitor circuit monitors the signal level
applied to the output attenuator circuit and provides a signal
to the output monitor, M1, when the MONITOR switch, 84,
is in the NORMAL position. The amplifier A1Q9 serves both

42
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as an impedance converter between the monitor circuit and
the power amplifier output circuit and as a current source to
provide full-scale monitor indications. The high input
jmpedance of the amplifier prevents the power amplifier
from being loaded with the low impedance of the output
monitor, M1. The emitter follower A1Q8 provides a positive
feedback voltage which is applied between resistors AIRIS
and AIR19, in the collector lead of amplifier A1Q9. The
application of the feedback voltage at this point is used to
merease the effective resistance of the collector circuit,
which results in the amplifier A1Q9 appearing as a high
impedance current source to the monitor. The diode
AICRIO provides a small amount of forward bias to rectifier
diodes AICR8 and A1CRY, which keeps the diodes out of
the non-inear region, thus increasing monitor accuracy at
one-tenth fullscale readings. The 10 MHz adjustment,
AIC15, compensates for small variations in circuit
capacitance so the monitor will have a flat frequency
response. The monitor calibration resistor, A1R23, provides
an additional calibration adjustment which is made at 400
Hz.

4-15. EXPAND MONITOR CIRCUIT.

4-20. The expand monitor circuit allows the top 10% of the
output monitor scale to be expanded to full seale. A
reference may then be set on the scale, and deviations up to
+/- 2.5% in the oscillator output will be indicated on the
monitor. The circuit is comprised of an average detector, a
differential amplifier, and a variable reference supply. The
difference between the outputs of the detector and the
reference supply is amplified by the differential amplifier,
and is applied to the monitor, M1, when the MONITOR
switch, 84, is in the EXPAND position. The dec output of the
detector is proportional to the amplitude of the oscillator
output, and the amplitude of the reference supply output
may be varied by the REF SET coarse and VERNIER
controls, R3A and R3B, respectively. A reference may be set
at any point on the expanded monitor scale, by varying the
reference supply output.

4-21. The output of the oscillator power amplifier is applied
to the detector through an RCL network (A3CS, A3LI,
A3R1), capacitor A3C2, and resistor A3R2, The purpose of
the RCL network is to smooth the expand monitor circuit
response on the X1M range. On the X10 range, A3C1 is
switched in parallel with the RCL network and the input
capacitor, A3C2, to improve the low frequency response of
the circuit. It is not used on higher frequency ranges, due to
an increase in detector time constant when it is connected.

4-22. The detector is a diode rectifier that provides a de
output proportional to the average value of the sinusoidal
input from the oscillator power amplifier. The ac input is
rectified by diodes ABCRI1 and A3CR2, and applied to the
base and emitter, respectively, of A3Q1, forward biasing the
transistor. A3Q1 provides a low impedance path for the
rectified signal, and allows average detection of the applied
input with a singleended output. A3L2, A3C6, and A3CT
form a filter network to remove any high frequency
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components which might be present on the detector output.
In addition, A3C3 is switched in on the X10 range to
dampen the meter by reducing low frequency ripple.

4-23. The differential amplifier, A3Q2 and A3Q3, amplifies
the difference between the filtered output of the detector
and the reference voltage from the variable reference power
supply. The output is taken from the collector of A3Q2, is
further amplified by A3Q5, and is applied to the emitter
follower, A3Q6. The emitter follower has a low ouiput
impedance and is used to drive the monitor. A3Q4 acts asa
current source to provide approximately 50 microamps of
current to the differential amplifier.

4.24. The reference power supply is a conventional series
regulator type that hag a variable outiput. Zener diode
A3CR6 maintains a constant bias on the emitier of the
reference amplifier, A3Q8, The base bias of A3QR is changed
whenever the REF SET coarse or VERNIER conirols are
varied. This change is amplified and applied to the bage of
the series regulator, A3Q7. A3Q7 will change the reference
supply output in direct proportion io the amount that the
REF SET coarse or VERNIER controls are changed.

425, Two adjustments are provided for the expand monitor
circuit: A3C11 and A3R14. A3C11 adjusts the expand
monitor circuit response at 10 MHz, and A3R14 calibrates
the monitor at 10 kHz,

4-26. QUTPUT ATTENUATOR.

4-27. 'The output attenuator provides a means of attenuating
the signal level applied to the 50-0hm and 600-ohm output
connectors. The OUTPUT ATTENUATOR switch, S2,
selects a combination of four resistor networks to produce
the desired level of signal attenuation, Each step provides an
attenuation of 10 dB, The AMPLITUDE controls, R2ZA and
R2B, vary the level of attenuation in increments between
each 10 dB step selected by the OUTPUT ATTENUATOR
switch.

4-28. Output impedances other than the standard 600-ohms
can be obtained by changing the value of resistor S2R13. The
value of the resistor replacing S2R13 is added to the 50-0hm
oscillator output impedance fo obfain the new output
impedance level at the 600-0hm connector.

4-29. REGULATED POWER SUPPLY.

4.30. The regulated power supply provides all dc voltages
required by the 652A Test Oscillator circuits. The power
supply consists of a + 30 V and - 25 V series regulated
supply. Each power supply is protected by current limiting
and foldback current limiting.

4-31. The + 30 V and - 25 V power supplies are func-
tionally identical. Both use operational amplifiers for out-
put voltage error amplification. A1R40 adjusts the + 30 V
supply voltage and A1R41@ adjusts the - 25 V supply volt-
age.

Section IV

REGULATED VOLTAGE
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Figure 4-2. Regulated Power Supply Output
Voltage vs. Current.

4-32. Conventional current limiting is used in both supplies
to limit the output current to approximately 300 mA.
Foldback current fimiting further limits the output current
if the output voltage is pulled below approximately 16 V
by a malfunction in the 652A circuitry. A direct short to
ground of either supply will result in an output current of
approximately [0 mA as shown in Figure 4-2.

4-33, Figure 4-3 is a simplified schematic of the current
limiting circuitry used in the 652A power supplies. The
Current Limiting Transistor A1Q4{+) or A1Q7(-} is a vari-
able shunt to the series regulator drive current. It is first
switched on by the voltage drop across the Current Limit
Sensing Resistor when the power supply output current
reaches approximately 300 mA. The power supply will
remain in this Conventional Current Limit condition until
the cutput current decreases allowing the supply to return
to normal operation, or until the power supply output volt.
age drops below the Foldback Reference (16.2 V). If the
latter occurs, the Diode Switch is effectively closed and the
power supply goes into a Foldback Current Limit condi-
tion. In this condition the Current Limiting Transistor is
controtled by the power supply cutput voltage. As the cut-
put voltage decreases, the shunt current is increased.

CONVENTIONAL CURRENT LIMITER
CONVENTIONAL CURRENT U
I HRENT LIMIT ;
I NSING RESISTOR :
| | !
|
UNREGULATED....] SERIES ! . N ; g%(_w?”:fé‘%
) e g |
! &‘é %ﬁms;smng
1 H
I i
| |
I |
O S I
FOLDBACK e T
:
CURRENF  .._ ! ghe TPt
CmiTeR = ; sansLEn
fgone = SHUNT REFEREACE,
| Swreen ! CURRENT sELRER,
| ! SRIFTER
4 LOBACK
i : REFERENCE |
SERIES REGULATOR [~
DRIVE CORRERT
BERL-BATY

Figure 4-3. Simplified Schematic of Current
Limiting Circuitry.
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WARNING

These servicing instructions are for use by qualified personnel only. To
avoid electrical shock, do not perform any servicing other than that con-
tained in the operating instructions unfess you are qualified to do so.
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Table 5-1. Required Test Equipment.

Ingtrument
Type

Required
Characteristics

Recommended
Model

Qscilioscope

Pass band: 10 Hz to 10 MHz
Sensitivity: B0 mV/em
Input mpedance: 1 megohm

-hp- Model 180A Cscilloscope
with 1801A and 1820A plug-ins

Etectronic Counter

Range: 10 Hz to 10 MHz
Accuracy: + 5 counts

hp- Modei 52451 Electronic
counter

AU Voklmeter

Frequency Range: 10 Hz to 10 MHz
Voltage Range: 1 mV to 10V
Accuracy: + 1%

DC output

hp- Model 3400A RMS
Voltmeter (with known
accuracy)

Distortion Analyzer

Distortion Sensitivity: greater than 42 B

-hp- Model 331A/332/333/334

Wave Analyzer

Frequengy Range: 800 kHz to 22 MHz

-hp- Model HO5-312A

DC Nuli Valtmeter

Range: 10 microvoltsto 30V
Accuracy: + 2% of full scaie

-hp- Model 419A

?AC Differential

Range: 1 Vto 10V

-hp- Model 7418 AC-DC

Voltmeter Accuracy: * 0.1% Differential Voitmeter/
Stability: + 0.1% Per Mo. DC Standard
Attenuator Attenuation Range: 90 dB in 10 dB steps hp- Mode! 3550 VHF
Frequency Range: 10 Hz to 10 MHz Attenyator {with known
accuracy)
Amplifier Gain: 40 dB -hp- Model 461 A Amplifier

Freguency Range: 10 Hz to 10 MMz

Thermal Converter

tnput: 3V RMS

Cutput: 7 mV de

Accuracy: *02%

Frequency Range: 10 Hz to 10 MHz
input impedance: 50 ohms

hp- Moded 11048A
Therma! Converter

0to 1O mV
Reference Supply

See Figure 5-3 for schematic

. Resistor: fxd, 656000 £+ 1%
. Resistor: var, BOO O * 5%
Resistor: var, 5080 + 5%

. Battery: 1.34 V

cngoo

. <hp- Part No, 08110382
. -hp- Part No, 2100-0324
. hip- Part No, 2100-1481

. Mallory RM-42R

fo N e B

Terminating

a. Feedthru, 505
b, Feedthru, 600 Q

a. -hp- Mode! 110648C
b. -hp- Model 11085A

Resistance
Adapter BNC to Binding Post -hp- Modet 10111A Adapter
1hRen::order Chart Speed: 17 /hr or less -hp- Modei 680 6" Strip
Chart Recorder
DC Digital Range: 1V -hp- Model 34740A/34702A
Vohmeter Digits: 4

Measurermnent System

+ Reguired only if Amplitude Stability Test {Paragraph 5-18) is performed.

aa

MOGe] 034A

1.1 e
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Section V

SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2. This section contains maintenance and service infor-
mation for the -hp- Model 652A Test Osciliator. Included
are Performance Tests; Adjustment and Calibration Proce-
dures, and Troubleshooting Procedures.

5-3. REQUIRED TEST EQUIPMENT.

5-4, The equipment needed to properly maintain the
Model 652A is listed in Table 3-1. The table lists the type
of equipment to be used, the specification requirements,
and the recommended commercially available test equip-
ment. If the equipment listed in Table 5-1 is not available,
any instrument that satisfies the given specifications may be
used,

55 PERFORMANCE TESTS.

5-6. The performance tests-are in-cabinet tests which insure
the Model 652A Test Oscillator is operating within specifi-
cations, These tests can be used for incoming inspection,
periodic maintenance, and for specification tests after a
repair. Use the performance tests to verify instrument
performance before making internai adjustments or repairs.
I is recommended that performance tests and calibration
be performed at 6 month intervals. A removable test card is
located at the end of Section V. This may be used for
making a permanent record of the performance of the
652A during the Performance Tests.

NOTE

Parggraphs 5-18 and 5-19 are labeled as
“Optional” tests for the following reasons:
{Paragraph 5-18 Hum and Noise Test} Top
cover of 6524 must be removed fo make this
test. {Paragraph 5-19 Amplitude Stability Test)
6524 outpur amplitude must be monitored
continuously for one month to make this test.

5-7. Frequency Range Test.

a. Connect 652A 50 ohm output fo dc inpui of
electronic counter as shown in Figure 5-1.

b. Set 652A controls as fellows:

FREQUENCY RANGE .............. X100
FREQUENCY dial . .....ovvvvn.., Extreme
Clockwise
OQUTPUT ATTENUATOR ... .. ..., 30V
OUTPUT MONITOR . ........... NORMAL
QUTPUT AMPLITUDE
and VERNIER ..., 0ont 3.0V on
monitor

¢. Counter should read a period average of 100 ms or
greater, verifying a frequency of at least 10 Hz at lower end
of frequency range.

d. Set 652A FREQUENCY RANGE to X1IM and
FREQUENCY dial to extreme counterclockwise position.
Counter should read a frequency of 10MHz or greater,
verifying a frequency of at least 10 MHz at upper end of
frequency range.

¢. Perform Frequency Calibration, Paragraphs 5-27
through 5-34, if tolerances are not met.

5-8. Dial Accuracy Test.

a. Connect 652A 50 ohm output to dc input of
electronic counter as shown in Figure 5-1.

b. Set 652A controls as follows:

FREQUENCY RANGE ...... .ot X10
FREQUENCY dial .. ..o vviie i eanns 1
QUTPUT ATTENUATOR .......... 3.0V
OUTPUT MONITOR ... .. ...... NORMAL

OUTPUT AMPLITUDE
and VERNIER ............... 30V on
monitor

TEST OSCILLATOR
hp 6524

6524 ~ B =088 A

50 OHM
FEED THRU -
hplio4se }

T

ELECTRONIC COUNTER
fip5245L

Figure 5-1. Fregquency Tests.
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¢. Check all frequency settings given in Table 5-2. Set
counter FUNCTION switch to PERIOD AVERAGE for
frequencies below [ kHz and FREQUENCY for higher

Table 5-2. Dial Accuracy Test.

Mode: DO LA

: : Frequency Counter
frequencies. Table 5-2 lists the test frequencies and toler- Dial Range Indication
ances reguired.
{counter set to indicate
d. Perform Frequency Calibration in Paragraphs 5-27 period average)
through 5-34 if tolerances are not met.
1 X110 100 £ 3 ms
5 X110 200 % 06 ms
. 8 X10 126 * 038 ms
5-10. Maximum Voltage. 10 X16 100 + 03 ms
4. Connect ac vgltmeter to 50 chm output terminal of 1 X100 100 + 02 ms
652A as shown in Figure 5-2. 25 X100 400 *+ 008 ms
5 X100 200 x 004 ms
b. Set 652A controls as follows: 8 X100 125 = 003ms
10 X100 100 = CO2ms
FREQUENCY RANGE .............. X1K
FREQUENCY dial . .....coviinnrnnens 10 {eounter set to indicate
OUTPUT ATTENUATOR .......... 30V frequency)
OQUTPUT MONITOR ...... veeee NORMAL
1 X1K 1000 + 20 H2
c. Adjust 652A OUTPUT AMPLITUDE and VERNIER 25 k| A
controls for maximum output;ac voltmeter should indicate 8 X1K 8:000 + 160 Mz
3.16 Vrms or g{ﬂ&i@i’. 10 X1K 100 = 02 kHz
d. Disconnect ac voltmeter from 50 ohm output termi- 1 X10K 100 + 02kHz
nal of 652A and connect to 600 ohm output. Replace 50 25 X10K B0 = 05 kHz
ohm foad with a 600 ohm load. 5 X10K 500 +  1DkHz
8 XI0K 800 + 16kHz
¢. Repeat Step c. 10 X10K 1006 + 20kHz
, . o I g 1 X100K 1000 + 20kHz
lf. Perform Amphiude Adjustment in Paragraph 5-38 if 25 %100K 2500 & & kHz
tolerances are not met. 5 K100K 5000 + 100kHz
. ) 8 X100K 8000 + 16 kHz
5-11. Flatness Test. (Amplitude not readjusted toa refer- 10 X100K 1000 + 20 kHz
ence on the output monitor.)
1 X1M 1000 = 30 kHz
NOTE 25 XM 2500 + 75 kHz
5 XM 5000 * 160 kHz
A thermal converter is a square law device. The 12 i‘ﬁ g'ogg f 240 ::EZ
de output will change approximately twice the L 100 £ 300 KHz
RMS VOLTMETER
TEST OSCILLATOR hp 34004
hp 6524
= . —
@ Q ®
e o © e
@ 6=0 %0 50 OHM ¢ :
FEED THRU S
kplic4asc )
BE2A-B~0B52 mﬂ" WWWWW P

Figure 5-2. Quiput Tests.
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percentage the ac input changes. Typically, it Tabie 5-3. Typical Thermal Converter Input/Qutput Change.
changes 1.7 times. When making response -
measurements, the transfer characteristics of : CHANGE AT CHANGE OF DC
your particulay thermal converter should be AC INPUT OF NULL METER
u_sed.. T_O determine th_e thermal transfer char- THERMAL CONVERTER INDICATION FROM
acteristic of vour particular thermal converter, NULL SETTING
proceed as follows:
+/-0.25% +/- 35 microvolts
1. Set the 6524 output amplitude fo mink _,j- 1% 7 +§ﬂ 140 microvolts
HiLm. +/-2% +/- 280 microvolts
+/-3% +/- 420 microvolts
2 Connect the 110494 Thermal Converter +/-4% +/- 560 microvolts

directly to the 50 S output of the 6524,

The ac input is set for 7.0 mV at the output

3. Connect the 4194 DC Nullmeter across of the thermal converter.

the de output of the Thermal Converter.

4. Adjust the 6524 output amplitude con- change in the ac input {Table 5-3 ) would
trol for 1V rms input to the Thermal Con result in 70 uV fchange in ac inputf
verter {use an ac voltmeter to monitor the ac times 1.7 [ transfer ratio} = 119 uV.

input to the Thermal Converter).
a. Connect equipment as shown in Figure 5-3. (Use a

5. Measure and record the dc output (Ej) thermal converter with a known change in output for a
of the Thermal Converter on the 419A. given change at the input. If this information is not readily
available, then Table 5-3 gives this information for a typical

6. Double the ac input to 2V rms. Again, thermal converter connected as in Figure 5-3). Set both
observe the null meter and record the reading 652A output and reference supply to minimum before
(Ef). connecting. Thermal converter must be connected directly

to 50 ohm output of 652A.
7. Calculate the transfer ratio as follows:

Transfer characteristic {k) = ——— AAALLSAAA,
2k; Do not exceed rated input of thermal con-
verter. Any overload or high voltage transient
Table 5-3 assumes a transfer ratio of 2. may destroy thermoelement. When using the
The actual transfer ratio of your Ther- 6524 FREQUENCY RANGE switch, momen-
mal Converter should be applied fto tarily turn down the output attenuator.
Table 5-3 as follows:
DC CHANGE = the percentage of ac b. Set 652A controls as follows:
ON 4184 change times 7mV
times the transfer ratio. FREQUENCY RANGE ... ...vvvvinnnn XI1K
FREQUENCY dial ... ...covvnvnnnt. .10
For example, if the transfer ratio of OUTPUT ATTENUATOR . ......... 30V
your Thermal Converter is 1.7, a 1% QUTPUT MONITCR ............ NORMAL
DC NULL
VOLTMETLR
TEST OSCILLATOR hp 4194
hp652A

hp 110494 l

W,..______..,q;[jz g

5Q
A 0 =0 @oll THERMAL CONVERTER
1
{
H

6524 - B 08554

Figure 5-3. Flatness Tests.
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¢. Adjust 652A AMPLITUDE and VERNIER controls
for de¢ nuli meter indication of 7.0 mV.

d. Adjust frequency supply for null indication. Do not
readiust reference supply or 652A AMPLITUDE and
VERNIER controls once null is obtained.

¢. Adjusting 652A FREQUENCY RANGE switch and
FREQUENCY dial as necessary, sweep 652A stowly over
frequency range of 100 Hz to 1 MHz. D¢ null meter reading
will change above or below {or both) the null obtained in
Step d. Record minimum and maximum readings of de nuil
meter; difference between these two readings should
indicate a change in level of 652A output no greater than
+ 2% (see Table 5-3) verifying flatness specification over
frequency range of 100 Hz to 1 MHz,

f, Repeat Step ¢ over the range 10 Hz to 1 MHz. The
difference between dc null meter maximurmn and minimum
readings should indicate a change in level of 6352A output
no greater than + 3% (see Table 5-3) verifying flatness
specification over frequency range of 10 Hz to 1 MHz.

g. Repeat Step e over the range of 10 Hz to 10 MHz,
The difference between dec null meter maximum and
minimum .readings should indicate a change in level of
652A output no greater than * 4% (see Table 5-3) verifying
flatness - specification over frequency range of 10Hz to
10 MHz.

h. Perform Frequency Calibration (Paragraphs 5-27

through 5-34) and 10 MHz Flatness Adjustments (Para-
graph 535) if tolerances are not met,

5-12. Flatness. (Amplitude readjusted to a reference on
the normal output monitor,)

a. Perform Step 5-11a. (Note CAUTION.)

b. Set 652A controls as follows:

FREQUENCY RANGE .............. X190
FREQUENCY dial. ....covvvivinninns, 2
OUTPUT ATTENUATOR . ...... ... 30V
OUTPUTMONITOR . ........... NORMAL
AMPLITUDE and VERNIER ....... Adjust

for a monitor indication of
3.0 V. (This adjustment is cri-
tical as this will be the refer-
ence level for Steps 5-12¢
through h.}

¢. Adjust reference supply for null indication on de null
meter.

d. Set 652A FREQUENCY dial to 1.
e. Readjust 652A AMPLITUDE and VERNIER controls
for 3.0V on 652A OUTPUT MONITOR. (Do not readiust

reference supply.) Record dc null meter indication.
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f. Set 652A FREQUENCY dial for 12 Hz and repeat
Step 5-12¢.

g. Set 652A FREQUENCY dial for 15 Hz and repeat
Step 5-12e. '

h. To determine that the readings taken in Steps 5-12e,
£, and g are within tolerance, two conditions must be met:

1} Each reading must be within 2% of the
referenice level established in Step 5-12b. (See Tahle
5-3.)

2) The difference between the highest and lowest
_ reading must be no greater than 2% of the reference
level established in Step 5-12b.

These two conditions verify 652A output flatness, when
referenced to the normsl monitor, of 2% between 10 Hz
and 20 Hz.

i. Repeat Steps 5-12b through h (except, set up
reference at 20 Hz and use the frequencies and tolerances
listed in Table 5-4) to verify flatness of 1% over frequency
range of 20 Hz to 4 MHz.

j» Repeat Steps 5-12b through h {except, set up
reference level at 4 MHz and use the frequencies and
tolerances listed in Table 54} to verify flatness of 2% over
frequency range of 4 MHz to 10 MHz.

k. ¥ tolerances are not met, first assure that tolerances
of Paragraph 5-11 are met, then perform Normal Monitor
Calibration of Paragraph 5-40,

5-13. Flatness. (Amplitude readjusted to a reference on
expanded output monitor.}

a. Perform Step 5-11a (Note CAUTION).

b, Set 652A controls as follows:

FREQUENCY RANGE .............. X1o
FREQUENCY dial ... .ovvininnana, 2
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR ........ee. NORMAL
OUTPUT AMPLITUDE and

VERNIER ......... Adjust for a monitor

indication of 3.0 V.
c. Set OUTPUT MONITOR switch to EXPAND and
adiust REF SET and VERNIER controls for 0% indication
on the top (blue) scale of the 652A monitor.

d. Adjust reference supply for null indication on the de
nuil meter.

e. Set 652A FREQUENCY dial to 1.

f. Readjust 652A OUTPUT AMPLITUDE and VERN-
IER controls (if necessary) for 0% indication on 652A

Model 652A



Table 5-4. Flatness Test Settings and Limits*.

*(Ampiitude readjusted to a reference
on the output Monior)

FREQUENCY FREQUENCY | TOLERANCE
DIAL DIAL

(10 Hz to 20 Hz)
X10 1 2%
X10 1.2 2%
X10 1.5 2%
X10 2 2%

(20 Hz to 4 MHz)
X10 2 19
X100 1 1%
X100 5 1%
X1K 1 1%
X1K 5 1%
X10K 1 1%
X10K 5 1%
X100K 1 1%
X100K 5 1%
XIM 1 1%
X1M 4 1%

(4 MHz to 10 MHz)
XM 4 2%
X1M 6 2%
X1M 8 2%
X1M 10 2%

monitor, {Do not readjust reference supply.) Record de null
meter indication.

g. Repeat Step f of this paragraph at each of the 652A
FREQUENCY RANGE and FREQUENCY dial settings
given in Table 5-4.

h. To determine that the readings recorded in Steps f
and g are within tolerance, two conditions must be met:

1) Each reading must be within 0.5% of the
reference level established in Step c.

2} The difference between the highest and lowest
readings must be no greater than 0.5% of the
reference - level established in Step ¢. These two
conditions verify 652 A output flatness, referenced to
the expanded monitor, of * 0.25% over the fre-
quency range of 10 Hz to 10 MHz,

i, If flatness specifications are not met, first assure that
tolerances of Paragraphs 5-11 and 5-12 are met, then
perform calibration procedure of Paragraphs 5-37 and 5-38.
514. Qutput Monitor Accuracy Test

a. Connect ac voltmeter to 50 ohm output terminal of
652A as shown in Figure 5-2. Use an ac voltmeter with

known accuracy at frequency to be used {400 Hz).

b. Set 652A controls as follows:

FREQUENCY RANGE ............. X100
FREQUENCY dial ..o uain s 4
QUTPUT ATTENUATOR ........., oV
OUTPUT MONITOR . ........... NORMAL

c. Set OUTPUT AMPLITUDE and VERNIER controls
for a 3.0V indication on 652A monitor. AC voltmeter
should indicate 3V £0.06V (£ 2%)rms, verifying an
outpuf monitor accuracy of £ 2% of full scale.

d. If tolerance is not met, perform Normal Monitor
Calibration, Paragraph 540.

515 Attenuator Test

a. Connect external atienuator, amplifier, ac volimeter
and digital voltmeter to 652A as shown in Figure 5-4. Use
an attenuator with known accuracy.

NOTE

Float amplifier, ac voltmerter and digital voltimeter
using an adequate Isolation transformer to isolafe
chassis ground from power fine ground,

RMS
VOLTMETER
TEST OSCILLATOR hp 34004
by e ST,
g p
N P— AMPLIFIER N .
; e L p 4614 F—
@ e @ - ¢ O ©|0CouT 200K -
o O © ge 2, Tooar Bosilad
: MYLAR Mutﬁgggfg
500 COAXIAL ” \f\/b' i h
CABLE /5" @ 5071 COAKIAL / P
iz r R -
10dB/STEP ) 50 OHM
ATTENUATOR FEED THRU
hp 3550 hpiicasc

G52R8 AGRT

Madel H57A

Figure b-4. Attenuator Test.
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b. Set 652A controls as follows:

FREQUENCY RANGE .............. XiK
FREQUENCY dial . .....oovvnnnines, I
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR . ........... NORMAL

c. Set 355D attenuator switch to 90 dB position,
d. Set 461 A amplifier gain switch to 40 dB position.

e. Turn the 652A AMPLITUDE and VERNIER conirols
maximum clockwise, Select the range on the 3400A that
gives an indication of > 1.0000 V dc¢ on the 34740A. Now
adjust the AMPLITUDE controls to give a 1.0000V dc
reading on the 34740A.

NOTE

Do not readjust the 6524 AMPLITUDE and VER-
NIER controls during this fest,

f. Check 652A OUTPUT ATTENUATCR in each posi-
tion by decreasing attenuation on external attenuator as
attenuation is increased on 652A. Digital voltmeter indica-
tion: should be:

1) 1.0000 £ 0075 V dc for 3 V through 3 mV
ranges {+ 20 dB 59 - 60 dB) verifying an overall
accurazcy of *.075 dB from + 20 dBm to
- 60 dBm,

2} 1.0000 +0.02 V de for 0.1 mV range (- 70 dB)

verifying an accuracy of +0.02 éB for the
- 70 dBm position.

g. Repeat Steps ¢ through f of this paragraph with 652A
frequency set to 10 MHz,

h. If attenuation is out of tolerance, refer to Paragraph
5-57.

516. Amplitude Control Test.

a, Connect ac voltmeter to 50 ohm output ferminal as
shown in Figure 3-2.

b. Set 652A controls as follows:

FREQUENCY RANGE . ............ X100
FREQUENCY dial.......ccovvinvnnnn. 4
QUTPUT ATTENUATOR .......... 0V
OQUTPUTMONITOR ............ NORMAL
OUTPUT AMPLITUDE

and VERNIER ........ Extreme Clockwise

¢. Note reading on ac voltmeter,

d. Set OUTPUT AMPLITUBDE and VERNIER controls
to extreme counterclockwise position. AC voltmeter should
read 20 dB or more below reading noted in Step c. This
verifies an amplitude control of at least 20 dB.

517. Distortion Test,

a, Connect distortion analyzer to 652A as shown in
Figure 5-5.

b, Set 652A controls as follows:

FREQUENCY RANGE .. .. ina.. XI1K
FREQUENCY dial....... .o e I
OUTPUT ATTENUATOR .......... 30V
QUTPUT MONITOR ............ NORMAL
OQUTPUT AMPLITUDE
and VERNIER ........... ..., Adjust for
monitor indication
of 3.0V,

¢. Distortion level, as indicated on distortion analyzer,
should be less than 1%.

d. Repeat Steps b and ¢ to check distortion at each of
frequency settings shown in Table 5-5 (Part A).

¢, Disconnect 652A output from distortion analyzer
and connect to wave anzlyzer {remove 50 ohm feedthru
termination ).

f. Check distortion at each of frequency settings shown
in Table 5-5 (Part B), Use the following formulz to
compute distortion.

TEST OSCILLATCR
hp&52A

652A-B-CA54

50 OHM
FEED THRU
hpl 1480

émo;n

ADAPTER

DISTORTHON ANALYZER
hp331A/7332A

O
/*\@@
O © 9 n /¢

@H &G0

Figure 5-5. Distortion Test,
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Table b-b, Distortion Test.

FREQUENCY | FREQUENCY DISTORTION
RANGE PIAL

Part A
X10 1 tess than 1%
X100 1 lesg than 1%
X1K 1 less than 1%
XI10K 1 less than 1%
X100K 1 less than 1%
X100K 5 less than 1%

Part B
XIM 2 less than 1%
XIM 5 less than 2%
XIM 10 fess than 4%

100VE, 2+F, % +...

% distortion =

E;
B, = rmsvoltage of fundamental frequency;
E, = rms veltage of second harmonic;
E; = rms voltage of third harmonic;
o2 R

g. Perform Minimum Distortion Adjustment, Paragraph
5-39, if tolerances are not met.

5.18. Hum and Noise Test (D ptional).

a. Connect ac voltmeter to 50 ohm output of 652A as
shown in Figure 5-2.

b. Set 652A controls as follows:

¢. Adjust 652A OUTPUT AMPLITUDE and VERNIER
controls for a reading of 0 dB on 3 V range of ac volimeter.

d. Remove top cover of 652A and short out tuner by

clipping a lead from the solder lug on tuner frame to
chassis.

CAUTION 5

Lead dress is critical to frequency accuracy
and flatness.

Residual hum and noise should read greater than - 66 ¢B
from O dB reference set on rms voitmeter in Step c.

e. Remove clip lead and replace 652A top cover.
5-18. Amplitude Stability Test (O ptional),

a, Connect ac differential voltmeter and strip chart
recorder to 652A as shown in Figure 5-6.

NOTE
Floar ac differential voltmeter by using an

isofation transformer to isolate chassis ground
from ac power line ground.

0. Set 652A controls as follows:

FREQUENCY RANGE . ............. X1K
FREQUENCY dial ......oovvvvnnnnn e, i
OUTPUT ATTENUATOR . ......... 30V
OUTPUTMONITOR ... ....... .. NORMAL

c. Adjust 652A OUTPUT AMPLITUDE and VERNIER
controls for a 3.000 V indication on differential voltmeter.

d. Set recorder output adjustment of ac differential
voltmeter so that a + 0.06 V variation of 652A output can
be easily recorded.

FREQUENCY RANGE . ............ X100
FREQUENCY dial.......ccoovvnnn.., 10 e. The output of 652A should not vary by more than
GQUTPUT ATTENUATOR .......... 30V 2% over a period of one month when temperature
OUTPUT MONITOR . ........... NORMAL remains between 20°C and 30°C.
AC-DC DIFFERENTIAL
STRIP CHART VOLTMETER/DC STANDARD
RECORDER ho741B
TEST OSCILLATOR hp6so
hp 6524 — -
— REREE & o o
[ § ] Y &)
Oje—a | m—— °
: & REAR PANEL 2
@ O =D 9o 50 OHM fdba 2l @ oo ooss
FEED THRU
hpi1048C

Figure 5-6. Amplitude Stability Test.
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5-20. Output impedance Test.

a, Connect 50 ohm output of 652A directly to ac
voltmeter,

b, Set 652A controls as follows:

FREQUENCY RANGE .............. XiK
FREQUENCY dial ... ...oovnviiiinnain, 1
OUTPUT ATTENUATOR .......... 30V
OUTPUTMONITOR . ........e s, NORMAL

¢, Adjust 652A QUTPUT AMPLITUDE and VERNIER
confrols for 2 6.0 V rms indication on ac voltmeter.

d. Insert 50 chm feedthru load between 652A and ac
veltmeter. AC voltmeter indication should drop to 3.0V
+0.15 V rms, verifying a 50 ohm output impedance.

e. Remove 50 ohm feedthru load and disconnect cable
to 50 ohm output of 652A.

f. Connect 600 ohm output of 652A directly fo ac
voltmeter.

g, Adjust 652A OQUTPUT AMPLITUDE and VERNIER
controls for a 6.0 V indication on ac volimeter.

h. Isert a 600 chm load between 652A and ac
voltmeter. AC voltmeter indication should drop to 3.0V
 (L15 V rms, verifying a 600 ohm output impedance.

521 ADDJUSTMENT AND CALIBRATION PROCEDURE

5-22. The following is a complete adjustment and calibra-
tion procedure for the Model 652A. The adjustments
should be performed onty if it has been determined by the
Performance Tests that the 652A is not within specifica-
tions. -Figure 5-7 shows the location of all internal
adjustments.

CCAUTION

The 6524 containg high impedance, high
frequency circuits. Contamination of the
switches, circuil boards or tuning capacitor
will cause high impedance leakage paths and
subsequent deterioration of the performance
of the instrument. Avoid touching any of these
circuits with the bare fingers, as skin oils are
extremely contaminating. If handling is neces-
sary, wear clean cotton or rubber gloves. Do
not use a pencil fo tracé circuits in the
instrument, Graphite pencil lead is an extreme-
Iy good conductor and an accidentally intro-
duced path of this type is sometimes dif ficult
to locate. To avoid surface contamination of a
printed circuit or switch, clean with g weak
solution of warm water and mild detergent
after repair. Rinse thoroughly with clean wafer
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and allow it to dry completely before opera-
ting. Do not use aleohol or any other cleaning
solution except mild detergent and water. Do
not apply any commercial moisture sealing
spray o the boards; application of these agents
may cause leakage paths.

5-23. Cover Removal,

5-24. To remove top or bottom cover, remove two
retaining screws from sides of cover; slide cover about 1/2
inch to rear; lift it off. To replace cover, reverse procedure.

5-25, To remove side cover, remove two retaining screws in
cover and lift it off.

5-26. Power Supply Voltage Adjustments.

a. Connect dc voltmeter to power supply positive out-
put, connector point 1. (Refer to Figure 6-4.)

b, Adjust A1R40 (+ 30 V ADJUST) for a dc voltmeter
indicationof +30 V20,75 V.

¢. Connect de volimeter to power supply negative out-
put, connector point 2. Adjust A1R41 (- 25 V ADJUST)
for a dc voltmeter indication of - 25 V£ 0.75 V.

5-27. FREQUENCY CALIBRATION PROCEDURES.

a. During this procedure each range is calibrated individ-
ually; the capacitors for each range are adjusted at the high
end (FREQUENCY dial at 10) and the resistors are
adjusted at the low end (dial at 1). The tuning capacitor
{C1A, B, C) mechanical adjustments are made on the X1K
RANGE, also the two test point voltages (A2TPI, and
A2TP2), which are interactive, are determined on this
range. The voltage at A2TPI effects distortion so must not
be set-outside the limit of 110 £ 10 mV rms,

b, The negative dc voitage at A2TP2 effects the
instrument ouiput flatness;-it is important to easure that
this voliage is within fimits at both the high and low end of
each range; the limits are given in the procedure for each
range. Towards the cenier of each range the voltage can
vary; the required limits are given in the procedure for each
range but no adjustments can be made. On some instru-
ments the voltage may drop below the required hmit,
provided that it does not drop below - 200 mV and the
instrument still meets output flatness and distortion specifi-
cations then this is acceptable. If it does drop below
- 200 mV or if flatness or distortion is not met then it will
be necessary to change components, by trial and error, on
the A2 Board and repeat the calibration procedure for all
ranges (the most likely components to change would be
A2CRS6, A2CR7, A2Q2 and A2Q3).
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TEST OSCILLATOR

DISPLAY
hp 347404

hpes2A hps245L
KH T &
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E52A~B-i3154

Figure 5-8. Frequency Calibration.

NOTE

It is important to ensure thar the XIK
RANGE calibration is completed before pro-
ceeding to the other ranges as these gre
referenced to the X1K RANGE.

c. The frequency calibration setup is shown in Figure
5-8. Qutput frequency should be continuously monitored
at the 50 ohm output with a counter. DC voltage at A2TP2
should also be monitored continuously, after Paragraph
5-28 has been performed.

d. Table 5-7 lists frequency accuracy required at each
test frequency.

NOTE

If any adjustments are necessary, the top and
botrom covers should be in place when final
frequency and A42TP2 voltage tests are made.
All internal shields must be in place and held
firmly by retaining screws. If desired, Figure

3-10 gives q scaled drawing of top and bottom
alignment access covers with cut-outs that will
allow adjustments while the covers are in
place. The dimensions are given in inches.

e. 'The adjustments available for each range are listed in
Table 5-6. Some of these components listed change both
frequency and A2TP2 voltage in the same direction while
the others change them in opposite directions. If the
adjustments do not provide specified performance, then the
procedure for changing padding resistors of Table 5-6
should be carefully followed.

NOTE
If 6524 does not oscillate, turmm FREQUENCY
RANGE switch to XIK and adjust A2CS,
S1C2 and SIC7 to start oscillations.
5-28. Preliminary Distortion Adjustment,

a. Connect 652A to distortion analyzer as shown in
Figure 5-5.

Table 5-6. Frequency Calibration Components.

{Increasing the value of any of these components will decrease
the frequency and change the A2TP2 voltage as indicated.)

FREQUENCY FREQUENCY
FREQUENCY DIAL READING =10 DIAL READING =1
RANGE Decreases Increases Increases Decreases
AZTP2 Voltage A2TP2 Voltage A2TP2 Voltage A2TP2 Voltage
X1i0 51C15+% SIR1* SiRi4*
X100 SIR3* S1R16*
XIiK S1C2 S1C7 SI1R5* SiRig*
XIi0K SICi3* SIR7* SiR20*
X100K SiC4 S1C9 SIR9* S1R22%
XM SI1C5 SI1C10, S1CH4* SiRi1* S1R24%
and A2CS5
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b. Set 652A controls as follows:

FREQUENCYRANGE .............. X1K
FREQUENCY dial ..ovvvnnvnninnnvnnns 1
QUTPUT ATTENUATOR .......... 30V
AMPLITUDE (COARSE

and FINE) ........... Extreme Clockwise

¢. Adjust A2R17 for minimum distortion which should
be less than 1%.

5.28. Frequency Bial Calibration.

a. Preliminary mechanical adjustments (Perform only if
necessary b

1. To prevent gear backlash problems during align-
ment, make sure that there is no movement
between MP1 and MP2. See Figure 6-1. (They
must be pressed tightly together.) Also MP3, 4,
and MPS3 spring gear assembly must be under
tension.

2. Check to make sure that the stop MP6 prevents
the iuning capacitor from being completely
closed. MP6 should hold the capacitor at least
1/16 inch open. Adjust if necessary.

3. With the dial set to maximum clockwise position,
glip the dial face such that the first mark left of 1
is -1/16 inch to the right of the fixed indicator. To
slip dial, remove Frequency dial knob and loosen
4 dal retaining screws. After slipping dizl, re-
tighten the screws.

b, Attach test lead to A2TP2;lead should be connected
so that A2TP2 voltage can be monitored with bottom cover
in place. Replace bottom cover. Care should be taken that
test lead does not short to oscillator shield or insfrument
chassis, Do not remove oscillator shield; it affects calibra-
tion.

¢. Connect equipment as shown in Figure 5-8 and set
652 A controls samne as Paragraph 5-28b.,

d. Set the 652A controls as in Paragraph 5-28(b). Ad-
just A2R16 for - 370 mV i%m\f at A2TP2.

e. Set 652A FREQUENCY dial extremely counter-
clockwise - and adjust $iC2 and SiC7 alternately for
counter indication of 10.2 kHz and A2TP2 voltage equal to
voltage recorded in Step d.

f. Turn 652A FREQUENCY dial to extreme clockwise
position; counter should indicate frequency of 965 Hz to
970 Hz; if not, loosen tuner coupler (MP6, Figure 7-1) and
slip tuner until specified frequency is obtained. (See
CAUTION).
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g. Set 652A FREQUENCY dial for a counter indication
of 1 kHz. Dial should read I if not, carefully perform
foliowing procedure:

1. Remove FREQUENCY dial knob and loosen four
dial reiaining screws.

2. Slip FREQUENCY dial to read 1 with counter
indication of 1 kHz.

3. Tighten retaining screws and replace knob.

k. Readjust A2R16 to - 370 mV £ }%m\f at A2TP2,
!

i. Set 652A FREQUENCY dial to 10. Readjust S1C2
and SIC7 alternately until counter indicates frequency of
10 kHz and an A2TP2 voltage of - 370 mV.

j. Reset- MP6 stop so that “107 on the dial can be
turned to a position approximately 1/8 inch to the left of
the fixed indicator.

§CAUTION 3

The adjustments in Paragraphs 5-30 through
5-33 are highly critical. The values of the range
switch resistors were bridged at the factory for
optimum performance, and theoretically
should never have to be changed. Double
check the instrument performance before
changing the values of any of the range switch
resistors.

5-30. X1K Range Adjustments.

a. Set 652A FREQUENCY RANGE to X1K and FRE-
QUENCY dial to 1.

b. Remove 652A botiom cover and oscillator shield.
Connect ac voltmeter with 1 kilohm resistor in series to
A2TP1 and ground. Replace oscillator shield and bottom
cover,

¢ AC Voltmeter should indicate 110 # 16 mV rms. If
A2TP1 voltege is not in tolerance, adjust AZR16 to bring
voltage within specified limits (increasing A2R16 decreases
A2TP] voltage, and vice versa).

d. The dc voltage at A2TP2 should be between
400 mV and - 320 mV: If not, change the value of SIRS*
and SIR18* simultaneously (See Table 5-6) until A2TP2
voltage is within tolerance and frequency is 1 kHz. Do not
solder the resistors in place.

e. Repeat Steps ¢ and d of this paragraph {if necessary)
until AZTPI, A2TP2 and the frequency are all within
tolerance. Solder SIR5* and SIR18% in place.
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f. Record the dc voltage at A2TP2,

NOTE

This voltage will be the reference voltage
referred to in the remaining section of the
Frequency Calibration procedure.

g. Set 652A FREQUENCY dial to 10. Readjust S1C2
and SIC7T alternately (See Table 5-6) until frequency
indicated on counter is 10 kHz and A2TP2 voltage is the
same as reference voltage recorded in Step { + 10 mV.

h. Check frequency tracking of the dial using settings
and tolerances given in Table 3-7 for the X1K RANGE.
A2TP2 voltage should not vary more than 40 mV from the
voliage recorded in Step f.

Table 5.7, Frequency Dial Accuracy Calibration.

Frequency Freguency Counter
Dial Range indication
{counter set to read
period average)
1 X10 100 +3 ms
2 X110 50 + 15 ms
5 X10 20 + 06 ms
8 X10 268 + 038 ms
10 Xt0 10 + 03 ms
1 X100 10 + 02 ms
2 X100 5 + 0.1 ms
5 X100 2 % 0.04 ms
8 X100 125 £ 003 ms
10 X100 1 £ 002 ms
{counter set to read
frequency}
1 X1K 1,000 & 20 Hz
2 XK 2,000 + 40 Hz
5 X1K 5,000 + 100 Mz
8 X1K 8,000 + 160 Hez
0 XK 100 + 02kHz
1 XHK 00 + 02 kHz
2 X1H0K 200 + 04kHz
5 X10K 800 =+ 19 kHz
8 X10K 800 * 16kHz
10 X10K W00 + 20kHz
1 X100K 1000 + 20 kHz
2 X100K 2000 = 40 kHz
5 X100K 5000 = 10 kHz
8 X100K 8000 =+ 16 kHz
10 X100K 1,000 x 20 kHz
1 X1M 1,000 + 30 kHz
2 X1M 2000 + 60 kHz
5 X1M 5,000 + 180 kHz
8 X1M 8,000 + 240 kH=z
10 XM 10,000 + 300 kHz
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5-31, X100 and X 10K Range Freguency Calibration.
a. Coanect equipment as shown in Figure 5-8,

b, Check frequency tracking of FREQUENCY dijal at 1,
2, 5, 8, and 10 on the X100 and X10K ranges (See Table
5-7) while monitoring voltage at A2TP2, At 1 and 10 on
the dial, A2TP2 voltage should be within +20mV of
reference voltage noted in Paragraph 5-30, Step f; over the
entire range of the dial, A2TP2 voltage should not vary
more than 40 mV.

c. On each range, if frequency or A2TP2 voltage is not
correct at 1 on dial, change the value of RANGE switch
resistors (Table 3-6) for that range. (The two resistors
should be changed simultaneously for the best results.)

d. On X10K range, if the frequency or A2TP2 voltage is
not correct at 10 on dial, change the value of the padding
capacitor, $1C13, Table 5-6.

5-32. X10 Range Freguency Calibration.

a, Connect equipment as shown in Figure 5-8.

b. Set 652A FREQUENCY RANGE to X10. Check
frequency as indicated on counter (See Table 5-7)at 1 and
10 positions of FREQUENCY dial.

¢. If either frequency or A2TP2 voltage is not within
tolerance, change values of SIR1* and S1R14* (Table 5-6)
simultaneously {0 bring frequency within tolerance amnd
maintain A2TP2 at required voltage (within +0.00V,
- 0.05 V of reference voliage noted in Paragraph 5-30, Step
f.

NOTE

It may be necessary Ifo split difference in
frequency between the two ends of the dial,

d. Check irequency at the 2 and 5 positions of the dial.
If not within tolerance (Table 5-7), repeat Paragraph 5-30,
Steps b and c.

5-33. X1M Range Frequency Calibration.

NOTE

The following adjustments are critical. For
each adjustment, remove covers and make the
adjustment; then replace covers before making
frequency or voltage tests. If desired, Figure
5-10 gives ¢ scaled drawing of top and bottom
alignment access covers with cut-outs that will
allow adjustments while the covers are in
place. The dimensions are given in inches.

a. Connect the equipment as shown in Figure 5-8.
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b. Set 652A FREQUENCY RANGE switch to X1M and
FREQUENCY dial to 10. If 652A does not oscillate, adjust
A2C5, S1C5 and S1C10.

¢. Adjust A2C5 and SI1CS altemately for 10.15 MHz
(1.5% high) as indicated on counter and for required
voltage on A2TP2 (within % 0.02 V of reference voltage
recorded in Paragraph 5-30, Step f). If the required
frequency and A2TP2 voltage cannot be obtained, change
the setting of S1C10 and repeat this step.

d. Set FREQUENCY dial to 5 and note frequency; il
not within tolerance (Table 5-7), perform the following:

1. Set dial to 10 and stightly change setting of
S1C10. (Example: If frequency is tow with 5 set
on dial, adjust $1C10 to slightly lower frequency
when dial is at 10; and vice versa.}

2. Readjust A2CS5 and S1C5  alternately for
10.15 MHz and required A2TP2 voltage (same as
Step ¢).

3. Set dial to 5 and note frequency; if still not
within tolerance, repeat Steps d-1, d-2, and d-3 as
often as necessary unti! tolerances are met at both
5 and 10 positions of FREQUENCY dial, If
necessary, change the value of S1C14%,

e, Set FREQUENCY dia! to 1. Check that frequency
(Table 5-7) and A27TP2 voltage (same as in Step ¢) are
within required tolerances; if either is not correct, change
value of RANGE switch resistors (Table $-6) simultane-
ously untit both frequency and voltage are within required
Iimits, If RANGE switch resistors are changed, it will be
necessary to repeat Steps ¢ and d.

f. Set FREQUENCY dial to 2; counter should indicate
2000 £ 60 kHz.

NOTE

It may be necessary to set frequency about 1%
high for the dial to track.

g. While monitoring the voltage at A2TP2, move the
dial through its range from 1 to 10; the AZTP2 voltage
must remain within the range: - 300 mV to -450mV. If
A2TP2 voliage exceeds these limits, then recalibrate using
Paragraph 5.33,

5-34. X100K Range Frequency Calibration.
NOTE

The following adjustments are critical. For
each adjustment, remove cover and make the
adjustment; then replace cover before making
frequency or voltage checks. If desired, Figure
3-10 gives « scaled drawing of top and botiom

Section V

alignment access covers with cut-outs that will
allow adjustments while the covers are in
place. The dimensions are given in inches,

a. Connect equipment as shown in Figure 5-8.

b. Set FREQUENCY RANGE to XI100K and FRE-
QUENCY dial to 10. Adjust $1C4 and S1C9 simultaneousty
for | MHz (See Table 5-7) as indicated on counter and for
required A2TP2 voltage (within + 002V of reference
voltage recorded in Paragraph 5-30, Step f).

c. Set FREQUENCY dial to 1. Counter should indicate
100 kHz (See Table 5-7) and A2TP2 voltage should be the
sarne as in Step b; if either is not within tolerance, change
value of RANGE switch resistors (Table 5-6} simultane-
ously until both frequency and voltage are within required
limits.

d. Repeat Step b,

e. Set FREQUENCY dial te 5; frequency should be
500 kHz (See Table 5-7) as indicated on counter and
A2TP2 wvoltage should be within 40mV of reference
voltage, If either is incorrect, repeat Steps b, ¢, and d until
both frequency and A2TP2 voliage are within tolerance.
{Remove test lead attached tc A2TP2.)

5-35. 10 MHz Flatness Adjustment,

a, Connect 632A to ac volimeter as shown in Figure
3-2.

b. Set 652A controls as follows:

FREQUENCY RANGE .............. XK
FREQUENCY dial ... ovvivnviivenn, 10
OUTPUT ATTENUATOR .......... 3.0V
OUTPUTMONITOR . ........... NORMAL

c. Adjust 652A OUTPUT AMPLITUDE and VERNIER
controls for 3.0 V rms as indicated on ac voltmeter. Do not
readjust AMPLITUDE controls for remainder of this
paragraph.

d. Connect equipment as shown in Figure 5-3. Adjust

reference supply for null indication. Do not readjust
reference supply once null is obtained.

NOTE

Instrument covers must be in place.

e. Set 652A FREQUENCY RANGE to X1M. Sweep
FREQUENCY digl slowly from 1 to I10. Null meter
deviation from null should not exceed £ 0.54 mV.

f. Adjust AZC14 to reduce any output peaking. If
necessary, change value of A2C24* glightly.

5-13
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5-38. Output Adjustments.
5.37. Amplitude Adjustment.

a. Connect 652A to ac voltmeter, as shown in Figure
5-2.

b. Set 652A controls as fellows:

FREQUENCY RANGE .............. X10
FREQUENCY dial.......coovnnnnnnen. 1
OUTPUT ATTENUATOR .......... 30V
AMPEITUDE . ............ Fully Clockwise

¢. AC Voltmeter should indicate at least 3.16 V rms. If

maximum output is less than 3.16 V, stightly decrease value
of AZR24%,

B5-38, Waveform Adjustment.

a, Connect a 508 lead to a 652A 50§} output
terminal, and connect the output to an oscilloscope.

b. Set QUTPUT ATTENUATOR to 3.0V, and tumn
OUTPUT AMPLITUDE and VERNIER controls fully coun-
terclockwise.

¢. Check 652A output with and without load on all
frequencies for spurious osciflations. Spuricus oscillations
most likely occur in the output ampiifier. A slight increase
in the value of A2R29 should eliminate this. If spurious
oscillations still occur, then change the value of A2C21
slightly, (If A2C21 is changed, then recheck 1 MHz
Frequency Calibration, Paragraph 5-33.}

d. Since there is a direct interaction between Waveform

Adjustment and Amplitude Adjustment, recheck Ampli-
tude Adjustment.

5-39. Minimum Distortion Adjustment.

a. Connect 652A fo distortion analyzer as shown in
Figure 5-5,

b. Set 652A controls as follows:

FREQUENCY RANGE ........... ... X1K
FREQUENCY dial........cconvvieennn 1
OUTPUT ATTENUATOR .......... 3.0V
OUTPUT AMPLITUDE

and VERNIER .......... Fully clockwise

c. Adjust AZR17 for minimum distortion as indicated
on distortion analyzer. Distortion should be less than 1%
(40 dB down).

NOTE

Distortion will be typically 50 dB down,

Model 652A

5.40. Normal Mon'itor Calibratien.

NOTE

The jollowing adjustments are critical, Final
voltage, measurements must be wade with all
instrument covers in place.

s, Connect 652A to ac voltmeter as shown in Figure

b. Set652A controls as foliows:

FREQUENCY RANGE ............. X100
FREQUENCY dial.......ocvvvivnnnen. 4
OUTPUT AMPLITUDE ............ 30V
OUTPUT MONITOR . ........... NORMAL

¢. Set OUTPUT AMPLITUDE and VERNIER controls
for a 3.0 V rms indication on ac voltmeter.

d, Adjust AIR23 for a 3.0V indication on 652A
monitor, T AIR23 does not have sufficient range to
properly calibrate monitor, change value of AIR22%,
(Increasing AIR22* increases monitor indication and vice
versa.)

e. Set 652A FREQUENCY RANGE to XIM, and
FREQUENCY dial to 10.

f. Set 652A OUTPUT AMPLITUDE and VERNIER
controls for a 3.0 V rms indication on ac volimeter.

g. Making allowance for any error of the ac voltmeter at
10 MHz, adjust A1CI5S for a 3.0V indication on 652A
monitor, If necessary, change value of A2C25%,

NOTE

If ac voltmeter error at 10 MHz is not known,
Jollow this alternative procedure.

h, Perform Steps a through d.

i. Connect equipment as shown in Figure 5-3 and adjust
reference supply for null indication on null meter,

jo Set 652A FREQUENCY RANGE to X1M and FRE-
QUENCY dial to 10.

k. Adjust 652A OUTPUT AMPLITUDE and VERNIER
controls for null indication on null meter. Do not readjust
reference supply.

. Adjust AIC15 for 3.0 V indication on 652A monitor.
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541. Expanded Manitor Calibration.
5-42. 10 kHz Monitor Calibration.

a. Set 652A controls as follows:

FREQUENCY RANGE ............. X10K
FREQUENCY dial........cvvvnenvanns 11
ATTENUATOR . ....coviivvnnnas, 30V
QUIPUTMONITOR . ...l NORMAL
QUTPUT AMPLITUDE

and VERNIER ...... ‘Adjust for a monitor

indication of 3.0V

b. Connect dc voltmeter to A3TP1; voltmeter should
indicate -9V *0.2V. if if does pot change value of
A3C4* and/or A3C8%,

¢. Connect de voltmeter to A3TPZ, and vary REF SET
controls from minimum to maximum. Voltage at A3TP2
must range from - 164V to - 188V, with a maximum
voitage variation of 3.6 V. If voliage is too high, slightly
decrease value of A3RI8* If voltage is too low; slightly
increase value of ASRI8™,

d. Connect 652A to ac differential voltmeter -as shown
in Figure 5-9,

e. Adjust 652A AMPLITUDE controls for a 3.000V
indication on differential voltmeter,

f. Set 652A QUTPUT MONITOR to EXPAND, and use
REF SET controls to set a zero reference on 6524
expanded monitor scale. Do not readjust REF SET controls
once reference is obtained.

g. Adjust 6524 OQUTPUT AMPLITUDE and VERNIER
controls for a 3,075 V indication on differential voltmeter,
{This is a 2.5% increase in 652A ouiput.} 652A monitor
should indicate approximately + 2.5% on expand monitor
scale (blue scale).

h., Adjust A3R14 for a 652A moniior indication of
+2.5%. Repeat Steps e through g until no adjustment is
needed.

section V

543, 10 MHz Monitor Response Adjustment.

a. Cognnect thermal converter, de¢ null meter, and
reference supply to 652A as shown in Figure 5-3, setling
652A and reference supply outputs to minimum before
connecting.

 CAUTION 3

Do not exceed rated input of thermal con-
verter, Any overload or high voltage transient
may destroy thermoelement.,

b. Set 652A conirols as follows:

FREQUENCY RANGE ............. X10K
FREQUENCY dial......oovvvvnvnnnnn. i
ATTENUATOR . ........vvvuuinn 30V
QUTPUT MONITOR ............NORMAL

¢, Adjust OUTPUT AMPLITUDE AND VERNIER con-
trols for a 652 A monitor indication of 3.0 V.

d. Adjust reference supply for a null indication. Do not
readjust reference supply once nult is obtained.

e. Set 652A QUTPUT MONITOR to EXPAND, and use
REF SET conirols to set a zero reference on 652A
expanded monitor scale.

£, Set 652A FREQUENCY RANGE to X1IM, and set
FREQUENCY dial to 10.

g. Adjust 652A OUTPUT AMPLITUDE and VERNIER
controls for a null indication on null meter.

h, Adjust A3CI1 until 652A monitor indicates zero
reference set in Step e.

i. Repeat Steps ¢ through h until no further adjustment
is needed.

j. Set 652A FREQUENCY dial to 1, and adjust 652A
AMPLITUDE controls for 2 null indication on aull meter.
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Figure 5-9. 10 kHz Monitor Calibration.
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k. Observe 652A monitor indication; if more than
+0.2% from zero reference, change value of A3R1*
slightly. Icrease the value of A3RI1* if the monitor
indication is more than +0.2%; decrease the value of
A3RI*if the monitor indication is more than - 0.2%.

544, After Calibration.

5-45. After completing the ADJUSTMENT AND CALL
BRATION PROCEDURE, repeat PERFORMANCE TESTS
(Paragraphs 5-7 through 5-20) to assure that the 652A is
within specifications listed in Table 1-1.

546, TROUBLESHOOTING PROCECURE.

5-47. This section contains information and procedures
designed to aid in the process of isolating malfunctions.
Troubleshooting should be undertaken only after it has
heen determined that the malfunction cannot be corrected
by performing the adjustment and calibration procedures.

548, When 2 malfunction occurs, first ensure that the
trouble is not caused by conditions external to the

MOASL OO LA

instrument, then make the front panel tests shown in Table
5-8. These tests assume that the LINE ON lamp is glowing.
If the symptoms outlined are observed, troubleshoot the
area indicated; refer o the Troubleshooting Tree (Figure
5-11)and to Paragraph 5-52 for additional information.

5-49. The Troubleshooting Tree in Figure 5-11 illustrates a-
systematic method of elimination used to locate a faulty
circuit or component. The tree does not include specific
troubles and problems; it presents a list of key points to be
checked for normal circuit indications or conditions, which
can be used fo eliminate the properly operating circuits
from the troubleshooting path. The tests outlined in the
troubleshooting tree were not devised to measure all circuit
parameters, but to localize the malfunction. Therefore,
additional checks and measurements (inchiding visual
inspection) will probably be required fo completely isolate
the faulty component.

5-50. The Block Diagram (Figure 6-1) shows that the
instrument can be considered as five bhasic blocks; the
Oscitlator Circuit, the Power Ampiifier, the Normal Moni-
tor Circuit, the Expand Monitor Circuit and the Regulated

Table 5-8. Front Panel Troubleshooting Tests.
(Set Qutput Monitor to Normal, Amplitude fully clockwise)

OPERATION

SYMPTOM

PROBABLE TROUBLE AREA

1. Switch QUTPUT ATTENUATOR
through all positions

No output at any position of
attenuator switch, monitor

Output Attenuwator or A2C22

RANGE switch

indicates.
2. Sweep FREQUENCY dial slowly a. Output only on X100K and a, A2Q1
over its whole range for each X1M ranges.
position of FREQUENCY b. No output on any one range. b. FREQUENCY RANGE switch

and associated components for
that range;
frequency calibration:

¢. Quiput dies at one position of
the dial on all ranges.

d. Output twice normal level,

e. No output or monitor indication
on any range or dial setting.

¢. Tuner capacitor (C1), shorting

or frequency calibration.
d. Peak Detector circuit (A2Q7)open.
e, Proceed to troubleshooting tree.

. Observe Monitor in both NORMAL
and EXPAND positions of the
QUTPUT MONITOR switch

(Signal must be present at the

50 ohm and 600 chim jacks.)

a. No indication in NORMAL
mode only.

b. No indication in EXPAND
mode only.

¢. No indication in both modes.

a. Normal monitor circuit (Al),
AZR41 or A2C25%,
b. Expand monitor circuit (A3).

M1 or S4.

4, Other troubles

a. Dial Accuracy out of spec and/or
flatness out of spec

b. Incorrect meter indication
(particularly at high frequencies)

a. Frequency calibration, Peak
Detector A2Q7 ot A2CRG and
A2CR7.

b, Monitor calibration.

WA A FEA R
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Power Supply. These same five blocks also appear on the
troubleshooting tree. To use the tree, decide if (V) is true
or false, and proceed to the next step along the pertinent
branch of ihe tree. At each step use -the additional
information given in Paragraph 5-52. Refer to the block
diagram in Figure &-1, and the schematics of Figures 6-2,
6-3 and 6-4, when using the troubleshooting tree.

5-81. Treubleshooting Information.

5-52. This section provides information for each particular
step of the troubleshooting tree.

@ Check the output at both output connectors, and
ensure that it is undistorted and within specifica-
tions, over the entire frequency range of the
instrument.

@ Check fuse Fl if there is not output and the line
indicator lamp does not light; also, ensure that the
115/230'V switch, $5, is in the correct position.

@ Check the signal at A2 pin 5 with an oscilloscope.

a. The signal should be a sine wave of between
10V and 12V peak-to-peak; it should remain
essentially constant regardless of the settings of
the OUTPUT AMPLITUDE control or the FRE-
QUENCY centrols: if true, proceed to branch 11
of the troubleshooting tree.

NOTE

The AMPLITUDE VERNIER control will
change the level by about 0.2V, this is normal.

b. If the signal appears when the QUTPUT
AMPLITUDE control is fully counterclockwise,
but disappears as the control is turned clockwise,
then the Power Amplifier is shorting the oscillator
signal; proceed to branch 12.

¢. U the signal amplitude changes significantly
with frequency or if the amplitude is twice
normal, then proceed to branch 6.

d. If there is nc signal present, check that
A2C172 is not open, then proceed to branch 4.

False if either (or both) supply is not present,

Check the power supply connections to external
circuits,

ONCNO

A procedure for checking the oscillator circuit is
given in Paragraph 5-53.

Check the ac input voltages at Al pin 3 and 5 and
Al pin 6 and 7.

@
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NOTE

Momentary shorting of the + 30 Vor - 25V
power supply may cause ¢ Locked Current
Limit condition if the power supplies are still
loaded by the 652A circuitry. In the Locked
Currenit Limit condition the dc output drops
to less than 2 'V and does not return to normal
when the short is removed. This does not dam-
age the power supplies. Proper power supply
voltage can be restored by switching the instru-
ment off and then on again.

[f the positive power supply cannot be adjusted to
+ 30V, proceed as follows:

a. Verify that the positive power supply is not
in g current limit or foldback current limit condi-
tion by disconnecting the power supply lead Al
pin 1 (red).

NOTE

The Normal Meter civcuit is part of the A] PC

Assembly. To completely unload and isolate the

6324 power supplies, lift one end of AIRI17{+] ana

AIR24, AIR26, AIR28 (-}

b. If the + 30 V power supply is restored by
disconnecting one particular load circuit {Oscilla-
tor, Quiput Amplifier, Expand Meter, or Normal
Meter), troubleshoot that circuit for shorts or
leaky components.

c. If the + 30 V power supply is not restored
by disconnecting the load circuits, troubleshoot
the positive power supply. Refer to Figure 6-1 and
Figure 6-4.

If the negaéive power supply cannot be adjusted to
- 25V, proceed as follows:

a. Verify that the negative power is not in a
current limit or foldback current limit condition
by disconnecting the power supply load Al pin 2
(violet).

b. If the - 25 V power supply is restored by
disconnecting one particular load circuit (Oscilia-
tor, Output Ampiifier, Expand Meter, or Normal
Meter), troubleshoot that circuit for shorts or
leaky components.

c. I the- 25V power supply is not restored by
disconnecting the load circuits, troubleshoot the
negative power supply. Refer to Figure 6-1 and
Figure 6-4.

Check T1 and the line filter components, Li
through 14, C2, €3, (4 and C7. Also, check
AICRI through A1CR4,

5-17
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The normal signal at A2 Pin 20, when the 652A
output voltage is 3, will be a sine wave of about
16V peak-to-peak.

A procedure for checking the Power Amplifier is
given in Paragraph 5-56.

Check S2R1 through SIR12 if there is no cutput
at either the 50 ohm or 600 ohm connector.
Check §2R13 if the output is missing only at the
600 ohm connector. If attenuator is out of
specification, tighten mounting screws before
checking resistors. H intermittent or noisy, check
for poor or dirty switch contacts.

When the 652A output voitage is 3, the normal de
voltage applied at Al Pin 16 is approximately
+ 2.7 V. The voltage at A} Pinn 17 should be about
.14 ¥V less than that at Al Pin 16;if not, M1 may
be faulty.

The normal signal at Al Pin 14, when the 652A
output voltage is 3, will be a sine wave of 5.8V
s,

Check the lead to A2 Pin 3, A2R41 and A2C25%.

When the 652A output voltage is 3, the ac signal
applied to the rectifier from the collecior of
A1Q9 is approximately .75 V rms.

Check the de voltages on A1QR and AI(QY at the
points listed below:

Emitter AIQ8 .. it + 1BV
Collector AIQ9 ... i iei s +25V
Base AlQ9 .. .t -9.8
Emitter A1Q9 .. i -10.5

Also -check AICL1, AICRIO and the rectifier
dicdes A1CRS and AICRS.

Check the rectifier diodes AICR8 through
AICRIO, and capacitors AIC1Z and AICI3,
Also, check AICI1 and AICRI11.

Set the MONITOR to EXPAND, and vary the
REF SET controls from minimum to maximum.
The voltage at A3 Pin 9 must vary from 0 to at
least -.15V dc,

Disconnect M1 from the circuit, and apply a
current of 1.5 mA to check for full scale deflec-
tion. Decrease the current, and the pointer deflec-
tion of M1 should decrease proportionally.

The normal de voltage at A3TPl1is-9V £ 0.2V,
when the 652A output voltage is 3. When the
AMPLITUDE controls are varied from minimum
to maximun, the voltage at A3TP1 should cover a
range of approximately - 1.8 Vto- 10 V.

Sectiomn V

@ Check for .72 V ac at the junction of A3CR1 and
A3CR?2 and check A2Q1, ASCRI, and A3CR?Z.

Vary the REF SET controls from minimum to
maximum; voltage at A3TP2 must vary from
-164Vito-188YV.

Troubleshoot the Variable Reference Supply in
the same way as any power supply. Check
A3CR6, A3Q7, and A3Q8. If A3QS8 is shorted,
A3Q7 will probably also need replacement,

Check the current source, A30Q4 and then check
A3Q2, A3Q3, A3Q5, and A3Q6. If these compo-
nents are good, check A3CRS, A3CR7 and
A3CRS,

5.53. Troubleshooting the Oscillator Circuit.
NOTE

This procedure assumes that the front panel
checks (Table 3-8 have been made and that
the Troubleshooting Tree has been followed
{together with the information in Paragraph
5-52) to branch 6.

a, H there is no signal at A2 Pin 5 with the RANGE at
X1K and the dial at 1, then switch to X100K. If a signal
now appears, then check A2Q1.

b, I the signat at A2 Pin 5 is twice the normal
amplitude then the Peak Detector is not operating. In
particular check A2Q7 and A2C1 1.

NOTE

In older instruments (refer to Appendix C,
Manual Backdating Changes) alse  check
AZCRS.

¢. I there is no signal at A2 Pin 5, isolate the Peak
Detector by lifting one side of A2C11 and the emitter of
A2Q7. If the oscillator comes on, check the Peak Detector
components. If there is no apparent fault in the Peak
Detector, it is possible that AZRI16 may need to be read-
justed. This is likely to occur if only components (such as
AZCR6, A2CR&, A2Q72, and A2Q3) have been replaced. To
check this reconnect the pesk detector and perform Fre-
quency dizl and X1K Range Adjustments (Paragraphs 5-29
and 5-30.

d. If the oscillator still cannot be made to operate,
perform the procedure of the following paragraph.

5-54. In the following procedure the oscillator circuit is
driven by an external signal generator and the Wien Bridge
is disabled. This aliows the circuit to be checked out using
the normal troubleshooting techniques for an amplifier.

Model 652A
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5-55, The recommended signal generator is a 652A or
651B (which has 50 ohms output impedance and a
frequency range of 10Hz to 10MHz). If this is not
available, any oscillator with low output impedance and
capable of driving up to 3V rms into approximately 200
ohms will suffice. In most eases it will not be essential to
use the generator at frequencies over 1 kHz.

NOTE

Owing to the physical makeup of the FRE-
QUENCY RANGE switch (S1), it is not
practical to isolate the components connected
between A2 Pin 10 and Section SI1C (F) of the
range switch, depending on the position of the
switch, there will always be an impedance in
paraliel with the signal generator. On the XIM
range this could be as low as 225 ohms.

a, Turn off the power to the 652A.

b. Disconnect the Power Amplifier by disconnecting A2
Pin 5.

c. Disconnect the Peak Detector by Hfting one side of
AZC11 and the emitter lead of A2Q7.

d. Disconnect the tuner capacitor (C1) by unscrewing
the green wire connected to the underneath of C1.

e. Disable the RC tuning network of the Wien Bridge by
disconnecting A2 Pin 16,

f. Connect the signal generator with a 10 microfarad
non polar capacitor in series to the green wire disconnected
from Cl, and to the 652A chassis ground. The capacitor
blocks any dc present on the signal generator.

NOTE

If a lurge non polar capacitor is not available,
connect two polarized capacitors in series with
their + ends connected together.

g. Tumn the 652A power on. Set the signal generator
frequency to 1 kHz and the output to approximately 2.3 V
rms (monitor with an ac voltmeter on the green lead).
Monitor the output signal with an oscilloscope on A2 Pin 5,

1. The amplifier has a-voltage gain of approximately
2, therefore, the output should be a sine wave of
between 10 and 12 volts peak-to-peak.

2. If the signal does not appear at A2 Pin 35, then
troubleshoot the amplifier (A2Q1] through A2Q6
and associated circuitry) using normal trouble-
shooting technigues for an amplifier. A2Q5 and
AZQ6 should be replaced as a-pair if either has to
be replaced.
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NOTE

In some instruments A202and AZ2(Q3 will be
different tvpes from those listed in the Parss
List {Table 71} of this manual. In this case, if
either A202 or A203 has to be replaced, then
replace borh together with the new part
number given in this manual. Also, the value of
SICI3* SICIS* A2C21*% A2RI6* and
AZR24% may have to be changed in accor
dance with the procedure outlined in the
Frequency Calibration Procedure of Paragraph
3-27 and following.

3. When the amplifier is operating correctly, check
the frequency response, which should remain
essentiaily flat between 10 Hz and 10 MHz, by
sweeping the signal generator over that range
while maintaining a constant input voltage on the
green lead.

4, Reconnect A2CI1 and A2Q7 to ensure that the
Peak Detector does not disable the amplifier (if it
does, troubleshoot the Peak Detector). I the
signal is still present at A2 Pin 5, then the
probable cause of trouble in the oscillator circuit
is the FREQUENCY RANGE switch or associated
components.

5-56. Troubleshooting the Power Amplifier.

a. Disconnect the lead {whiteforange/green) from AZ
Pin 4 and connect the signal generator (recommended in
Paragraph 5-55) to A2 Pin 4 (the dc blocking capacitor is
not necessary ).

b. Observe the output, if any, at A2 Pin 20, the
amplifier should have a voltage gain of approximately 1.3.
Check the frequency response over the frequency range of
10 Hz to 10 MHz. This should remain essentially constant.

¢. If there is not output at A2 Pin 20, then troubleshoot
the amplifier (A2Q8 through A2Q12) using normal trouble-
shooting techniques for an amplifier, If A2C19 is shorted,
then both A2011 and A2Q12 will be destroyed.

5-57. Troubleshooting the Attenuator.

a. If the output is radically out of specification in one
or more attenuator positions, then check the attenuator
resistors,

b. If only slightly out of specification in the lower
positions, - 40 dBm and below, then suspect the attenua-
tor grounding. Tighten ali shield screws, eutput jacks and
the main nut on the attenuator assembly. Make sure that
the internal metal shields are visible on the outside metal
cover of the attenuator, Tap firmly on the attenuator shield
with a screwdriver handle to improve grounding.

5-19
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5-58. SERVICING ETCHED CIRCUIT BOARDS.

5-59. The Model 652A contains three plated-through,
double-sided, etched circuit boards. When working on these
boards, observe the following rules to prevent damage to
the circuit board or components:

a. Use a low-heat (25 to 50 watts) soldering iron witha
small tip.

b. To remove z component, clip a heat sink {long nose
pliers, commercial heat sink tweezers, etc.} on the compo-
nent leas as close to the component as possible. Place the
soldering iron directly on the component lead, and pull up
on the lead. If a component is obvicusly damaged or faulty,
clip the leads close to the component, and remove the leads

from the board.
CAUTION

Excessive or prolonged heat can lift the circuit
foil from the board or cause damage fo
components.

¢. Clean the component lead holes by heating the solder
in the hole, quickly removing the soldering iron, and
inserting a pointed, non-metallic object such as a toothpick.
d. To mount a new component, shape the leads and
insert them in the holes. Clip 2 heat sink con the component,

heat with the soldering iron, and add solder as necessary to
obtain a good electrical connection. '

5-60. SERVICING ROTARY SWITCHES.

5-61. The Model 6524 contains two rotary type swiiches:
FREQUENCY RANGE and OUTPUT ATTENUATOR.

5-20
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When working on these switches, observe the following
rules:

a. Use a low heat (25 to 50 watts) soldering iron with a
small tip.

b. When replacing components, attempt to dress them
as nearly to their original alipnment as possible.

¢, Clean excessive flux from the connection and ad-
joining area.

d. After cleaning the switch, apply a light coat of
tubriplate to the switch detent balls. DO NOT apply
lubricant fo switch contacts or allow lubricant to contami-
zate components.

e, To eliminate excessive contact wear and oxidation,
the contacts may be lubricated with Electroiube 2G, -hp-
Part No. 5060-6086. Only a very smail amount of lubricant
is necessary. Note: Electrolube 2G will change to a reddish
brown color with time; however, the lubricating properties
are not affected. A more detailed degcription on how to
apply Electrolube 2G is available at no cost from your local
Sales and Service Office. Ask for Service Note M45.

562. SERVICING TUNER ASSEMBLY.

5-63. When replacing the tuning capacitor, C1, make
certain that the tuner coupler and the frequency dial shaft
are aligned to prevent binding of the FREQUENCY dial or
VERNIER control, If necessary, remove the frequency dial
knob, frequency dial, and loosen the tuner drive assembly
{casting and spur gears) retaining screws; then align tuner
coupler and frequency dial shaft. Tighten retaining screws
after tuner coupler and dial shaft are aligned.

NOTE

For correct alignment, refer to Frequency Dial
Calibration, Paragraph 5-29.

Model 652A



Section V

Model 6524
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PERFORMANCE CHECK TEST CARD

Hewlett-Packard Model 652A Tests Performed by
Test Oscillator Date
Serial No.
5-7. FREQUENCY RANGE: Period/Frequency
Freq. Range Dial Settings Min. Max.
X10 Clockwise ' {100 ms) i -
XM Counterclockwise 10 MHz —_ e
5-8, DIAL ACCURACY: Period/Frequency
Freq. Range Dial Settings Min. Max.
X10 1 ©7 ms) e (103 ms)
X10 5 (194 ms) e (206 ms)
X190 10 (9.7 ms) e (103 ms)
X100 1 (9.8 ms) ... (102 ms)
X100 5 (196 ms} e (2.04 ms)
X100 10 (098 ms) e (102 ms)
X1K 1 0.98 kHz e 1.02 kHz
XiK 5 49 kHz e 50 kHz
X1K 10 9.8 kHe . 102 kHz
XI0K i 9.8 kHz . 102 kHz
X10K s 49.0 kHe . 510 kHz
X10K 10 98.0 kHz . . 1020 kHz
X100K 1 98.0 kHz — . 1020 kiz
X100K 5 490.0 kHz e 5100 kltz
X100K 10 980.0 kHz . 10200 klHz
XM 1 0.97 MHz ... . 103 Mz
XM 5 4.85 MHz . 515 MHz
XM 10 9.70 MHz . 1030 Mz
59, OUTPUT: Min. Max.
5-10. Maximum Voltage - 50 ohm output 316V — e
600 ohm output 316V N -
5-11. Flatness (Amplitude not readjusted to a
reference on the output mionitor)
Freq. Range
100 Hz to 1 MHz -—— —_ +f- 2%
10 Hz 0 1 MHz ——— s +/- 3%
10 Hz t0 10 MHz — —_— +f- 4%
5-12. Flatness { Amplitude readjusted to a reference
on the normal output monitor)
Freq. Range
10Hz to 20Hz - it 2%
20 Hz to 4 MHz - e 1%
4 MHz to 10 MHz —— e 2%




PERFORMANCE CHECK TEST CARD (Cont'd)
5-13. Flatness {Amplitude readjusted to a reference
on expanded output monitor )
Freq. Range Min. Max.
10 Hz to 10 MHz o +/-0.25%
5-14. QUTPUT MONITOR ACCURACY: Min. Max.
294V 306V
5-15. ATTENUATOR: 652A Attenuator DC Volimeter Frequency
1 kHz 10 MHz
+20 dB 8,91 mV to 9.09 mV
+10 dB 891 mV to 9.09 mV
0dB .91 mV t0 9.09 mV
-10.dB 891 mV 10809 mV
20 dB 8.91 mV {0 9.09 mV
-30 dB 8.91 mV to 9.09 mV
40 4B 8.91 mVic 92.09 mV
-50dB 8.91 mV 10 9.09 mV
60 dB 891 mV t0 9.09 mV
<10 dB 8.82mV e 9.18 mV

5-16. AMPLITUDE CONTROL: .-

AC Voltmeter

greater than <20 dB

5-17. DISTORTION:

Freq. Range Dial Setting
X10
X100
X1K
X10K
X100K
X100K
XM
XM
XM

Co Ln B LA s et ek e

St

Distortion Meter

less than 1%
tess than 1%
fesg than 1%
less than 1%
less than 1%
less than 1%
less than 1%
less than 2%
less than 4%

5-18. HUM AND NOISE:

AC Voltmeter

greater than -06 dB

5-19. AMPLITUDE STABILITY:

2% per month
(20° C-30° Q)

5-20. OUTPUT IMPEDANCE:

50 ohm output
600 ohm output

Min.

45 ohms

540 ohms

Max.

55 ohms
660 ohms
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SECTION VI
CIRCUIT DIAGRAMS

6-1. INTRODUCTION,

6-2. This section contains the circuit diagrams necessary for
operation and maintenance of the Model 652A. Figure 6-1
is a block diagram which shows the overall relationship be-
tween the basic circuits of the instrument. Figures 6-2

through 6-4 contain the detailed schematic diagrams as well as
component location drawings of each printed circuit board and
the two rotary switches.

6-3. An explanation of terms and symbols used as refer-
ence designators is given below.

REFERENCE DESIGNATIONS

ASSEMBLY ASSEMBLY
REFERENCE ASSEMBLY PART NUMBER
DESIGNATION NAME  (INCLUDES AZAI SUBASSEMBLY}
e, ¢ <

A2

JACK XAZ2 IS MOUNTED

POWER SUPPLY {OCXXX-66501)

oM
CHASSIS OR ANCTHER ASSEMBLY.

PLUG Pl 13 MOUNTED ON ASSEMBLY OR 15 PART

5

Pl)’VGF THE ASSEMBLY BOARD (COMPLETE DESIGNATOR IS AZPI}

DENOTES SIGNAL

L — s a——

Z

<

\NUMBER INDICATES Al
PIN OF XAZ2 AND PI

o24, K] |

2 CONNECTION
PI IS NOT MOUNTED ; | R3 TEST VOLTAGE al
ON A2 ASSEMBLY o 1"2-92\//\ P XAZ 92

MPLETE DESIGNATOR

(COMPLETE DESIGNATOR 15 P1 P -2-COMPLETE DESIGNATOR 15 AZR4 7

! &

P

SUBASSEMBLY OF A2 DENOTES SCHEMAT c
K 4 fCOMPLETE DESIGNATOR 15 A2AN) ON WHICH CONNECTION

PHOTO-CHCPPER 0SC

18

:
-
X N

WiRE COLOR! COLOR CODE IS THE SMME l

AS THE RESISTOR COLOR CODE. EYELET OR STAND- |
NUMBER INDICATES BASE cor.on SECOND | OFF TERMINAL, MAY OR
MUMBER INDENTIFIES WIDER STRIP, AND | MAY NOT BE NUMBER.I-:D ]
YHE THIRD INDICATES THE NARROWER

STRIP, (924, DENOTES WHT/RED/YEL WIRE) ! '13 !

PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY
DESIGNATION(S} OR BOTH FOR COMPLETE DESIGNATION

Rl R2 | MALE STANDOFF FF&MALE PIN
| PN connEcToR CONNECTOR O
MAY OR M. A WHT/RED WIRE
COMPLETE NOT BE NUMB&“P&"!J
DESIGNATOR
15 AZAIRT

;

STO-B-2192

HUTES

PARTIAL REFERENCE DESIGNATICNS ARE SHOWN. PREFIX WITH ASSEMBLY
COR SUBASSEMBLY DESIGNATION(S} OR BOTH FOR COMPLETE DESIGNATION.

COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE NOTED.

RESISTANCE IN CHMS
CAPACITANCE IN MICROFARADS

DENOTES ASSEMBLY.

DENOTES MATN SIGNAL PATH.

DENOTES FEEDBACK PATH.
T DENOTES FRONT PANEL MARKING.
W/ ™ DENOTES SCREWDRIVER ADIUST.

(0 DENOTES FRONT PANEL CONTROL.

Madal ASTA

1l

9. DENOTES POWER LINE GROUND,

10. DENOTES CHABSIS GROUND.

1L DENOQTES CIRCUIT GROUND. {ASSEMBLY)

" Gk

12. AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT FACTORY,

COMPONENT MAY BE ABSENT.

DENOTES GROUND CONNECTION MADE WITH ASSEMBLY MOUNTING
SCREWS IN PLACE.

i3,

14, DENOTES SHIELDING BEAD.

o &

15, REPERENCE DESIGNATORS PRINTED IN RED INDICATE BACKDATING
CHANGES {SEE APPENDIX C}.

16. 1884, DENGTES WIRE COLOR. CODE IS BAME AS THE RESISTOR QOLOR CODE
(i. 8., 8 = white, 8 = gray, 4 = vellowh.

6-1/62
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AZ ASSEMBLY

f
2 s | s s s | 7
as ai2
WHT/CRN/GRN
WHT/ORN/YEL CRN
. RED VIG
g vio~y 1 (RED
gl Ca > gJ 8J @J(}J {"is =L% C‘.)J
i Rillho3 [Fad
g f ce l 93
R42
al of—= :
= fod i) 24
7 .@ 2 cia
inn | i 8 L
o5 51 (E “is
e {ch
2 cia o @ !
= cg |
OTPZM . E
g ¢ (o) |
i e lEE s 4
4 '): ::5
.. ‘ )
]
= “ ) \ f \ CrEED

o4

A2 ASSEMBLY
COMPURENT LGCATIORS

WHT/BRN/GRN

O §524- 6-08284

CICRI{ L] QR R
1Bt ipziper|ci|ordas | E3
2|ctip2lE2ipr |erder |2
3{p2zipz|Fllps |EL]28 | B3
4| B3 | C2 | ES ] FL CLE28 | C5 A7 ASSEMBLY WIRE COLORS
5| c2ipz|Es{r|cidmm | cs (BOTTOM)
6{B3 {D3|B5]aA2|Clyal]| s
7 4 Faki jox) D1 3z _— PIN NO, WIRE COLOR
8| c4 | D3 ps (D1 das | cs
9| D4 |pa ps | D1 § 34 | D3 § WHITE
10 | p4 ¥5 | c2 435 | DS 1 PLACK
11 WHT /ORN
1 | oz 76 (D2 § 36 | 6 1 BLACK
12 | D3 A} C2 37 E7 13 ORANGE -
13§ C5 C4 338 | ES 14 WH'T /(R
14| o1 D2 135 | me 15 RED
15 BT o] 40 B 18 WHT/YEL
18 - o3 41 86 iT BLACK
18 WHT/BLK
17 ES 3§42 | Be 1 aruE
18§ D8 c3 43| BT . J’l
19 | D8 ns §as | B7
w !l g7 ps §45 | =5
21 | E1 E5 [ 46 | D2
22| o1 E4
23 | E4 D3
26 | ©8 D3
25 | B8 D3




St
RANGE

LEAD TO R23
cag™

Cia¥
(UNDER CIO}

{CI UNDER C2)
c7.

ciz®

RIT

“
3
o3 =
o — [T 3=
L 0 = =
O g
==
- w aa =
R =
) >
= - L
5Hu < o~
&3 O b4 =
[} -
8 g =
& £

=

T

o

2
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6524~C - Q7968

C18
Dis
H18

20
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Gae
D2e
P
H21
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- G23

G28
J23

nas
H22

E18

28
-2

7

28
%%
30

3%

a2
33
34

36
3

38
39

4 | Gz

41
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Fil
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Fig
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Model 652A

Section VI

SECTION VI
REPLACEABLE PARTS

7-1. INTRODUCTION.

7-2. This section contains information for ordering
replacement parts, Figures 7-1 and 7-2 illustrate
the important mechanical parts of the 652A. Table7-1
lists parts in alphameric order of their reference
designators and indicates the description, -hp~-part
number of each part, together with any applicable
notes, and provides the following:

a. Total quantity used in the instrument {TQ
column). The total quantity of a part is given
the first time the part number appears.

b. Pescription of the part. (See listof abbrevia-
tions below.)

c. ‘Typical manufacturer of the part ina five-
digit code. (Bee Appendix A for list of manu-
facturers.)

d. Manufacturer's part number.

Af o s silver |1 . diarseter

Al . alumisun BV pregrated
AL smperas} el .
A, - qeld oL

.. capastier i1 S dlobrnds) = 1043 ohims

7-3. Miscellaneous parts are listed at the end of
Table 7-1.

7-4. ORDERING INFORMATION.
7«5, To obtain replacement parts, address order or
inquiry to your local Hewlett-Packard Field Office.
(See Appendix B for list of office locations.) Identify
parts by their Hewlett-Packard part numbers. Include
instrument model and serial numbers.
7-6. NON-LISTED PARTS.
7-7. To obfain a part that is not listed, include:

a. Instrument model number.

b. Instrument serial number.

¢. Description of the part.

d. Function and location of the part.

ABBREVIATIONS

single-pole double-throw
single-pote single-throw

85,0, ... nEnoseeond(s) 1809 seoonds SEOT ..
... not separatety replacesble 8PST ..

......... ohmts) Th e TaTAREL
order by description T ... temperatue fosffcient
- autside diameter Ty - enriure dioxide

L GETAMIG siohertz = H3 herrs, . topgle
. goefficient 7 - ok sleranse
. ductor  PA perels) g
fuper B - grinted dreait . iraksiston
- . connecton .. bogaeithmic teper P e pleofaradts) 1912
fxrads £ P £
G e e depesitad @A L ... miHampecefs) = 1073 amperes P . peak inveise voltage viow . iternating currant
peny - double-pole doubiettuaw gy, Lo etz = 104 bty 2 .. pant of working oltago
LesT -+ double-pole sngle-throw MO L. _ megohenis) = 1676 ohns position(s} wr - e .. vatigble
) met i . metal filin . polystyrent et corrent working soitage
elest v lentralytic i aufactuar .. .. potipmelss
BNZEP e Sneplated DT issoond o <. prcktopeak L westis)
e MouIHin PR - - -garts per radion . Loowih
F oo faredis} c AR prec _precision (temptralias < voltems
FET effect tronsistor “‘r‘ B - mutvollls) = fieadte) nelficient, long tér st . withaut
T i microfatad(y iy, and/or tolerance) wr . Lo owizewoung
IR - _miiczcsecondts)
GaAs - ooeeio oo gallion arside " amierovait(s3 = 106 volts g P optimmuas vaue selected at
Cil Coeglphenz =0t ham MY a8 T factory, everage valse
d . ward(ed) . i shown (pert may b omitted
gcc . .gcgzmﬂnkilm nA L. . Mikagrperets) = 1675 amyeres ol T )\oﬁfandasdyzype mhci
L - proundizd) N oo e normatiy dosed sssipned tselected or
T o et neon special type
M. Coven . Jweneyiies) MO aosmaliy cpen
HE oooeiiiii i e TIETELTY NEG. . '@ positive Zern 3
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Model 652A

Section Vil

TOP
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Figure 7-2.

Chassis Components (Mechanical Parts)
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QECTION Vil MOUCL 0D 2ZA

Table 7-1. Replaceable Parts {Cont’d)

REFERENCE hp- _ ‘
DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
Al 00652-66504 PC board: power suppiy 28480 00652-66504
A1CT Not assigned
ATC3 61400177 C: fxd 400 pF 2 1% 300 vdew 72138 DM15F401F0300WVILR
ATC4 Not assigned
ATCH 01800230 C: fxd 1 uF + 20% 50 vdcw 56289 150D105X0060A2
ATCT, A1CB Not assigned
A1CS G150-0084 C: fxd cer 0.1 puF +80% -20% 50 vdew 56289 | 33Cc4 obd
AIC10 0180-0061 C: fxd At elect 100 uF +75% -10% 15 vdew 56289 | 30D)07G0150LC2-DSM
AICH 0180-0062 C: fxd A1 efect 300 uF +75% - 10% 6 vdow 56289 | 30D307GO06DF2-DsM
ATCH1Z, ATC13 G180-6058 C: fxd A1 etect 80 uF +75% - 10% 25 vdow 56289 | 30D506G026CCw-DSM
AICt4 G186-0061 C: fxd A1 elect 100 uF +75% - 10% 18 vdow 56289 30D107GO1SDC2-DSM
A1C15 01210127 C: var air 1.7 to 14.1 pF 74970 189.505-5
AlICt8 0180-0284 C: fxd At elect 200 pF +75% - 10% 30 videw 56289 | D38559
A1C17 0180:0230 C: fxd 1 u4F + 20% 50 vdew 56289 15002105 X0050A2
ATCIE '0140-0148 C: fxcd 470 pF £ 5% 300 wow 72136 OM16F47 1JO300WVICR
A1C19 G180-0161 C: ixd 3.3 uF = 20% 35 vdew 56289 | 150D335X003582
AIC20 4180-17486 Lt fxd 15 uF + 10% 20 vdow 56289 | 150D166X802082
ATC21 0180-0161 C: ixd 3.3 uF x 20% 35 vdew 56289 | 150D335X003582
A1C22 01801746 Cr fxd 15 uF + 10% 20 vdow 56289 | 150D166X802082
A1C23, A1C24 01560084 C: fxd 1 uF 480%, - 20% 100 vdew 28480 28480
ATCRH1 thru 180161588 Diode: S 04713 5H1358-3 obd
A1CR4
A1CRB, CR6 18010040 Diode: Si 50 mA 30 V 28480 | 1901-0040
A1CR7 Not assigned
ATCRE, CRO 18010347 Diode: Si8V 20 mA at+1 v 1.5 pF 28480 1901-0347
ATCR10 191000186 Diode: Ge 60 wiv 03877 | 53185G obd
ATCR11 18010025 Diode: Si 100 mA at+ 1V 100 piv 12 pF 03877 SG817 odb
AICR12, CR13 19010640 Diode: SiBOmA 30V 28480 | 1901-0040
A1CR 14 18020184 Dicde: bkdn 16.2 V 28480 1902-0184
AICR15 1901-0040 Diode: Si 50 mA 30V 28480 | 1901-0040
ATCR16 18026777 Diode: TC REF 04713 1N825
A1CR17 thru 1901-0040 Diode: Si 50 mA 30 V 28480 | 19010046
CR19 :
A1CR20 1902-0777 Diode: TC REF 04713 | 1INB25
A1CR21 Not assigned
AI1CR22 1902-G184 Diode: Bkdn 162V 28480 | 1902-0184
ATCRZ23 190106040 Diode: 3i 80 mA 30V 28480 19010050
AICR24 19020184 Diode: Bkdn 162 V 28480 | 1902-0184
ATCR25 1901-6040 Diode: 8150 mA 30V 28480 | 1901-0040
A1CR26 1902-3180 Diode: Bkdn 13V 04713 | sz10838.21%
A1Q1 Not assigned
ATQ2 1863.0037 3 Tstr: Si NPN 28480 | 1853-0037
A1Q3 1854-0474 3 | Tstr: SiPNP 28480 | 1854-0474
ATQ4 1854-0474 Tstr: Si NPN 28480 | 1854-0474
A1Q5 1854-0474 Tstr: St NPN 28480 | 1854.0474
A1Q86 1863-0037 Tstr: §i PNP 28480 | 1853-0037
ATG7 1853-0037 Tstr: §i PNP 28480 | 1863-0037
A1C8 1854-0071 2 | Tswr: SiNPN {selected from 2N3704) 28480 | 1854-0071
A1Q8 1854.0042 2 Tstr: SiNPN SM1570 04713 | SM1B70
A1R1 0757-0403 2 R: fxd comp 1218 + 1% 1/8W 24548 | £4-1/8-To-121-R-F
ATRZ 0781-0024 2 R fxd comp 24K 2 5% 1 W 24548 | EP32-1-Too-2401-4
ATR3 0683-3035 2 | R: fxd comp 30K + 5% 1/4W 022312 | CB30356
ATR4 G757-0440 2 A: fxd comp 75K + 1% 1/8W 24546 | C4-1/8-To-7501-F
ATRS 0698-4450 2 R: ixd comp 324 Q2 + 1% 1/8W 24546 | C4-1/8-To-324R-F
ATRE 0683-0398 4 | B: fxd comp 3.9 8 £ 5% 1/4W 01121 | CBO385
ATR7 0683-4715 2 R: fxd comp 470 + 6% 1/4W 01121 CB47156
ARS8 (06831835 1 R: fxd comp 18K + 6% 1/4W 01121 | CB1835
A1RY 0757-0436 2 R: fxd comp 4 32K + 1% 1/8W 24546 | C4-1/8-To-4321-F
ATRI1O 0757-0279 1 R: fxd comp 3.16K + 1% 1/8W 24546 | C4.1/8-To-3161-F

7-4
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Modet 0>2A

Table 7-1. Replaceable Parts {Cont’d)

WRUMLENIAE Y LR

REFERENCE -hp- -

DESIGNATOR PART NO. TG DESCRIPTION MFR. MFR. PART NO.
ATR1E 0698-4485 2 | R: ixdcomp 23.2 k§2 = 1% 1/8W 24546 C4-1/8-T0-2322-F
ATR12 0698-4445 2 | R fxd 576K & 1% 1/8W 16299 C4-1/8-Ta-5761-F
ATR13 0757-0403 R: fxdcomp 1210 = 1% 1/8W 24546 C4-1/8-To-1218.F
ATR14 0757-1013 i R: fxd met Him 6000 Q & 1% 1/2W 78042 CEC T-O obd
ATR15 06890915 R: fxd comp carbon 9.1 £ + 5% 1 W 01121 GBI1GS
AIR16 Not assigned
A1R17 0683-1005 1 R: fxd comp 10 §2 * 5% 1/4W’ 01121 CB1005
ATR18, R19 0683-2026 3 R: fxd comp 2000 8 + 5% 1/4W 01321 CR2025
ATR20 0683-3835 2 R fxd comp 38 k&2 £ 5% 1/4W 0112t €B3935
ATR22+ 06831025 4 R: fxd comp 1000 §2 £ 5% 1/4W 01121 CR1025
ATR23 2100-0282 1 R: ver ww 2000 £2 + 20% 1-1/2W 11236 110 obd
A1R24 0687-1031 ' A fxd comp 10 kX £ 10% 1/2W 01121 EB1035 obd
ATRZE 06831015 2 R: fxd comp 100 2 + 5% 1/4W 01121 CB1015
A1R2Z6 0683-16356 ¥ R: fxd comp 15 k{2 & 5% 1/4W 01121 CB1635
A1R27 0698-0026 1 R: fxd met fim 1690 £ + 1% 1/2W 19701 MF7C T-O  obd
A1R28 06835115 1 R: fxd comp 5100 + 5% 1/4W 01121 CB5115
ATR29 0608-4483 1 R: fxd comp 187K & 1% 1/8W 24546 C4-1/8:To-1872-F
ATR30 (6084445 R: fxd 5.76K + 1% 1/8W 16299 C4-1/8-To5761-F
ATR34 06084435 1 R: fxd comp 2.49K & 1% 1/8W 16298 C4-1/8-To-2491-F
ALR32 O757-0436 Pe—fc-cemp-4-32 K= 96-1-/8W 464G €418 T o-482=F

“A1TR33 0683-0395 ... R: fxd comp 3.9.0.+ 5% 1/4W 01121 CB0395

A1R34 06834715 R: fxd comp 470 2 + 5% 1/4W 01121 CB4715

ATR35 0698-4450 R: fxd comp 324 £ £ 1% 1/8W 24546 | C4-1/8-To-324R-F

ATR36 0757-0440 A8: fxd comp 75K + 1% 1/8W 24546 | C4-1/8To-7501-F

ATR37 0683-1535 R: fxd comp 15 k§2 + 5% 1/4W 01121 £B1635

A1TR38 0683-3035 R: fxd comp 30K £ 5% 1/4W 01121 CB3035

ATR39 0761-0024 R fxd comp 24K + 5% 1 W 24548 | FP32-1-Too-2401-J

ATRA40, R41 21060-3211 2 R: var 1K 2 10% 28480 2100-3211

A1R42,R43 0683-0395 R: fxd comp 3.9 £ + 5% 1/4W 61121 CBO39S

AtUL, U2 1826-0043 2 iC: OP AMP 27014 LM307H
1200-0437 2 Socket: 1C 17117 | 7008-265-5

CHAMGE PEE WE SOPLEMELT A §GATEF 277MOM 16 (:m, PEC 32.,“-0?’\&:3
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Table T-1.

Replaceable Parts (Cont'd)

REFERENCE

~hp-

DESIGNA TOR PART NO. TR DESCRIPTION MFR. MFR. PART NO.
A2 00652-66501 1| Pc board: oscillator amplifier 28480 | 00652-86501
A2C1 0186-0061 C: fxd Al elect 100 ¥ +75% -10% 15 vdew 56280 | 30D107G015DC2-

DSM
A2C2 0180-0257 C: ixd Al elect 500 uF +75% -10% 25 vdew 56289 | 39D50TGO25HE4DSB
A2C3, A2C4 0150-0084 C: Ixd cer 0.1 ¥ +80% -20% 50 vdew 56289 | 33C41 obd
A2CH 0121-0127 C: var air 1.7 to 14.1 pF 74970 | 189-505-5
A2CH 0180-0305 1| C: fxd Al elect 1000 o F +106% -10% 56289 | 34D108H2R5FJ4
2.5 vdcw
A2CT 0180-0112 1| ©: fxd Al elect 2000 4 F 1 vdew 56289 | D33239
AZC8 0180-0062 C: fxd Al elect 300 pF +758% -10% 6 vdew 56289 | 30D307G00BDF2-
DSM
A2CS $180-0G76 1| C: fxd elect 20 pF 25 vdew 56289 | 40D206GO2EDCE-
DST
A2C10 0150-0084 C: fxd cer 0.1 pF +80% -20% 50 vdow 568280 | 33C41 obhd
A2C11 01800039 2 [ C: fxd Al elect 190 uF +75% -10% 12 vdew 56289 | 30D107GO12CC2-
DSM
A20C12 0180-2151 1} C: fxd Al elect 500 puF +75% -10% 3 vdew 56289 | 301 Non Polar
A2C13 0180-0039 C: fxd Al elect 100 7 +75% -10% 12 vdew 56289 | 30D10TGO12CCS-
DSM
A2014 0121-0127 C: varair 1.7 to 14.1 p¥F 74970 | 189-505-5
A2C15 0180-0062 C: Ixd Al elect 300 uF +75% -10% 6 vdew 56289 | 30D307GOCEDF2-
DSM
A2C18, 0186-0101 4] C: fxd Ta 1.8 uF :10% 35 vdew 56289 | 150D185X9085B2
A2ctt
A2C18 0180-0308 1} C: fxd Al elect 300 o F +100% -10% 15 vdew | 56280 | 34D307THO15FI4
A2C19 0180-03G7 1| C: Ixd Al elect 500 pF +100% -10% 15 vdew | 56289 | 34DB0THO15FI4
A2C20 0180-0101 C: fxd Ta 1.8 1F £10% 35 vdew 56280 | 150D185X9035B2
A2C21% 0140-0201 1| C: fxdmica 12 pF + 5% ) 78488 | RDM15C12055C
A2022 01801756 11 O fxd Al elect 1200 uF +100% -10% 56280 | Type 34D Speeial
ohd
A2C23 0180-0101 C: fxd Ta 1.8 o F £106% 35 vdew 56289 | 150D185X8%035B2
A2C24%* 0150-0022 1] C: fxd TiOg 3.3 pF » 10% i 78488 | Type GA ohd
A2C25% 0150-0043 1. C: £xd TiO3 6.8 pF £5% 500 vdew 78488 | Type GA obd
A2CR1 1902-0046 1| Diode: breakdown 7,15 V £10% 400 mW 04713 | 10939-139  chd
A2CR2 thru 2 ot- oz
AZCRA4 1901002832 Diode: Si 1060 mA at +1 V 100 piv 12 pF 038771 SG-817
A2CRSE theu- 19310-0016 4| Diode: Ge 80 wiv 1 ms 038771 §3185G obd
AZCRT, 6 1901 ~0b14-
A2CRS, 1901-0040 2| Diode: Si 03871 | 8G-50%0
AZCRY 1910-0016 Diode: Ge 60 wiv 1 ms 03877 | S3185G ohd
A2LTY thru 917C-0016 7 | Bead: shielding 02114} 56-580-65/3R
AT G*
AZQ1 1855-0082 1] TSTR: P FET channel Type A 04713 | S83723 obd
A2Q2 1854 -0215 2 | TSTR: SiNPN 2IN3904 04713 | sPs 3811
A2Q3 1853-0036 3| TSTR: Si PNP 2N3906 047131 8L 3612
AZQ4, A2Q5 1854-0254 4| TSTR: 8i NPN* 04713
AZQ86 1853-0012 2| TSTR: Si PNP 2N2004A 04713 2828044
A2Q7 1854-0215 TSTR: Si NPN 2N3904 244461 2N3IB04
A2Q8 1854-n337 TSTR: Si NPN** 047131 SM1570-2
CHARGES  §BA  He SOPLERET A BRTED 17 MoV Ty (27 D8 - prudy
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Table 7-1. Replaceable Parts (Cont'd)
g%éﬁiﬂ%% o A;{E?;j\,oh TG DESCRIPTION MFR. | MFR. PART NO.
A20Q9 1853-0007 1 | TSTR: Si PNP 2N3251 04713 | 2N3251
AZQ10,A2Q11 | 1854-0254 TSTR: $i NPN ™ 04713 | obd
A2Q12 18530012 TSTR: Si PNP 2N2904A 04713 | 2N25044
1205-0037 2 ! Heat sink 98978 | obd
A2R1 0687-1021 1 | R: fxd comp 10600 & 210% 1/2 W 01121 | EBIO21
AZR2 0683-6225 1 | R: fxd comp 6200 0 +5% 1/4 W 01121 | CRB6225
AZRS 06334385 R: fxd comp 43 KO 5% 1/4 W 01121 | CB4335
A2R4 0683-1025 2 | R: fxd comp 1000 £ +5% 1/4 W 01121 | CB1625
A2R5 0684-1221 1 | R: fxd comp 1200 @ 210% 1/4 W 01121 | CB1221
AZRE 0683-9105 L | Rr: fxd comp 91 £ 5% 1/4W 01121 | CBO10S
AZRT* 06835-0275 8 | R: fxd comp 2. 7% £5% 1/4 W 01121 | CB27Gh
ARS8, AZRY 0686-1025 2 | R: Ixd comp 1000 & 5% 1/2 W 01121 | EB1025
A2R10 0603-8211 1 | R: fxd comp carbon 820 £ £10% 2W D121 | HB821l
A2R11, A2R12| 0686-1303 3 I R: fxd comp 13 0 5% 1/2 W 01121 | EB1305
AZR13 0687-1001 2 | R: fxg comp 10 € +10% 1/2 W 01121 | EBI0OL
AZR14 07570739 9 | R: fxd met fim 2000 £ 1% 1/4 W 19701 | MF8C T-O  obd
A2R15 0157-0736 1 | R: fxd met flm 1500 £ +1% 1/4 W 16701 | MF6C T-O  obd
1
A2R16, A2RIT] 2100-2604 9 i R; varlin 5082+ 10% 1/2 W 81121 | Type SV5001
AZR19 06832035 1 | R: fxd comp 20 KO +5% 1/4 W 01121 | CB2035
A2R20 0683-0275 R: fxd comp 2.7 & +5% 1/4 W 01121 | CB27GS
AZR21 0684-1031 4 | R: fxd comp 10 KO x10% 1/4 W 91121 | CB1031
AZR22 0757-0739 R: fxd met flm 2000 © 1% 1/4 W 19701 | MF6C T-O  obhd
AZR23 0683-4705 1 |R: fxd comp 47 & 5% 1/4 W g1121 | CB4T05
A2R24% 0683-2025 R: fxd comp 2.0 k2 +5% 1/4 W 61121 | CB2025
AZR25 £698-46517 2 | R: fxd met fim7. 15K 1% 1/4 W 19701 | MF8C T-O  obd
A2R26 0687-1001 R: fxd comp 10 Q il[}% 1/2 W 01121 | EB1001
A2R2T 0683-0275 R: fxd comp 2.7 Q5% 1/4 W 01121 | CB2TGH
A2R28 0757-0500 R: fxd comp 30.1 0 1% 1/4 W 18701 | MF8C T-O  obd
AIR29* 0683-1215 1 {R: fxd comp 120 2 +5% 1/4 W 01121 | CB1215
AZR30 0683-3935 R: fxd comp 30 KQ +5% 1/4 W 01121 | CB3935
A2R31 0683-8235 1 | Rm: fxd comp 82 K +5% 1/4 W 01121 | CB8235
A2R32 Not assigned
AZR33 0684-15621 2 | R: fxd comp 15000 +10% 1/4 W 01121 | CB1521
A2R34 0686-2025 1 | R: fxd comyp 2000 Q5% 1/2 W 01121 | EB2025
AZR35 0B8S-4315 1 | R: fxd comp carbon 430 @ 1,5% 1w 01121 | GB4315
AJR36 0693-6811 1 | R: fxd comp carbon 880 £ +10% 2 W 01121 | HBBS1I
A2R3T,

AZR38 - 0683-0275 R: Ixd comp 2.7 0 5% 1/4W 01121 | CB27GH
A2ZR39,

A2RA0 8757-1012 2 | R: fxd met fim 100 £ 20, 25% 1/2 W 75042 | CEC T-O abd
AIRAL $683-3615 1 | R: fxd comp 360 2 +5% 1/4 W 01121 | CB3615
AZR42,A2R43 0757-0159 R Ixd prec met flm 10060 21% 1/2 W ~hp-

AZR44 0683-0275 R: fxd comp 2.7 0 5% 174 W 01121 | CB27GH
AZR45 07570500 1 | R: fxd met flm 30.1 8 {1% 1/4 W 75042 | CEB T=0  obd
A2R45 QTET-0277 1 R fxd meiflm 49.9 & £1% 1/8 W 75042 CEA T-0 obdsd
AQRATH 0609-4448 1]1-049d 1 | R: fxd met flm 294 Q + 1% 1/8 W 27400 ~hp- d

5061-0748 6 | SOCKET ASSY: TSTR 28480 | 5061-0748
A3 0065266503 1 | PC board: expand meter circuit 28480 | 00652-66503
A3Ci 0180-0098 3 | C: fxd Ta elect 100pF +20% 20 vdew 56289 | 150D107X002082DYS
A3C2 0180-1794 9 | ¢: fxd Ta elect 22 uF +10% 35 vdew 56280 | 109D226X9025C2
A3C3 0180-6387 C: fxd Ta elect 47 pF =5% 20 vdew 56289 | 150D4T76X5020R2
A3ZC4* 0180-1794 C: fxd 22 uF 35V 56289 | 150D226X8035R2DYS
A3CSE 0160-0159 1 | C: fxd my 0.0068 uF +10% 200 vdew 56288 | 192P68282-PTS
A3C8E, A3CT 0150-0093 3 | C: #xd cer 0.01 puF- Lso -20% 100 vdew 91418 | TA abd
A3Cs* 0180-1748 1 | € fxd slect 15 ¥ 10% 20 vdew 258480 | 0180-1746
A3CH 0180-0374 1 | C: fxd Ta eleci 10 ¢ F £10% 20 vdew 56289 | 150D106X8020B2
A3C10 0150-0042 1 | C: fxd TiOy & 7pF 5% 500 vdew 78488 | Type GA obd
Ascnl SE0-eratomboizt ] 1 ) € var air d-2-te-be2-pE TI-14.1pF 74970 | 189-501-5
A3C12 0150-0093 C: fxd cer 0,01 uF +80% -20% 100 vdew 91418 | TA ohd

Cubs6ES TEe [P SUPrlemEsT & DeTee 17T NOV IR {17 v8e Bo- UKD
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Table 7-1. Replaceable Parts (Cont'd)

REFERENCE -hp- ., T P
DESIGNATOR PART NO. e DESCRIPTION MFR. MER. PART NO.
A3C13, A3Ci4 01860032 2 C: fxd Al elect 10 uF +75% -10% 12 vdew 56288 30D106GO12BA4
A3C15 0180-005% 1 C: fxd elect 10 g F +100% -10% 25 vdew 56289 30D106GH25BB2-
DSM
A3CR1, 1801-0456 2 Diode: 8i hot carrier -hp-
A3CR2
A3CRY, 1601-0025 Diode: Si 1080 mA at +1 V 100 piv 12 pF 03877 SG-817 abd
A3CR4
A3CRS 1802-3265 1 Diode: 8i breakdown 15 V +5% 04713 SZ 10939-233
A3BCRS 1602-0649 1 Diode: breakdown 6.19 V +5% 400 mw 077263 obd
A3CRT 191000616 Diode: Ge 60 wiv 03877 33185G obd
A3CRS8 1801-0025 Diode: Si 100 mA at +1 V 100 piv 12 pF 03877 5G-817 obd
A3L: 9140-0025 1 | Coil: radio frequency 4.7 uH £10% 96848 | 213-11 obd
A3L2 3140-0118 1 Coil: molded choke 500 pH +5% 82142 10178-8 obd
A3QL 1853-0010 2 TSTR: 51 PNP=** ~hp~
A3Q2 thru 1854-0033 4 TSTR: Si NPN 2N3361 24448 2N3391
A3Q4
AQ5 1853-0010 TSTR: Si PNP** ~hpe
A3Q6 18540033 TSTR: Si NPN 2N3391 24446 2N33%81
A3QT, A3Q8 18530038 2 TSTR: Si PNP 2N38066 04713 3PS-3612
A3ni* 0683-0585 1 | R: fxd comp 5.8 0 5% 1/4 W 01121 | CB38GSH
A3R2 0757-4339 1 R: fxd met fim 3010 0 1% 1/4 W 19701 MFSC T-0 obd
A3R3 0757-1023 1 R: fxd met {Im 6040 2 +1% 1/4 W 19701 MF&C T-0 obd
Aj3R4 0757-0340 1 R: fxd met fim 10 KQ +1% 1/4 W 19701 MFEC T-0 obd
AJRS 3683~2745 3 | R: fxd comp 270 K =5% 1/4 W 01121 CB2745
A3RSB 0683-1845 H R fxd comp 180 X0 5% 1/4 W 01121 { CB1845
A3RT (6832745 R: fxd comp 270 KO 5% 1/4 W 01121 CB2745
A3RS* 0683-3035 1 R: fxd comp 30 K0 £5% /4 W 01121 CB3635
AJR9 (0684-1031 R: ixd comp 10 KD +10% 1/4 W 91121 CB1031
AJRI10, A3R1Z 6757-0753 Z R: ixd met flm 9090 £ +1% 1/4 W 19701 MF6C T-0O obd
A3R12 $683-2445 i R: fxd comp 240 KQ 5% 1/4 W 01121 CRB2445
AJRI3 0684-1031 R; fxd comp 10 KQ +10% 1/4 W 01121 C131031
A3R14 2100-0439 i R; war ww 250 © £20% 1-1/2 W 11238 119 chd
A3R15 0683-3915% R: fxd comp 390 & 5% 1/4 W 01121 CB391s
A3RI1S 0684-1031 R: ixd comp 10 K& £10% 1/4 W 01121 CB1031
A3JR17 0684-1531 1 | R: fxd comp 15 KQ 10% 1/4 W 01121 CB1531
A3R18* 0683-8215 1 R: fxd comp 820 +5% 1/4 W 01i21 {£B2205
A3RI1S 070701754 1 R: fxd met flm 11 K2 1% 1/4 W 19701 MF6C T-0O obhd
A3ZR20 0684-3921 1 R: fxd comp 3900 &2 +10% 1/4 W 01121 CB3921
A3R2: 0684-1021 2 R; fxd comp 1000 € +10% 1/4 W 41121 CBi1021
A3R22 0698-4715 R: fad met flm 14.0K0 2 1% 1/4 W 91637 MFF-1/8-32 T-1
A3R23 (0684-1021 R fxd comp 1000 @ + 10% 1/4 W 01121 cBlo21
C1A thra C1C 0121-0018 1 C: var air 3-sect 14.75% pF o 617,75 pF ~hp-
Cc2 0160-3333 3 1 C: Txd cer 5000 pF + 20 % 250 vdew 08088 | THD-8-502M-1. 4 Kl
C3, C4 01606-3333 C: fxd cer 5000 pF = 20 % 250 vdew (08988 THD-8-502M-1.4 KV
ChH, €6 4180-0047 2 C: fxd Al elect 500 7 75 vdew 56289 D32443 obd
7 0160-3333 C: fxd cer 5000 pF + 206 % 280 vdew 08488 THD-8-502M-1. 4 KV
Ds1 2140-0015 1 Lamp: neon T-2 hulb NEZH 24446 | obd
5340-0234 1 | Pilot light: jewel ~hp~
5040-0235 1 | Pilot light: base -hp-
Fi 2110-0340 1 | Fuse: 0.4 A slow-blow 950 V 71400 MDYL. 4410
Ji 1251-2357 1 Receptacle: power 42389 BAC-301
L1 ¢hru L3 Not assigned
I4 3140-0029 1 Coil; radio frequency 100 uF 69848 3100-15-101
1.5% 9170-0016 Bead: shielding 021314 56-590-654A 1/3 B
M1 1120-0922 1 Meter: 50 £ DBM scale -hp-
MP1 1500-0253 2 7 Yoke: flexible coupler 09934 A-201-142
MP2 15000004 I | Insulator: flexible coupling 90934 A-201-1
MP3 5060-0021 1 | Gear Assembly -hn-
7-8
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Table 7-1. Replaceable Parts {Cont’d)
REFERENCE ~hp- . - \ . . p—
DESIGNATOR DART NO. TR DESCRIPTION MFR. MFR. PART NO.
MP4 14606-0258 1 Spring: compression -hp-
MP35 506(-0020 1 § Gear Assembhly ~hp-
MP6 5020-0233 1 | Collar -hp-
MP7 5020-0348 1 | Shaft -hp-
MP8§ 5020-0641 1 | Shaft: spur gear ~hp-
MP9 5020~0639 1 | Casting: Capacitor drive assembly ~hp-
MPL0 5020-0630 1 | Hub: dial ~hp-
MP11 5040-0607 1 | Disc assembly: vernier drive -hp-
MPi2 0065100192 1 Plate: capacitor ~hp-
MP13 5040-0631 2 | Bracket: capacitor mount ~hp-
MP14 0340-0580 2 | Insulator: TSTR mounting 000LB 1 293011 obd
VDS 21100359 1 Fuscholder 919 GH—1+-455
L1 00364 V| Fuseheldar
MP16 00651-05503 1 | Shield: filter ~hp-
MP17 00652-05506 1 Shield: separates board -hp-
P1 -1265-8241- i tor - i 13163
MP18 xmw@%ﬁf& 6 | Ssmiconductor-thermal link 12017
MP19 00652-04101 1 Plate: cover over A2 board -hp-
LA~ EELE Vb Cop~Fusahelder
MP20 00651-05501 1 | Shield: power over swifch ~hp-
MP21 0370-0062% 1 { Enob: round black vernier ~hp-
MP22 0370-0114 2 1 Knob: round red ~hpe
MPZ3 0370-0116 2 | Knob: round black -hp-
LG 0569 t] Myt Fotgheldas
MP24 00651-05504 1 | Shield: outer cover -hp-
MP25 40400287 1 | Bezel: meter window ~hp-
MP26 0370-0112 2 | Knob: bar skirted black ~hp~
MP27 6183-40D-4 1 | Plate: freguency dial -hp-
MP28 (370-0160 1 | Knob: round black dial -hp-
14850 - B0%0 Vo wWesher
MP28 5040-5158 i | Indicator: dial -hp-
MP30 00651-04001 1§ Dial ~hp~
MP31 5080 -8587 1 | Cover assembly: fop 11" long ~hp-
MP32 06651-00213 1 Panel: rear -hp-
MP33 5060-0731 2 } Frame assembly: 5 x 11 full module ~hp-
MP34 50608737 2 | Retainer: handle 5" high ~hp-
MP35 5000-8587 2 | Cover; side rear 5 x 11 full module whp-
MP36 5000-8599 2 | Cover: side front 5 x 11 full module -hp-
MP37 5060-0222 2 | Handle assembly: 5" high side -hp-
MP38 56000051 2 | Cabinet trim ~hp-
MP39 1480-0030 1 | Stand: tilt stainless steel rod 91260 | obd
MPA4G 5066-0767 5 | Foot agsembly: full module -hp-
MP41 5060-8711 1 | Cover assembly: botiom 11" long -hp-
MP42 0065200202 1 | Panel: front -hp-
MP43 G0651-00113 1 | Deck; main whpm
MP44 5000-0837 1 | Spring: thrust -hp~
Q1 18540083 1 | TSTR: SI NPN 2N3055 ~hp-
Q2 1853-0305 1 | TSTR: SIPNP whpe
R1 -5684-338100683-2225] 1 | R: fxd comp S3-kR-e-306% 1/4 W 22 LE3% | 01121 | CBE331
R2 2100~1996 1 | R: wvar pot 71500 | Model 12 obhd
R3 2100-1897 1 { R: wvar pot 71590 | Model 12 obd
51 00652-61801 1 | Swiich assembly: range -hp-
stC1 0140-0040 1 | ¢ fxd mica 75 pF = 5% 04062 § RCM 15K 750J
s1C2 0130-06086 3 | C: var cer 5 to 20 pF 72882 | 503 000 B2ZPO28R
51C3 0140-0032 1 | C: fxd mica 47 pF + 10% 04062 | RCMISF 470K
g81C4 0130-0001 1 | C: wvar cer 71to 45 pF 72982 | 503-000-D2PO-38R
S1C3 0130-0006 C: wvar cer 5 to 20 pF 72982 | 503 000 B2PO2BR
S1C8 0160-G98T 1| ¢ fxd mica 12 pF + 5% 04062 | RDMI15C120J58
81C7 0130~0006 C: var cer 5 to 20 pF 729882 | 503 000 B2PO2SR
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Taple 7-1. Replaceable Paris {(Cont'd)

REFERENCE ~hp- - . .
DESIGNATOR PART NO. T3 DESCRIPTION MFR. MFR. PART NO.
S1C8 B40-0002 MEN-0045 1 1 C: fxd micaifpF L 0% B.2pF 14655 obd
81C9, Siclo 0130-6002 2 1 C: var cer LLH to 7 pF 72982 | 503-000 COPO-10R
81C11 0150-0046 1 1 & fxd Ti0g 0.68 pF & 5% 500 vdew 78488 | Type GA  obd
S1Cci2 0150-0029 2 | ¢ fxd TiOy 1 pF = 10% 500 vdew T8488 | Type GA  obd
S1C13% 0150-5029 C: fxd TiO9 T pF + 10% 500 vdcw 78488 | Type GA  obd
51C14* ~G450-0044 0140-080 1 | C: fxd TiOg $+6-9F + 5% 500 vdew Q¥ 78488 | Type GA  obd
S1C15* 0150-6031 1 | €: fxd TiOg2 2.0 pF & 5% 500 vdew 78488 | Type GA  obd
SiR1* (686-5145 1 | R: fxd comp 5310 k@ £ 5% 1/2 W 01121 | EB5145
SiR2 0730-6145 1 | R: fxdcarbonfim 12 MO+ 1% 1 W 91637 | DC-1
S1R3* 0687-3831 1 | R: fxd comp 30 k2 + 10% 1/2 W 01121 | EB3931
S1R4 0757-0983 1 | R: fxd met flm 1.23 MQ 3 1% 1/2 W 75042 | CEC T-O ohd
S1R5* 0687-4721 1 | Re fxd compd.Tk2+ 10% 1/2 W 01121 | ER4T21
S1R6 0757-0981 1 | R: fxd met flm 125 k0 = 1% 1/2 W 75042 | CEC T-0 ohd
S1IRT* 0687-3911 1 | R: fxd comp 3800 + 10% 1/2 W 01121 | ER3911
SIR8 0757-0042 1 1 R: fxd met flm 12.3 k0 + 1% 1/2 W 75042 | CECT-0 obd
SIRg* 0687-6801 1§ R: fxd comp 6802 = 10% 1/2 W 01121 | EB6801
S1R10 0757-0821 1§ R fxd met flm L.21 k02 2 1% 1/2 W 75042 | CECT-O obhd
SIR11* 0887-2701 2 | R: fxd comp 278 = 10% 1/2 W 01121 | EB2701
S1R12 0757-6198 1§ R: fxd met flm 1000 £ 1% 1/2 W 19701 | MFIC T-O obd
S1IR13 0733-0006 1 | R: fxd carbon flm 24,5 MQ £+ 1% 2 W 91837 | DC-2 obd
S1R14%* 0686-1855 1 | R: fxd comp 1.8 M = 8% 1/2 W 01121 { EB1855
S1R15 07571017 1 | R: fxd met fIm 2.45 M2+ 1% 1/2 W 75042 | CECT-0 obd
S1R16* 0686-1245 1 | Rt fxd comp 120 k2 + 5% 1/2 W 01121 | £EB1245
S1IR17 0757-0982 1 | R: fxd met flm 245 k0 = 1% 1/2 W 75042 | CEC T-O obd
S1R18% 0687-1031 1 | R: fxd comp 10 k@ + 10% 1/2 W 01121 | EB1031
S1R19 0757-1014 1 | R fxdmet flm 24.5 k0 + 1% 1/2 W 75042 [ CECT-0  obd
S1R20* 0687-1021 1 | R: fxd comp 10000 + 10% 1/2 W 01121 | EBI021
S1R21 0757-0038 1 | R: fxd met flm 25100 + 1% 1/2 W 75042 | CECT-0 obd
SIR22%* 0687-5601 1 | R: fxd comp 56 + 16% 1/2 W 01121 | EB5601
S1R23 0757-4980 1 | R: fxd met flm 225Q + 1% 1/2 W 15642 | CECT-0 obd
S1R24%* 0887-2701 1 I R: fxd comp 270 2 5% 1/2 W 01121  B82701
52 00651-63402 1 | Attenuator assembly ~hp-
S2R1,82R2 (658-8386 2 | R: fxdmet flm 790 @+, 1% 1/2 W 75042 | CEC T-C ohd
S2R3 (6988387 1 | R: fxdmet flm 247,502+ . 1% 1/2 W 75042 | CEC T-0 cobd
S2R4 0698-8388 1 | R: fxd met flm 71152 + . 1% 1/2 W 15042 | CECT-O obd
S2R5 thru 658-8389 4 | R: fxd met flm 53.270 + . 1% 1/2 W 75042 | CECT-O obd
S2R8
S2R9, 52R10 0698-7984 2 T R: fxdmet flm 61,110+ . 1% 1/2 W 15042 | CECT-C obd
S2R11,82R12 0698-8390 2 | R: fxd met flm 96,250+ . 1% 1/2 W 75042 | CECT-O obd
SZR13 0757-1016 1 | R: fxd met fim 5500 = . 25% 1/2 W 75042 | CECT-0O obd
3t -2 47
33 -3 A-B036- 1§ Switch: toggle power SPST 88140 | B928K&1
S4 3101-0805 1 | Switch: monitor -hp-
S5 3101-1234 1 | Switch: slide 82389 | 11A-1242A
T1 9100-3239 1 | Transformer: Power 115/230 Vv hp-
W1l 8120-1348 1 | Assembly Cable: Power Cord 7.5 feet 70903 | KH-4147
5061.0735 1 | TUNER ASSY (Consists of C1A thru C1C 28480 | 5061-0735
and MP13)
MISCELLANEOUS
1200-0081 4 | Bushing (for MP18) 26365 | 974 Special
1205-0220 Semi-heat dissipator -hp-
00651-61604 1 | Cable: power -hp-
00652-61601 1 Cable: panel controls wh -
00651-61602 i Cable assembly: input -hp-
00651-61601 2 Cable assembly: output ‘hp-
2116-0340 Fuse: Type designator 2B250V.4A ~hp-
00652-96005 1 | Manual: operafing and service S
00652-84402 1 | Rack mount kit ~hpe
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CODE LISYT OF MANUFACTURERS

The following code numbers are from the Federal Supply Code for Manufactarers Cataloging Handbooks H4-1 {Name to Code) and H4-2 (Code
to Name) and their latest supplements, The date of revision and the date of the supplements used appear at the bottom of each page. Alpha-
betical codes have been arbitrarily assigned to suppliers not appearing in the B4 Handbooks,

Clgde Manufactarer Address
.

00000 U.S A Common. . ..... Any supplier of U, 8,
00136 . McCoy Electronies. . Mount Holly Springs, Pa.
60213  Sage Blectronies Corp. .. .. Rochester, N.Y.
GO287  Cemeo, InC, + . v v v Daniseison, Conn.
00334  Humidial . ..., .. Coiton, Calif,
00348  Mictron, Co,, Inc.. . ... Valley Stream, N, ¥,
00878 GarleckIne, .. ... ... Cherry Hill, N.J.
00866  Aerovox Corp.. ........ New Bodford, Mass,
0077¢  Amp.Inc. .- ... "« . Harrisburg, Pa,
00181 Alreraft Radio Corp.. .. .. ... Boenton, N.J,
00808 Croven, Lid. . .. ... . Whithy, Ontario, Carada
06815  Northern Engineering

Laboratories, Inc. . . . ... .. Burlingten, Wis.
00833  Sangamo Electric Ca,,

Pickens Div. . ... ......... Pickens, 8.C.
0G866  Goe Engineering Co. . ... City of Industry, Cal.
06891 Carl E, Holmes Corp.. ... .Los Angeles, Cal,
03928 MicrelabIne.. . - ... ... . Livingston, N.J .
01802  General Electric Ceo.,

Capacitor Dept.. ... .. ..Hudson Falls, N. Y.
01809  Alden Products Co. ... ... .. Brocktor, Mass.
0112¢  Allen Bradley Co.. .. ... .« Mitwaukee , Wis
01255  Litton Indusiries, Inc Beveriy Hills, Cal.
01281 TRW Semiconductors,Ine.. ... Lawndale, Cal.
01295 Texas Instruments, Inc.,

Transistor Products Div, . . ., . Dallas, Texas
031349 Fhe Alliance Mig. Co. . ... ... Alliance, Ohio
01538 Swaii Partsine. .. ... ... Los Angeles, Cal,
91589  Pacific Relays, Inc. .. ...... Van Nuys, Cai.
01670 Gudebrod Bros, Silk Co,. ... .New York, N.Y.
01830 Amercck Corp, - - ... .. .. « Rockford, T,
#1560  Pulse Engincering Co .« .-« Santa Clara, Cal,
02114 Ferroxcube Corp, of

AIDEIICA - v v v v e e e Saugerties, N. Y.
062116 Wheelock Signals Ine,. . .. | Long Branch, N.J.
02286  Cele Rubber znd Plastics Ine . .Sunnyvale, Cal.
0266¢ Amphenoi-Borg Eleciromics

COrp. v v s Broadview, Il
02735 Radio Corp. of America, Semi- ’

conductor and Materials

Division . ...... ... .00 Somerville, N.J.
02771 Vocaline Co. of America,

Inc, . . . Old Saybrook, Coon.
0271 Hopkins Engmeermg(te .. San Fernando, Cal .
02895 Hudson Tool & Die .. .. ..., .. Newark,N,J.
03296  Nyloa Molding Cerp. . .. .. .. Springfield, N..J.
03508 G, E. S8emiconductor Prod.

Dept, oo v v e Syracuse, N, Y.
03785 Apex Machine & Tool Co, . .. ... Dayton, Ohio
03797 Eldema Corp. . -....... .. Compton, Calif.
02818  Parker Seal Co..........Los Angeles, {al
03877 Transitron Flectric Corp. . . Wakefield, Mass,
03888  Pyrofilm Resistor Co.,

Ine, oo Cedar Knolls, N.J.
03954  Singer Co., Diehl Div.,

Finderne Plant .. ..., ... Sumerville, N.J
040089  Arrow, Hart and Hegeman

Elect, Co.. .- a i i Hartford, Conn
04013 Taruwus Corp. - ..o Lambertville, N.J
04062  Arco Electronic In¢.. ... .. Great Neck, N. Y,
04217 EssexWire. ... ... ... .. Los Angeles, Cal.
04222  Hi-Q Division of Aerovox. .Myrile Beach, 8.C.
04354 Precision Paper Tube Co. ... .. Wheeling, 1L
04404 Palo Alto Division of Hewlett-

Packard Co. .Pale Alto, Cal.
04651  Sylvania Electric I’roducts

Microwave Device Div. Msun!ain View, Cal.
94673  Dakota Engr.lnc. .. ... ... Culver City, Cal.
44713 Motorola Inc, Semiconductor

Prod. Div, .. ... ... Pheenix, Arizona
04732 Filtron Co. ,Inc, Western

DHV. v e e e Culver City, Cat.
G4773  Automatic Blectric Co. . . ..., Northlake, 111
04796  Sequoia Wire Co, . ., .... Redwood City, Cal.
04811  Precision Coll Spring Co. . . . . E] Monte, Cal.
04870 P M. Motor Company., . .. .. Westchester, Il
0491%  Component Mig. Sexvice

Co. v W. Bridgewater, Mass
05908  Twentieth Century Plasties,

Inc. ... o Log Angeles, Cal.
05277 Westinghouse Eleciric Corp.

Semiconductor Dept. ., .. .. Youngwoed, Pa.
00015-4%
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Code
No.

05347
05387

05574
05593
05616

05624
05728

065725
05783
05820
06004

06080
08175

06402
06540
06555

06666
467561
06812
96980
01088
07126
0137

07138

07149
07233
07256
07261
07263

47322
07387
Q7397

07100

07829
07910
07933

¢7980

08145
08289
08358

08524
08664
GBI1T
08718

08727
08792

08806

08984
09028
09097
06134
08145

0825¢
98353
08569

09795
09922
10214

1041%
10646

Manufacturer Address
Ultronix, Inc. ........ ... San Mateo, Cal.
Union Carbine Cerp ., Elect.

Div. ..o e o New York, N.Y.
Viking Ind, fnc. . ......... Canoga Park, Cal.
Icore Electro-Flastics Inc.. .. . . Sunnyvale, Cal.
Cosmo Plastic (e/o Electrical

Spec.Cod ... ... . Cleveiand, Ohlo
Barber Colman Co. . ......... Rockford, Til.
TiffenOpiteal Co, ... ..... ... ...,
......... Rosiyn Heights, Long Istand, N Y.
Metro-Tel Corp.. ........... Westbury,N Y.

Stewart Engineering Co,
Wakefield Engineering Inc., . .
Bassick Co. , Div, of Stewart
Warner CoOrp. & -0 v v v v v r -
Raychem Corp, ... ....,.
Bausch and Lomb Opticat

..... Santa Cruz, Cal.
Waketield, Mass.

Bridgeport, Coan.
Redwood City, Cal.

O v v v i e Rochester, N, Y.
E.T.A. Products Co of

Amertea ... .o . Chicago, 18,
Amatom Elestronic Hardware

Co.,Inc. ... ..., . 'New Rochelle, N, Y,
Beede Eiectrical Instrument

Co.,Ime. .. oot Penacook, N, H.

General Devices Co. ,Inc. ...
Compenents Inc. ,Ariz. Div, . .

\ Indianapolis, Ind,
Phoenix, Arizona

Torrington Mig. Co. ,West Div. . . Van Nuys, Cal.
Varijan Assoc. Btmac Div. . . .. Ban Carios, Cal,
Kelvin Electric Ce. . ... ..... Van Nays, Cal.
DigitranCo. ... ... ... ... Pasadena, Cal.
Transjster £lectrontcs

L 67 o Minneapolis, Minn,
Westinghouse Electric

Corp. , Electronic '1‘ube Div. . ... Elmira, N. Y.
Fllmohm Corp. . ... .o v v v s Mew York, N.Y.

Cinch-Graphik Co. .. ...
Silicor Transistor Corp. . ..

City of Industry, Cal.
Carle Place, N Y.

Avnet Corp.. .. ..., ... ... Culver City, Cal.
Fairchild Camera & Inst. Corp. ,

Semiconducter Div.. .. .. Mountain View, Cal,
Minnesot: Rubber Co. . .. .. Minneapolis, Mian,
Birtcher Corp, The . ... .. Monterey Park, Cal.

Sylvania Elect. Prod. Inc.,
Mt. View Operations . . . .
‘Technical Wire Products

Mountain View, Cal,

Cranford, N.J,
. Chicago, NII1,
. Hawthorne, Cal,

Bodine Elect. Co, s
Continental Device Cor;:
Raytheon Mfg. Co., Seml-
conducter Div, . ... ...,
Hewlett-Packard Co. ,

New Jersey Division. . .. ... Rockaway, N.J.
U. 5. Engineering Co. . ... .. Los Angelies, Cal.
Biinn, Delbert Co, . . . Pemonz, Cal.
Butgess Battery Co Ve
............ Niagara Falia Onta.rio Canada
Deutach Fastener Corp, . ... Los Angeles Cal.
Bristol Co., The . Waterbury, Conn
Slear Company Sun Valley, Cai.
1TT Cannon Electric Inc.,

Phoenix Div.. ... .. .. .. .. Phoenijx, Arizona
National Radie Lab.Ine. ... ... Paramus, N, J,
CBS Electronics Semiconductor

Operations,Div.of CBS Inc . . . .
General Eleciric Co.,

Minlature Lamp Dept. . . . .. ..Cleveland, Ohio
Mel-Rain . ., ........... Indianapolis, ind.
Babcock Relays Div.. ... .., .. Costa Mesa, Cal.
HElectronic Enclosures Inc... Los Angeles, Calif .
“Texas Capacitor Co, ..., ,.. Houston, Texas
Tech. Ind. Inc. Atohm

Elect. . ... oo i Burbank, Cal.
Electro Assemblies, Inc,, ... ., .. Chicago, ik
C & K Compeonents Inc, ., .., .. .Newton, Mass,
Mallory Battery Co, of

Canada, L&d.. . ..., Toronto, Ontario, Canada
Pemnsylvania Fiorocarbon. Clifton Heights, Penn.
Burndy Corp. . . ........... Norwaltk, Conn.
General Transistor Western

Corp. ... ee... .. LoSAngeles, Cal,
Ti-Tal,Inc.. .. ............ Berkeley, Cal,
Carborundum Co. Niagara Falls, N. Y,

Mountain View, Cal.

Lowell, Mass,

Code
No.

11236
11237

11242
11312

11814
11453
11534
11711

11717
11870
12136
12361
12574

12697
12728
12859
12881
12930
12854
13019
13061
12103
13327
13386
13835

14099
14193
14298
14433

14493
14658
14674
14752
14969
15106
15203
15287
15291
15558
15566
15631
15772

15801
15618
16037
16179
16352
16554
18585
16688

16758
17109
174714
17675
17745
17856
17870
18042
£8083
18324
18476
18486
18585
18583
18612
18873
18911
19315

18500

19589

Manufacturer Address

CTSof Berne, Inc, . .. .. ... ... Berne, Ind,
Chicago Telephone of

California, Inc, - .. - . . So. Pasadena, Cal.

Bay State Eleetronics Corp. . . . Waltham, Massg

Teledyne Inc. .Microwave .

A . Palo Allo, Cal.

. -Downey, Cal.

. Jamaica, N. ¥

. Costa Mesa, Cal.

Nationa! Seal -
Precision Connector Corp
Duncar Elecironics Inc.
General Instrament Corp. ,
Semiconductor Division Products

[ 3« T Newark, N.J.
Imperial Electronic,Ine, . . . . Buena Park, Cal.
Melabs, Inc. .. ... .. ... Palo Alto, Cal.

?hiladelphia Handle Ce . v..... Camden, N.J.
Grove Mig. Co., Ine, Shady Grove, Pa.
Guiton Ind, Inc. ,Data System

Div.....
Clarostat Mfg Co
Elmar Filfer Corp. . .......
Nippon Electric Co. , Teokyo, Japan
Metes Electronies Corp. . ... .. . . Clark, N.J.
Defta Semiconductor Inc. ., Newport Beach, Cal.
Dickson Electronics Corp, ., Scottsdale, Arizona

. Albuquergue, N, M.
............ Dover, N.H.
W. Haven, Conn.

Airco Supply Co., Ine, .. .. .. Witchita, Kanszs
Wiico Products ... . .. o0 a s Detroit, Mich.
Thermolloy. . ... ... ... ., Dallas, Texas
Solitron Devices Inc. . Tappan, N. ¥,
Telefunken {GmbE) ... .. Hanover ,Gerrmany

Midland -Wright Div, of

Pacific Indusiries,Inc, . .
Sem-Tech . ‘s
Calif. Resxszor Corp
American Camponents Inc
I'TT Semiconducior, & Div. of

Int. Telephone and Telegraph

Corporation . . .West Palm Beach, Fla.
Hewlett-Packard Company. . . . . Loveland, Colo.
Corneil Dublier Electric Corp . . . Newark, N.J.
Corning Glass Works .. .. .. ... Corniog, N.Y.
Electro Cube Inc.. . . ... .. .. San Gabriel,Cal,
Willtams Mig. Co. .. ... ..... SanJese, Cal.
The Sphere Co. ,Inc. . Little Falls, N.J,
Webster Electronies Co. . . .. . New York, N, Y.
Sefonies Corp. o oo oo Northridge,Cal.
Adjustable Bushing Co. . ... N, Hollywood, Cal,
Micron Electronics. Garden City, Long IslandN. Y.
Amprobe Inst, Corp. Lynbrook, N. Y.

. Kansas City, Kansasg
. Newbury Park, Cal.
Santa Monica, Cal.

. Conshohoeken, Pz,

Cabletronies - - - .+ oo . Costa Mesa, Cal.
Twentieth Century Coil

Spring Co, -0 o0 e Santa Clara, Cal.
Fenwal Elect, Inc. .. .. .. Framingham, Mass,
Amelco Ine, . Mountain View, Cal.

Spruce Pine Mica Co ....... &)ruce Pine, N.C.
Omni-Spectrs ine. e Detrult JitH
Computer Diede Corp, . ..... .. .. Lodé, N.J.
Electroid Co. . . AP . Union, N.J.
Boots Afreraft Nt Co-*p ....... Pasadena, Cal,
Ideal Prec. Meter Co. ,Inc., .
De Jur Meter Div. . . Brookiyn, N Y.
Delco Radio Div. of G M, Ccrp . Kokomo, Ind.
Thermonetics Inc. . Canoga Park,Cal.
Tranex Company . . Mountain View, Cal.
Hamlin Metal Products Corp. . . Akron, Ohic
Angstrohm Prec.Inc. .. .. No, Hollywood, Cal
Siliconix Inc, coe o ... Sunnyvale,Call
MceGraw -Edison Co ....... Manchester, N, H.
Poweyr Design Pacifie Inc. . .. ... Palo Alts, Cal.
Clevite Corp. Semiconductor Div. . Palo Aite, Cal.
Signeties Corp. . Sunnyvaie,Cal.
Ty-Car Mig, Co., Heolliston, Mass,
TRW Elect, Comp Div. . . ... Des Plaines, I,
Chomerics L Plainville, Mass,
Curts instrument Inc ........ Mt. Kisco, N Y.
Vishay [nstruments Inc......... Malvern, Pa.
E.I. DuPont and Co., Inc. . Wilmington, Del.
Durant Mig. Co. . Milwaukee ,Wis,
The Bendix Corp. E\Eavzgatien &

Contrel Div. . .. ..
Thomas A. Edison Industr,es
v, of McGraw-Edison .
Concoa .

Teterboro, N.J.

. Wast Orange, N. .
. Baldwin Park, Cai.

From: Handbook Supplements
$4-1 Dated Janvary 1970



Code Manuiacturer Addrese
Ne.

19644  LRC Blectromdes . - .. ... ... Horseheads, N. Y.
19701  Electra Mig. Co. . ..... independence , Kansas
20183 General Atronics Corp, ... . Philadetphia, Pa.
21226  Executone, Inc. . Long Island City, N.Y.
21355  Fainir Bearing Co.,The ... New Britian, Conn,
21520 Fansteel Metallurgical Corp. . - .N. Chicago, 1.
23020 GeneralReed Co, . ......... Menichen, N.J
23042  Texscan Corp, ... Indtanapolis, Ind.
23783  British Radio Ejectronice Ltd. . .Washington, DC.
24455  G.E. Lamp Division, Nela Park, Cleveland, Ohio
24655  General Radio Ce, . .... .. West Concord, Mass.
24681  Memeor Inc. ,Comp. Div. ...... Huntington Ind,
25385  Gries Reproducer Corp. . .. New Rochelie, N Y.
26462  Grobert File Co. of America,Inc. Carlsiadt, N. &,
26851 Compac,/Hollister Co. .. ... .. Hollister, Cal.
26992  Hamilton Wateh Co. ... ... ... Lancaster, Pa,
28480 Hewlett-Packard Co. ... ... .. Pale Alto, Cal.
28520 Heyman Mfg. Co. .......... Kenllworth, N.J,
30817  Instrument Specialities Co.,

IRC. o e e Little Falls, N.J.
33173 G.E. Receiving Tube Dept. . . . . Owensboro, Ky.
35434  Leetrehm Ine. ..o oo o Chicage, 1.
36106  Stanwyck Coil Products,

Lid, . ....... Hawkesbury, Ontario, Canada
36287  Cunningham, W.H. & Hill,

L, .. . ’E‘orontn Ontario, Canada
37942 PR Mallory & Cs inc lndlanapoiis Ind,
39543 Mechanical Industnes Prod. Co . Akron, Okio
40920  Miniature Precision Bearmgs Im: . Keene, N.H.
40831  Honeyweli Inc, Mlnneapoiﬁ Minn,
42180 Muter Co. .o a Chicago, 1.
43980 C.A. Norgrem Co. ........ Englewoed, Colo.
44655 Ohmite Mig. Co. . ............ Skokie, Ll
46384  Penn Eng. &Mfg.Corp. .. .. .. Doylestown, Pa,
47904  Polareid Corp. .. ........ Cambridge, Mass.
48620  Precision Thermometér &

Inst. Co. .......... ' Southampion, Pa.
48958  Microwave & Power Tube Div, . . Waitham , Mass.
52040 Rowan Confroller Co. . ...+ . Westminster, Md.
52985 HP Co., Med. Elec. Div. . ... Waltham, Mass.
54294  Shalleross Mig. Co. .. ... L. Seima, N. C.
55026 Simpson Electric Co, - - . .. ... Chicago, 1l
55933  Sonotene Corp. . ... ..... .. Elmsford, N.Y.
55938 Raytheop Co. Commercial Apparaius

& System Div, .. ...... 3o, Nerwatk, Conn.
56137  Spaulding Fibre Co., Inc. . . .. Tonawandz, N.¥.
56289  Sprague Electric Co. Norih Adams, Mass.
58474  Superior Elect. Co. . ... ... ... Bristol, Conr,
55448  Telex Corp. « -« v e Tulsa, Okia,
59730 Thomas & Betts Co. ... ...... Eilzabeth, N, J.
60741  Tripiett Electrical Inst. Co. ., .. Bluifton, Ohlo
61775  Union Switch and Signal Div, of

Westinghouse Air Brake Co. , . Pittsburgh, Pa,
8211% Universzl Electric Co, .. .. ... QOwosso, Mich.
§3743  Ward-Leonard Fleetric Co. . . Mt, Vernon, N. Y.
84959  Western Electric Co., In¢. . .. New York, N, Y.
85092 Weston Inst, Inc, Weston-Newark . Newark, N.J,
86285 Wittek Mfg. Co. .. ... .. ... ... Chicago, 1L
568346 Minnesota Mining & Mfg. Co.

Hevere Mincom Div, ... .... St. Paul, Minn,
T0276  Allen Mig. Co. . ... ... ... . Hartford, Conn,
0308 Allied Control ... ... .. ... New York, N.¥.
0318 Allmetal Screw Product Co., Inc.

.................... Garden City, N.Y.
70417 Amplex, Div, of Chryster Corp. .Detroit, Mich.
70485 Atlantic India Rubber Works, Inc. . . Chicage, 1.
705683 Amperite Co., Inc. ... ... Unton City, N.J.
70674 ADC Products Tnc. ..., ... Minneapelis, Minn.
70903  BeldenMig. Co. .. ... v Chicago, T,
70098 Bird Electric Corp. ... . ... Cleveland, Ohio
71002 Birmbach Radio Co. . ... .. .. New York, N. Y.
11034 Bliley Etectric Co.,Inc. ... .. ... . Erie, Pa.
71041  Boston Gear Warks Div. of

Murray Co. of Texas . ..... Quincey, Mass,
71218 Bud Radio, Ine. . ... ... ... Willoughby, Ghio
7121%  Cambridge Thermionics Coerp. Cambridge, Mass.
71286  Camloc Fastener Corp. ... ... Paramus, N.J.
71313 Cardwell Condenser Corp. -

............... Lindenhurst, L.I, N. Y.
71400  Bussmann Mfg. Div. of

MeGraw-Bdison Co. .. ... .. &t. Louis, Mo.
71436  Chicago Condenser Corp. . ... ... Chicago, L
T1447  Calif. Spring Co. ,Inc. ., .., Pice-Rivera, Cal.
TI450 CTSCorp. .- v v v i Elkhart, Ind.
T1468  ITT Cannon Electric Inc, ., Los Angeles, Cal.
71471  Cinema, Div. Aerovox Corp. .. . . Burbank, Cal.
00015-49
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CODE LIST OF MANUFACTURERS (Continued)

Code
M,

T1482
71390

TE616
TH100
71701
Ti744
71785

71084
72138

72613
72656

72699

72765
72825
72828
72862
72964
72682
73061
73078
73138

13283

13445
T3506

13559
T3686
73682

73734
13743
3783
13846
73889
73905
13957
14276
74455
74861
T4868

74870
16042
15263
5378
75382
5818
75415
6005
76210
16433

76487
76493
165630

76545
76703
16854
71068

77075
77221

71252
77342

- 71630
17638

T7764
17969
78189

82T
16283
8288

Manufacturer Address

C.P. Clare& Co. ............ Chicago, 1.
Centralad Div. of

Glebe Union Ime. ... ... .. Mitwavkee, Wis.
Commercial Plagtics Co. . ... ... Chicago, HI.
Cornish Wire Co. , The New York, N.Y.
Coto Coil Co, ,Inc. .. ... .. Providence, .1
Chicage Miniature Lamp Works . . .Chicago, 1.
Cinch Mfg. Co.,

Howard B. Jones Div. . .. ... .. Chicago, 1.
Dow Corning Corp. , . ....... Midland, Mich.
Electro Motive Mig. Co., Inec,

................... Wiliimantic, Conn.
Dialight Corp. ... ... ... .. Brookiyn, N, Y,
Indiana General Corp. ,

Electropica Div. . .. ........
General Instrument Corp, .

Cap Division. . . - ... ... Newark, N.J.
Drake Mig, Co. Harwood Heights, TiL.
Hugh H. Eby inc, Philadelphia, Pa.

Keasbhy, N.J,

Gudeman Co. . .............. Chicago, 111
Elastic Stop Nut Corp. ... ...... Unjon, N.J
Robert M., Hadley Co. .. ... Los Angeles, Cal.
Erie Technological Products, Inc. . . Erie, Pa.

Hansen Mfg. Co., Inc. ... .. .. Princeton, Ind.
H.M. Harper Co. . . . ......... Chicago, Hi.
Helipot Div. of Beckman Insi, , Inc.

. Fullerton, Cal.
Hughes Produus Diwsien ol‘

Hughes Aircraft Co. . Newport Beach, Cal.
Amperex Elect. Co. Hicksviue, L.I,NY.
Bradiey Semiconductor C’orp

.New Haven, Coan.

Carhng E}lectnc lnc . Hartford, Cenn.

Circle F Mfg. Co ............ Trenton, N.J.
George X, Garrett Co.,

Dy, MSL Industries, Inc.,

Federal Screw Products, Inc,

Philadelphia, Pa.
... .Chicago, 1.

Fischer Special Mig, Co. .. .. {incinnati, Ohio
Generat Industries Co., The . ... . Elyria, Ohio
Goshen Stamping & Toel Co. .. ... Goshen, Ind.
FFD Electronics Corp. . .. ... . Brookiya, N.Y,

Jennings Radie Mig, Corp. . ...
Groove-PinCorp. ...... ...
Signalite Inc. L N
4. 4. Winns, and Sone . . .. Winchester, Mass.
industrial Condenser Corg. . . . . .. Chicage, L.
H.F. Products Division of
Amphenoi-Borg Electronic Corp.

Darniiry, Conn,
.. Waseca, Mimn.
Phila.deiphia, Pa.

San Jose, Cal.

E.F. Johnson Co. ... .

International Resistznce Co
Keystone Carbon Ce., Inc. ... .St. Marys, Pa.
CTS Knights, Inc. ... ........Sandwich, Ii.
Kulka Electric Corp. . .. .Mt Vernon, M. Y.
Lenz Electric Mig, Co. ... ... .. Chicago, IIL.
Littlefuse, Inc. Des Plaines, Il
Lord Mig. Co. ..., .. oL Erie, Pa.
L.W. Marwedel
Genera}l Instrument Cor;) s

Miczmold Division . . . ... Newark, N.J,
James Millen Mig, Co., . Malden, Mass.
J.W, Miller Co, oo vu 0 v vl Los Angeles, Cal.

Cinch-Monadnock, Div. of United Carr

Fastener Corp. . ... . 8an Leandro, Cal.
Mueller ElectricCo, . .. .. ... Cleveland, Ohio
Nagtonal Undon . .. ... ..... .. Mewark, N.J,
Qak Manufacturing Ce. . Lrystal Lake, I}
The Bendix Corp.,

Eiectrodynamics Div. . N. Holiywoed, Cal,
Pacific Metals Co, ... ... 8an Franeisco, Cal.
Phaostran Instrument and

Etectromie Co. ... vy
Philadelphia Steel and

Wire Corp, ... v Philadeliphia, Pa.
American Machine & Founéry Co.

Potter & Brumfield Div. ... .. Princeton, Ind,
TRW Electronic Components Div. Camden, N.J.
Ceneral fnstrument Corp.,

Rectifier Bivision . ., . . .. .. Brookiyn, N.Y.
Resistance Products Co, . . Harrisburg, Pa.
Rubbercraft Corp. of Calif. ... Torrance, Cal.
Shakeproof Division of

Illinais Tool Works . . . . Elgin, 1.
Sigma . ... Su Bramtree Mass.
Signal Indicator Corp. ... ... Wew York, N. Y.
Struthers-Dunn inc, . Pitman, N.J,

8a. Pasadena, Cal.

Code
No.

78452
mwmn
78488
78493
8553
78790
78947
79136
19142
8251
82T

79963
#0031

80033
80120
80131

80207

80223
80248
80294
80411

80486
80509
80583
80640
80813
81030
81073
81095
81312

81348
81483
81541
81860

82042
82047

82116
82142

82170

52209
82218

82376
82369
82647

82768
82866
82877
828293
83058
6306886

83125

83148
83186
83288
83315
833524
83330
33332
83385
33501

83584
83740

83777
83821
83942
84171
84396
84431

Manufzeturer Address

‘Thempson-Bremer & Co, . ... ..
Tiliey Mig, Co, . ... ..., San Francisco, Cal,
Stackpoie Carbon Co. .. . ... .. $t. Marys, Pa,
Standard Thomson Corp. . . .. . Waltham, Mass.
TFinnerman Products, Ine. . . .. Cleveland, Ohio
Fransformer Enginesrs . .. . San Gabriel, Cal.
Uginite Co. ... ......... Newtonville, Mass,
Waldes Rokineor Inc. .. Long Island City, N, Y.
Yeeder Root, Inc, Hartford, Conn.
Wenco Mig. Co. ... ......... Chicago, IL
Continentat-Wirt Electronics Corp.
................... Philadeiphia, Pa.
Zierick Mig. Corp. New Rochelle, N. Y,
Mepco Division of Sessions Clock Co.
................... Morristown, N.J.

Prestole Corp. ... ... ... ... Toledo, Chio
Schnitzer Alloy Products Co. . . Elizabeth, N.J.
Electronic Industries Association,

Standard tube or semi-conducter device,

any manufacturer.
Unimsax Switeh, Div, Maxon Electronics

Corp. ..o e i i Wallingford, Conn,
United Transformer Corp. .New York, N Y,
Osford Electric Corp.. ... .. ... Chicago, Iil.
Bourng Ine., . . Riverside, Cal,
Arce Div. of Robertshaw Centrols Co.
Columbus, Qhio

Chicago, Hi

All Star Products Inc. Defiance, Qhio
Avery Label Co. Monrovia, Cal.
Hammariupd Co,, Ine, ... .., Mars Hill, N.C,
Stevens, Arncid, Co, ,lInc . Beston, Mass,
Pimco Gray Co. ............ Dayton, Ohio
Internatiopal Inst. Ine. .. ... .. Orange, Conn,

GrayhillCo. ... ... ... ..., Latrange, 1

Triad Transformer Corp. ... ... Yenice, Cal,

Winchester Elec, Div. Lition Ind., Ine.
................... Oakville, Conn.

Milltary Specification .. ..... ..., . ...,
international Rectifier Corp. . El Segundo, Cal
Airpax Electronies, Inc. . Cambridge, Maryland
Barry Controls, Div. Barry Wright Corp.

. Watertown, Mass.
Carter Precision BElectric Co. .. . . Skokie, Hi
Sperti Faraday Inc., Copper Hewit{

ElectricDiv. ... ... ...... Hoboken, N.J.
Electric Regulator Corp. . Norwalk, Conn,
Jeffers Electronics Division of

Speer Carpon Co.
Fairchild Camera & Inst, Corp.,

Space & Defense Systems Div. .Paramus, N.J.
Magurie industries, Inc, . , ., Greenwich, Conn.
Sylvania Electric Prod., Inc

Flectronic Tube Division . Emporium, Pa.
Astron Corp. . .. .East Newark, Harrison, N. J,
Switeheraft, Ine. .. .0 Chicago, 111,
Metals & Controls Ing. ,

Spencer Products. . .. .. .. Attleboro, Mass,
Phillips-Advance Contret Co.. . ...  JoHet, T,
Resgearch Products Corp. ., . .. Madison, Wis.
Rolton'Mig. Co., Ine. ... .. Woodstock, N, Y,
Vector Electronic Co.. . ... ... Glendale, Cal,
Carr Fastener Co. . ... ... Cambridge, Mass,
New Hampshire Ball

Bearing, Inc. ... ...... Peterdorough, N. ¥
General Instrument Cerp. ,

Capacitor Div., .. ... .... Dariington, 8.C.
ITT Wire and Cable Div. . . . . Los Angeles, Cal.
Victory Eng, Corp. ..., .... Springfield, N.J.
Bendix Corp. , Red Bank Div.. . Red Bank, N.J.
Hubbell Cotp. . .. v v oo Mundelein, I,

Dy Bois, Pa.

Rosanine. ........... Newport Beach, Cal.
Smith, Herman H., Ine. . . ... Brooklyn, N.¥.
Tech Labs . ......... Palisades Park, N, J.
Central Screw Co. oo .0 0o vt Lhicago, Iil

Gavitt Wire and Cable Co. ,
Amerace Corp.

. . Brookiield, Mass.
Burroughs Corp. , Electronic

Tube Div, . .. ........ .. Plainfield, N.J.
Union Carbide Cerp. , Consumer
Prod. Div. .. ... .. ... ... New York, N, Y,

Model Eng, and Mig., Inc . Huntington, Ind,
Loyd Scruggs Co. . ... ... . ..., Festus, Mo,
Aeronautical Inst. & Radio Co. Jaodi, NJJ
Arco Electronies inc. . ., ... Great Neck, N Y,
A.J. Glesener Co., Inc. .. San Francisca, Cal.
TRW Capacitor Div. Ogallala, Neb,
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Code
No.

94870
85454
85471
85474
85660
85011
86174
BE19T

86579
86684

86928
87034
89216

87473

87664
87930
88140
88220
88698
88231
89473
89479
89865
90030

90179 -

90365

80763
80970
91146

91260
91345
91418
91506
91637
91662
91613
91737
91827
91886

Manufacturer Address

Sarkes Tarstan, Inc. ... .... Bloomington, Ind.
Boonton Moiding Company Boonton, N.J.
A B BoydCo. .......,. San Francisco, Cal
R, M, Bracamonte & Co. . . . San Francisco, Cal.
Koiled Kords, Fae. . ......,,, Hamden, Conn.
Chicago, L.
Fafnir Bearing Co. 1.08 Angeles, Calif,
Ciifton Precision Products Co., Ine,

Cliffon Heights, Pa.
Precision Rubber Products Corp.  Dayton, Ohio
Radic Corp. of America, Electronic Comp.

& Devices Division , .. ..... Harrison, N.J.
Seastrom Mig. Co. ......... Glendale, Cal.
Marco Industiries [ Awpahetra, Cal.
Phileo Corperation (Lansdale Division)

....................... Lansdale, Pa.
Western Fibrous Giass Products Co.

........... . San Francisco, Cal.
Va.n Wate:-s & Rogers inc. ., Stn Franciseo, Cal,
Tower Mfg. Corp. ....... . Providence, R.L
Cutler~-Hammer, Inc. . ..,.,.... Lincoln, Iil.
Gould«National Batteries, Inc. . . St. Pau}, Minn.
General Mills, Ine, ........ . . Buifalo, N. Y.
Grayvar Blectric€o, ., ... ... .. Oakland, Cal,

G. E. Distributing Corp. ., . Schenectady, N. Y.
Security Co, .. .. ..., .00, Detroit, Mich.
United Transformer Co. , . ...... Chicage, 1.
United Shoe Machinery Cory. . . . Beverly, Mass,
U. 5. Rubber Co., Consumer Ind, &

Plastics Prod, Div. . .. ... ... Passaic, N.J.
Belleville Speciality Tool Mfg. , Inc.

.................. Belleville, Iif.

United Carr Fastener Corp ++...Chicago, 1il.

Bearing Engineering Co, . . . San Francisco, Cal,
TP Canncn Blect, Inc,, Sa.lem Div.

. Salem, Mags,
&m Frmc:sco, Cal.
. El Monte, Cal.
Ces Chicago. L.
............ Attieboro, Mass,
. Columbus, Neby,
Willow Grove, Pa.
. Hew York, N.Y,
. . . Wakefieid, Mass,
. Redwood City, Cal.
Chicage, 1L

Connor Spring Mfg Co .
Miller Dial & Nameplate Cc
Radio Materials Co. ...., .,
Augat Ine, ..
Dale Electronics, Ine. . ..
Bico Corp. ...
Epiphone Inc.
CGremar Mig. Co., Ine.

K F Development Co. ., , .
Maleo Mfg., Inc. ., ..

CODE LIST OF MANUFACTURERS {Continved}

Code
No.

1929

819€1
§2180
$2367
26067

G2702
92966
93332

93389
93410

93632
93929
94137
94144

94148
94154
94197

94222
94330
84375
§4682

94698
95023

95146
95236
95248
95243
25265
95275
95348
895354
35566
95712
95984
95987
96067

Manufacturer Address

Honeywell e, , Micro Switch Division
...................... Freeport, TIL
Nahm-Brog, Spring Co. . .. .., Oakland, Cal.

Tru-Connector Corg. ......,
Elgeet Optical Co., Ioe. , ...
Tensolite Insulated Wire Co, ,
IMC Magnetics Corp
Hudson Lamp Co, .. ........
Sylvania Electric Prod. Inc.,
Semiconductor Div. .. ...... Woburn, Mass,

Peabody, Mass,

Rochester, N. Y.

Ine,

...... Tarrytown, N.Y.
. Westbury, L.1., N. Y,

Kearney, N.J.

Robviny & Myers Inc. , , . Pallisades Park, N. J,
Stemco Controls, Div. of Essex

Wire Corp. .. ...... . ..., Mansfield, Ohio
Waters Mig. Co. ..., ..... Culver City, Cal.
G.V. Controis .,.,....... Tivingsten, N.J.
General Cable Corp, . ..... Bayonne, N.J.
Raytheon Co,, Comp, Div.,

Ind, Comp, Operations . .. ... Quincy, Mass.
Scientific Electronics

Products, Inc............ Loveland, Colo,
Wagner Eiect. Corp.,

Tung-Soi Div, . ... PR Newark, N.J.
Curtiss-Wright Corp. ,

Eiectronics Div. .., . . .East Patterson, N,J.
South Chester Corp, .. ....... Chester, Pa.
Wire Cloth Producis, Inc. . .. ... Bellwood, I,
Automatic Metal Producis Co. . Breoklyn, N. Y.
Worcester Pressed Aluminum Corp,

.................. Worcester, Mass,
Ma.gnecra.ft Electric Ce. ... ... . Chicage, L.
George A, Phiibrick Researchers, Inc.

.................... Boston, Mass,
Alco flect. Mig. Co. ...... Lawrence, Mass,
Allies Products Corp. . ....... Diania, Fla.
Continental Connector Corp, ., Woodside, N. Y.
Leecraft Mg, Co., Inc. ., . .Long Island, N.Y.
Natiomal Coil Co. ., . ... ..... Sheridan, Wyo,
Vitramen, Inc. ... ... ..., Bridgeport, Conn.
Gordos Corp.  ..... . . Bloomfield, N.J.
Methode Mig. Co. .. ... Rollmg Meaﬁows 1.
Arnold Engineering Co, . .. ... .. Marengs, I
Dage Electric Co,, Ine, ...... Franklin, Ind.
Siemon Mfg, Co. ... ..... v - . Wayne, I1.
Weckesser Co, . ........ . . . Chicago, L.

Micrewave Assog, ,West, Inc. ., Sunnyvale, Cal.

Caode
No,

96095
96256
96296
86396

46330
46341
§6501
96508
957338
95861
§7464
G539
97979
97983

98141
48159
98220

38278
38251
98376
98410
98731

98734

98821
98978

99104
98313
99378
80515
89707

49800
89848
98628
98634
go642

98057

Manufacturer Adgdress

Hi-Q Div. of Aerovox Corp. ... .. Olean, N. Y.
Thordarson-Metssner Tne. . . . Mt, Carmel, I3l
Solar Mig. Co, .. ........ Los Angeles, Cal.
Microswitch, Div. of

Minn, -Honeywel} Freeport, i,

Cariton Screw €0, ... .. - Chicago, Il
Microwave Associates, Inc. Buriingmn Mass.
Excel Transformer Co. . .. . Qakland, Cai.

Xeelite, Ine. .. ... ... Orchard Park, N.¥.
San Fernando Elec, Mfg. Co. San Fernando, Cat.
Thomson Ind, Inec. Long Island, N. Y.
Industrinl Retzining Ring Co. . . Irvingion, N.J.
Automatic & Precision Mig. . . Englewood, N.J.
Reon Resistor Corp. ... ..... Yonkers, N.¥.
Litton System Inc., Adler-Westrex

Commun. Div. . .. ... .. New Rochelle, N. ¥,
R-Tronics, Inc. ... ... ... Jamaica, N.Y,
Rubber Teck, Inc. . ......... Gardena, Cal.

Hewiett-Packard Co. ,

Medical Blec. Div. ., ,, ..., Pasadena, Cal.
Microdot, Ine. ..., .. .... S¢. Pasadena, Cal.
SBealectro Corp. . Mamaronech, N, Y.
FGeroMig. Co. ............ Burbank, Cal.
Ete Imc. .......... . ..., Cleveland, Okio
{eneral Miiis Inc., Blectronics Div,

................. Minneapoits, Minn,
Paeco Division of Hewiett Packard Co.

............ ., Palo Alto, Cal.
North Hills Electmnics Inc . Glen Cove, N. Y,
International Elecframc Research Cerp.

...................... Bugbank, Cal.
Columbia Technical Corp. ... New York, N.Y.
Varian Assaciates, ., .. .,.... Palo Alto, Cal.
Atlee Cotp. . ..o v v vl .. Winchester, Mass.

Marshail Ind, , Capacitor Div.  Monrovia, Cal.
Contral Switch Division, Controls Co.

of Amertca ., ., .......... El Segundo, Cal.
Delevan Elestronies Corp. . Bast Aurora, N. Y.
Wilco Corporation . Imdianzpolis, Ind.
Branson Corp, Whippany, N.J.
Rembrandt, Inc. . .. .. ...... Boston, Mass.,
Hoffman Electronics Corp.,

Semiconductor Division
Technelogy-Instrument Corp.

of Califernia . Newbury Park, Cai.

E1 Monte, Cal.

The following BP Vendors have no number assigned in the latest supplement o the Federal Supply Cede for Manufacturers Handbook.

4006F
00087
000AB
000BB

Malco Tool and Die , .., .. Los Angeles, Calif.
Witiow Leather Preducts {orp. .. Newark, N.J.
ETA England
Precision Instrument Comp. Co, Van Nuys, Cal.

SUPPLEMENTAL CODE LIST

Code
No.

4OGLB
08LC
0ODL

00327
03911
8988

Q001549
Revised: May, 1970

GO0CS  Hewlett~Packard Go., Colorado

CGOOMM Rubber Eng, & Development . .

Springs Div. ... Colorado Springs, Colorado

Hayward, Cal.

GOONN A M"N"DMig. Co........... San Jose, Cal.

Manufacturer Address
Specialty Comnecter Co. Indiznapolis, Trd,
Jackson Bres. Ltd. New York, N, Y,
(Relcoa} Refay Co. of America

¢/ Barnhill Associates Denver, Colo.

Welwyn International luec.
Clairex Corp.
Sketiie Electronics

Cleveland, Okio
New York,N. Y.

A3

J000Q Cooltron. ... ... ... ... ... Oakland, Cal,

Q00WW California Eastern Lab

Burlington, Cal.

J00YY S.K. SmithCo. ... ... ... L.os Angeles, Cal,

Archbald, Pennsylvanis

OF MANUFACTURERS
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ANGOLA

Telecka

Empresa Téonica de
Equipamenlos
Eiéctricos, SARL.

7. Batbosa Rodrigues,

444°07.°

{aixa Posial, 54RT

Luands

Tel: 35515/5

ARGENTIRA

Hewielt-Packerd Argenting $.A.

Santa & 2035, Martinez

5140 Buenos Alres

Tel: 792-1238, 798-6088

Telex: 122443 AR CIGY

Biotron $ACLy M.

Avga. Pasen Colon 221

9 piso

1399 Buanos Aires

Tek 30-484671851/8384

34-9356/0460/455 1

Telex: 1333 17505 B0 AR

AUSTRALIA

AUSTRALIA CAPITAL
TERR.

Hewlelt-Fackard Austrafia Py,
Lid.

121 Weollongong Street

Fyshwick, 2600

Tal: 804244

Telex: 62650

NEW SOUTH WALES

Hewielt-Packard Austrafia Ply.
Lig.

31 Bridge Street

Pymbia, 2073

Tel. 4496565

Telex: 21561

QUEEKSLAND

Hewlet Packard Austealia Pry.
L.

5t Floor

Teachers Union Buiiding

49%-499 Boundary Steet

Spring HII, 4000

Toi: 2281544

SOUTH AUSTRALIA

i Hewlelt-Packard Australle Ply.

Lid,

153 Greanhil Road

Parkpida, 5063

Tal: 2725411

Telex: 62536

YICTORIA

Hewletl-Packard Australia Ply.
Lid.

3141 doseph Street

Biackburn, 3130

Tek 89-6351

Telex: 31024 MELE

WESTEAN AUSTHALIA

Hewledl-Fackard Ausirafia Ply.
Lid.

141 Stirking Highway

Nediande, 6009

Tek 3865455

Teiex: 93859

AUSTRIA

Hewlelt-Packard Ges.m b,

Wehlistrasse 29

PO Box 7

A-1205 Yienna

Tel. 35-16-21-0

Telex: 13582/135066

Hewlelt-Packard Gag.mbH.

Wehlistrasse, 24

A-1205 Wien

Tel: 35-16-21

Telex: 135066

BAHRAIN

Medicel Only

Wael Pharmacy

P.0. Box 648

fahrain

Tel: 54886, 56123

Telex: 6550 WAEL GJ

Al Hamidiya Teading and
Conttacling

P.0. Sox 20074

Maname

Tel: 258678, 250958

Telex: 8895 KALDIA GJ

BANGEADESH

The General Eieckic Co. of
Bangladesh Lid,

Magnet House 72
Ditkusha Commercial Atex
Motijheit, Dacca 2

Tek 252415, 252410
Telex: 734

BELGiLHM

Hewletl-Packard Benefux
SAMN,

Avenue du Col-Ver!, 1,

{Groenkraagiaen)

B- 1170 Bruzsals

Tel. {02} 680 50 50

Telex: 23-494 pafoben by

BRAZH

Hewiett-Packard do Brasi
LeC. Lida,

Alameda Rio Negre, 750

Aiphavilke

06400 Barugei SF

Tor 426-3222

Hewletl-Packar¢ do Brash
Le.C. Lida,

Rue Padre Chagss, 32

99000-Pbric Alagre-RS

Tet: 22-2998, 22-5621

Fewiell-Packerd do Brasit
iel. Lida.

Av. Epitacio Pessos, 4664

22471-Rie de Jansiro-RY

Tek 286-0237

Telex: 921-21305 HPBR-BR

CANADA
ALBERTA

Hewledt-Packard {Canada) Lid.

11B20A - 168t Street
Edmanton 15 379

Tek: (403) 452-3670

TWX: 610-831-2431
Howlet-Packard (Canaa) Lid,
210, 7220 Fighet 51, S5
Calgary T2H 2H8

Tek {403} 2552713

Tk 610-821-6141

BRITISH COLUMBIA
Hawlail-Packard {Cantada) g
10631 Shelridgs Way
Richmond VEX 2W7

Tel: (604} 270-2277

T 610-925-5058

MANITOBA
Hewlstl-Packard (Ganada) tid.
380-550 Centry 1.

S1. Jamas,

Wintipeq R3H OY1

Tel: {204} 786-6701

TWX: §10-871-3531

NOVA SCOTIA
Hewialt-Packard (Canada) Lid,
P.0.Box 631

BOC Windmélt Road
Bartmouth 838 113

Tet: {902) 469-7820

TWX: 610-271-6482

ONTARED

Hewiell-Packard (Canada) Lid.
1020 Martison Or,

Ottawa X2H 8K7

el (613} 820-8483

TWX: 610-663- 1636
Hewtelt-Packard {Canadaj Lid,
BHTT Goreway Drive
Mlagicaauga L4V 1M8

Tel (416} 678-9430

TWX: 610-402-4248
Hewiel!-Packerd (Canada) Lid,
452 Newbols Sirest

London NBE 255

Tel: {519) 688-9181

WX 610-352-1201

QUEREC

Hewlett-Fackard (Canada) Lid.
215 Hymus Blvd.

Polnte Ciaire HOR 1G7
Tek (G14) BST 4232

TWX: 610-422-3022

FOR CANADIAN

AREAS NOT

LISTED:

Contacl Hewlell-Packard (Can-

ada) Lii. in Mississatga.

CHILE

Jorge Caicagni v Cia. Lida.
Aluro Burhle 068

Casita 15475

Correo 9, Santiago

Tel: 220222

Telex: JCALCAGN!

COLOMBEA

Instrumentacitn

Hemvik A. Langebaek & Kler
S.A

Carrera 7 No. 48-75

Apartado Abreg G287

Pogota, {DE.

Tel 26G-8877

Telex; 44400

inghtumentacian

HA Langebaek § Kier SA.

Larrera 63 No. 49-4-33

Apariado 54098

Medeifin

ol 304478

COSTA RICA

GCientiica Cosiaricense S.A.
Averids 2, Calle 5

San Padro de Monles de (ca.
e

San José

Ter 24-38-20, 24-08-19
Tefex: 2387 GALGUR CR

CYPRUS

Kypronics

18 Gregorios Xenopoulog
Sueat

P.8. Bor 1152

HNicosta

Teb 45626/29

Telgx: 3018

CIECHOSLOVAKIA

Hewlall-Packart

Obehode? 2astpitelstvi v CSSR

Pisamny styk

Posi. schranka 27

£S5 11809 Praha 011

C8sh

Vyvojova a Pravorn Zakiadna

Vyzkumaych Uslavy «
Bechovicich

(S8R-25047 Bechovice u
Prahy

Te: 89 93 4

Telex: 12138

Tastifute of Medical Sionics

vyskumay Ustev 1ekarske)
Bioniky

Jadiove B

{4-88346 Bratisiava-
Kramare

Tei: 44-551

Telex: G322¢

DENMARK
Hewietl-Packerd A/S
Datave; 52

DK-3480 Birkerod
ek {92} 81 86 40
Tetex: 37403 hpas dk
Hewlet!-Packard A5
Havervei 1

DK-8800 Slikeborg
Tek (D6} B2 71 86
Telet: 37400 hpas dic

ECUADOR

CYEDE Cia. Lida.

P.O. Box 8423 CCH
Av. Eloy Alato 1749
Quite

Tel 450-975, 243-052
Telex: 2548 CYEQE £0
Medicat Grly
Hosgilalar 5.4,

Casiia 3590

Rables 625

Quito

Telz 545-250

EGYPT

EEA.

international Engineering
Associates

24 Hussein Hegazi Slreet

Kast-el-Alni

Cairo

Ted: 23 829

Telax: 93830

SAMITRO

Sami Amin Trading Office

18 Abdet Aziz Gawish

Abdine-Caire

Tel: 24932

EL SALVADOR

PESA

Butevar ge fos Herces 11-48
Edificio Sarah 1148

San Salvador
Tef: 252787

ETHIOPIA

Addle Ababa
fel 118340

FINLAND

Hewlet!-Packarg Oy
Revontulentie, T
SF-02100 Espoo 10
Tel (90 455 021
Telex: 121563 hewpa sf

FRANCE

Hewlel-Packard France

Zone dactivites de
Coutfaboeut

Avenue des Tropiques

Boile Postale 6

91401 Craay-Lidex

Tei: {1} 907 78 28

TWX: BODOABF

Hewlelt-Packard France

Chemin des Mouites

8P 182

62130 Ecully

Tek (78338125

Tw: 310617F

Hewlelt-Packard France

20, Chemin de La Cépidre

31081 Toulouse

Lo Mirait-Chdex

Tet (64140 11 12

Hewlet-Packard France

Le Ligotres

Place Rombe de Villensuve

13100 Alx-an-Provence

Tel: {42} 58 41 02

TWX, 4107708

Hewlel-Packard france

2, Allee de ia Bourgonatie

35100 Rannes

Tel {89 5142 44

THX. 740912F

Hewlet-Packard France

18, rue du Canal de la Marne

87300 Schiltighaim

Tel {88) 8308 10

TWX: 8801417

Hewlgti-Packard France

Immeuble péricentre

Tug van Gogh

50850 Villgnsuve D'Ascg

Tek {20} 91 4125

TW: 160 124F

Howlett-Packaid Frange

Bétmen Ampdre

Rue de Ta Commung de Pars

B3P 300

93153 La Blanc Mesnil-
Cédex

Tel: (31} 631 8B 50

Telex: 211032F

Hewdetl-Packard France

Av. du Pdl, Rennedy

33700 Kerignac

Tet: (56} 87 01 8¢

Hawdetl-Packard France

bl Lonaing

Boulevard de France

91035 Ewry-Cédex

Tek O77 96 60

Tetex; 8623 15F

Hawiell-Packard France

23 Rue Lothaire

570600 Matz

Tef: {871 65 53 50

GERMAN FEDERAL

REPUBLIC

Hewleit-Packard GmbH

Vertrisbszenlale Frankiur

Berner Strasse 117

Pastfach 560 140

0-B000 Frankiurt 56

Tek {08011} 5004+

Telox: (4 13249 hptim d

Hewlel-Packarg GmbH

Yechnisches Btire Bublingen

Herrenberger Strasse 110

D.7030 Boblingen,

Wittiemberg

Ted: {0T031) 6671

Telen. 07265739 bbn

Hewlelt-Packard Gmbi

Technisches Bire Dusseldort

EmanuglLsutre-Sir t
{Seesiern)

$-4000 Dussaldorf

Tel: 10211 59711

‘Telex: DBS/B6 533 hpdd d

Hewietl-Packard GmbH

Technisches Bliro Hamburg

Kapsladiring &

B-2000 Hamburg 60

Tek: {040} 63804-1

Teiex: 21 63 032 hphh d

Hewleli-Packard Gmbl

Tecnnisches Bito Hamover

Am Grossmarkt §

[D-3000 Hannover 91

Ter {0511) 46 80 01

Telex: (02 3250

Hewlet!-Packard Gmbh

Technisches Biiro Nutnberg

Neumeyerstrasse 90

D-8500 Kiynberg

Tel {0911} 52 20 83

Tolex: 0523 880

Hewlett-Packard GmbH
Technisches Bliro Minchen
Eschenstrasse 5

$-8021 Tautkirchen
Tel: (089} 61171

Telex: 0524985
Hewletl-Packard GmbH
Technisches BUro Berfin
Haihsirasse 2-4

D- 1000 Berkn 30

Tel: {030} 24 90 86
Tetex: 018 3405 hpbin d

GREECE

Kostas Karayarms

8 Cmirou Street

Athens 133

Tek: 32 30 303/32/37 731
Telex: 21 59 62 RKAR GR

SALES OFFICES | .

Arranged alphabetically by country [é
2 |

GlaAM

Guam Medical Supply, e,
Suite €, Aitpost Plaza

0. dox 8947
Tamuning 856811

Tel 646-2513

GUATEMALA
PESA

hverida Reforma 3-48

Tona §

Guatemala City

Tek 36627, 314786,
6647 1-6. ext. 9

Telex: 4182 Teletro Gu

HONG XONG

Hewlg#t-Packard Hong Kong
[X1:2

$uh Floor, Fowr Seas Bidg.

212 Nathan Ra.

Kowloon

Tei: 3-897448 {5 nas)

Teiex: J0678 HX

Medical Anatyticat Onfy

Schidt & Co. {Hony Keng)
Lid,

Wing On Cenite, 28th Floor

Connaught Road, C.

Hong Kong

Tal: 5-455644

Telex: TATE8 SCHMX HX

INDIA

Bloe Sias Lid.

Sahag

41412 Vit Savarkar Marg

Prabhagev

Bombay 400 325

Tek a5 78 87

Telex: 013-6063

Blue Star Lid.

Band Box House

Prabhadevi

Bombay 400 025

Tew £5 7301

Teex: §11.3751

Biue Star (14

Bhavgesp

Sladium Road

Ahmedabad 380 014

Tel 43822

Telex: 012-234

Blue Sfar Lid.

7 Hare Sireet

Calcutta 700 001

Tet: 23-0131

Tetgx: 021.7855

Bive Star £1d,

Bnandari House

91 Nehru Piace

Now Dol 113025

Tel: 682547

Telex: 31-2463

Biue Star Ld,

T.0. 7/803 "Poorhima’

Maruthaniuzh

Trivandrum 835 013

Tel: 65749

Telex: 0884-259

Blue Star L.

11 Magarath Road

Bangatere 560 025

Tek 55688

Telex: 0845-430

Bt Star iid.

Meeakshi Mandiram

X¥XU/1379-2 Mahatma
Gandhe Ao

Cochin 682 016

Tek 32069

Telex: 085-5t4

Blue Star Lid.

1-1-117/1 Sarojind Devi Road

Secundarabad 500 (032

Tek 70126

Telex: 0155-459

Bl Star bid.

133 Kodambaikam High Read

Madras 600 034

Tel BOST

Teiex: $41-379

{CELAND

Medical Oniy

Eiding Trading Company Ing,
alnarmvoli - Tryggvagtiu
PO, Box 885
15-Raykjavik

Tet 158 20016303

INDGHESEA

BERCA Indonesia P.T
P.0. Box 4987kl

Jin, Abehst bliis 62
Jdakarta

Tel: 340255, 349886
Telex: 46748 BEASH,

BERCA indonesia P.T.
PO Box 174/Shy.

23 Jn, Jimerto
Surabaya

Yok &2027
IRELAND
Hewlelt-Packard Lid.
Kestrel House
Clanwiiam Place
Lower Mount Street
Bublin 2, £re
Hewledt-Packeard Lid,
26 Avongbatg ind. Esi.
Long Mie Road
Subiln 12

Tel 514322/514228
Yelex: 30438

Medical Ordy

Cardiac Services {ireland) Lid,
Kiimote Road

Artane

Dublin 5, Eire

Tek {01} 315820
Medicat Ohly

Cardiag Services Co.
854 Finaghy Rd. Souin

¥okogawe-Hewlelt-Pack ard
Lid.

Mito Mitsul Buiding

108, t-chome, San-ne-man

Mito, tbarag 370

Tel 0202-25-T470

Yokogawa-Hewieil-Patkard
iid,

lnoue Suitding

1348-3, Asahi-cho, t-chome

Ateugt, Kanagaws 243

Tel: B482-24-0a52

Yokogawa-Hewlatt-Packard
L.

Humagaya Asahi

Hachiuni Building

4ih Flaor

3-4, Tsukuba

Kuinsgayse, Satama 380

Tel 0485-24-6563

JORDAN

Mouasher Cousins Co.
P.C. Bor 1387
Ammars

Toi. 24307/399G7
Tedex: SABCG 10 1456

Beltast BT10 0BY KENYA
GB-Norlhwem Jreland ADCOM 14d., nc,
Tel: (0232} 625566 P.0. Box 30070
Teten: TAV626 Nalrobi
Tel: 331955

ISRAEL "
Eieclonics Enginearng Div, Te\gx. 22635

of Molorola israsi Lid Medical Only
16, K i Streat Aeradio (A} Lid-
£.0, Box 25016 B0, Box 19012
Tal-Aviv Naurobi Airport
Yel: 36973 NMairobl
Telex: 33560, 34164 Tek 336055/56
ALY Teiex: 22201/2230¢
Hewlell-Packard Haliana S.p.A.  Medical Only
Via G. Di Viltorie, § International Aeradio {€.4.) Lid.
20063 Carnusco Sul P, Box 95221

wavigio Mombaaa
Tel (2) 903691 KOREA

Telex: 334632 HEWPACKIT

sewlel-Packard Raliana S.p.A.

Via Yurazza, 4

35160 Padova

Tel: (49} 664888

Telex: 430316 HEWPACK!

Hewiett-Paciard akiang S5.p.A.

Viz 8. Armeliini 10

100143 Rame

Tel: {06} 54 688 61

Telsx: 610514

Hewlett-Packard faliana S.pA,

Corso Giovanni Lanze 84

13133 Totine

Tel: {01 1) 658308

Telex: 221079

Hewlelt-Packard Haliana S.p.A.

Via Principe Nicola 43 8/C

-95126 Catania

Ted. (095) 37 05 04

Telex: 970291

Hewlelt-Packarg Haliana 8.p.A.

Via Nuova san Foceo A
Capadimonta, 524

80131 Napol

Tek {0B1) 710638

Hewlelt-Packard Htaliana S.p.A.

Via Martin Luther King, 38/111

40132 Bologna

Tet 1051} 402304

Telex: 511830

JAPAN

Yokogawa-Hewlelt-Packard
i

28-21, Takaido-Higashi
3-chume

Suginami-ky, Tokye 168

Teh 03-331-8111

Telew: 232-2024 YHP-Tokyo

Yokogawa-Hewlett-Packerd

Chuo Bidg., &th Floor

4-20, Nishinakama &-chome

Yodogawa-ku, (saka-shi

Osaka, 532

Ted: 06-304-8021

Telex: 523-3624

Yokogawa-Hewlelt-Packard
L

Suntiomo Seimei Nagaya Aldg.

11-2 Shimosasafima-che,

Nakamura-xu, Nagoya, 450

Ter 052 87 1-5771

Yokogawa-Hewietl-Packard
Lid.

Tanigawa Buliding

2-24-1 Tauruya-cha

Kanagawa-ku

Yokohama, 221

Tel: D45-312-1252

Telex: 382-3204 YHP YOK

Samsung Electronics So., Lid
4759 Shingl-8-Dong

Yeong Deung POU

Sacul

Tel 833-4122, 4121

Telex: SAMSAN 27364

KUWAIT

Ai-Khakdya Frading &
Contacting

£.0. Box B3G-Satal

Kuwalt

Tel 42 4910741 1726

Telex: 2481 Areeg ki

LUKEMBURG

Hewlell-Packard Beneiuz
SAMN

Avenue du Coi-Ver, 1

{Groanks aagiaan)

B-1170) Brussels

et {02) 660 5050

Telex: 2% 484

MALAYSIA

Hewletl-Packard Sales

{Mataysia) Sdn. Brd.

Suite 2.24/2.22

Bangunan Angkasa Raya

Julan Ampang

Kuain Lumpur

Tei: 483680, 485653

Prolel Engineeting

P.0. Box 1817

Lot 258, Satok Aoad

Kuching, Sarawak

Tet 53544

MEXICO

Hewlelt-Packard Mexicana,
SA de GV

Av. Perifgrive Sut No 8501

Tepepan, Xochimico

Hoxico 23, DF,

ek 905-676-4600

Telex: 01/-74-307

Hewiell-Packard Mexicana,
SA deC.v.

Rio Voiga H600

Cot, Det Vafle

Montesray, N.L.

Ted: 78-32- 10

MORQCCO
Dolbeau

B1 rue Karalcht
Casablanca
Tek 3041 82
Tetex: 23051722822
Gerep

2, e d'Agadr
Bodte Posial 156
Casablanca
Tl 21208375
Telex: 23 739

MOZAMBIOUE

AN, Goncalves, Lid,

162, 1" Apl 18 Av. O, Luis
Caixa Postal 167

Maputo

Ter 27681, 27144

Teiex: §-203 NEGON Mo

NETHERLANDS

Hewlell Packard Benelux K.Y,
Van Heuven Goedhertfagn 123
F.0. Box 687

HIBIKK Amgtelvean

Tel (20747 20 21

Telex: 13 218

NEW ZEALAND

Hewlett-Packzrd IN.Z) tid,

4. 12 Cruickshank Skreeat

Kitbirnle, Welington 3

£.0. Box 9443

Cowitney Plage

Watlington

et 877-199

Hewle!-Packard {N.2.} Ltd.

P.0. Box 26-189

169 Manukaw Road

Epsom, Auckiand

Tel 687-159

Anatyticai’Medical Only

Northiop instremments &
Systems Lul.,

Surdes House

85-87 Ghuzniee Straet

P.0. Box 2406

Vigliingion

Tal: 850001

Telex: NZ 31281

Horthrup mstuments &
Syslems Lid.

Eden House, 44 Khyber Pass
Rd.

P.O. Box 9682, Mewmarke!

Auckland 1

Tel: 794-09¢

Northeyp instruments &
Systems L,

Tettace Houss, & Oxlord
Tertace

PO, Box B388

Chrlatchurch

Tel: §4-185

NEGEHIA

The Elctronics
inslwenentations Eid,

NEB/TTO Oyo Road

Dluseun House

#ME. 5402

Ibadan

Toi: 461577

Telex: 31234 THL NG

The Eleciranics
Instrumentations | 1.

144 Agege Motot Read, Mushin

P.0. Box 481

Mushin, Lagos

NORWAY

Hewlett-Packard Norge AS

Ostendaien 18

P.O. Box 34

1345 Ostaraes

Tai (02} 1711 80

Telex: 1662¢ hpnas n

Hewlstt-Packate Norge A/S

Nygaargsgaten 114

P, Box 4210

5013 Nygaardsgaten,

Hergen

Tel (68} 2197 33

PANAMA

Elecibnico Batbhos, §.A.

Aparatade 4926

Pandma 5

Cafle Samuel Lewis

Edliticio "Alla,”" No. 2

Cludad de Panama

Tel: §4-2700

Telex: 3483103 Curundu,

Canal Zong

PERG

Compatifa Fleciro Médica S:A,

Los Flamencos 143

$en isigro Casifa 1030

Lima 1

Tel: £1-G325

Telex. Pub. Booth 25424
SIIDRO

PAKISTAN

Mushio & Company Lig.
Qosmen Chambers.
Apcullsh Haroon Road
Karachi-2

Tek: 511027, 512927
Telex: 2884
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Mushke & Company, Lid.
10, Bazar #d.

Sector G-6/4
latamabad

Tel: 28264

PHILIPPINES

‘The Oniine Advanced Systems
Lorporation

Rico House

Amorsolo cor. Herers St
Legaspt Village, Makali
P.0, Bex 1510

Metro Manta

Tek 85-35-81, 85-34-9¢,
85-32-21

Telex: 3274 ONLINE

RHODESIA

Fietd Technical Safes
45 Kelvin Road North
P.0. Box 3458
Saltebury

Tel: 705231 (5 fines}
Telex: RH 4122

POLAND

Biuro informaci Techniczne
Hewietl-Packard

Ui Stawki 2, 8F

PLOG-950C Warszawa
Tel. 39 59 82, 3851 87
Telex: B 24 53

PORTUGAL

{elacira-Emprese Técnice de
Equipamenios Biéctrices
Sarl

fua Rodrigo da Fonseca 103

£.0. Box 2531

PLlebon 1

Tel: {19} 68 60 72

Tetex: 12588

Madical Qoly

Murcinter

Intercambio Mundisl de
Coméreio S.art

£.0. Box 2761

Avenida Antonio Augusic

de Aguiar 138

P-Lisbon

Teb (193 53 21 347

Telex: 16691 munter p

PUERTQ RICO

Hewiotl-Packard Inter-
Amenicas

Pugrto Rice Branch (fice

Cate 272,

#2023 Urb, Country Ciup

Carofina (0630

Tek (809) 762.7255

Telex: 345 0514

GATRR

Nagser Trading & Contraciing
PO Box t563

Doha

Ten 22170

Telex: 4639 NASSER

ROMANIA

Hewlell-Packatd
Reprezenianta

Hein, Baicescu 16

Bucurast

Tet 15 80 23/13 88 85

Teiex: 10440

SAUDE ARABIA

Modern Electronic

Establishmen {Head (ffice)

B0, Box 1228, Baghdadiah
Streel

Jaddah

Tel: 27 798

Telex: 40035

Caitle: ELECTA JEDDAH

Modern Elecironic
Eslablishrment (Branch}

P.0. Box 2728

Alyadh

Tel: B2506/66232

Talex: 202048

Madern Electronic
Estanlishment {Branch)

PO, Box 183

AlKhebar

Tel: $4578-44813

Telex: §70136

Cable: ELECTA AL-KHOBAR

SIMGAPORE

Hewlelt-Packard Singapore
{Ple.) Lid,

&ih Floor, Inchcape House

A50-452 hiexandra Road

P.0. Box 58

Alexandra Post (Otfice

Singapore 9115

Tek 631788

Telen: HPSG RS 21486

SOUTH AFRICA

Hewletl-Packard South Alrica
Py, Lid.

Privale Bag Wendywood,

Sandion, Transvael, 2144

Hewlelt-Packard Centre

Daphne Stee!, Wendywoud,

Sandion, 2144

Tek 802511125

Teiex: 8-4782

Hewlati-Packard Seulh Africa
Py 3, U,

£.0. 8ox 120

Howarg Place,

{ape Provinge, 7450

Fine Park Genire, Foses! Diivs,

Pinelands,

Cape Province, 7405

el $3-7985 tru 9

Telax: 67-0006

SPAIN

Hewletl-Packard Espafiola,
5.A.

Cale Jerez 3

E-Madrld 16

Tel: {1} 455 26 00 {10 lines}

Taiex: 23515 tpe

Hewietl-Packarg Fspafolz 5.4,

Celonis Mirasierra
falicio Jupan

clo Costa Brava, 13
Madrld 34

Hewlett-Packatd Espafiola,
A

Hianesado 21-23
E-Barcelona 17

Tek 13} 203 6200 (5 lines)
Telex: 52603 hpbe ¢

Hewigtt-Paciatd Espafiola,
S.A

Ay Ramén y Cajal, 1
£cilicio Sevida, panta 8°
£-Seviita §

Teh 64 44 54/58

Hewlelt-Packard Espafiola S.A.

Edificio Abla k7= 8
£-Blinao !
Tel: 23 63 06/23 82 06

Hewlsit-Packard Espafiols S.A,

CRamen Gordilo
fEntia.}
t-valencla 10
Teh: 06-381.33.54/361.13.58

SR LANKA
Matropoten Agengies Lid.
200/9 Union Place
Galombeo 2

Tel: 35947

Telox: 13TTMETROLTD CE

SEDAN
Radison Trade
P4, Box 921
Khartoym
Tek 44048
Temn 375

SURINAM

Sutel Radio Hollend N.V.
Grote Holsk, 3.5

PG Box 155
Paramaribo

Tel 72118, 77880

SWEDEN

Hewtett-Packard Svetige AB

Enighetsvigen 3, Fack

§-161 8romma 20

Tei: {08) 730 05 50

Tatax; 10721

Cable: MEASUREMENTS

Stockhoim

Hewlet-Packard Sverige AB

Friitalisgatan 30

5-421 32 Viatra
Frojunda

Tek (031) 49 08 50

Telex: 10721 via Bromma
office

SWITZERLAKD

Hewleth-Packard {Schweiz) AG

Zorcherstrasse 20

P.0. Box 307

{H-8952 SchHaren-

Zirich

Tet {01} 7305240

Telex: 53983 hpag ch

{able: HPAG CH

Hewlatt-Packard {Schweiz) AG

Chileas Bioc 18

CH-1239 he Lignen-
Geneva

et {022) 96 03 22

Telew: 27333 rpag ch

Cable: HEWPACKAG Geneva

SALES OFFICES

Arranged alphabeticailly by country (cont.)

SYHRIA

General Elgciranic e,

Muri Basha-Annat Ehnn Kays
Street

PO, Box 5781

Damascus

Ter 3324 87

Tetex: 11215 1TKAL

Cable: ELECTROBOR
DAMASCLS

Medical oaly

Sawsh & Co.

Place Azmé

8P 2308

Bamascus

Tel: 18 35710 6567.14 268

Talex: 11304 SATACO 5Y

Cable: SAWAH, DAMASCUS

Sulgiman Hital E| Miawi

E.Q. Box 2528

Mamoun Bitar Street, 56-58

{flamascus

Tek 1146 83

Teiex: 11270

Cable: HILAL DAMASCUS

TAIWAN

siewlell-Packard Far £ast Lig.

Taiwan Branch

Bank Tower, 5th Fioor

205 Tun Hau North Road

Talpal

Teb (02} 7H1-0404 {15 lines)

Hewleit-Packard Far East LID,

Taiwan Branch

68-2, Chung Cheng Jrd. Road

Kaohsiung

Tei: {QT) 2423 t8-Kaohsiyng

Angiytical Only

San Kwang istruments Co,,
tid.

20 Yung Sl Road

Yaipol

Tel: 3615446-8 {4 lines)

Talex: 22834 SANKWANG

TANZANEA

Medicai Only

internations) Aeradio (E.A.), Ld.
#.4. Box 861

Dar a¢ Salaam

Tel 21251 £xt. 205

Telex: 41030

THAILARD

UMMESA Co. Lid,

Ehcom Research Bullding
2538 Sukumvil Ave.
Bangchak, Bangkok
Tet: 39-32-387, 39-30-338

TRINIDAD &
TOBAGO

CARTEL

Garlbbean Telecoms Lid.
P.C. Box 732

63 Frederick Strest
Part-of-Spait

Tel: 62-53068

TUNISIA

Tunisie Electronigue

31 Avenue de la Lberte
Tunis

Tek 280 144

Corema

tler, Av. de Carthage
Tunie

Tek 253 8§21

Tglex: 12319 GABAM TN

TURKEY

TEKNIM Company Lid,
Riza Sah Pehlevi

Gatdesi No. 7
KavakBders, Ankara
Tei: 275800

Telax; 42155

Teknim Com., Lid.
Barbaros Buvar 58/12
Basikyas, tatanbut

Tel: 613 548

Telex: 23540

EMA,

Muhendishic Kellekdf Sideli
Mecha Eldom Sokak 41/6
¥iksat Caddes!

Ankara

Tek 17 56 22

Yimaz Ozyurek

Wil Mudeiaa Cag 16/6
Kizlay

Ankara

Tel 250309 - 178G 26
Telex: 42576 OZEK TR

UNETED ARAB
EMIRATES

Ernitac Lid, {Head Office)
P.0. Box 1641
Sharjah

ek 3541241/3

Teiex: B136

Emitac Lid. {Branch Oifice)
P.O. Box 2711

Abi Dhabi

Tek 3313761

UNITED KINGDOM
Hewlelt-Packard Lid.
King Streel Lane
Winaarah, Wokingnam
Berkshize RGY1 SAR
GB-England

Tel: (0734) 784774
Telex: 84 71 78/%
Hewlett-Packard Lid,
Fouriet House,
257-263 Hgh Street
London Golney

St. Albana, Herls
G8-England

Tek {0727} 24400
Teiex: 1-8852716
Hawlett-Packard Lid,
Trataigar House
Nawigation Road
Alirincham
Cheshire WA1S ThiL}
Gi-Englanct

Tek 1081) 928 6422
Telex: 868068
Hewlel-Packard Lid,
Lygen Court
Hereward Rise
Dudley Road
Halasowan,

West Micdlands, BS2 88D
GB-England

Tel: (021} 501 1221
Telax: 339105
Hewietl-Packard Lid.
Wedge Houss

798, London Road
Thorntor Heath
Suray, CR4 6XC
4B-England

Tel: {31} 684-0103/8
Telex: 046825
rlewlett-Peokard Lid.
14 Wesiay St
Caalietord

Yorks WF10 1AE
Tek {0977} 580016
Twix: 5357335
Hewiell-Packard Lic.
Tradax House

S Mary's Walk
HMaidenhead
Berkshire, L6 157
GE-Engiand
Hewiotl-Packard Lid,
Moriey Road
Staplehilt

Brigtor, BS16 407
GB-England
Hewlet!-Packard Lic.
South Quesnsfesry
Wast Lothian, EH30 0FG
48-Scotland

Tei: {031) 331 1188
Telex: 72682
UNITED STAYES

ALADAMA

700 Century Patk
Sulie 128

Birmingham 35226

Tek {205} 822-6802

P.0. Box 6207
B294 Whiesbisg Br.
Huntsvilla 35802
Tel (205 8814591
ARIZONA

2336 £ Magnolia 51
Phoanix 85034
Ter (602} 273-8000
2424 Easl Magon Ra.
Tuoson 85708
Tei: {602) 273-8000

TARKANSAS

Madficat Service Ohiy

2.0, Box 5646

Brady Sigtion

Little Rock 72215

Telk (501} 376-1844
CALIFORMIA

1578 W, Shaw Ave.
Fresno 93771

Tet: (208} 224-0582

1430 East Crangethorpe Ave.
Fullgrion 92631

Tel: {714} 870-1000

5400 West Rosecrans Bivd.
P.0. Box 82195

Worlil Way Posial Center
Los Angeles 50000

Tek (213} 970-7500

TWX: $10-325-6508

South,

3330 Lankershim Boulevard
Nerth Hollywood 91604
Tak {213) 8771282

T §10-499-2671

3200 Hifview Av

Palo Alto, CA 84304

Ter (408} 988-7000 -,
4G W. Notth Market Bivd,
Sacramente 95834

Tel: 1918} 9287322

9606 Agra Drive

P.0. Bax 23333

San Dlego 82123

Tek {714) 278-3200

363 Brookhotlow 0r,
Sawnia Ana, CA 82705
Tei: {714} 643-0077

3003 Scolt Boulevard
Santa Clara 35050

Tel: (408) 988-7000

TWX: §10-338-0518

454 Cartton Courl

So. San Frantisco 94080
Tat {415} 8770772
“Tarzana

Tel: (213} 705-3344

COLORADO

5800 DTC Parkway
Engiewood 80110
Tel: 363 771.3455

CONNECTICUT

47 Barnes Indusiria Road
Barnes Park South
Wallingfard 06432
Tel: {203} 265-7801

FLORIDA

P.0. Box 24210

2727 NW. 62nd Street
Fi. Laudardale 33309
Tel: (305) 973-2600
4080 Woodeock Brive #132
Browhet Building
Jacksonvilla 32207
Tel: 904} 308-0663

£.0. Box 13910

6177 Lake Ellenor Dr.
Orfande 32809

Tet: {305} 859-2900

P.O. Box 12826

Suke 5, Bidg. 1

Offles Park Honh
Pensazola 32573

Tel: (904) 475-8422

1130 South Hoover Bivd.
Sudle 120

Tampa 33609 .
el {813} 6720900 -

GEQRGEA

P.0. Box 105005

4500 interstite Notth Parkway
Atlanta 30348

Fel: (404} 955-1500
TWX: 810-766-4890
Medical Service Only
“Auguata 30693

Tek (404) 736-0592

P.0. Box 2103

1172 K. Davis Drive
Waragr Aobins 31008
Tei: (312} 922-0449

HAWAH

2875 So. King Slrest
Honoiuhy 96826
Tel (BOB) 955-4455

LLINGIS

2%1 Prospect Rd.
Bioomington 61701
Tel: {300) 663-0383
5201 Tofiview Dr,
Rolling Meadows
5008

Tek (312} 255-0800
TWX: 10-687-2260

INDIANA

7301 North Shadeiand Ave.
Indlanapolis 46250

Tel (317} 842- 1008

TWX: 810-260- 1767

EOWA

2415 Heinz Road
fowa City 52240
Tel (319 3511020

KENTUCKY

10170 Linn Slafion Road
Suite 525

Loulsville 40223

Tek: (502} 426-0100

LOUESIANA

2.0 Box 1449

3229-3% Wiliams. Bouevate
Kennar 70062

Tet: (504} 4435201

MARYLAND

7121 Slandard Brive
Parkway indusirial Center
Hanever 21076

Tek: {301} 796-7700
TWX: 710-882- 1643
2 Choke Cherry Reoad
Rockvilie 20850
Tel: (301) 948-637¢
TWX: 710-828-8684
MASSACHUSETTS
32 Hartwell Ave,
Lexington 02173
Tek: (617} 851-B960
TWX: 710-326-8304

MICHIGAR

23855 Research Drive
Farmington Hiffs 48024
Tel: [313) 478-64G0

724 West Centre Ave,
Kalamazoo 43002

Tel: {616) 323-8362

MINNESOTA
2400 N. Prioz Ave.

St. Pagt 55113
Tek (512) 636-0700

MISSISSIPP

322 N Mart Plaza
Jackson 38206
Tel: (581} 982-9363

MISS0UR

11131 Colorado Ave.
Kaneas City 64137
Tel: {816} 753-8000
TWX. §10-771.2087
1024 Execulive Parkway
St Louls 63141

Tel: {314) 878-0200

NEBRASKA
Medicat Only

7101 Mercy Road
Suite 11

Omaha 58106

Tei: 1402} 392-0948

NEVADA
‘Las Vegas
Tek {T02) 736-6610

HEW JERSEY

Crystal Brook Professional
Buikding

Roule 35

Eatoniown 07724

Tel {201) 5421384

W. 120 Ceniury Ret.
Paramus 07652

Tel: (201} 265-5000
TWX: 70-890-4951
NEW MEXICO

P.Q. Box 11634
Stalion E

11300 tLomas Bivg., NE
Afuquergue 87123
Tei: {505) 292-1330
TWX: 916.989-1185
156 Wyatl Drive

Las Cruces 83001
Tel: (505) 526-2484
T §10-9983-0550

NEW YORK

& Autoration Lane
Compier Patk

Albany 12205

Tel: (518} 4581550
T 710-444-4051
850 Perinton Hil Office Park
Fairport 14450

Tek. {716) 223-G950
TWX: 510-253-0092

Mo. 1 Pennsyivania Plaza
55t Floor

3 Street & Bt Avenue
New York 10001

Ted: (212} 671.0800
5868 £as! Molioy Road
Syracuse 13211

Tek: {318} 455-2486

1 Grossways Park West
Woedbury 11797

Tek {516) 921-0300
TWX: 510-221-2183
Tel: (513) 67 1.7400

NORTH CARGLMA
5605 Hoanne Way
Greensboro 27408
Tel (918} 8521860

QHIO
Medical/Comprster Onidy
9920 Carver Aoad
Cincinnatl 45242
Tel {513) 891-8870
16500 Sprague Foad
Clovatang 44130
Tek: {216) 243-7300
TWE: 810-423-9430

8962 Crupper Ave,
Cotumbue 43229
Tek (614) 436-1041

330 Progress Rd.

Dayton 45449

Te {513} 859-8202

OKLAHOMA

P.0. Box 32008

B301 N. Meridan Averue

Oklahoma City 73112

Tel: (405} 721-0200

8920 €. d2ng Street

Suite 121

Tulsa /4148

Yel: (918} 6683300

QREGOM

17880 SW. Lowar Boones
Ferty Hogd

Tuaratin 97062

Tel: 503} 620-3350

PENNSYLVANIA

1021 81h Avenug

King of Prugsia bdusirial Park
King of Prusgia 19406
Teh {215} 265-7600

TWX: 510-660-2670

111 Zeta Drive
Pitteburgh 15238

Tel: (412} 782-0400
SOUTH CAROLINA
#§ Box 5442

£941-0 N Trenholn Road
Columbia 28206

Tei: (B03} 782-6493

TENNESSEE
8806 Kingston Pke
Knoxville 37918
Tel: (B15) 601.2371
3070 Diractors Row
Directors Square
Mamphis 38131
Tek 1901} 346-8370
‘Nashvilie

Medical Service Only
Tel: {515} 244-5448

TEXAS

4171 North Mesa
Suite G110

£1 Paso 78002

Tel (515} 533-3585
P.0. Box 42818
10535 Harwin 5t
Housten 77036

Tek {713} 7766400
‘Lubbock

Medical Service Oniy
Tei: (306} T99-4472
P.C. Box 1270

201 £, Arapaho Rd.
Richardgon 75081
Tel: {214} 231-5101
205 Billy Michel Road
San Antanic 78226
Tak {5121 4348241

UTAH

2160 Seuth 3270 Wes! Street
Salt Lake Clty 84119

Tet (BO1) 972-47 €4
VIRGINIA

P.0. Box 8662

2814 Hungary Spring Road
Rlchmond 23228

Tel: (804} 265-3431

Computer Systems/Medical
Onl

il
Airport Exsculive Center
Sulte 302
S700 Thurston Averwe
Virginia Baach 23485
Tel: {B04) 460-2471

WASHINGTON
Belietieic Office Pl
1203 - 114/ Ave. 51,
Beltavue 58004

Tek: (206) 454-3871
TWX: 910-443-2448
P.G. Box 4010
Spokane 39202

Tel (509} 535-0864

“WEST VIRGINIA
MedicalfAnalylicat Only
4604 Mac Corkle Ave., SE.
Charlgston 25304

Tek {304} 925-0492

WISCONSIN

150 South Sunny Slope Hoad
Brookfield 53065

Tei: {414} 784-3800

FOR LS. AREAS
NOT LISTED:
Conlect the regiona office
nearest you:
Atlante, Qeorgia. . Morth
Holly-wood, Galifornia.
Rockville, Maryland
Rolling Mesdows, linois
Their complete sddressas
&re isled above.
USSR
Hewdelt-Packard
Representative Office
UssR
Pokrovsky Baoulevard
4117 kw 12
Moscow 101000
Tel 294.20.24
Telex: 7825 hewpak su

YUGOSLAVIA

iskra Commerce, n.sol.o.
Zastopstvo Hewletl-Packard
Obilicev Venac 28

YU 11000 Baograd

Tel: 636-955

Telex. 11530

Iskra GCommerce, 18080,
Zastofrsivd Hewdett-Packard
Miklosicevs 38V
YU-§1000 Liublana

Te: 321674, 315-87%
Teiex: 31583

URUGUAY

Pabio Fenando 5.4.0.8t
Avenida Ratia 2877
Casifia ge Correo 370
Montevideo

Tel: 46-3102

Telex: 702 Pubfic Booth
Para Pablo Ferrando

VENEZUELA
Hewlelt-Packare de Venszuela
[

A,
£.0. Box 50933
Caracas 105
Los Ruices Norle
3a Transversal
Edificio Segte
Caracas 107
Tek 238-4133 (20 knes)
Telex: 2546 HEWPACK
ZAMBIA
AJ. Tibwry (Zambis) Le.
P.G. Box 2792
Lueaka
Tel 13793

MEDITERRANEAN AND

MIDDLE EAST

COUNTRIES NOT

SHOWN, PLEASE

CONTACT:

Hewlelt-Packars 5.4

Mediercanean andt Middie East
Operations

35, Kolokolroni Shieet

Plafia Kefallariou

GR-iflssia-Athens, Geece

Tel: 8080358/429

Telex: 21-65688

Cable: HEWPACKSA Athens

SOCIALIST
COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hewletl-Packard Ges.m.b.H.
Handelskal 52

PO Box 7

A-1205 Vignns, Austria
Tel (0222} 86 16 2100 27
Lable: HEWPAX Vienna
Yelex: 75623 newpak &

QTHER AREAS NOT

LISTED, CONTACT:

Hewletl-Fackard
intercontinental

3485 Deer Creek Road

Pato Alto, Cakfornia 94304

Tel: {415) 858-1501

TWX: §10-373-1267

Cable: HEWPACK Paio Alto

Telew: 034-8300, 0348483

Hewlelt-Packard 5.4,

7, tue di Bolg-dy-Lan

P.0. Box

CH-1217 Meyrin 2 - Gehave
Suitzerand

Tl (022} 82 70 00

Cable: HEWPACKSA Genava
Telex: 2 24 86

‘Sarvice Only
2-15-80



Model 652A

Appendix C
MODEL 652A
TEST OSCILLATOR
Manual Serial Prefixed: 623, 632, 812,
826,911,954,
0964 A.
-hp- Part No. 00652-90002

This manual backdating sheet makes this manual applicable to earlier instruments.
Instrument-compenent vaiues that differ from those in the manual, yet are not listed in
the backdating sheet, should be replaced using the part number given in the manual.

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manuat Changes
632-00250 and below No. 1 1226A-04170 and below | No, 7
954-02135 and below No. 2 1226A-04309 and below No. 8
Blue Instruments No. 3
Below 0964A02771 No. 4

0964 A03070 and below No.5
911-01736 and below No. 6
CHANGE No. 1 Delete A2C25%

Delete A2R46

Change A2CI11 to 200 microfarads, -hp- Part No. 0180-0060.

Change A2CRS to a breakdown diode, 7.87 V +/- 2%, -hp-
Part No. 1902-0778.

Change A2Q7 to 2ZN3393, -hp- Part No. 1854-0218.

Change A2R25 to 11.75K, -hp- Part No. 0757-0757.

Change circuitry associated with A2Q7 in Figure C-1.

5 *J»CET
HELTBK [B-]
?.
r2s*
1K
J,Cl 1 QT
+ T 200
R23
a7 CRE
CR9
< REZ
2K
CR%
™
A C23
L8
v
TPz

Figure C-1. P/O Oscillator Circuit,

C-1
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CHANGE No. 2 Table 7-1, Page 7-9:
Change the -hp- Part No. of W1 to 8120-0078.
Table 7-1, Page 7-8:
Change the -hp- Part No. of MP32 to 00651-00202.
Table 7-1, Page 7-7:
Change the -hp- Part No. of I1 to 1251-0148,

CHANGE No. 3 Table 7-1, Page 7-8:

Change the -hp- Part No.
Change the -hp- Part No.
Change the -hp- Part No.
Change the -hp- Part No,
Change the -hp- Part No.
Change the -hp- Part No.
Change the -hp- Part No.

of MP29 to 5040-0642
of MP31 to 5060-0739
of MP34 to 5060-0766
of MP35 to 5000-0732
of MP36 to 5000-0733
of MP41 to 5060-0751
of MP42 to 0065200201

Table 7-1, Page 7-9:
Change the -hp- Part No. of Rack Mount Kit to 00632-84401.

CHANGE No. 4 Table 7-1, Page 7-8:

CHANGE No. 5

Change the -hp- Part No.

of MP18 to 1205-0008

Add  Nut: heat sink P/O MP18

Table 7-1, Page 7-9:

Add  Insulator: washer (for MP18)

Table 7-1, Page 7-4:

Change the -hp- Part No.
Change the -hp- Part No.
Change the -hp- Part No.
Change the -hp- Part No.
Change the -hp- Part No.

of A10Q2 to 185G-0107
of A1Q3 to 1853-0007
of A1QS to 1850-0107
of ATQ6 to 1850-0062
of A1Q7 to 1853-0007

NOTE: The recommended replacement for
these five transistors is the 1853-0012 shown
on Page 7-4.

CHANGE No. 6 Figure 6-3, Page 6-7/6-8:
Delete AICR12 from Al component locator.
Figure 6-4, Page 6-9/6-10:
Dejete AICR12 from Al component locator and schematic.
Table 7-1, Page 74:
Defete AICR12 from Al assembly.

C-2

Annandiv A ARl £07 4



Model 652A

CHANGE No. 7

Page 4-3:
Replace Paragraphs 4-29 through 4-32 with the following

paragraphs:
4-23, REGULATED POWER SUPPLY.

4-30. The regulated power supply provides all voltages
required by the test osciliator circuits. The power supply
consists of a +30 volt series regulated supply and a -25 volt
series regulated supply which is referenced to the +30 volt
cireuit,

4-31. The + 30 volt regulated supply is of the conventional
series regulator type. The emitter follower A1Q2 isused 1o
icrease the loop gain of the circuit, thus improving voltage
regudation. The + 30 volt adjustment, AIR4, seis the +30
volt and - 25 volt supply output level,

4.32, The -25 volt regulated supply is of the conventional
series regulator type and operates the same as the +30 volt
supply. A current limiter, A1Q7 has been zdded to limit the
icad current to a set value. When the load current exceeds
the set value, the current limiter conducts, causing the series
regulator Q2 to reduce the cutpul voltage level until the load
causing an excessive cureent is removed, Diodes AICR6G and
AICR7 protect the control transistor, A10Q6, against short
circuits between the two voltage supplies, or short cireuits in
the output of the -25 volt supply.

Page 5-8:
Replace Paragraph 5-26 with the following paragraph:

5-26. Power Supply Voltage Adjustments,

a. Connect de¢ voltmeter to power supply positive
output, connector point L{Refer to Figure 6-4.)

b. Adjust AlR4 (* 30V adjust) for an indication of
+30V on dc volimeter. If ATR4 does not have sufficient
range, change AIRS*.

c. Connect de voltmeter 1o power supply negative
output, connector peint 2; de voltmeter should indicate
-253V £ 0.75 V. If negative supply output is not within
tolerance, change value of resistor AIRIZ¥ to obtain
specified output. Decrease value of ALRI3ZY 1o increase
negative supply voltage; increase value of AIRI3* to
decrease negative supply voliage.

Page 5-9, Figure 5-7 and Page 7-3, Figure 7-2.

Change Al adjustments as in Figure C-2.

At

AIR4

AIR23
mcsﬁ@ @

Figure C-2. A1 Adjustments.

Appendix C
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APPULHULA

Page 5-17, Paragraph 5-51:
Change troubleshooting irformation Steps

®

®
@

to the following:

Check the power supply connections to externat
circuits, and check the resistors in series with the
connections (A2 Pins 1, 2,6 and 7; A3 Pin 4 and
7o AIRIT, ATR24, ALR26 and Al R28).

A procedure for checking the oscillator circuit is
given: in Paragraph 5-53,

False if either or both voliages are not correct. I
the 4 30 V was correct in Step 4, check only Al
Pin 7.

a. i only the -23V supply is inoperative,
proceed to branch 9.

b. The -25V supply is referenced to the
+30V. Lift one side of AIRI3 to isolate the
supplies. from cach other; if the + 30V supply
now operates normaily, proceed to Step 9; il it
does not, remove extemal circuits by disconnec-
fing A2 Pins 1 and 6, A3 Pin 7 and AIR17, If the
supply now operates, then the trouble is in the
external circuits. If the supply still does not
operate, check Q1, A1QZ2, A1Q3, AICRI and
AlCR2.

Isolate the - 25 V supply from exfernal circuits by
disconnecting A2 Pins 2 and 7, A3 Pin 4 and
AIR24, AIR26 and AIR28. If the supply now
operates, then the trouble is in the external
circuits; if’ the supply does not operate, check Q2,
ALQS, A1Q6, ALQT, AICR3 and AICR4,

Page 5-21/5-22, Figure 5-11:
Change Step 7 of the troubleshooting tree to 43 V ac at Al
pin 5,40 Vacat Al pin 7.

Page 6-3, Figure 6-1:
Change the Regulated Power Supply block diagram as in

@ through

Figure C-3.
sz REGULATED POWER  SUPPLY s
Al PIN 5
43vVAl
I * +30VDC
[ T
it + SUPRLY REFERENCE
i DICDE
~_].m ! AICRS
LINE i %7
1 FILTER ]
|
v EE - SUPPLY ~25vDC
i

C4

R L A

Al FIN &
40VAC

Figure C-3. Power Supply Block Diagram.

Model Do 2ZA



MOUelL 8324 APPUHULA

Page 6-7/6-8 and 6-5/6-10:
Change the Al Component Locator drawing as in Figure

C-4.
R Al ASSEMBLY s,
MONITOR CHRCUIT POWER SUPPLY
68—"—‘ BLK
t— wrrseu
l:j "
- E ELwHT/eRNAIO
~a—§ -
a :Xg ‘r § @gg———wmmﬂwaw
Sl S _aw
H¥ e, g@@@ i

@@@ éi@ﬁ:gsg ... @. o2 wHT/BRN/ORN

0wl B e

S A i e i @ET); Pz i3 ‘Pa

QRN VIO RED WHT/BLK /GY
WHT/RED/ORN WHT/GRN
WHT/RED/VIO WHT/YEL

TR0 0827

Figure C-4. Al Component Locator, -hp- Part No. 00652-66502.

Page 6-9/6-10, Figure 6-4:
Change the Power Schematic drawing as in Figure C-5.

[wc Al l POWER SUSPLY (00652 BRA03T l

+20v !
b ¥g |
i e
e <R
CRET i
H
for i
T §, G2 9§90 41 I
BT ] e
. i - " 230w
g b D B
i (5 s
| 3
| l
03 -
1 & CRIZ
i
IE N :
! '
it
b i as® * it
i 1560 7500 5}
J §
H 1
S\ 1 ez le 1
£ iv
| Y
| ks |
| $on @E o
i
I i SEE WOTE B
HI H
g g, cm
£ b Jes * ——-I
i ¥
H bl L3
£
i + 1
i { a® t
P 4y o
:E ok FEear
I 3
1
e 1
IE ! o 1
|£ ! s
|
I
1
1
: H
: + iy v L
i 1 h Lo ssa ¢
; @
@
i
; W i omeo
H w0 ] 3800 ]
! i £ ]
£ ¢ =) [}
; L]
: = \ N
'
Bt
i ; o
i 4K
i
i
13

it
EX

¢ == AU
| e
o F@T
vty E h ) 2
'

Figure C-5. Power Supply Schematic Drawing.
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Page 7-4 and 7-5:
Change the Al Replaceable Parts List as in Table C-1.
Change Q1 1854-0063 and Q2 18353-0305 to 18500098,
TSTR: Ge PNP.

Table C-1. A1 Replaceable Parts.

REFERENCE | -lp- - — . .
DESIGN ATON SART NO. TQ DESCRIPTION MFR. MFR. PART NO.
Al 00652~ 68502 1 P¢ baard: power supply 284380 | 00652-86502
A1CT Not assigned ”
Alce 01890045 2 C: fxd Al elect 20 pF +75% -10% 25 vdew 56289 | 0BD206GO2S DB2-
D&M
A1CS 0180-0149 4 C: fxd Al elect 65 pF +100% -10% 60 vdew | 56289 | (Type 30D) D36978
A1C4 Not assigned
AICS 0150-0045 C: ixd Al elect 20 uF +76% -10% 25 vdew 56289 | 30D206G025 DR2-
DEM
ALCE 0180-0149 C; fxd Al elect 65 uF +100% -10% 60 vdew | 568239 | (Tvpe 30D) D26978
Al1CT, ALCS Not assigned
AlCo 0158-0084 4 C: o fwd cer 001 o F +80% -20% 50 vdew 56289 1 33C41 ohd
ALCIO 0180-0061 3 C: fxd Al elect 106 o F +75% -10% 15 vdew | 56269 | 30D10TGO15DC2-
DEM
AICIL 01860062 3 C: Ixd Al elect 300 uF +75% ~10% 6 vdow 56283 | 30DI07GO0EDF2-
DSM
A1C12,A1C13 | 0180-0058 2 C: fxd Al elect 50 uF +75% -10% 25 vdew 56289 Gognggsmzsccz-
38M
A1CH4 0180-0061 C: fxd Al elect 100 wF +75% ~10% 15 vdew | 56288 3@;});0{70015%&
<
AlCIS 01210127 3 C: wvar air 1.7 {0 14.1 pF 74970 ] 189-5056-5
AlC1S 0180-0284 2 C fxd Al elect 200 w F +75% -10% 30 wdew | 56283 | D38558
AICIT,ALCIB | 0180-0149 C: fxd Al elect 65 uF +100% -10% 60 vdew | 56289 | (Type 30D) D3I69T8
ALCR1 thru 19010158 4 Diede: $i 260 piv 04713 | SR 1358-3  ohd
AICR4
AICRS 1902-004% 1 Diode: breakdown 7. 3% V 22% 400 mWelass 1 07263 | obd
AICRE, AICRT | 1601-0025 10 Piode: 51 100 mA at «1 V 100 piv 12 p¥ 03877 1 SG 817 obxd
AICRE, ATCRS | 1501-0347 2 Diode; 8i PNP ~hp-
AICRIO 1910-0016 Diode: Ge 60 wiv 1 ms 03877 | S3185G abd
AICRI11, 15016025 Diede: 51100 wA al +1 V 100 piv 12 pF 03877 | 56 817 obd
AICR12
AlQ1 Not assigned
A1Q2 thru 1853-0012 & TSTR: Si PNP JEDEC Type ZN2904A 04733 | 2N2904A cbd
A1Q7
A8 1854-0071 2 TSTR: Si NPN 2N3361 28480 | 1854-007%
ALQ 1834-0042 1 TETR: §i NPN SM 3670 04713 | SM 1570
AR 0683-3925 4 R: fxd comp 3900 § 5% 1/4W 61121 | CH3925
A1R2 0686-7525 1 R: fxd comp 7500 2 +5% 1/2 W 0112t | ER7525
AIR3 0687-3821 1 R: fxd comp 3200 0 +10% 1/2 W 01121 | Em3szt
AiR4 2100-0099 : R: var comp lin 2000 © £30% 0,15 W 71450 | UPM-TORE{-hp-) obd
AIRE* 06837525 1 R: fxd comp 7500 @ 45% 1/4 W 01121 | CRB7523
AIRS 06533025 1 R: fxd comp 3000 {3 5% 1/4 W 01121 | ©B3025
AIRY 05433925 R: fxd comp 3900 & +5% /4 W 03121 | CB3925
AIRS 0687-1531 1 R: fxd comp 15 KR 210% 1/2W 01121 | EBI531
AIRS 0BBI-DE1S 2 R: fxd comp carbon 9,10 £5% 1W 01121 § GBSIGS
ALRID 0643-8215 3 R: fxd comp 820 0 +5% 1/4 W 01121 ! CB8215
AlRIL 0583-4335 2 R: f{xd comp 43 K0 5% 1/4 W 01121 § CR4335
AIR12 0757-003¢ 1 R: fxd met flm 5030 0 21% 1/2 W 75042 | CEC T-O obd
AIRIS* 0683-3615 2 R: ixd comp 360 2 +5% 1/4 W
AR14 0757-1013 H R: fxd met flm 6000 0 231% 1/2 W 75342 | CEC T-0 obd
ALR1S 0589-0915 R: fxd comp carbon 9,10 :5h 1 W 01121 | GRIIGS
AIRIE Not assigned
AIRIT 0584-1001 i R: fxd comp 10 2 +10% 1/4 W 01121 | CB1GO1
AIR1E, AIR1Y (683-2025% 3 R: {xd comp 2000 £ 5% 1/4 W 01121 | CpB26G25
ARZG 0683-3935 2 R: fxd comp 39 K& +5% 1/4 W 01121 | CB3935
AlR21 Not assigned
AIR22* 0683-8215 R: fxd comp 820 013% 1/4W 01121 | CBE2LS
AIR22 2100-0282 1§ R: ovar ww 2000 @ 4205 11172 W 11238 | 110 obxt
ALR24 0687-1031 1| R: Ixd comp 10 K2 #10% 172 W 01121 | EB103: obd
AIR2S 0684-1011 2 | R: fxd comp 100 £ +10% 1/4 W 01121 | CB101:
ALRZ6 0683-1535 1| R: Ixd comp 15 K2 +5% 1/4 W 01121 | CB1535
AIR2T7 0648-0026 1| R: fxd mel fim 1690 & 1% 1/2 W 19701 | MFTC T-O  obd
AIR28 0683-511% 1| R: fxd comp 510 02 +5% 1/4 W 01121 | CBSH115
AIR29,
AIR3D 0883-3925 R: fxd comp 3900 2 25% 1/4 W 01121 | CB3925

C-6
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CHANGE No. 8
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Page 5-9, Figure 5-7:

Change A2 adjustments as in Figure C-6.

2]
& azcia

. = DU S

@A?Ri?
AZTPI®  ®AZTP2

] fginzes

H_H.

|

T

Figure C-6. AZ Adjustments.

Page 5-11:
Replace Paragraphs 5-29(d), (h), (i} and 5-30{c), {d), and

(e} with the following:
529, Freguency Dial Calibration.

d. Record A2TP2 voltage. This voltage should be
between -(0.32V 10 -040V in a calibrated instrument;
however, at this point in the Calibration Procedure, it could
be up to 200 mV outside this range. It is not necessary to
correct the voitage as this will be done later in the
procedure {Paragraph 5-30)

k. Record A2TP2 voliage.

i Set 652A FREQUENCY dial to 0. Readjust S1C2
ang S1C7 alternately uniil counter indicates [requency of
10 kHz and A2TP2 voltage equals voltage recorded in Step
h,

530. X1K Range Adjustments.

c. AC Voltmeter should indicate 110 & [0 mV rms. If
A2TPi voltage is nol in tolerance, change value of AZRIG*
to bring voltage within spacified limits {increase valug of
A2R167 to decrease A2TPI voltage, and vice versa), Do not
solder A2R16* in place at this time.

d. Note dc¢ voltage on A2TP2, which should be within
SA00 mV to - 320 mV. If not, change the value of SIRS®
and SIRI8* simultanecusly (See Table 56) until A2TP2
voitage is within telerance and frequency is | klHz, Do not
solder the resistors in place,

e, Repeat Steps ¢ and d of this paragraph {if necessary)
untit A2TP%, A2TP2 and the frequency are ali within
tolerance. Solder AZR16%, SIRS™ and SIR18* in place.

LRPPIULERELA N
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Page 5-18:
Replace Paragraph 5-53(c¢) with the following:

553. Troubleshoeting the Oscillator Circuit.

¢. If there is ne signal at A2 Pin §, isolate the Peak
Betector by lifting one side of A2CH! and the emitter of
A2G7, if the oscillator comes on, check the Peak Detector
components. If thers is no apparent fault in the Peak
Detector, it is possible that AZR16™ may have an incorrect
value, this i3 likely to oceur if other components {such as
A2CREG, AZCRT, A2Q2, and A2Q3) have been replaced. To
check this reconnect the peak detector, replace A2Ri6*
with. a 500 ohm potentiomster, switch the 652A to the
XIK range and vary the value of the potentiometer, while
tuning the dial over its entire range,

Page 64

Change A2 Component Locator drawings as in Figure /7.
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C-§

Appendix C

12 ASSEMBLY
SOMPOAEXT L0CATIONS

CICRIL|QIR R
LB bz Be|CLpCrdoe e
2 CT nz EZ | D1 [#53 21 +3
ap2ipairr (bt ferhos|ome
4 BE cz ES% Fl [ 28 o]
s{cziprimsire et bwios
G ni D3 BS Az Ct 31 <5
T4 e E5 [ DL QA | .-
] Ci o3 B3 [ DI 3 25
904 b3 w5 [pt §odios

1 | o4 #5s b fas o5
11Dz s [pe f3s§os
12! p3 as {eadorier
3 Cs 4 f 3| Ee
4} CT oz b oae ! ows
15 | BT cz fao | e
6| Be o3 41| g
FE ] s 4z | B
e R EUR
| Be D3 § 44 | BT
| En D4 § a5 | B
] Bl Yes 4| D2
2% Cr e
23 A m
24 ] Cs o3
25 86 03

Model 657A




Model 6524

Page 6-5/6-6, Figure 6-2:

Change Oscillator Schematic

Figure C-8,

and Component Locator asin

8308 -J-0006T

Appendix C

Figure C-8. Oscillator Schematic.

Page 7-6, Table 7-1:
Change AZRI16 from 2100-2604 to 0757-0410, 301 &,

£ 1%, 1/8 W,

Add AZRIB* 0684-1011, 100 2, + 10%, 1/4 W.
Pelete A2R47.
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FEEDTHRU TERMINATION

1. The -hp- Models 11048C, 110948 and 110935A Feedthru
Terminations can be used with any device having an input
or output impedance of 50 ohms, 75 ohms or 608 ohms
respectively, (See Table of Specifications). '

2. Aview of the 11648C is shown in Figure i. Figure 2
shows an exploded view along with parts identification.
Table 2 gives a description of terminating resistor Rl for
each of the feedthru terminations.

Tabie 1. Specifications.

OPERATING NOTE

Figure 1. 110480 50 Om Feadthry Tormination.

Table 2. Resistor R1: Fixed Metal Film,

11048C 110948 11095A Model Description | -hp- Part No.

Tnput: 560 2%|75Q% 2% 60002 %1% 11048C | R: 50Q = 1% 1 W 0698-8155
Output: 500 2% | 7SQ+ 2% | 6002 %1% 11094B | R: 75Q % 1%1W 0698-8154
Power Rating: | 1.00 Watts 1.00 Watts 0.25 Watts 11095A | R: 6002 £ 1/4% /4 W | 09686261

RESISTOR

FIXED

Ri

| CONNECTOR
BNC FEMALE

Nas8f -8 -1128

‘ 1531-0246 "
\CONNECTOR

1250-0083

: CONDUCTOR
CENTER PIN
1104827603
SLEEVE
THREADED

BNC MALE
1250-0052

11048C, 11094, 11095A-90004

Figure 2. Exploded View,

November 1971
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FOR MORE INFORMATION, CALL YOUR LDCAL HP SALES DR SERVICE OFFICE or East (201} 265-5000 & Midwest {312} 255-9800 @ South {404}
955-1500 & West (213) 970-7500 or {415} 968-9200;0R WRITE, Hewlett-Packard, 1501 Page Mill Road, Palc Aito, Califarnia 94304.
IN EUROPE, CALL YOUR LOCAL HP SALES GR SERVICE GFFICE DR WRITE, Hewlett-Packard S.A., 7, rue du Bois-du-Lan, P.Q. Box CH-1217 MEYRIN 2
-Geneva, Switzerland. IN JAPAN, Yokogawa-Hewtett-Packard Ltd., 9-1, Takakura-cho, Hachioj-shi, Tokyo, Japan 192,
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HEWLETT
(ﬁf’ PACKARD'

CERTIFICATION

Hewiett-Packard Company certifies that this product met its published specifications at the time of shipment from the
Jactory. Hewleti-Packard further certifies that its calibration measurements are traceable to the United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities
of other International Standards Organization members.

WARRANTY

This Hewiett-Packard product is warranied against defects in material and workmanship for a period of one year
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty
shall be for the specified period]. During the warranty period, Hewlett-Packard Company will, at its option, either
repair or replace products which prove to be defective. '

For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product tc Buyer. However, Buyer
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country.

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its

programmiing instructions when properly installed on that instrument. Hewleti-Packard does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer,
Buver-supplied software or interfacing, unauthorized modification or misuse, operation cutside of the environmental
specifications for the product, or improper site preparation or maintenance.
NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY

DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPGSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
' ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available jor Hewlett-Packard pro-
ducts,

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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/2 MANUAL CHANGES

-hp- MODEL 652A

TEST OSCILLATOR
Manual Part Number 00652-30006

l MNew or Revised ltem
ERRATA

v Paga 1-2, Tehie 1-1. Change Power Requirements to read, "118 V
+10%, 48 to 440 Mz, or 230 V + 10%, 48 to 66 Hz, 30 VA
nominal, 35 VA maximum.

«" Pags 2-1. Change Paragraph 2-6 to read, ‘‘the Model 8524 will
operate from a power source of 115 V £ 10%, 48 to 440 Hz, or
230V +10%, 48 to 66 Hz. Line Voltage selection is made by
setting the rear panel LINE SELECTOR switch. A 0.4 ampere
slow-blow fuse is used for both 115 V and 230 V operaticn.

+ Paga 2-1, Paragraph 2.14. Delete from last sentence “‘and instruc-
tions furnished with your instrument,”’ and add “'-hp- part number
5060-8740.""

~Page 5-11, Paragraph 5-29, Step d and Step k. Change =5 mV to
+ 10 mV,

«~Paga §-5i6-5, Figure 6:2. Change AZR47* to 274 0.

w-Page 6-7(6-8, Figure 6-3. Change A3C4* to 47 uF.
Change C11 to 1.7 - 14.1 pF.

.« Paga 6-9/6-16, Figure 6-4. Delete ATR32 and connect A1U2 pin 3 to
iunction of A1R31 and A1CR20. Add a connection from ATU1
pin 4 to ground.

" Paga 7-5, Table 7.1, Delete A1R32.

" Page 7-6, Table 7-1. Change AZCR4 to 1901-0033,
Change AZCR8, CR7 to 1801-0014.

+"Page 7-1. Tabla 7-1. Change A2ZR47* to 0757-0490, 274 Q.
Change A3C11 te G121-0127, 1.7 - 14,1 pF.

" Page 7-9, Table 7-1. Change MP18 to 1205-0220.
Change Rt to 0683-2235, 22 k2 5%.

" Page 7-16, Table 7.1, Change S1C8 to 0150-0045, 8.2 pF.
Change S1C14* to 0140-0002Z, 10 pF.

Page 7-8/7-10. Delete the asterisk (%), which denotes a component
that may be padded, on the following components:

C3*, CB* 0140-0146 CUfees GBS MG &E 27 beEc £ - D
€1+,C13%,C17*  0150-0011
C16*, C18* 0150-0029
c9*, C11* 0160-0763
C16*, C7* 0160-2322
R2* 0686-1545
R1O* 0686-1855

Pags 1-8. Detete MP15 (Fuse Molden) 2110-0359. Add to Chassis
Components list the following items: '

-hp- Part No. TQ Description
2110-0584 Fuseholder
2110-0565 Cap-Fuseholder -

2110-0569
1400-0080

Nut-Fuseholder
Washer

—_

1+ JPage 710. Change S3 Power Switch to 3101-2147.

27 November 1978 Supplement A for 00652-900086






