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CERTIFICATION

Hewlett-Packard Company certifies that this instrument met its published
specifications at the time of shipment from the factory. Hewlett-Packard
Company further certifies that its calibration measurements are traceable to the
United States National 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 AND ASSISTANCE

This Hewlett-Packard product is warranted against defccts in materials and
workmanship for a period of one year from the date of shipment, except that
in the case of certain components, if any, listed in Section [ of this operating
manual, the warranty shall be for the specified period. Hewlett-Packard will, at
its option, repair or replace products which prove to be defective during the
warranty period provided they are returned to Hewlett-Packard, and provided
the proper preventive maintenance procedures as listed in this manual are
followed. Repuirs necessitated by misuse of the product are not covered by this
warranty. NO OTHER WARRANTIES ARE EXPRESSED OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
HEWLEIT-PACKARD IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES.

If this product is sold as part of a Hewlett-Packard integrated instrument
system, the above warranty shall not be applicable, and this product shall be
covered only by the system warranty.

Service contracts or customer assistance agreements are available for
Hewlett-Packard products.

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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Section [

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 oscillator has a
sine-wave output that is adjustable from JO microvolts to
3.16 volts into 50 or 600 ohms. The Model 652A Test
Oscillator js shown in Figure 1-1, and the specifications are
given in Table (-1.

J-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 Jines and many distribution systems, The 50
obm connector provides an output for circuits needing a low
source impedance.,

)4. The Model 6S2A Test Oscillator output voltage is
constantly monitored at the input to the attenuator by an
internal voltmeter. The volimeter has two scales for RMS
voltage readings, and a dBm scale referenced to | milliwatt
into 50 ohms. The meter scale can be expanded and used 10
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.

(-5. The OUTPUT ATTENUATOR, in conjunction with the
AMPLITUDE control, allows any output voltage ftom 10

INFORMATION

microvolts to 3.16 volts to be selected, when matched into a
S0 or 600 ohm load.

1-6. ACCESSORY FEATURES.

1-7. The accessory furnished with the Model 652A is the
-hp- Mode! [1048C 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 10 a
device with an impedance greater than 50 ohms. The
specifications for the Model 1{048C 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 IDENTIFICATION.

1-9. Hewleti-Packard uses a two-section serial number The
first section (prefix) identifies a series of instruments. The
last section (suffix) identifies a particular instrument within
the series. [f a letter is included with the serial nuinber, it
identifies the country in which the instrument was manu-
factured. If the serial prefix of your instrument differs from
the one on the title page of this manual, a change sheet will
be supplied to make this manual compatable with newer
insiruments or the backdating information in Appendix C
will adapt this manual to earlier instruments. Al corre-
spondence with Hewlett-Packard should include the com-
plete serial number.
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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 and 1 M-~ to 10 Mz,

Output:

Maximum: 3.16V into S0 vr 600 ohms
6.32V open c¢ircunt
+23 dBm into SO chms

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

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

Flatness (Amplitude readjusted to a reference on the
output monitor):

Range Frequency
10Hz 20Hz 4MHz JOMHz
3Vand 1V 2% ) % 24
3Vito 3mV 2.5% | 1.5% 2.5%
1 mVv 3% 2% 3%

*This specification applies only at 511 ohm output. The
response above | MHz at the 600 ohm output s affected
by capacitive loads.

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

Distortion. less than 1% 10Hz to 2 MHz
less than 2% at 2 MHz to 5 MHz

‘ess than 4% S MHz to 10 MHz

Hum and Noise: less than 0,05% of maximum
rated vutput between |0 Hz and 10 MHz.

Output Monitor:

Accuracy: +/-2% of full scale.

Voltmeter monijtors level at input of attenuator n
volts or dB. Top scale calibrated in volts;
bottom scale in dB. Ixpand scale: expands
reference voltage of the Normal scale from 0.9
to 1.0 or 2.8 to 3.2.

Attenuator:
Range: 90 dBin 10 dB steps.

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

Amplitude Control: 20 dB range: coarse and fine.
Amplitude Stability: +/- 2% per mo., 20° C to 30° C
Temperatuiz Range: 0° Cto + SO C.

Power Requirements: 115V or 230V +/- 10%, 30 W,
48 Hz 1o 66 H2.
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Section II

SECTION 1l
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains infornination and instructions
necessary for installing and shipping the Model 652A Test
Oscillator. Inclugded are ininal inspection procedurcs, power
and grounding requirements, environmental information,
mstallation instructions and instructions for repackaging for
shipment,

2-3. INITIAL INSPECTION.

24. This instrurnent was carefully inspected both mechaai-
cally and electrnically before shipment. It should be freec of
raars or scratches and in peclect electrical order upon
receipl. To confirm this, the instroment should be in-
spected for physical damage mcurred in transit. 1 the
instrument was damaged in (ransit, Hle a claim with the
carrier. Check for supplied accessones (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.

2-6. The Model 652A wi!l operate from either 115 or 230
volts ac, 48 — 66 llz. The instrunient can be easily con-
verled from (15 to 230 volt operation by changing the
position of the shde swatch tocsted on rear panel, so that
the designation appearing on the switch matches the nomi-
nal voltage of the power source. A 0.4 ampere, slow—blow
fuse is used for 115 and 230 voll operalion

2-]. Power Cords.
2-8. Figure 2-1 illustvates the standard power plug config-

urations thal are vused throughout the United States and in
other countries. The -hp- part number directly below each

8120-1351 81201889

: 125V — GA" N 260V = 6A"

3
AN Y
' %‘; \&\\\‘

8120- \m\”' 9 8120-0898

81201389

STD-8-4195
‘UL ISYED FOR USE IN TI'C UNATED STATES OF AMERICA

Figure 2-1. Power Cords.

drawing is the part number for a 652A power cord
equipped with a power plug of that confizaration, If the
appropriate power corxd is not included with the ingiru-
ment, notify the nearest -hp- Sales and Service Office and a
replacement cord will be prownided.

2-9. GROUNDING REQUIREMENTS.

2-10. To protect operating personnel, the National Electri-
cal Manufacturer’s Association (NEMA) recommends that
the instrument panel und cabinet be grounded. The Model
652A is equipped with a three—conductor power cord
which, when plugged into an appropriate receplacle,
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 1ransistornized; there-
fore, no special cooling is required. 1lowever, the instru.
ment should not be operated where the ainbient teropera-
lure exceeds 50° C (122° F).

2-13. RACK/BENCH INSTALLATION.

2-14. The Model 652A is initially shipped as 1 bench-type
instrument (unless ordered speaifically as a rack type) wilh
plastic feet and a tilt stand in place. Conversion to 3 rack-
mounted instrument can be accomplished by using the rack
niounting kit and instructions furnished with your insiru-
ment.,

215, REPACKAGING FOR SHIPMENT.

2-16. The following 1s 3 general guide for repackaging for
shipment If you have any questions, contact your local
-hp- Sales and Service Office. (See Appendix B for office
localions.)

NOTE

1f the instrument is (o be shipped to Hewlett-
Packard for service or repair, attach a tug to the
wmstrument identifying the owner and mdicating
the service or repair to be accomplished,
include the model number and full serial
number of the instrument. In any correspond-
ence, dentify the instrument by model num-
ber, serial number and serial number prefix.

3 Place instrument in original container if available. [f
original container s not available, a sumtable one can be pur-

chased from your nearest -hp- Sales and Service Office.

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

c. Use plenty of packwe material around all sides of
irstrument and protect panei fuces with cardboard strips.

2:2

Model 652A

d. Place mstrument and inner container in a heavy car-
ton or wooden box and sual with strong tape or metal
bands.

[TERN i¥]

e. Mark shipping contanier with “elicate Instrument,
“Fragile, etc.
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SECTION
INSTRUCTIONS

OPERATING

3-1. 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 microvolts 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.

34. Figure 3-1 identifies and describes the function of all
the front and rcar panel controls, connectors, and indicators
on the Model 6524,

3-5. ADJUSTMENT OF MECHANICAL ZERDO.

3-6. The output 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 Jeast 20 minutes, to let the meter movement
reach normal operating temperature.

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

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

3-7. OPERATION.

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

a. Set the slide switch (SS) to the proper line voltage
(115 V or 230 V at 48 — 66 Hz), and coonnect the
selected primary power to the Test Oscillator.

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

c. Set FREQUENCY RANGE swiich and
FREQUENCY Dial to desired output frequency.

d. Set OUTPUT ATTENUATOR switch to desircd
voltage range.

Section 11]

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

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

. Thc output monitor, M1, indicates the rms value of
the output voltage, and the power level in dBm for
resistive loads of SO ohms. The output voliage level
is obtained by multiplying the monitor scale reading
by the monitor scale multiplier which appears on
the OUTPUT ATTENUATOR switch. Usc 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

Ry

oQ

X2V

Output Voltage = Ry + Rg -

Where,

R} = Load Resistance (Terminating
Resistance)

Rg = Source Resistance (Output
Impedance of Oscillator)

Vi = Model 652A Qutput Monitor
voltage indication multiplied
by the output attenuator vol-
tage setting.

Problem: A 600 ohm load is placed on the 50 ohm output
connector. T'he Model 652A output monitor indicates an
output of 0.9 volis, 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 Mode! 652A.

Solution: The actual output voltage is calculated as follows:

Output Voltage = 600 X2 (0.9) = 1.66 volis
600 + 50

If the monitor were to indicate this 1.66 volts, then the
power level indicated would be +17.3 dBm (on the +20 dBm
range). ‘lhe 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 Figure 3-2: for this
example, using a 600 ohm load, it would be —10.8 dBm. The
actual power level in the 600 ohm load, then, is +6.5
dBmi[17.3 dBm + (—10.8 dBm)]

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

(2) FREQUENCY RANGE Switch (S1). Selects one of six
frequency ranges, from 10 Hz to | MHz.

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

@ Mechanical Zero Adjust: Allows oulput monitor to be
mechanically zeroed, when mstrument is off.

@ OUTPUT ATTENUATOR: Altenuates test oscillator
output in nine steps of 10 dB each.

®Output Connectors (J2 and J3): Provides the output
signal, at impedance levels of SO ohms and 600 ohms.

@ AMPLITUDE Coarse and VERNIER Conirols. Controls
amplitude of signal applied to OUTPUT
ATTENUATOR.

(18) 115230 V Slide Switch (S5): Sets instrument to

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

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

(10) FREQUENCY VERNIER: Provides a fine frequency
adjustment for FREQUENCY dyal.

@ I.INE ON Switch (S3) and Pilot Lamp: Switch apphes
primary power to instrument; pilot lamp glows to
mdicate apphication of primary power.

INDICATOR LIGHT: Glows when power swilch is set
to “LINE™.

Adjusts

operate from a primary power source of either 115 Vac
or 230 Vac.

FUSE (F1): 04 amp fuse protects instrument [rom
overloads.

@Primary Power Connector (J1): Connects pnmary
power to test oscillator.

IDENTIFICATION PLATE: Shows instrument serial
nuraber.

(1) POWER TRANSFORMER (T1),

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

3-2
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h. Set MONJTOR switch 10 EXPAND position.

NOTE
To use the EXPAND funcuon of the
Model 652A perform steps h through j.

Adjust REF SET controls untid desired reference is

i

indicated on the percent scale of the output

monitor.

To obtain a reference on the oulput

monitor the monitor indication must be
in the top 10 % of scale. If not, the REF

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

j-

have sufficient

not
range (0 establish a reference.

SET controls will
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Section IV

SECTION 1V
THEORY OF OPERATION

41. GENERAL DESCRIPTION.

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
a2 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 oscillator
circuit to stabilize the output signal. The power amplifier
circuit is used to increase the output power available at the
50-chm and 600-ohm output connectors and to improve the
frequency stability of the output signal with changing output
loads. The output attenuator provides a means of attenuating
the signal at the output connectors in nine steps of 10 dB
each. The normal monifor circuit monitors the signal level at
the input io the atienuator. 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 cjrcuits.

4-3. CIRCUIT DESCRIPTION.

d44. Refer to Figures 6-2 thru 64 for the following
discussion.

4-5. OSCILLATOR CIRCUIT.

4-6, The osallator circuit generates a sinuscidal signal at the
frequency selected by the RANGE switch and FRIIQUENCY
Dial located on the front panel. The RC bridge network is a
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 circujt in the design of the
wesistive voltage divider network. The resistor in the
conventional Wien bridge is replaced with a variable
impedaace (Z1 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, SI1, selecis combinations of
resistors and capacitors (SIR1 through SL1R24, and SICl
through SIC15) 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 feccdback
voltage 1s 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 rght 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
circujt from being Joaded by the low input impedance of the
differential amplifier, A2Q2 and A2Q3, on the lower
frequency ranges. The impedance converter is bypassed on
the X100K and X1M 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 A2Q2 and
A2Q3, and 1s applied to the complementary symmetry
cdreuit A2Q5 and A2Q6, through emitter follower A2Q4. A
positive feedback voltage from the output of the
complementary symmetry circuit 1s applied between resistors
A2R8 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 tlie collector load higher than the input impedance of the
eraitter follower A2Q4, forcing the collector current into the
base of the emitter follower. The increase in the signal Jevel
results in an increase in the loop gain of the oscillator circuit.
The feedback voltage is removed on the X100K and XM

FREQUENCY

0.5

PHASE
F ”~
0.2 // = \\
Oal /—,-‘,
LEAD
Fo
X =R
Fp* POSITIVE FEEDBACK RATIO
TO AMPLIFIER PHASE ——--=
F = FEEDBACK TO RC NETWORK 6: A=5-10a

Figure 4-1. RC Network Characteristics
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frequency range due to the value of resistors A2R8 and
A2RS exceeding the input impedance of the emjitter follower
at the higher frequencies.

4-11. The complementary symmetiry circuit is used to
provide power gain and {o 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 transistors are
forward-biased by diodes A2CR2, A2CR3, and A2CR4, and
with no signal applied, are conducting slightly to reduce
cross-over distortion in the output signal.

4-12. The output of the oscillator circuit drives the power
amplifier with a constant voltage set by the AMPLITUDE
coarse and YERNIER controls, R2A and R2B. The voliage
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 d¢ voltage across A2CT, AZC8, A2CY and A2CIC
biases the diodes A2CR6 and A2CR7 to determine the
impedance of the negative feedback side of the Wien bridge.
Thus the amplitude of the oscillations is automatically
controlled. A2CR5 and A2CRY provide temperature
compensation for the bias voltage on A2Q7, and AZCRS
prevents the reverse breakdown of A2Q7. A2R17 is
adjustable to compensate for differences in the operating
characteristics of diodes A2CR6 and AZCR7, 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 differential amplifier A2Q8 and A2Q9, emitter
follower A20Q10, and complementary symmetry circuit
A2Q11 and A2Q12 is similar to the corresponding stages in
the oscillator circuit. The nepative feedback voltage from the
output of the complementary symmetry circuit is applied 10
the differential amplifier at 2 fixed level to stabilize the
power amplifier output signal. The power amplifier cutput is
continuously monitored by one of the two monitor circuits
before the signal is applied to the output atfenuator 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, 54,
is in the NORMAL position. The amplifier A1Q9 serves both
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as an impedance converier between the monitor circoit and
the power amplifier output circuit and as a current source to
provide fullscale monitor indications. The high inpul
impedance 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 AIRIB
and AIRIS, in the collector lead of amplifier A1Q9, The
application of the feedback voltage at this point is used to
increase the effective resistance of the collector circuit,
which results in the amplifier A1Q9 appearing as a3 high
impedance current source to the monitor. The diode
AICRI10 provides a small amount of forward bias to rectifier
diodes ATCR8 and AICR9Y, which keeps the diodes out of
the non-linear region, thus increasing monitor accuracy al
one-tenth fullscale readings. The 10 MHz adjustment,
AICLIS, compensates for small variations in  circuit
capacitance so the monitor will have a flat frequency
response. The monitor calibration resistor, ATR23, provides
an additional calibration adjustment which s made at 400
iz,

4-19. EXPAND MONITOR CIRCUIT.

420, The expand monitor circuit allows the top 10% of the
output monitor scale to be expanded to full scale. A
reference may then be set on the scale, and deviations up to
+/- 2.5% in the oscillaior 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 moniter, M1, when the MONITOR
switch, 4, is in the EXPAND position. The dc 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 sci
at any point on the expanded monitor scale, by varying the
reference supply output,

4-21. The output of the oscillator power amplificr is applicd
to the detector through an RCL network (A3C5, A3LI,
A3R1), capacitor A3C2, and resistor A3JR2. The purpose of
the RCL network is to smooth the expand monitor circuit
1esponse on the XIM range. On the X10 range, A3CT is
switched in paraliel with the RCL network and the input
capacitor, A3C2, to improve the low frequency responsce of
the circuit. It is not used on higher frequency ranges, duc to
an increase in detector time constant when it is connceled.

4-22. The detector is a diode rectificr 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 A3CRI and A3CR2, and applied to the
base and emitter, respectively, of A3Q!, forward biasing the
transistor, A3Q1 provides a low impedance path for the
rectified signal, and allows average detection of the applicd
input with a single-ended output. A3L2, A3CG, and A3C7
form z filter network to remove any high frcquency
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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 A3QS, and is applied to the emijtter
follower, A3Q6. The emitter follower has a low output
impedance and is used to drive the monitor. A3Q4 acis asa
current source to provide approximately 50 mjcroamps of
current to the differential amplifier.

4-24. The reference power supply is a conventional series
regulator type that has a variable output. Zener diode
A3CR6 maintains a constant bias on the emitier of the
reference amplifier, A3Q8. The base bias of A3Q8 is changed
whenever the REF SET coarse or VERNIER controls are
varied. This change is amplified and applied to the base of
the series regulator, A3Q7. A3Q7 will change the reference
supply output in direct proportion to the amount that the
REF SET coarse or VERNIER controls are changed.

4-25. Two adjustments are provided for the expand monitor
circuit: A3CJ1 and A3R14. A3CI11 adjusts the expand
monjtor circuit response at 10 MHz, and A3R14 calibrates
the monitor at 10 kHz.

4-26. OUTPUT ATTENUATOR.

4-27. The output attenuator provides a means of attenuating
the signal level applied to the 50-ohm and 600-chm output
connectors. The OUTPUT ATTENUATOR switch, S2,
selects a combination of four resistor networks to produce
the desired level of signal attenuation. Each siep provides an
attenuation of 10 dB. The AMPLITUDE controls, R2A and
R2B, vary the level of attenuation in increments between
each 10 dB step selected by the OUTPUT ATTENUATOR
switch.

4-28. Qutput impedances other than the standard 600-ohms
can be obtained by changing the value of resistor S2R) 3. The
value of the resistor replacing S2R13 is added to the 50-ohm
oscillator output impedance to obtain the new output
impedance level at the 600-chmo connector.

4-29. REGULATED POWER SUPPLY.

4-30. The regulated power supply provides all dc voltages
required by the 652A Test Oscillator ciccuits, 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 lajting.

4-3), The + 30 V and - 25 V power supplies are func-
tionally identical. Both use operational amplifiers for out-
put voliage error amplification. A1R40 adjusts the + 30 V
supply voltage and A1R41 adjusts the - 25 V supply volt-
age.
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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 1o approximately 300 mA.
Foldback current limiting further limits the output current
if the output voltage is pulled below approximately 16 V
by a malfunction mn the 652A circuitry. A direct short to
ground of either supply will result in an output corrent of
approximately 10 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 scries regulator drive current. It is first
switched on by the voltage drop across the Current Lirnit
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 ourtpul current decreases allowing the supply to return
10 normal operation, or until the power supply output volt-
age drops below the Foldback Reference (16.2 V). If the
latter occurs, the Diode Swiich is effectively closed and the
power supply goes into a Foldback Current Limit condi-
tion. In this condition the Current Limiting Transistor 1s
controjled by the power supply output voltage. As the out-
put voltage decreases, the shunt curtent is increased.

CONVERTIONAL CURRENT LMSTER_
RRENT LIMIT
{ NENG RESISTOR
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H s BEG TED
GHAEQULATEO ) S5 on - I - BE%RIES
* Py cummen | Vo
LI '
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¥ |
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i |
] 1
1 1
I e -
82K R
| nx |
T N Sl I S0P
2% o ! Adpes REFERENTE.
RINITY 9 ! ZURRENTY anaon
H } LEVEL
1 | SHIFTER
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STRIES AEGULATOR L I I
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Figure 4-3. Simplified Schematic of Current
Limiting Circuitry.
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WARNING

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

Instrument
Type

Required
Characeteristics

Recommended
Model

Oscilloscape

Pass band: 10 Hz to 10 MHz
Sensitivity. 50 mV/cm
Input Impegdance: 1 megohm

-hp- Model 180A Oscilloscape

with 1801 A ang 1820A plug-ins

Electronic Counter

Range: 10 Hz to 10 MH2z
Accuracy: =+ 5 counts

‘hp- Model 52451 Electronic
counter

AC Voltmeter

Frequency Range: 10 Hz o 10 MH2
Voitage Range: 1 mV to 10 V
Accuracy: 1%

DC ourput

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

Distortion Analyzer

Distortion Sensitivity: greater than 42 dB

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

Wave Analyzer

Frequency Range: 600 kHz 10 22 MHz

hp- Model H05-312A

DC Noull Volumeter

Range: 10 microvolts 1o 30 V
Accuracy: t 2% of full scale

-Hp- Model 419A

' AC Differential

Range: 1Vio 10V

‘hp- Model 7418 AC-DC

Voltmeter Accuracy: = 0.1% Differential Voltmeter/
Stability: + 0.1% Per Mo. DC Standard
Attenuator Attenuation Range: 90 8B in 10 dB steps -hp- Model 356D VHF
Frequency Range: 10 Hz to 10 MHz Attengator (with kaown
accvracy)
Amplifier Gain: 40d8 -hip- Mode) 461 A Amplifier

Frequency Range: 10 Hz to 10 MHz

Thermal Converter

Input: 3V RMS

Output: 7 mV dc

Accuracy: * 0.2%

Frequency Range: 10 Hzto 10 MHz
faput Impedance: 50 ohms

-hp- Model 11043A
Thermal Coaverter

0to 10 mV
Reference Supply

See Figure 5-3 for schematic

ao oo

Resistor: fxgd, 6500 Q £ 1%

. Resistor: var, 500 2 2 5%

Resistor. var,50 2 £ 5%

. Battery« 134V

. -hp- Part No. 08110382
. -hp- Part No, 2100-0324

-hp- Part No. 2100-1481
. Mallory RM42R

a oo e

Terminating 3. Feedthru,50 02 a, -he- Moge) 11048C
Resistance b. Feedthru, 600 O b. -hp- Model 11085A
Adapter BNC to Binding Post -hp- Mode) 10111A Adapter
Tﬂewrder Chart Speeg: 1" /hr or less -hp- Mode) 680 6" Strip
Chart Recorder
OC Digiwal Range; 1V -hp- Model 34740A/34702A
Voltmeter Digits: 4 Measurement System

1 Required only if Amplitude Stability Test (Paragraph 5 19} is performed,

Model 652A



Model 652A

Section V

SECTION V
MAINTENANCE

5-1. INTRODUCTION.

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

53. REQUIRED TEST EQUIPMENT.

5-4. The equipment necded to properly maintain the
Model 652A 1s hsted »n Table 5-1. The table lists the type
of equipment to be used, the specification requirements,
and the recommended commeraally available test equip-
ment. If the equipment listed in Table S-1 15 1101 available,
any instrument that satisfes the given specificztions may e
used.

55 PERFORMANCE TESTS.

5-6. The performance tests aic in-cabinet tesis which insure
the Model 652A Test Oscillator is operating within specifi-
cations. These tests can be used for incoming inspection,
periodic maintenance, and for specificalion tusis after a
repair. Use the performance tests to venfy instrument
performance before making internal adjusiments or repairs.
It is recommended that performance tests and calibration
be performed at 6 month intervals. A removable tost card is
located al the end of Section V. This may be used for
making a permanent record of the performance of the
652A during the Pertormance Tests.

NOTE

Paragraphs  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 to make this
test. (Paragraph 5-19 Amplitude Stability Test)
6524 output amplitude must be monitored
continuously for one month to make this test.

5-7. Frequency Range Test.

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

b. Set 652A controls as follows:

FREQUIENCY RANGE ... .. ......... X10
FREQUENCY dwal ............... Extreme
Clockwise
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR . ........... NORMAL
OUTPUT AMPLITUDE
and VERNJER ............... 3.0Von
monitor

c. Counter should read a penod average of 100 ms or
grealer, verifying a [recuency of at least 10 Hz at lower end
of frequency range.

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

e. Perform lrequency Calibrauon, Paragraphs 5-27
through S5-34, if tolerances are not met.

58. Dial Accuracy Test,

a, Connect 652A 50 ohm outpu'! to dc input of
electronic counter as shown in Figore 5-..

b. Set 652A controls as follows:

FREQUENCY RANGE .............. X10
FREQUENCY dial .. ... oot iin et |
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR . ........... NORMAL

OUTPUT AMPLITUDE
and VERNIER ............... 3.0Von
momtor

TEST OSCILLATOR

A28 - U =0BSIL

hp652A hp5245L
| o[ ],
Q Q .
50 T 1 9
® ©~0 86 50 OHM  ( 000

FEED THRU s
hp11048C

S

ELECTRONIC COUNTER

Figure 5-1. Frequency Tests,
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¢. Check all frequency settings given in Table 5-2. Set
counter FUNCTION switch to PERIOD AVERAGE for
frecuencies below 1 kHz and FREQUENCY for higher
frequencies. Table 5-2 lists the test ficquencies and toler-
ances required.

d. Perform [requency Cahbration in Paragraphs 5-27
through 5-34 if tolerances are not met.

59, Output Tests.
5-10, Maximum Voltage.

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

b. Set 652A controls as [ollows:

FREQUENCY RANGL ., ............ XIK
FREQUENCY dial . .................. 10
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONJTOR . ........... NORMAL

c. Adjust 652A OUTPUT AMPLITUDE and VERNIER
controls for maximum output;ac vo!tmeter should indicate
3.16 V rms or greater.

d. Disconnect ac voltmeter from 50 ohm output term-
nal of 652A and connect to 600 ohm output, Replace 50
ohm load with a 600 ohm load.

e. Repeat Stepc.

{. Perform Amplitude Adjustment in Paragraph 5-38 if
tolerances are not met.

5-11. Flatness Test. (Amplitude not readjusied to a refer-
ence on the ouiput monitor.)

NOTE

A thermal converter is a square law device. The
dc outpur will change approximately twice the

Model 652A

Table 5-2. Dial Accuracy Test.

Frequency Counter
Dial Range Indication

(counter set to indicate

period average)
1 X10 100 & 3 ms
25 X10 400 =+ 12 ms
5 X10 200 * 08 ms
8 X10 125 2 038 ms
10 X10 100 + 03 ms
1 X100 1000 = 02 ms
25 X100 400 x 008 ms
5 X100 200 t 004 ms
8 X100 126 + 003 ms
10 X100 100 & 0D2ms

{counter sot to Indicate

frequency)

1 X1K 1,000 ¥ 20 Rz
25 X1K 2500 ¢ 50 Hz
5 X1K 5,000 2 100 Hz
8 X1K 8,000 + 160 H2z
10 X1K 100 = 02 kHz
1 X10K 100 = 02 kHz
25 X10K 250 & 05 kHz
5 X10K 500 = 1.0 kHz
8 X10K 800 = 1.6 kHz
10 X10K 1000 = 20 kHz
1 X100K 1000 * 20 kHz
25 X100K 2500 =+ 5 kHz
5 X100K 5000 *+ 100kH2z
8 X100K 8000 =+ 16 kHz
10 X100K 1000 x 20 kHz
1 X1M 1,000 + 30 kHz
25 X1M 2500 + 75 kHz
5 X1M 5,000 + 150 kHz
8 X1M 8,000 + 240 kHz
10 X1M 10,000 + 200 kHz

TEST OSCILLATOR

hpes2Aa
5=
@ Q=0 @@

E21-0-0037 l

RMS VOLTMETER

hp 3400A

7 N\

®

e e o Qe

50 OHM ¢

FEED THRU “~_
hp)1048C Y
- -7

Figure 5-2. Output Tests.
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percentage the ac input changes. Typically, ir Table 5-3. Typical Thermal Converter Input/Output Change.
changes 1.7 times. When wmalking response
measurements, the fransfer characteristics of CHANGE AT CHANGE OF DC
your particular thermal converter should be AC INPUT OF NULL METER
used. ‘ T_o dgzermine thle thermal rransfer char- THERMAL CONVERTER INDICATION FROM
acteristic of your particular thermal converter, NULL SETTING
proceed as follows:
+-0.25% +/- 35 microvolt
1. Set the 6524 output amplitude to mni- +;' Vo b ‘5 N rlncircrzsofts
AL +/-2% +/- 280 microvolts
+/-3% +/- 420 microvolts
2. Connect the 1J049A Thermal Converter J_ 4(72 +/- 560 microvolts

directly to the 50 Q outputr of the 652A.

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 (change in ac input)
verter {use an ac voltmeter (0 monutor the ac times 1.7 {transfer rano) = 119 uV.

input to the Thermal Converter).
3. 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 :
of the Thermal Converter on the 41 9A. given change at the input. LI thisinformation is not rcadily
available, then Table 5-3 gives this inforrmation for a typical

6. Double the ac input to 2 V yms. 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. Culculate the transfer ratio as follows:

:
Transfer characteristic (k) = _f
2

i Do not exceed rated winput of thermal con-
verter. Any overload or high voltuge transient

Table 5-3 assumes a transfer ratio of 2. may destroy thermoelement. When using the
The actual mansfer ratio of your Ther- 6524 FREQUENCY RANGE switch, momen-
mal Converrer should be applied to tarily turn down the output attenuator.

Table 5-3 as follows:

DC CHANGE = the percentage of ac b. Set 652A controls as follows:
ON 4194 change times 7mV
times the transfer rario. FREQUENCY RANGE . ............. X1K
FREQUENCY dial.........oovnunens 10
For example, if the transfer ratio of OUTPUT ATTENUATOR . ......... 3.0V
your Thermal Converter Is 1.7, a 1% OUTPUT MONJTOR ............ NORMAT,
DC NULL
VOLTMETER
TEST OSCILLATOR hp 419A
hp652A P FE_F_EB_EEEE__SHEEL_Y _____ .
T | ® ) m |
N ) Rl \
@ @ . - o : o 850an . :
% G2 | |: 5000 r3av |
@ © = O @6 THERMAL CONVERTER ) :
I! hp1)0494a l - :
! ©—>2 500 (
6U2 M ~B—-0H53a Ve = —————
<2 2 =

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

d. Adjust frequency supply for null indication. Do not
readjust reference supply or 652A AMPLITULDE and
VERNILR controls once null is oblained.

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

f. Repeat Step e over the range 10 Hz to } MHz. The
difference between dc null meter maximum and minjmum
readings should indicate a change 1n level of 652A output
no greater than * 3% (see Table 5-3) verifying flatness
specification over frequency range of 10 Hz 10 | Mil..

g. Repeat Step e over the rarge of 1011z 10 10 MHz.
The difference between dc null meter maximum and
minimum readings should indicate a change mn level of
652A output no greater than + 4% (sce Table 5-3) verifying
flainess specification over ‘requency range of 10 Hz to
10 MHz.

h. Perform Frequency Calibration (Paragraphs 5-27

through 5-34) and 10 MHz I'latness Adjustments (Para-
graph 3-33) if tolerances are not met.

5-12. Flatness. (Amplitude readjusted to a reference on
the normal outpul moniior.)

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. X10
FREQUENCY dial . ..o ooveriennnn.. 2
OUTPUT ATTENUATOR . . ........ 30V
OUTPUT MONITOR ... ......... NORMAL
AMPLITUDE and VERNIER ....... Adjust

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

c. Adjust reference supply for null indication on dc null
meter.

d. Set 652A FREQUENCY dial to ).

e. Readjust 652A AMPLITUDE and VERNIER controls
for 3.0V on 652A OUTPUT MONITOR. (Do not readjust
reference supply.) Record dc null meter indication.
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f. Ser 652A I'REQUENCY dial for 12 Hz and repeat
Step 5-12e.

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

h. To determine that the readings taken in Stcps S-1 2e,
f, and g are within tolerance, two conditions must be met:

1) Each reading must be within 2% of the
reference level established in Step S-12b. (See Table
5-3.)

2) The difference betwecn 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 normal 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 {latness of 1% over frequency
range of 20 Hz to 4 Mliz,

). Repeat Steps 5-12b through h (except, set up
reference level at 4 MIIz and use the frequencies and
lolerances listed in Table 54) to verify flainess of 2% over
frequency range of 4 MHz to 10 MHz.

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

5-13. Flatness. (Amplitude readjusied to a reference on
expanded output monitor.,)

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. X10
FREQUENCY dial .............ovvnun, 2
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR . ........... NORMAL
OUTPUT AMPLITUDE and

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

indication of 3.0 V.

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

d. Adjust reference supply for null indication on the dc
null meter.

e. Set 652A FREQUENCY dial to 1.

f. Readjust 652A QUTPUT AMPLITUDE and VLRN-
JER controls (if necessary) for 0% indication on 652A
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Table 5-4. Flatness Test Settings and Limits*.
*(Amplitude readjsted 10 3 reference
on the gutputl monitor)

FREQUENCY FREQUENCY | TOLERANCE
DIAL DIAL

(10 Hz to 20 Hz)
XI10 ] 2%
X10 1.2 2%
X10 1.5 2%
X10 2 2%

(20 Hz to 4 MHz)
X10 2 1%
X100 1 1%
X100 5 1%
X1K 1 1%
XIK 5 1%
XI10K 1 1%
X10K S 1%
X100K 1 1%
X100K S 1%
XIM 1 1%
XM 4 1%

(4 Mllz to 10 MHz)
XM 4 2%
XM 6 2%
XIM 8 2%
XM 10 2%

monitor. (Do not readjust reference supply.) Record dc null
meler indication.

g. Repeat Step f of this paragraph a1 each of the 652A
FREQUENCY RANGE and FREQUENCY dial settings
given in Table 5-4.

h. To determune that the readings recorded in Steps f
and g arc within 10lerance, two condt(ions must be met.

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

Section V

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\ outpul Natness, referenced 10
the expanded momtor, of  0.25% over the fre-
quency range of 10 Hz 1o 10 MHz,

1. M flatness specifications are not met, first assure that
tolerances of Paragraphs 5-11 angd S5-12 are met, Lhen
perform cahbration procedure of Paragraphs 5-37 and 5-38.
514. Output Monitor Accuracy Test.

a. Connect ac voltmeter 10 SO ohm oulput termina) of
652A as shown in ligure 5-2. Use an ac volimeter with

known accuracy at frequency to be used (400 Hz),

b. Set 652A controls as “ollows:

FREQUENCY RANGE ............. X100
FREQUENCY dial . ............. ..., 4
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR . ...........NORMAL

c. Set OUTPUT AMPLITUDE and VERNIER controls
for a 3.0V indication on 652A monilor. AC voltmelcr
should indicate 3V *£0.06V (% 2%)r:ns, verifying an
output monitor accuracy of ' 2% of full scale.

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

5-15. Attenuator Test

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

NOTE

Float amplifier, ac voltmeter and digital volrmeter
using an adequate isolanon transformer to isolate
chassis ground from power line ground.

(<iz2in)

10dB /STEP
ATTENUATOR
hp 355D

B L a

RMS
VOLTMETER
TEST OSCILLATOR hp 34004
hp  652A hmg:%\&
/-~ /4\J AWPLIFIER TN g
a61A y
© 0 A ® il —
O 5 ¢ © o|[DSouT 200K —
© €] O g8 o %) { 1.047 g :mi—,inag
H MYLAR [T MULTIMETER
i hp 347024

?
CABLE

50 OHM
FEED THRU
hpno4sc

‘
-

Figure 5-4. Attenuator Test.
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b. Sel 652A controls as follows: b. Set 652A controls as follows:
FREQUENCY RANGE .............. X1K FREQUENCY RANGE ............. X100
FREQUENCY dial ..o oo oo ] FREQUENCY dial ... ... oo viveinnn 4
OUTPUT ATTENUATOR .......... 3.0V OUTPUT ATTENUATOR .......... 3.0V
OUTPUT MONITOR ........v. .. NORMAL QUTPUT MONITOR . ........... NORMAT

OUTPUT AMPLITUDE
c. Set 355D atienuator swilch to 90 dB position. and VERNIER ........ Extreme Clockwise

d. Setd461A arphfier gain switch to 40 dB position.

e. Turn the 652A AMPLITUDE and VERNIER controls
maximom clockwise, Select the range on the 3400A that
gives an indication of > .0000 V 8¢ o1 the 34740A. Now
adjust the AMPLJTUDE controls to give a 1.0000 V d¢
reading on the 34740A.

NOTE

Do not readjust the 6524 AMPLITUDE and VER-
NIER controls during this rest.

f. Check 652A OUTPUT ATTENUATOR 11 each posi-
tion by decreasing attenuation on exiernal auvenuator as
attenuwation is increased on 652A. Digital voltmeter indica-
tion should be:

1} 1 0600 £ 0075 V dc for 3 V through .3 mV
ianges (+ 20 dB 59 - 60 dB) verifying an ovevall
accuracy of = .075 dB Som + 20 dBm {o
- 60 dBm.

2) 1.0000 £ 0.02 V dc¢ for 0.1 mV range (- 70 dB)
verifying an accuracy of i 002 dB for the
- 70 dBin position.

g, Repeat Steps ¢ throaph [ of this paragriph 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 SO ohm output terminal as
shown in lgure 5-2.

c. Note reading on ac voltmeter.

d. Set OUTPUT AMPLITUDE and VERNIER controls
to extreme countercliockwise position. AC voltmeier should
read 20 dB or more below ieading noted in Step c¢. This
verifies an amplitude contsol of at least 20 4B,

5-17. Distortion Test.

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. XIK
FREQUENCY dial . . ....... ... . ..., 1
OUTPUT ATTENUATOR .. ........ 30V
OUTPUT MONITOR ............ NORMAL
OUTPUT AMPLITUDE
and VERNIER ... ............ Adjust for
monitor indication
of 3.0V,

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

d. Repcat Steps b and ¢ to check distortion at each of
frequcacy settings shown in 1able S-S (Part A).

e. Disconnect 652A output from distortion analyzer
and connecl 10 wave analyzcr (remove S0 ohm feedthru
termination).

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

TEST OSCILLATOR

DISTORTION ANALYZER

hp852A

GH2L =1~ Q4R

hp33(A/332A

50 OHM
gy FEED THRU
I hp104BC S~ @ ©
0)e ™ e oosse | 3 295,
© ©e=0 g@o|| | ] ST 90 @ e
LPIOIITA
ACAPTER

5-6

Figure 5-5. Distortion Test.
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Table 5-5. Distortion Test.
FREQUENCY | FREQUENCY DISTORTION
RANGE DIAL

Part A
X10 ] less than 1%
X100 1 less than 1%
XIK | less than 1%
X10K | less than %
X100K ] less than 7%
X100K S less than 1%

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

g. Perform Minimum Distortion Adjustment, Paragraph

JOOVE, 2 +F, 2 +...
E,

% distortion =

E, = rms voltage of funadamental frequency;
E, = rms voltage of second harmonic;

E; = rmsvoltage of third harmonic,

ele.. ...

§-39, if tolerances are not met.

518. Hum and Noise Test (Optional).

3

Connect ac volimeter 10 50 ohm output of 652A as

shown in Figure 5-2.

b.

Set 652A controls as follows:

FREQUINCY RANGE . ............ X100
FRUQUENCY dia) ... ......covunninen 10
OUTPUT ATTENUATOR .......... 30V
QUTPUT MONITOR . ........... NORMAL

Section V
c. Adjust 652A OUTPUT AMPLITUDE and VERNIER
controls for a reading of 0 dB on 3 V range of ac voltmeter,

d. Remove top cover of 652A and short out tuner by
clipping a lead [rom the solder lug on tuner frame to

chassis,

Lead dress is critical to frequency accuracy
and flatness.

Residual hum and noise should read greater than - 66 dB
from O dB reference set on rms voltmeter n Step c.

e. Remove clip lead and replace 652 A top cover.

5-19. Amplitude Stability Test (Optional).

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

NOTE

Float ac differential volrmeter by using an
isolation rransformer to isolate chassis ground
from ac power line ground.

0. Set 652A controls as follows:

FREQUENCY dial .. ..........ootivnt |
OUTPUT ATTENUATOR ..........
OUTPUT MONITOR ............ 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 vanation of 652A output can
be easily recorded.

e. The output of 652A should not vary by more than
+ 2% over a period of onme month when temperature
remains betweeg 20°C and 30°C.

TEST OSCILLATOR

6524-4-"182

hp6524a
[—]
O )e @
@ Q=0 o606 SO0 OHM
FEED THRU

AC-DC OIFFERENTIAL

SEE};%%??T VOLTMETER/DC STANDARD
mEah hp741B
| @ @ o[~o
I ©
—1 2| T eas oans
pgl——l—il’qﬂ”‘““ ®Qa0 o008

hpl1048¢

— @ SOe

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 folows:

FREQUENCY RANGE .............. X1K
FREQUENCY dial .. ... 1
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR . ........... NORMAL

c. Adjust 652A OUTPUT AMPLITUDE and VERNIER
controls for a 6.0 V rms indication on ac voltmeter.

3. Tnsert SO ohm feedthru load between 652A and ac
voltmeter, AC voltmeter indcatios should drop to 3.0V
+ 0.1S V rms, verifying a 50 ohm output impedance.

e. Remove 5Q ohm fcedthru load and disconnect cable
to 50 ohm output of 6524.

{. Connect 600 ohm output of 652A divecily to ac
voltneter,

g. Adjust 652A OUTPUT AMPLITUDE and VERNIER
controls for a 6.0 V indication on ac voltmeter.

h. Insert a 600 ohm load between 652A and ac
voltreter. AC voltmeter indication should drop to 3.0 V
+ 0.5 V rms, verifying 2 600 ohm output impedance.

5-21. ADJUSTMENT AND CALIBRATION PROCEDURE.

5-22. The following is a complete adjustment and calibra-
tion procedure for the Model 652A. The adjustments
should be performed only if it has been determined by the
Performance Tests thut the 652A is not within specifica-
tions. liigure S5-7 shows the location of all internal

adjustrmenis.

The 6524 contains high impedance, high
frequency circults. Contaminution of the
switches, circuit boards or tuning capacilor
will cause high impedance leakage paths and
subsequent deteriovation of the performance
of the instrument. Avoid touching any of these
circults with the bare fingers, as skin ous are
extremely contaminating, ff handling is neces-
sary. wear clean cotton or rubber gloves Do
not use q pencil to frace circuits in the
instrument. Graphte pencil lead is an extreme-
ly good conductor and an accidentally inftro-
duced path of this type is sometimes difficult
to locate. To avoid surface contaminahion of a
printed circuit or swirch, clean with a weak
solution of warm water and mid detergent
after repawr. Rinse thoroughly with cleun water

5-8
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and allow it to dry completely before opera-
ting. Do not use alcohol or any other cleaming
solution except mild detergent and water. Do
not apply any commercial moisture sealing
spray to the boards; application of these agents
may cause leakage paths,

5-23. Cover Removal.

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

5-25. To remove side cover, remove (WO retaming 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. (Refe: to Figure 64 )

b. Adjust A1R40 (+ 30 V ADJUST) for a dc voltmeter
indication of + 30 V £0.75 V.

¢. Connect dc voltmeter to power supply negative oui-
put, connector point 2. Adjust ALR4) (- 25 V ADJUST)
for a dec voltmeter indication of - 25V +0.75 V.

5-27. FREQUENCY CALIBRATION PROCEDURES,

a. During this proccdure each range is calibrated individ-
vally; the capacitors for each range are adjusted at the high
end (FREQUINCY dial a1 10) and the resistors are
adjusted at the Jow end (dial at 1). The tuning capacitor
(ClA, B, C) mechanical adjustments are made on the XK
RANGE, also the two test point voltages (A2TPI1, and
A2TP2), which are interactive, are determined on this
range. ‘Lhe voltage at A2TPI effects distortion so must not
be set outside the limitof 110 + 1O mV tms,

b. The negative dc vollage a1 A2TP2 cffects the
instrument output flatness, 11 is important to ensure that
this voltage is within limits at both the high and low end of
each range; the limits are given in the procedure for each
range. Towards the center of each range the voliage can
vary; the rcquired limits are given (n the procedure for each
range but no adjusiments can be made. On some instru-
ments the voltage may drop below the required linnt;
provided that it does not drop below - 200 mV and the
nstrument stil} meets output flatness and distortion specifi-
cations then this is acceptable. If 1t 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
A2CR6, A2CR7, A2Q2 and A2Q3).
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Figure 5-8. Frequency Calibration.
NOTE 5-10 gwes a scaled drawing of top and borrom

It is important to ensure that the XK
RANGE calibration is completed before pro-

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

ceeding (o the other ranges as these are

refevenced to the X1K RANGE. e.

c. The frequency calibration setup is shown in Liigure
5-8. Output frequency should be continuously monitored
at the S0 ohm output with a counter. DC voltage at A2TP2
should also be rmonitored continuously, after Paragraph

5-28 has been performed.

d. Table 5-7 Jists frequency accuracy required at each

test frequency.

NOTE

The adjustments available for each range are lisied in
Table §-6. Some «f these components listed change both
frequency and A2TP?2 voliage in the same direclion while
the others change them in opposite directions. If the
adjustments do not provide specilied performance, then the
procedure for changing padding resistors of Table 5-6
should be carefully foltowed.

NOTE
If 6524 does not oscillate, urn FREQUENCY

RANGE switch to X1K and adjust A2CS,
8§1C2 and S1C7 to start oscillations.

If any adjustments are necessary, the top and
bottom covers should be in place wWhen final
frequency and A2TP2 voltage tests are made.
All internal shields must be in place and held
firmly by retaining screws 1f deswred, Figure

528. Preliminary Distortion Adjustment.

a. Connect 652A to distortion analyzer as shown in

Figure S5-5.

Table 5-6. Freguency 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 = |
RANGE Decreases Increases Increases Decreases
A2TP2 Voltage A2TP2 Voltage A2TP2 Voltage A2TP2 Voltage
X10 S1CL5* SIR1* SIR14*
X100 SIR3* SIR]6*
X1K S1C2 S1C7 SIRS5* SIR18*
X10K S1C13* SIR7* SIR20*
X100K SI1C4 S1C9 SIR9* S1R22*
XM SICS S1Cl0, SICl14* SIR11* SIR24%*
and A2C5

5-10
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b. Set 652A controls as follows:

FREQUENCY RANGE .............. XIN
FREQUENCY Gial . vov v ii s I
OUTPUT ATTENUATOR .......... 30V
AMPLITUDE (COARSE

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

c. Agdjust A2R |7 for mimimum gdistortion which should
be less than 1%,

529. Frequency Dial Calibration.

a. Preliminary mechanical adjustments (Perform only if
necessary ).

1. 'l'o prevent gear backlash problems during ahgn-
ment, make sure that there is no movemenl
between MP1 and MP2., Sece [ligure 6-1. (They
musl be pressed tizhtly together.) Also MP3, 4,
and MPS spring gear assenibly must be under
Lension.

2. Check 1o make sure that the stop MP6 prevenls
the tuning capacitor from being completely
closed. MP6 should hold the capacitor at least
I/)6 inch open. Adjust 1f necessary.

3. With the dial set to maxiraum clockwise position,
slip the dial face such that the first mark lefi of |
js 1/16 inch to the right of the fixed indicator. To
ship dial, remove Frequency dial knob ang loosen
4 dia} retaining screws. Afier slipping dial, re-
tighten the screws.

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

¢. Connect cquipment as shown in Figure 5-8 and set
652A controls same as Paragraph 5-28b.

d  Set the 652A controls as in Paragraph 5-28(b). Ad-
just A2R16 for- 370 mV £5 mV a1 A2TP2.

e. Set 652A FREQUENCY dial extremely countei-
clockwise and adjust S1C2 and S1C7 alternately for
counter indication of 10.2 k112 and A2TP2 voltage equal to
voltage recorded in Step d.

. furn 652A FREQUENCY dial 10 extreme clockwise
position; counter should indicale frequency of 965 Hz to
970 llz; if not, loosen tuner coupler (MP6, Figuse 7-1) and
slip tuner unnl specified frequency is obtained, (Sce
CAUTION).

Section V

g. Sel 652A FREQUENCY dial fos a counter indication
of | ktiz. Inal should read ), )f nol, carefully perform
following procedure:

). Remove FREQUENCY dial knob and loosen fou
dial retaining screws.

2. Slip FREQUENCY dial {0 read 1 with counter
indication of | kHz.

3. Tighten retaiming screws and ceplace knob.

h. Readjust AZRI16 to - 370 mV 1 § mV al A2TP2.

i. Set 652A FREQUENCY dial 1o 10. Readjust S1C2
and S1C7 alternately until counter indicates frequency of
10 kH7z and un A2TP2 voltage of - 370 mV.

J. Reset MP6 stop so that “!10” on the diwal can be
tuined to a position approximaiely 1/8 inch (o the left of

the fixed indicator.

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

530. X1K Range Adjustments.

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

b. Remove 652A botiom cover and ascillator shield.
Connect ac voltmeter with 1 kilohm resistor in series to
A2TP) and ground. Replace oscillator shield and bottom
cover.

¢.  AC Voltmeter should indicate 110 - 10 mV s, 1
A2TPI1 voltage is not in tolerance, adjust A2R16 to bring
vollage within specified hmits (increasing A2R 16 decreases
A21P1 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 SIRI8* simultancrusly (See Table 5-6) untd A21P2
voltage is within tolerance and frequency is 1 kH~. Do not
solder the resistors in place.

e. Repeat Steps ¢ and d of this paragraph (if necessary)
until A2TPJ, A2TP2 and the frequency are all within
tolerance. Solder SIR5* and SIRI8% in place

511
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f. Record the dc voliage a1 A2TP2.

NOTE

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

g. Set 652A FREQUENCY dial to 0. Readjust S1C2
and SI1C7 alternately (See Table 5-6) until frequency
indicated on counter is 10 kHz and A2TP2 voltage is the
samne as reference voltage recorded in Step f £ 10 mV.

h. Check frequency tracking of the dial using settings
and tolerances given in Table 5-7 for the XJK RANGE.
A2TP? voltage should not vary more than 40 mV from the
voltage recorded 1n Step f.

Table 5-7. Frequency Dial Accuracy Calibration.

Frequency Frequency Counter
Dial Range Indication
{counter set to read
period average)
1 X10 100 + 3 ms
2 X10 50 + 15 ms
5 X10 20 * 06 ms
8 X10 126 % 038 ms
10 X10 10 x 03 ms
1 X100 10 2 02 ms
2 X100 5 2 0.1 ms
3 X100 2 t 004 ms
8 X100 125 £ 003 ms
10 X100 1 + 002 ms
{counter set to read
frequency)
1 X1K 1,000 + 20 Hz
2 X1K 2,000 £ 40 Hz
) X1K 5,000 £ 100 Hz
8 X1K 8,000 £ 160 Hz
10 X1K 100 ¢+ 02«Hz
1 X10K 100 + 02kHz
2 X10K 200 ¢ 0.4kHz
5 X10K 500 ¢+ 10kHz
8 X10K 800 =+ 16kHz
10 X10K 1000 t 20 kHz
1 X100K 1000 + 20 kHz
2 X100K 2000 + 40 «Hz
5 X100K BODO #x 10 kHz
8 X100K 8000 2z 186 kHz
10 X100K 1,000 x 20 kHz
1 X1M 1,000 + 30 kHz
2 X1M 2,000 + 60 kH2
5 X1M 5,000 £ 150 kHz
8 X1M 8,000 £ 240 kHz
10 XM 10,000 * 300 kHz
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5-31. X100 and X10K Range Frequency Calibration.
a. Connect equipment as shown in Figure 5-8.

b. Check frequency tracking of FREQUENCY dial at 1,
2,5, 8, and 10 on the X100 and XJOK ranges (See Table
5-7) while monitoring voltage at A2TP2, At | and )0 on
the dial, A2TP2 voltage should be within * 20mV of
reference vollage noted n Paragraph 5-30, Step f; over the
entire range of the dial, A2TP2 voltage should not vary
more than 40 mV.

¢. On cach range, if frequency or A2TP2 voltage is not
correct at 1 on dial, change the value of RANGE swtch
resistors (Table 5-6) for that range. (The two resisiors
should be changed simulianeously for the best results.)

d. On X10K range, if the frequency or A2TP2 voltage is
not correct at 10 on dial, change the valuc of the padding
capacitor, SIC(3, Table 5-6.

5-32. X10 Range Frequency Calibratian.

a. Connect equipment as shown tn Figure 53-8,

b. Set 652A FREQUENCY RANGE to XI10. 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 S)IR1* and SIR14% (Table 5-6)
simulianeously to bring frequency within tolerance and
maintan A2TP2 at required voltage (within +0.00 V,
- 0.05 V of reference voltage noted in Paragraph 5-30, Step
f.

NOTE

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

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

533. 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 voliage tests. If desired, Figure
5-10 gives a scaled drawing of top und bottom
alignment access covers With cut-outs that will
dlow 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 XIM angd
FREQUENCY dial to 10. If 652A does not oscillate, adjust
A2CS, S1CS and S1C10.

c. Adjust A2CS and SICS altemstely for 10,15 MHz
(1.5% high) as ingicated on counter and for required
voltage on A2TP2 (within £ 0.02V of reference voltage
recorded in Paragraph 5-30, Step ). If the required
frequency and A2TP2 voltage cannot be obtuned, change
the setting of S1C10 and repear this step.

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

1. Set dial to 10 and slightly change setting of
S1C10. (Example: If frequency is low with S sei
on dial, adjust SICIO 1o slightly lower frequency
when dial js at 10;and vice versa.)

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

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 untit tolerances are met at both
S and 1Q positions of FREQUENCY dial. [f
necessary, change the value of SICJ4*.

e. Set FREQUENCY dial to 1. Check that frequency
(Table 5-7) and A2TP2 voltage (same as in Step c¢) arc
within required folerances; if either 1s not correct, change
value of RANGI: switch resistors (Table 5-6) simultane-
ously until both frequency and voltage are within required
limits. If RANGE switch resistors are changed, it will be
necessary to repeat Steps c and 4.

f. Set FREQUINCY dial 10 2, counter should indicate
2000 * 60 kHz.

NOTE

[t may be necessary to set frequency about 1%
high for the dial to track

g. While monitoring the voltage at A2TP2, move the
dia} through its range from ) to 10; the A2TP2 voltage
must remain within the range: - 300 mV (o -450 mV. If
A2TP2 voltage exceeds these limits, then recalibrate using
Paragraph 5-33.

5-34. X100K Range Frequency Calibration.
NOTE

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

a. Conpect equpment as shown in I“igure 5-8.

b. Set FREQUENCY RANGE 1o X)00K and FRE-
QUENCY dial to 10. Adjust S1C4 and S1C9 simultaneously
for 1| MHz (See Table 5-7) as indicated on counter and for
required A2TP2 voltage (within # 0Q.02V of reference
voltage recorded in Paragraph 5-30, Step f).

c. Set FREQUENCY dial to 1. Counter should indicate
J00 kHz (See Table 5-7) and A2TP2 voltage should be the
same as in Step b, if either is not within tolerance, change
value of RANGE switch resistors (Table 5-6) simultane-
ously unti) both frequency and voltage are within required
limits.

d. Repeat Step b.

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

5-35. 10 MHz Flatness Adjustment.

3. Connect 652A 1o ac voltmeter as shown in Figure
5-2.

b. Set 652A controls as follows.

FREQUENCY RANCL .............. X1K
FREQUENCY dial . ....vouuvnnniuanns 10
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR .. ...... ... NORMAL

¢. Adjust 652A QUTPUT AMPLITUDT and VERNIER
controls for 3.0 V rms as indicated on ac volimeter. Do not
readjust AMPLITUDE controls for remainder of this
paragraph.

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

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

NOTE

Insrrument covers must be in place.

e. Set 652A FREQUENCY RANGE to XIM. Sweep
FREQUENCY dial slowly from 1 1o 10, Null meter
deviauon from null should not exceed £ 0.54 mV.

f. Adjust A2Cl4 to reduce any output peaking. If
necessary, change value of A2C24* slightly.
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536. Output Adjustments.
537. Amplitude Adjustment.

a. Connect 652A to ac voltmcter, as shown in Figure

b. Set 652A controls as Mollows.

FREQUENCY RANGE .............. X110
I'REQUENCY dial .................... L
OUTPUT ATTENUATOR .. ... ..... 30V
AMPLITUDE ............. Fully Clockwise

t. AC Voltmeter should indicate at least 3.16 V rms. If
maximum output 1s Jess than 3,16 V, shightly decrease value
of A2R24*,

5-38. Waveform Adjustment.

a, Connect a SO load to a 652A 50Q output
terminal, and connect the output to an oscilloscope.

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

c. Check 652A output with and without Joad on all
frequencies for spunous oscillations. Spurious oscilations
most likely occur in the output amplifier. A slight increase
m the value of A2R29 should eliminate this. If spurious
oscillations still occur, then change the value of A2C2)
slightly. (If A2C21 1is changed, then recheck ] MHz
l'requency 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 6S2A to distortion analyzer as shown in
Figure 5-5.

b. Set 652A controls as follows:

FREQUENCY RANGE .............. X1K
FREQUENCY i) ... ..ovvvninnnnnn.. 1
OUTPUT ATTENUATOR .......... 30V
OUTPUT AMPLITUDE

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

c. Adjust A2R]7 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.

5-14
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5-40. Normal Monitor Calibration.

NOTE

The following adjustienis are critteal. Final
voltage measurements must be mude with all
instrument covers in place.

a. Connect 652A to ac voltmeter as shown in [igure

b. Set 652A controls as follows:

FREQUENCY RANGE . ............ X100
FREQUENCY dial . .. .oovvveiviivnn s, 4
OUTPUT AMPLITUDL . ........... 30V
OUTPUT MONITOR .. .......... NORMAL

c. Sei QOUTPUT AMPLITUDE and VIRNIER controls
for a 3.0 V rms indication on ac voluncler.

d. Adjust AJR23 for a 3.0V indication on 652A
monitor. [f AIR23 does not have sufficient ringe to
properly calibrate monitor, chuange vslue of AIR22*.
(Increasing A)JR22* increases monilor indication and vice
versa.)

e. Ser 652A FREQUENCY RANGI: 10 XIM, and
FREQUENCY dial to 10.

f. Set 652A QUTPUT AMPLITUDE and VERNIER
controls for a 3.0 V 1ms indication on ac volimeler,

g. Making allowance for any crror of the ac vollimeter at
JO MUz, adjust AI1CIS for a 3.0V indicalion on 652A
monitor. If necessary, change value ol A2C25%.

NOTE

If ac voltmeter error ut 10 Mz isx not known,
follow this alternative procedure

h. Perform Steps a through d.

i. Connect equipment as shown in Figure S 3 and adjust
reference supply for nul) indication on nul meler.

j. Set 652A FREQUENCY RANGE to XIM and FRE-
QUENCY dia) to 10.

k. Adjust 652A QUTPUT AMPLITUDE and VERNIER
controls for null indication on null meter. Do no! readjust
reference supply.

. Adjust A1C15 for 3.0 V indication on 652A monitor.
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%41, Expanded Monitor Calibration.
5-42. 10 kHz Monitor Calibration.

a. Set 652A controls as fellows:

FREQUENCY RANGE . ... ........ X10K
FREQUENCY dial ..v.ooo v iiiiiis L
ATTENUATOR ..o ivs i 30V
QUTPUT MONITOR . ........... NORMAL
OUTPUT AMPLITUDE

and VERNIER .. ..., Adjust for 2 monitor

indication of 3.0V

b. Connect dc voltmeter to A3TP); voltmeter should
indicate -9V £ 0.2V. If it does not change value of
A3C4* andfor ASCBY,

¢, Connect de voltmeter to A3TP2, and vary REF SET
controls from minimuom to maximum, Voltage at A3TP2
must range from - 164V to - 18.8 V, with a maximum
volilage wvariation of 3.6V, If voltage is too high, slightly
decrease value of A3RI8* If vollage is o0 low; slightly
increase value of A3R18*

d. Connect 6524 to ac differental volimeter as shown
in Figure 5-9,

6. Adjust 6524 AMPLITUDE controls for a 3.000V
indication on differential vohmeter,

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

g, Adjust 652A QUTPUT AMPLITUDE and VERNIER
controls for a 3.075 V indication on differential volimeter.
(This is a 2.5% increase in 652A output.} 652A monitor
should indicate approximately + 2.5% on expand aonitor
scale (blue scale).

k. Adjust A3R14 for a 652A monitor indication of
+ 2.5%. Repeat Steps e through g unti no adjustment is
needed.
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5.-43. 10 MHz Monitor Response Adjustment.

a. Connect thermal converter, de¢ null meter, and
reference supply 1o 652A 3s shown in Figure 5-3, setiing
652A and reference supply outputs 10 minbnum before

connectling,

Do not exceed rared input of thermal con
verter. Any overload or high voliuge transient
may desiroy thermoelement.

b. Set 652A controls as follows:

FREQUENCY RANGE . ............ Xi0K
FREQUENCY dial . ..., .....ininnns 1
ATTENUATOR ... oo nnn s ENIAY
QUTPUT MONITOR ..........., NORMAL

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

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

e, Set 6524 OUTPUT MONITOR to EXPAND, and use
REF SET controls to set a zero refercnce on 6524
expanded monitor scale.

f. Sst 6524 FREQUENCY RANGE 1o XIM, and set
FREQUENCY dial to 10.

g Adjust 652A QUTPUT AMPLITUDE and VERNIER
controls for a null indication on null meier,

h. Adjust A3CH1 until 652A monitor indicates zero
reference set in Step e.

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

j. Set 6524 FREQUENCY dial to |, and adjust 652A
AMPLITUDE controls for 2 null indication on null meter.

TEST OSCILLATOR
hpesza

P
@ .......... @
@ Q=0 o

532209 Fk

50 OHM
FEED THRU
hptioase

AC-DC DIFFERENTIAL
VOLTMETER/DC - STANDARD
hp7418

@ @ o e o
[a]

&
Cocoaoogs

|

Figure 5-8. 10 kHz Monitor Calibration.
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k. Observe 652A monitor indication; If more than
+0.2% from zero reference, change value of A3RI[*
slightly. Increase 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 CALI-
BRATION PROCEDURT:, repeat PERFORMANCE TESTS
(Paragraphs S5-7 through 5-20) to assure that the 652A is
within specifications listed in Table 1-1.

546. TROUBLESHOOTING PROCEDURE.

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

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

Model 652A

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

5-49. The Troubleshooting Tree in fMgure 5-11 illustrates a
systematic method of elimmnation used to locate a faulty
circuit or compunent. 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 to eliminate the properly operating circuits
from the troubleshooting path. The tesis outlined in the
troubleshooting tree were not devised to measure all circuit
parameters, but to localize the malfunction. Therefore,
additional checks and measurcments (including visval
inspection) will probably be required to completely isolate
the faulty componeni.

5-50. The Block Diagram (Figure 6-1) shows that the
insirument can be considered as five basic blocks; the
Oscillator Circuit, the Power Amplifter, the Normal Moni-
tor Circuit, the Expand Monitor Circwit and the Regulated

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

OPERATION SYMPTOM PROBABLE TROUBLE AREA
1. Switch OUTPUT ATTENUATOR No output at any position of QOutput Attenuator or A2C22
through all positions attenuator switch, monitor
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 . No output on any one range. . FREQUENCY RANGE switch
RANGE switch and associated components for
that range;
frequency calibration:
. Output dies at one position of . Tuner capacitor (Cl), shorting
the dial on all ranges. or frequency calibration.
d. Qutput twice normal level. d. Peak Detector circuit (A2Q7)open.
. No output or monitor indication e. Proceed to troubleshooting tree.
on any range or dial setting.
3. Observe Monitor in both NORMAL | a. No indication in NORMAL . Normal monitor circuit (A1),
and EXPAND positions of the mode only. A2R41 or A2C25%.
OUTPLUT MONITOR switch . No indication in EXPAND . Expand monitor circuijt (A3).
(Signal must be present at the mode only.
50 ohm and 600 ohm jacks.) . No indication in both modes, M1 or S4,
4. Other troubles . Dial Accuracy out of spec and/or . Frequency calibration, Peak
flatness out of spec Detector A2Q7 ot A2CR6 and
A2CR7.
. Incorrect meter indication . Monitor calibration,
(particularly at high frequencies)
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Power Supply. These same (ive blocks also appear on the

troubleshooting tree. To use the tree, decide if

1§ true

or false, and proceed 10 the next step along the pertinemt
branch of the 1iree. Al each step wuse the additional
information given in Paragraph 5-52. Refer to the block
diagram in Figure 6-1, and the schemaucs of Figures 6-2,
6-3 and 6-4, when using the troubleshooting tree.

551

5-52.

Troubleshooting Information.

This section provides information for each particular

step of the troubleshooting tree.

@

@

® ®6

@

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

Check fuse Fl il there is not output and the line
indicator lamp does not light; also, ensure that the
1157230 V switch, S5, is in the correct position.

Check the signal at A2 pin 5 with an oscilloscope.

a. The signal should be 3 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 controls: if true, proceed to branch 11}
of the troubleshooting trce,

NOTE

The AMPLITUDE VERNIER conwrol will
change the level by about 0 2V, this is normal.

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

¢. If the signal amplitude changes significantly
with frequency or if ithe amplitude is twice
normal, then proceed 10 branch 6,

d. i there is no signal present, check that
A2C172 is not open, then proceed 1o branch 4.

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

Check the power supply connections {o external
CHCUILS,

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

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

®
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NOTE

Momentary shorting of the + 30 Vor - 25 V
power supply may ceuse a Locked Current
Limir condition if the power supplies are still
loaded by rhe 6524 circuitry. In the Locked
Current Limir condition the de¢ output drops
to less than 2V 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 swilching the instru-
ment off and then on again,

If the positive power supply cannot be adjusted to
+ 30 V, proceed as Jollows:

a.  Vendy that the positive power supply is not
in a current limit or {oldback current limit condi-
tion by disconnecting the power supply Joad Al
pin } (red).

NOTE

The Normal Meter circuit is part of the A1 PC
Assembly. To completely unload and isolare the
6524 power supplies, lifr one end of AIR17{+)una
AIR24, AIRZ6, AIRZ8 {-)

b, If the + 30 V power supply is restored by
disconnecting one particolar load circuit (Oscilla-
tor, Quiput Amplifier, Expand Meter, or Normal
Meter), troubleshoot that circuit for shoris or
leaky coniponenis.

¢. If the + 30 V power supply is not restored
by disconnecting the load circuits, troubleshoot
the positive power supply. Refer 10 Figure 6-1 and
Figure 64.

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

2. Verify that the negative power is not in 3
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 psrticular load circuit (Gscilla-
tor, Cutput Amplifier, Expand Meter, or Normal
Meter), troubleshoor that circuit for shorts or
leaky components.

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

Check T1 and the line filter components, L1
twrough 14, C2, C3, C4 and C7. Also, check
AICRI through ATCR4.
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5-18

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

A procedure for checlung the Power Amplifier 1s
aiver in Paragraph 5-56.

Check S2R/ through SIR12 if there s no output
al ejther the SO ofim or 600 ohm connector.
Check S2R13 if the output is missing only at the
600 ohm conneclor. If atienuaior is out of
specification, tighien mounting screws before
checking resistors. If intermitient or noisy, check
for poor or dirly switch contacts.

When the 652A outp.it voltage 1s 3, the normal de¢
voltage applied at A) Pin 16 is approximalely
4 2.7 V. The voltage at Al Pin )7 should be about
.14 V less than that at Al Pin 16;if nol, M1 may
be faulty,

The noinal signal at Al Pin 14, when the 652A
output voltage 1s 3, will be a sine wave of 5.8V
rms.

Check the Jead 10 A2 Pin 3. A2R41 and A2C25™

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

Check the dc voltages o AIQ8 and A1Q9 at the
paints listed below:

Emitter A1Q8 .. ................. + 1.8V
Cobeclor A1Q9 ... ... ........ +25V
Base A1Q9 .. ... ..., -9.8
Lniitler A1Q9 .. ... o -10.5

Also chect AIC1i, AICRIO and the rectfier
diodes AICR8 and AJCRS.

Check  the  rectifier diodes AICR8 Lhrough
AILCRIO, and czpacitors AICI2 and AICI3.
Also, check AICI I and AICR] .

Set the MONITOR to EXPAND, and vary the
REF SET controls hom minimum to maXimuom.
The voltage 31 A3 Pin 9 must vary from O to at
least - .15V de.

Disconnect M1 from the circuit, and apply 2
current of 1.5 mA to check for full scale deflec-
uon. Decrease the current, and the pointer deflee-
tion of M1 should decrease proportionally.

The normal de voitage at A3 TPlis-9V £0.2V,
when the 652A output voltage is 3. When the
AMPLITUDE controls are varicd from minimum
10 maximum, the voltage at A3TP] should cover a
range of approximately - 1.8 V1o- 10 V.

Model 652A

(B) Check for .72V ac at the junciion of A3CRI and
A3CR2 and chock A3Q1, A3CR1, and A3CR2.

@ Vary the REF SET controls from minirmum to
roaximarn; voltage at A3TP2 must vary from
164V 10-188 V.

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

Check the current source, A3Q4 and then check
A3Q2, A30Q3, A3QS, and A3Q6. If these compo-
nents are good, check A3CRS, A3CR7 and
A3(CRS,

5-53. Troubleshooting the Oscillator Circuit.
NOTE

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

3. If there 15 no signal al A2 Pin 5 with the RANGE at
X1K and the dial at 1, then switch 10 X100K. If a signal
now appears, then check A2Q1.

b. If the signal at A2 Pin 5 is twice the normal
amphtude then the Peak Detector is nol operabing. In
particular check A2Q7 and A2CI |,

NOTE

In older instruments (refer to Appendix C,
Manual  Buckdaring  Changes) ulso check
A2CRS.

¢. If there is no signal a1 A2 Pin 5, isolate the Peak
Detector by 1iting one side of A2CI1 and the emutter of
A2Q7. I the oscillaror comes on, check the Peak Detector
components. 11 there is no apparent fault in the Peak
Detector, 1t is possible that A2R16 muy need to be read-
justed. Thus is likely to occur if only components (such as
A2CR6, A2CR&, A2Q2, and A2Q3) have been reptaced. To
check this reconnect tliw peak detector and perform Fre-
quency dial and X1K Range Adjustmenis (Paragraphs S-29
and §-30.

d. If the oscillator still cannot be made to opurate,
periorm the procedure of the following paragraph.

5-54. In the following procedure the oscillstor circuil s
driven by an external signal generator and the Wien Bridge
is disubled. This allows the circuit to be checked out using
the normal troubleshooting lechniques for an amplifier,
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§-55. The recommended signal gencrator is a 652A or
651B (which has SO ohms oulput sympedance and a
frequency range of 10Hz to 10MHz). If this is not
avaijable, any oscilator with low output impedance and
capable of driving up to 3V s into approximately 200
ohms will suffice. In most cases it will no1 be cssential to
use the generator at frequencies over | kHz.

NOTE

Owing to the physical makeup of the FRE-
QUENCY RANGE swiich (S1), it 1s not
practical to 1solate the romponents connecred
between A2 Pin 10 and Section SIC (F) of the
range switch, depending on the position of the
switch, there will always be an impedance in
parallel with the signal generator. On the X IM
range this could be as low as 225 ohms

3. ‘'Turn off the power to the 652A.

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

¢. Disconnect the Peak Detector by lifting one side of
A2C11 and the emitter lead of A2Q7.

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

e. Disable the RC tuning network of tlc 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 10 the 652A chassis ground. The capacitor
blocks any dc present on the signal generator.

NOTE

If a large non polar capacitor is not availuble,
connect two polarized capacitors n series with
their + ends connected together.

g. Tum the 652A power on. Set the signal generator
frequency to 1 kHz and the output 10 approximately 2.3 V
ms (monitor with an ac voltmeter on the green lead).
Monitor the output signal with an oscilloscope on A2 Pin 5.

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

2. If (he signal does not appear al A2 Pin S, then
troubleshoot the amphfier (A2QI through A2Q6
and associated circuitry) uvsing normal trouble-
shooting techniques for an amphfier. A2QS and
A2Q6 should be replaced as a pair if either has to
be replaced.
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NOTE

In some instruments A2Q2and 4203 will be

different types from those listed in the Parts
List (Table 7-1) of this manual. In this case, if
either A2Q2 or A2Q3 has to be replaced, then
replace both together with the new part
number given in this manual. Also, the value of
SI1CI3*, SICIS*% A2C21* A2R16* and
A2R24* may have to be changed in accor-
dance with the procedure outlined in the
Frequency Calibration Procedure of Paragraph
5-27 and following.

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

4. Reconnect A2C}] and A2Q7 to ensure that the
Peak Drotector dovs no: disable the amplifier (if vt
does, troubleshoot the Peak Detector). If the
signal 1s su)l present at A2 Pin S, ther the
probable cuuse of trouble in the oscillator circuit
is the FREQUENCY RANGL switch or associaled
comnonaents,

5-56. Troubleshooting the Power Amplifier.

a, Disconnect the lead (white/oringe/green) from A2
Pin 4 and connect the signal geneiator (recommended in
Paragraph 5-55) to A2 Pin 4 (the dc blocking capacitor is
not necessary),

b. Observe the outpul, if any, at A2 Pin 20, the
amplifier should have a voltage gain of approximaltely 1.3.
Check the frequency response over the frequency range of
10 1z to 10 MHz. This should remain essentially constant.

c. If there isnot output at A2 Pan 20, then troubleshoot
the amplificr (A2Q8 *hrough A2Q12) using normal trouble-
shooting techniques for an amplifier. If A2C19 is shorted,
then both A2Q11 ard A2Q12 will be destroyed.

5-57. Troubleshooting the Attenuator,

a. If the output is radically out of specification in one
or more allenvator 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. Tighlen all shield screws, output jacks and
the mamn nut on the attenuator assembly. Make sure thal
the nternal metal shields are visible on the outside metal
cover of the attenuator. Lap firmly on the attenualor shield
with a screwdriver handle to improve grounding.

5-19



Section V

5-58. SERVICING ETCHED CIRCUIT BOARDS.

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

1. Use a :ow-heat (25 to SO walis) soldering iron with a
smalt tp.

b. To remove a component, clip a heal sink (long nose
phiers, commercial heat sink tweezers, ¢tc.) on the compo-
nent leas as close to thc component as possible. Place the
soldenng iron directly on the component lead, and pull up
on the lead. If a component is obviously damaged or faulty,
clip the leads close to the component, and remove the leads

from the board.

Excessive or prolonged hear can hft the circunt
foil from the board or cause dumage to
components.

c. Clean the component lead holes by heating the solder
in the hole, quickly rcmoving the soldering iron, and
inserting a poinied, non-metallic object such as a toothpick.

d. To mount a new component, shape the leads and
insert them in the holes. Clip a heal sink on the component,

heat with the soldering iron, and 2dd solder as necessary to
obtain a good electrical connection.

560. SERVICING ROTARY SWITCHES.

5-61. The Madel 652A contains two rolary type switches:
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 1o 50 watts) soldering iron with a
small tip.

b. When replacing components, attempt 1o dress them
as nearly (o their original alignment as possible.

¢. Clean cxcessive flux ‘rom the connection and ad-
joining area,

d. After cleaning the swiich, apply a hght coat of
lubnplaie to the switch detent balls. DO NOT apply
lubricant to swilch conlacts or allow lubricant 1o contami-
nate components.

e. To elimmate excessive contact wear and oxidation,
the contacts may be lubricated with Ilectrolube 2G, -hp-
Part No. S060-6086. Only a very small amount of fubricant
is necessary. Nole: Electrolube 2G will change to a reddish
brown color with time, however, the lubricaling properties
are not affected. A more detailed description on how (0
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 tumng capacitor, C), 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) relaining screws; then align tuner
coupler angd trequency dial shaft. Tighten retaining screws
alter tuner coupler and dial shaft are aligned.

NOTE

For correcr alignment, refer to Frequency Dial
Calibration, Paragraph 5-29
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ROTE

When usinyg the troubleshooung treg, set the 6324 controls as follows,
urless sinled otherwise fon 2 pantisular step:

FREQUENCY RANGE . .. e XiK
FREGUENCY Dial .. ..., ... .. e e e b
GUTPUT ATTENUATOR _ . i e aemn e 30V
GITPUTMONITOR ... . e NORMAL.
QUITPUT AMPLIUTUDE and VERNIER contols ., . ., Adjust for an

RME voitretor indication of 3V
{use test setup shown in ignre
52}

A tolerance of +/- 109 should be allowed for al] voltages given i the
froubiashoniing free. unless stated otherwise, Refer to Paragraph 5452
at each step of the tres,



PERFORMANCE CHECK TEST CARD

Hewlett-Packard Model 652A
Test Oscillator
Serjal No.

Tests Performed by

Date

5-7. FREQUENCY RANGE:

Period/Frequency

Freq. Range Dial Settings Min, Max.
X10 Clockwise {100 ms) ———
XM Counterclockwise 10 M1z _——
5-8, DIAL ACCURACY: Period/Frequency
Freq. Range Dial Settings Min. Max.
X10 ] 97 ms) (103 ms)
X10 S (19.4 ms) (20.6 nms)
X10 10 .7 ms) (103 ng)
X100 ] 9.8 ms) (10.2 ms)
X100 5 (196 ms) (2.04 ms)
X100 10 (098 ms) (1.02 ms)
XIK 1 0.98 KMz _—  1.02 kllz
X1K S 4.9 kMz _ . 50 kllz
X1K 10 9.8 kHz 10.2 kllz
X10K I 9.8 Ktz 10.2 k7
X10K 5 49.0 kHz 510 kllz
XI10K {0 98.0 kHz 102.0 kHz
X 100K 1 98.0 kHz 102.0 kllz
X100K 5 490.0 kHz 510.0 kllz
X100K 10 980.0 kHz 1020.0 kllz
X1M 1 0.97 MHz 1.03 Mllz
XM 5 4.85 Mz 5.15 Ml 1z
XiM 10 9.70 MHz 10.30 Mz
5-9, OUTPUT: Min. Mux
$-10. Maximum Voltage - 50 chm output 316V S
600 ohm output 316V =
S-11. Flatness (Amplitude not readjusted to a
reference on the output momtor)
Freq. Range
100 Hz to 1 MHz e -_— +-2%
10 Hz to 1 MHz -— +/- 3%,
10 Hz to 10 M1z i +-4%
5-12. Platness (Amplitudc readjusted to a refercnce
on the normal output monjtor)
Freq. Range
10 Hz to 20 Hz e 2%

20 Hz to 4 MHz
4 MHz to 10 MHz

1%

2%




PERFOR/VANCE 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 it +/-0.25%
5-14. OUTPUT MONITOR ACCURACY: Min. Max.
294V 306V
5-15. ATTEMUATOR: 652A Atlenuator DC Voltmeter Frequency
1k.12 10 MHz
+20 dB 8.91 mV to 9.09 mV
+10 dB 8.91 mV s 909 mV
0dB 8.2 mVt09.09 mV S
-10 dB 2.91 mV (o .09 mV
20dB 891 mVio 9.09 mV
-30dB 891 mV 10 9.09 mV
40 dB .91 mV to 9.09 mV . -
50 dB 891 mV v 93.09mV
60 dB 8.91 mV to 9.09 mV S
70 dB .82 mV 109.18 mV
5-16. AMPLITUDE CONTROL: AC Voltmeter
greuter than 20 dB
5-17. DISTORTION:
Freq. Range Dual Setting Distortion Meter
X10 I} less than 1%
X100 1 less than 1%
XI1K | less than 1%
XI10K 1 less than 1%
X100K 1 less than 1% S
XI100K S less than 1%
X1M 2 less than 1%
XIM S less than 2%
(1M 10 less than 4%
5-18. HUM AND NOISE: AC Voltmeler
greater than -66 dB
5-19. AMPLITUDE STABILITY: 2% per month
(202 C -30" C)
5-20, QUTPUT IMPEDANCE: Min, Max.
50 ohm output 45 ohms 55 ohms
600 ohm output 540 ohms ” 660 ohms
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Section VI

SECTION VI
CIRCUIT DIAGRAMS

INTRODUCTION.

6-2. Thus section contains the circuit diagrams necessary for

operation and maintenance of the Model 652A. Figure 6-)
is a block diagram which shows the overall relationship be-
tween the basic circuits of the instrument. Figures 6-2

through 64 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

CHASSIS OR ANOTHER ASS5EMBLY

ASSEMBLY ASSEMBLY
REFERENCE ASSEMBLY PART NUMBER
DESIGNATION NAME  (INCLIUDES A2A! SURASSEMBLY)
—N— S \ 4 ~
JRBHNED 8 BTN PED BN A2 | POWER SUPPLY (OOXXX-6B501)

PLUG P) IS MDUNTED ON ASSEMBLY OR 5 P,
>V OF THE ASSEMBLY BOARD [COMPLETE DESIGNAYOFU 1S A2Ff)

DENOTES SIGNAL

A
\E
|

924, ] |

XA2 f Pl
i 2 CONNECTION
¥ TEST VOLTAG
PI IS NOT MOUNTED Do R3S Ecmsg Ql
ON A2 ASSEMBLY .
(COMPLETE DESIGNATOR IS PI) ‘|
R4 ;
JI | | SUBASSEMBLY OF A2 OENOYTES SCHEMATIC
(4 {COMPLETE DESIGNATOR IS A241) ?SNM»YQ%:ECH CONRECTION

(
|
+2.92V /7 N\ Pl 1 XA2 02
2 COMPLETE DESIGNATOR IS A2R4 7 l
|
1

yd
~
\§NUMBER INDICATES Al e o o
PIN OF XA2 AND Pt PHOTO-CHOPPER 0SC _]

WIRE COLOR: COLOR CODE IS THE SAME | \
AS THE RESISTOR COLOR CODE. FIRST EYELET OR STAND-
NUMBER INDICATES BASE COLOR, SECOND | DFF TERMINAL, MAY OR
MUMBER INOENTIFIES WIDER STRIP, AND | (AAY NOT BE NUMBERED I
THE THIRD INDICATES THE NARROWER

STRIP, (224, DENOTES WHT/RED/YEL WIRE) | 8 l

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

i I 6 82
MALE STANOOFF | FEMALE PIN
| PiN CONNECTOR CONNECTOR ON
MAY Of MAY A WNT/RED WIRE
COMPLETE I NOT BE wueeneo AT

NS
e N

57U-8-032

PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. PREFIX WITH ASSEMBLY 9.

NOTES

DENOTES POWER LINE CROUND,

i

OR SUBASSEMBLY DESIGNATION(S) OR BOTE FOR COMPLETE DESIGNATION.

COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE »OTED

RESISTANCE IN OEMS
CAPACITANCE IN MICROFARADS

- DENOTzS ASSEMBLY.

DENOTES MAIN SIGNAi- PATH.

DENOTES FEEDRACK PATH.
[ ] DENOTES FRONT PANEL MARKING

WE7™ DENOTES SCREWDRIVER ADJUST.

(0 DENOTES FRONT PANEL CONTROL.

= TTNOTES CHASSIS GROUND.
1. ¥ DENOTES CIRCUIT GROUND. (asgEMBLY)
*

AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT FACIORY.
COMPONTINT MAY BE ABSENT.

18. @ DENOTES CROUND CONNECTION MADE WITH ASSEMBLY MOUNTING
SCREWS TN FLACE.

4. {) DENOTUS SHIZLDING BEAD.

15. REFERENCE DESIGNATORS PRINTED IN RED INDICATE BACKDATING
CHANGES (SEE APPENDIX C).

18, 384, DENOTES WIRE COLOR. CODE IS SAME AS THE RESISTOR COLOR (CODE
(f.e., 9= white, 8 = gray, 4 = yellow}.
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Figure 6-1.

Block Diagram.
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COMPONENT LOCATIONS

Cl|CR{L|Q]|R R
1| Bl (D2 B2|Ct [Cr]26 |RE3
2| ¢CL |D2| E2|DL|CcL] 21| B2
3| o2 [D2| Ft Dt [®EL |28 | 83
o Bl Gl Bl Nl B B B A2 ASSEMBLY WIRE COLORS
5| c2|D3 | ES|F2 |CL]30 |cCo [ﬂﬂ"ﬂﬂ]
8| B3 | DI BS | A2 |CcL]a1 | ¢
1 C4 c3 5y | D1 32 —- PIN NG, WIRE COLOR
8| c4 | DI ps | b1 Jad | ¢S
9 | 04 |03 o5 | ot |34 | o5 X WHITE
10 | D4 F5 | ce |as | b3 ;? \L:“"IC:M
11 | D2 P& (D2 36 | C& 1% BLACK
12 | D3 As [ c2 |37 | E? 1 ORANGE
13 | & C4 8 238 E8 14 WHT/GRN
14 | ¢7 Dz | = | EB 15 RED
15 D7 c2 30 B6 18 WHT 'YEL
16 | s cala | =8 . ¢
17 | B3 c3| a2 | B8 ::
18 | DB cy | 48 | »7 2
19 | o6 D3 | 44 | B7
20 | 7 D4 | 45 | BS
21 | E Ei | 46 | D2
22 | ¢7 E4
23 | E4 D3
24 | C8 D3
25 | B8 D3
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Figure 6-2. Oscillator Circuit.
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Model 652A

Section VII

SECTION VII
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. Table 7-1
lists parts in alphameric order of theiwr reference
designatorsand indicates thedescription, -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. Description of the part. {See list of abbrevia-
tions below. )

c. Typical manufacturer of the part in a five-
digit code. (See Appendix A for list of manu-
facturers.)

d. Manufacturer's part number.
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hecto
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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 obtain 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,

riasecondfs) = 109 seconds POT T 9
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Model 652A

Section VII
Table 7-1. Replaceable Parts (Cont’d)

REFERENCE ‘hp-

sEsiCNATOR | EarTno. | TO DESCRIPTION MFER. MFR. PART NO.
A1l 00652-66504 PC board. power supply 28480 00652-66504
A1CH Not assigned
AIC3 0140-0177 C' fxd 400 oF * 1% 300 vdew 72136 DM15F401FQ300WVICR
A1C4 Not assigned
A1CB 0180-0230, C: txd 1 uF -~ 20% 50 vdcw 56289 1500105 X0050A2
AlC7, A1C8 Nor assigned
A1CS 0150-0084 C. fxd crir 0.1 ufF +80% -20% 50 vdcw 56289 33C41 ohd
AICI10 0180-0061 C: fxd A1l elect 100 uF -75% -10% 15 vBew 56289 300)07G0150C2-08M
A1C1Y 0180-0062 C: fxd A1 elect 300 xuF +75% - 10% 6 vdcw 56283 | 30D307G006DF2-0SM
A1C12, AICI3 0180-0058 C. txd Al elect 50 ufF +76% - 10% 25 vdew 56283 | 30D506G025CCw-DSM
A1C14 0180-0061 C: fxd Alelect 100 pf +75% - 10% 15 vdew 56289 300107G0150C2-DSM
AICIS 01210127 C. var gic 1.7 to 14,1 pF 74970 189-505-5
A1C16 0180-0284 C: fxd A1 elect 200 pF 175% - 10% 30 wdew 56289 D385%9
Al1C17 0180:0230 C' fxd 1 ufF + 20% 50 wew 56289 150D105X0050A2
A1CI18 ‘0140-0149 C: fxd 470 pF : 5% 300 vdow 72136 | DM15F471J0300WVICR
A1C18 0180-0161 C' fxd 3.3 uF & 20% 35 v3ew 56289 1500335X 003582
A1C20 0180-1746 ‘C fxd 15 uF 1 10% 20 vdew 56289 150D156X802082
A1C21 0180-0161 C' txd 3.3 pF £ 20% 35 vdew 56289 1500335X 003582
AIC22 0180-17486 C txd 15 pF x 10% 20 vdow 56289 150D156X902082
A1C23, A1C24 0150-0084 C: fxd 1 ufF +80%, - 20% 100 vdew 28480 28480
A1CR1 thru 19010158 Dioge' S 04713 SR1358-3 obd
A1CR4
A1CRS, CR6 1901-0040 Dioge St 50 mA 30 V 28480 | 1901-0040
AICR7 ot assigned
A1CR8, CRS 1901-0347 Dicde' SiBV 20 mA at +1 V 1.5 of 28480 1901-0347
AICRI10 1910-0018 Diode® Ge 60 wiv 03877 $3185G obd
AICR11 1801-0025 Oiode: Si 100 mA at + 1V 100 piv 12 pF 03877 | sGg17 odb
AICR12, CR13 1901-0040 Oiode: Si50 mA 30V 28480 | 1901-0040
A1CR14 19020184 Oioge: bkdn 16.2 V 28480 1902-0184
A1CRI15 1901-0040 Diode. S1 50 mA 30 V 28480 1801-0040
AICR16 1902-0777 Diode. TC REF 04713 1N825
A1CR17 thru 1907-0040 Diode. Si 50 mA 30 V 28480 | 1901-0040

CR19
AICR20 1902-0777 Oiode: TC REF 04713 | 1NB25
AICR21 Not assigned
A1CR22 1902-0184 Diode: Bkdn 16.2 V 28480 | 1902-0i84
A1CR23 1901-0040 Diode: Si50 mA 30 V 28480 | 1901-0050
A1CR24 19020184 Diode' 8kdn 16.2 V 28480 | 1902-0184
A1CR25 1901-0040 Diode Si S0 mA 30V 28480 1901-0040
A1CR26 1902-3190 Diode. Bkon 13V 04713 | 5210939-215

A1QO1 Not assigned

AtQ2 1853-0037 3 Tstr: Si NPN 28480 | 1853-0037

A1Q3 18540474 3 | Tstr: SiPNP 28480 | 1854.0474

A1Q4 18540474 Tstr: SINPN 28480 | 1854-0474

A1Q5 1854-0474 Tste: SiNPN 28480 1854-0474

A1Q6 1853-0037 Tstr: Si PNP 28480 | 1853-0037

A1Q7 1853-0037 Tstr: SiPNP 28480 1853-0037

A1Q8 1854-0071 2 Tstr: Si NPN (selected (rom 2N3704) 28480 | 1854-0071

A1Q9 1854-0042 2 Tsir: SiNPN SM1570 04713 | SM1570

ATR? 0757-0403 2 R Ixd comp 121 2 ¢ 1% 1/8W 24548 | C4-1/8-To-121-R-F
A1R2 0761-0024 2 R: fxdcomp 24K + 5% 1 W 24546 | FP32-1-Too-2401-)
AIR3 0683-3035 2 | R: fxd comp 30K = 5% 1/4W 02212 | CB3035

A1R4 0757-0440 2 R: fxd comp 7 5K + 1% 1/8W 24546 | C4-1/8-T0-7501-F
AIRS 0698-4450 2 R fxdcomp 324 Q = 1% 1/8W 24546 | C4-1/8.To-324R-F
A1R6 0683-0295 4 R ftxdcomp 3.9 Q = 5% 1/4W 01121 | CB0O338S
A1R7 0683-4715 2 R: ixd comp 4700 ¢t 5% 1/4W 01121 CB4715
AIR8 0683-1835 1 R Ixd comp 18K & 5% 1/4W 01121 CB81835
A1R8 0757-0436 2 R: fxd comp 4.32K ¢ 1% 1/8W 74546 | C4-1/B-To 4321-F
A1R10 0757-0279 ] R. fxd comp 3.16K = 1% 1/8W 24546 | C4-1/8-To-31B81-F
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Model 652A

Table 7-1 Replaceable Parts (Cont’d)

Secnon VI

REFERENCE -hp- :

DESIGNATOR PART NO. TQ DIEESCRIPTION MFEFR. MFR. PART NO.
ATAI 06984485 2 | R fxdecomp 2320 4 1% 1/8W 24546 €4-1/8-To-2322-F
AIR12 06984445 2 | R ixcH /6K £ 1% 1/8W 16299 CA4-1/8-To-5761-F
A1R13 0757.0403 R fxd comp 121 O + 1% 1/8W 24546 C41/8-To12iR-F
AilIR14 0757-1013 1 R fxd met fim 6000 Q £ 1% 1/2W 76042 CECT-O obd
AIR1S 06890915 R: fxd comp carbon 9.1 2 £ 5% I W 01121 GB91GS5
AIR186 Not assigned
AVRI? 0683-1008 ) R: ixd comp 10 t 5% 1/4W 01121 CR81005
AIR18,R)19 0683-2025 3 R- txd comp 2000 §2 2 5% V/4W 01121 €B2025
AYR20 0683.3935 2 R Ixd comp 39 k2 ¢ 5% 1/AW 0121 C83935
A1R22" 0683-1025 4 R. Ixd comp 1000 2 + 5% 1/aW o2 CB1025
A1R23 2100-0282 1 R: var ww 2000 Q 2 20% 1-1/2W 11236 110 obd
AlR24 0687-1031 1 R fxd comp 10 k2 & 10% 1/2W 01121 EB1035 obd
A1R25 0683-1015 2 R: fxd comp 100 & 5% 1/4W 01121 cB1015
AVR26 0683-1535 ! R: txd comp 15 k€2 = §% 1/4W 01121 CB81535
AIR27 0698-0026 1 R. txd me: flm 1690 Q & 1% 1/2W 19701 MF7C T-O obd
AIR28 06835115 1 R. fxd comp 510 82 = 5% 1/4W amn Cc85118
AIR29 0698-4483 1 R: fxd comp 18.7K = 1% 1/8W 24536 C4-1/8-To-1872-F
AIR30 0698-4445 R: xd 576K & 1% 1/8W 16299 C4-1/8-To-5761-F
ATR31 06984435 | R Ixd comp 2.48K &« 1% 1/8W 16299 C4-1/8-To-2491-F
A1R32 0757-0436 R fxd comp 4 32K _ 1% 1/8W 24546 C4-1/8-To-4321-F
AIR33 0683-0395 R: fxd comp 3.9 1 & 5% t/4W 01121 C30395%

AVR24 06834715 R: fxd comp 470 52 + 5% 1/4W 01121 CB4715

A1R35 0698 4450 R: fxd comp 324 2 £ 1% 1/BW 24546 | CA4-1/8-To-324R-F

AVYR36 0757-0440 R: fxd comp 7 5K 2 1% 1/8W 24548 C4-1/8-To-7501-F

AIRZ7 0683-1535 R: txd comp 15 52 ¢ 5% 1/4W 01121 CBI1535

ATR38 0683-3035 R: Ixd comp 30K % 5% 1/4W 01121 CB3035

A1R39 0761-0024 R: fxd comp 24K = 5% 1 W 24548 | F9521-T00-2401-J

AIR40, R4 2100-3211 2 R: var 1K 4 10% 28480 | 2v00-321°

A1R42, R43 0683-0395 R: fxd comp 39 Q & §% 1/4W 01121 €30395

AYUY U2 1826:0043 2 1IC: OP AMP 27014 LM307H
1200-0437 2 Socket IC 17117 7009-260-5




Section VII

Table 7

-1. Replaces

ible Parls {Cont'd)

Mode) 852A

REFERENCE hp e - .
DESIGNATOR PART NGO TQ DESCRIPTION MIT. MFR. PART NO.
A2 00652-66501 1 Pc board: osciallator amplifier 28480 | 00652-66501
A2C1 0180-0061 C: fxd Al elect 100 p ¥ +75% -10% 15 vdew 56289 | 30D107G015DC2-
NSM
A2C2 0180-0237 C: fxd A elect 500 puF +75% -10% 25 vdew 56289 | 39D507GO25HE4 DSRB
A2C3. A2C4 0150-0084 C: txd cer 0.1 pF +80% -20% 50 vdcw 56289 | 33C4t obad
A2C5 0121-0127 C: var air 1.7 to 14. 1 pF 74970 | 189-505-5
A2CSH 0180-0305 1| C: fxd Al elect 1000 o F +100% -10% 56289 | 34D108H2R5FJ4
2.9 vdew
A2C7? 0180-0112 1| C: ixd Al elect 2000 i F 1 vdew 56289 | D33239
A2C8 0180-0062 C: x8 Al elect 300 pF +75% -10% 6 vicw 56283 | 20D307GO06D F2-
DSM
A2C9 0180-0076 1| C: fxd elect 20 pF 25 vaew 56289 | 40D206G025DCSB-
DST
A2C10 0150-0054 C: fxdcer 0.1 gF -80% -20% 50 vdcw 56289 | 33C41 obd
A2C11 0180-0039 2 | C: fxd Al elect 100 pF +75% -10% 12 vdcw 56289 | 30D107G012CC2-
DSM
A2C12 0180-2151 1 C: ixad Al elect 500 pF +75% -10% 3 vdew 56289 | 30D Non Polar
A2C13 0180-0039 C: fxd Al elect 100 i F +75% -10% 12 vdew 56289 | 30D107G012CC2-
DSM
A2C14 0121-0127 C: var aiwr 1.7 to 14. 1 pF 74970 189-505-75
A2C15 0180-0062 C: ixd Al elect 300 uF +75% -10% 6 vdcw 56289 | 30D307G00SDF2-
DSM
A2C16, 0180-0101 4| C: ixd Ta 1.8 pF +10% 35 vdew 56289 | 150D185X9033B2
A2C17
A2C18 0180-0306 1| C: ixd Al elect 300 pF +100% -10% 15 vdew | 56289 | 34D30THO15FJ4
A2C19 0180-0307 1| C: fxd Al elect 500 uF +100% -10% 15 vdew | 56289 | 34DS07HO15FJ4
A2C20 0180-0101 C: fxd Ta 1.8 uF £10% 35 vdew 56289 | 150D155X8035B2
A2C21% 0140-0201 1| C: fxd mica 12 pF 2 5% 78488 | RDM15C120J5C
A2C22 0180-1756 1| C: fxd Al elect 1200 uF +100% -10% 56289 | Type 34D Specirl
obd
A2C23 0140-0101 C: fxd Ta 1.8 uF +£10% 35 vdew 56289 | 150D185X8035B2
A2C24% 0150-0022 1| C: fxd TiOp 3.3 pF + 10% 78488 | Type GA otd
A2C25* 0150-0043 1| C: ixd TiO5 6.8 pF 5% 500 vdcw 78488 | Type GA obd
A2CR1 1902-0046 1| Diode: breakxdown 7.15 V +10% 400 mW 04713 | 10939-139 obd
A2CR2 thru
A2CR4 1901-0025 Diode: St 100 mA at +1 V 100 piv 12 pF 03877 | SG-817
A2CRS5 thru 1810-0016 4| Diode: Ge 60 wiv 1 ms 03877 ! S831B5G obd
A2CR7
A2CRS, 1901-0040 2 | Diode: S8i 03877 | SG-5050
A2CRY 1910-0016 Diode: Ge 60 wiv 1 ms 03877 | S3185G obd
A2L1* tiru 9170-0016 7 | Bead: shielding 02114 | 56-590-65/3B
A206*
A2Q1 1855-0082 1| TSTR: P FET channel Type A 04713 | S$S3723 obd
A2Q2 1854-0215 2 | TSTR: S1 NPN 2N3904 04713 | SPS 3611
A2Q3 1353-0036 3 | TSTR: S} PNP 2N3906 04713 | SPS 3612
A2Q4, A2Q5 1854-0254 4| TSTR: SiNPN* 04713
A2Q6 1853-0012 2| TSTR: Si PNP 2N2904A 04713 | 2N2904A
A2Q7 1854-0215 TSTR: S1 NPN 2N3904 24446 | 2N3904
A2Q8 1854-0337 TSTR: Si NPN** 04713 | SM1570-2
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Model 6524 Section VII
Table 7-1. Replaceable Parts (Cont'd)
REFERENCE -hp- o . T
DESICNATOR PERT KO TQ DESCRIPTION MFR, MFR. PART NO.
A2Q9 1853-0007 1 | TSTR: Si PNP 2N3251 04713 | 2N3251
A2Q10, A2Q11 1854-0254 TSTR: Si NPN ™ 04713 | obd
A2Q12 1853-0012 TSTR: Si PNP 2N2904A 04713 | 2N2904A
1205-0037 2 | Heat sink 98978 | ohd
A2R1 0687-1021 1 | R: fxd comp 1000 @ £10% 1/2 W 0112) | EBL0O21
A2R2 0683-6225 1 | R: fxd comp 6200 © 5% 1/4 W 01121 | CBB225
A2R3 0683-4335 R: fxd comp 43 K +5% 1/4 W 01121 | CB4335
A2R4 0683-1025 2 | R: fxd comp 1000 £ 5% 1/4 W 01121 | CB1025
A2R5 0684-1221 1 | R: fxd eo~p: 1200 © +10% 1/4 W 01121 | cB1221
A2R6 0683-9106 1 | R: £x6 comp 91  +5% 1/4 W 01121 | CB9105
A2RT7* 0683-0275 6 | R: fxd comp2.70 5% 1/4 W 01121 | CB27GS
AJRS, A2R9 0886-1025 2 | R: fxd comp 1000 £ +5% 1/2 W 01121 | EB1025
A2RI10 0693-8211 1 | R: £xd comp carbon 820 § +10% 2W 01121 | MB82)1
A2R11, A2R12| 0686-1305 3 | R: fxd comp 13 0 +5% 1/2 W 01121 | EBI305
A2R13 0687-1001 2 | R: fxd comp 10 2 +10% 1/2 W 01121 | EB1001
A2R14 0757-0739 2 | R: (x4 met flm 2000 © +1% 1/4 W 19701 | MF6C T-0 obd
A2R15 0757-0736 1 | R: fxd met m 1500 Q £1% 1/4 W 19701 | MF6C T-0 obd
1
A2R16, A2R17| 2100-2604 2 | R: varlin 50Q 1 10% 1/2 W 01121 | Type SV500]
A2R19 0683-2035 1 | R: fxd comp 20 KQ 5% 1/4 W 01121 | CB2035
A2R20 0683-0275 R: fxd comp 2.7 Q 5% 1/4 W 01121 | CB27G5
A2121 0684-1031 4 |R: fxd corap 10 X +10% 1/4 W 01121 | CcB1031
A2R22 0757-0732 R: fxd met flm 2000 £ +1% 1/4 W 18701 | MF6C T-O obd
A2R23 0683-4705 1 | R; fxd comp 47 2 5% 1/4 W 01121 | CB4705
A2R24* 0683-2025 R: fxd comp 2.0 kQ +5% 1/4 W 61121 | CB2025
A2R25 0898-4657 2 | R: fxd met flm7, 15KQ +1% 1/4 W 19701 | MF6C T-O obd
A2R26 0687-1001 R: fxd comp 10 Q +10% 1/2 W 01121 | EB1001
A2R27 0683-0275 R: fxd comp 2.7 Q +5% 1/4 W 01121 | CB27G5
A2R28 0757-0500 R: fxd comp 30.1 Q1% 1/4 W 19701 | MF6C T-O obd
A2R29* 0683-1215 1 | R: fxd comp 120 Q@ +5% 1/4 W 01121 | CB1215
A2R30 0683-3935 R: fxd comp 39 KQ 5% 1/4 W 01121 | CR3935
A2R31 0683-8235 1 | R: fxd comp 82 K +5% 1/4 W 01121 | CB8235
AZ2R32 Not assigned
A2R33 0684-1521 2 | R: fxd comp 15000 £10% 1/4 W 1121 | €B1521
AZR34 0686-2025 1 | R: txd comp 2000 © =5% 1/2 W 01121 | EB2025
A2R35 0889-4315 1 | R: ixd co-p carbon 430 Q 325G 1 W 01121 | GB4315
A2R36 0693-6811 1 | R: fxd comp carbon 630 ¢ - 10% 2 W 01121 | HB681)
A2R37,

A2R38 0683-0275 R: fxd comp 2.7 Q £5°51/4 W 01121 | CB27G5
A2R39,

A2R40 0757-1012 2 | R: Ixd met flm 100 w 25% 1/2 W 75042 | CEC T-O obd
A2R41 0683-3615 t | R: fxd comp 360 © +5% 1/4 W 01121 | CB3615
A21:42,A2R43 0757-01598 R; fxdprec met flm 10000 +176 1/2 W -hp-

A2R44 0683-0275 R: fxd comp 2.7 © 15% 1/4 w 01121 | CB27G5

A2RA45 0757-0500 { | R: fxd met fim 30,1 Q 1% 1/4 W 75042 | CEB7T-0  obd

A2R46 0757-0277 1 | R: fxd met flm 49.9 Q £1% 1/8 W 75042 | CEA T-O  obdd

A2RAT* 0698-4448 1 | Rt fxd met flm 294 © = 1% 1/8 W -hp- o
50681-0748 6 | SOCKET ASSY: TSTR 28480 | 5061-0748

A3 00652-66503 1 PC board: expand meter circuit 28480 | 00852-66503

A3C1 0180-0088 3 | C: fxd Ta elect 100uF 120% 20 vdcw 56289 | 150D107X0020S2DYS

A3C2 0180-1794 2 | C: ixd Ta cloct 22 pF £10% 35 vdew 56289 | 109D226X9025C2

A3C3 0180-0387 C: fxd Ta elect 47 pF +5% 20 vdcw 56289 | 150D176X50201R2

A3C4* 0180-1794 C: fxd 22 pF 35V 56289 | 150D226X90351:2DYS

A3CH 0160-0169 1 | C: fxd my 0.0088 uF +10% 200 vdcw 56289 | 192P68292-PTS

A3C6, A3CT 0150-0093 3 | C: Ixd cer 0.01 pF +80 -20% 100 vdew 91418 | TA obg

A3C8~ 0180- 1746 1 | C: fxd elect 15 uF 10% 20 vdew 28480 | 0180-1746

A3CSH 0180-0374 1 | C: fxd Ta elect 10 pF £10% 20 vdcw 56289 | 150D106X9020132

A3C10 0150-0042 1 | C: fixd TiOy 4. 7 pF £5% 500 vdew 78488 | Type GA obd

A3Cl11 0121-0121 1 | C: varair 1.2 to 4.2 pF 74970 | 189-501-5

A3CI12 0150-0093 C: fxd cer 0.01 1 F +80% -20% 100 vdcw 91418 | TA obd
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Seciion VII Modacel 652A
T: T-1. Replaceable Parts (Cont'd)
REFERENCE -hp " — P
DESIGNATOR | PART NO. i DESCRIPTION MFR. | MFR. FART 0.
A3C13,A3C14 | 0180-0032 2 | C: fxd Al elect 10 pF +75% ~10% 12 vdcw 56289 | 30D1D6GO12BA4
A3C15 0180-0059 1 C: fxd elect 10 yF +100% -10% 25 vdew 56289 30D106G025BN-
DSM
A3CRI, 1901-0456 2 | Diode: Si hot carrier -hp-
A3CR2
A3CR3, 1901-0025 Diode: Si 100 mA at ! V 100 pyv 12 pF 03877 SG-817 ond
A3CR4
A3CRH 1902-3205 1 Diode: S1 breakdown 15 V £5% 04713 SZ 10939-233
A3CR6 1902-0049 1 | Diede: breakdown 6.19 V £5% 400 mW 07263 | obd
A3CR7 1610-0016 Diode: Ge 60 wiv 03877 S3185G ohid
A3CRS8 1901-0025 Diode: Si 100 mA at -1 V 100 piv 12 pF 03877 SG-817 obd
A3L1 9140-0025 1 | € oradio frequercy 4.7 pH +10% 99848 | 213-11 ob¢
A3L2 9140-0118 1 Coi: molded choke 500 pH +5% 82142 10178-8 obd
A3Q1 1853-0010 2 | TSTR: S1 PNP*+ -hp-
A3Q2 thru 1854-0033 4 TSTR: Sy NPN 2N339) 24446 2N3391
A3Q4
A3Q5 1853-0010 TSTR: S) PNP*=* -hp-
AJQS 1354-0033 TSTR: Si NPN 2N3391 24448 2N3391
A3Q7, A3Q8 1853-0036 2 TSTR: Si PNP 2N3906 04713 SPS-3612
A3R1¥ 0683-0565 1 | R: fxd comp 5.6 Q 5% 1/4 W 01121 | CB56G5
A3R2 0757-0339 1 | R: [xd met fim 3010 © 1% 1/4 W 19701 | MF6C T-O  obd
A3 0757-1023 1 R: (xd met fim 6040 © 1% 1/4 W 19701 MFG6C T-0O obd
A3R4 0757-0340 1 | R: fxd met flm {0 KQ 1% 1/4 W 18701 | MF6C T-O obd
A3RS 0683-2745 3 | R: fxd comp 270 KR + 1/4 W Q1121 CB2745
A3R6 0683-1845 L R: fxd comp 180 KQ 5% 174 W 01121 CR1845
A3R7 0683-2745 R: fxd comp 270 KQ 50 1/4 W 01121 CD2745
A3RE” 0683-3035 1 | R+ txd comp 30 K@ +5% 1/4 W 01121 | CB3035
A3RS 0684-1031 R: fxd comp 10 K +10% 1/4 W 01121 | CBI0O31
A3R10, A3RI1 0757-0753 2 R: fxd met (Im 9090 Q +1% 1/4 W 19701 MF&6C T-0O obd
A3R12 0683-2445 1 R: fxd comp 240 KQ +5% 1/4 W 01121 CR2445
A3R13 0684-1031 R: fxd comp 10 X2 210% 1/4 W 0112) CR1031
A3R14 2100-0439 1 R: var ww 250 §2 +20% 1-1/2 W 11236 110 obd
A3R1S 0683-3915 R: fxd comp 390 £ +5% 1/4 W 01121 CB3915
A3R16 0684-1031 R: fxd comp 10 KQ +10% 1/4 W 01121 | CBI1031
A3RLT 0684-1531 1 | R: fxd comp 15 K 210% 1/4 W 01121 | CB1531
A3R18~ 0683-8215 1 R: fxd comp 820 5% 1/4 W 01121 C132205
A3R)S 0757-0754 1 | R: fxd met im 11 KQ +1% 1/4 W 18701 MF6C T-O obd
A3R20 0684-3921 1 R: (xd comp 3900 £10% 1/4 W 01121 CB3921
A3R21 0684-1021 2 R: fxd comp 1000 Q +10% 1/4 W 01121 CB1021
A31R22 0698-4715 R: fxd met (ln1 14.0 KO 4 1% 1/4 W 91637 MFF-1/8-32 T-1
A3IR23 0684-1021 R: fxd comp 1000 Q + 10 % 1/4 W 01121 CB1021
ClA thru C1C 0121-0018 1 C: var air 3-sect 14.75 pF to 617,75 p:if ~hp-
€2 0160-3333 3 | C: txd cer 5000 pF + 20 % 250 vdew 08988| THD-8-502M-1.4 KV
C3, C4 0160-3333 C: {xd cer 5000 pk + 20 % 250 vdew 08988 THD-8-502M -1. 4 KV
Ch, C6 0180-0047 2 C: [xd Al elect 500 ' 75 vdcw 56289 032443 obd
C7 0160-3333 C: fxd cer 5000 pF + 20 % 250 vdew 08988 | THD-8-502M-1. 4 KV
DS1 2140-0015 1 Lamp: neon T-2 lLiilb NE2H 24446 | obd
5040-0234 1 | Pilot light: jewc: -hp-
5040-0235 i | Pilot Ught: base -hp-
Tl 2110-0340 1 Fuse: 0.4 A slow-blow 259 V 71400 MDL 4410
J1 1251-2357 1 | Receptacle: power 82349 EAC-301
L1 thru L3 Not assigned
L4 9140-0029 1 Coil: radio frequency 100 u F 99848 3100-15-101
L5% 9170-0016 Bead: shielding 02114 56-590-65A 1/3 B
M1 1120-0922 1 Meter: 50 £ DBM scale -hp-
MP1 1500-0253 2 | Yoke: flexible coupler 99934 A-201-142
MP2 1500-0004 1 | Insulator: flexibie coupling 09934 A-201-1
MP3 5060-0021 1 | Gear Assembly -hp-
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Model 652A Section V1]
Table 7-1. Replaceable Parts {Cont'd)
RFFERTINCE hp- -~ = ¥ e 0
DESIGNATOR PART NO. rq DESCRIPTION MFR. MFR. PART NO.
M P4 1460-0256 1 | Spring: compression -hp-
MPS 5060-0020 1 | Gear Assembly -hp-
MP6 5020-0233 1 | Collar -hp-
MP1 5020-0348 1 Shaft -hp-
MP8 5020-064) 1 | Shafl: spur gear -hp-
MPS 5020-0639 1 | Casting: Capacitor drive assembly -hp-
MP10 5020-0630 1 Hub: dial -hp-
M1 11 5040-0607 L | Disc assembly: vernior drive -hp-
MP12 006851-00102 1 Plate: capacitor -lip-
MP13 5040-0631 2 Bracket: capacitor mount -hp-
vP14 0340-0580 2 | Insulator: TSTR mounting 000LB | 293011 obd
MP15 2110-0359 1 Fuseholder 91967 | £50
MP186 00651-05503 1 Shield: filter -hp-
MP17 00852-05506 1 | Shield: separates board -hp-
MP18 1205-0241 6 | Semiconductor-thermal link 13103 | 12017
MP19 00652-04101 ) Plate: cover over A2 board -hp-
MP20 00651-05501 1 Shield: power over switch ~-hp-
MP21 0370-0025 1 | Knob: round black vernier -hp-
MP22 0370-0114 2 | Knob: round red ~hp-
MP23 0370-0116 2 Knob: round black -hp-
MP24 00651-05504 1 | Shield: ouier cover ~hp-
MP25 4040-0297 1 Bezel: meter window -hp-
MP26 0:70-0112 2 Knob: bar skirted black -hp-
MP27 61B-40D-4 1 | Plate: frequency dial -hp-
MP28 0370-0160 L Knab: round black dial -hp-
MP29 5040-5158 ] Indicator: dial -hp-
MP30 00651-04001 1 | Dial -hp-
MP31 5060-8587 1 | Cover assembly: top 11" long ~-hp-
MP32 00651-00213 1 | Panel: rear ~hp-
MP33 5060-0731 2 | Frame assembly: 5 x 11 full module -hp-
MP34 5060-51737 2 Retainer: handle 5' high -hp-
MP35 5000-8597 2 | Cover: side rear 5 x 11 full module -hp-
MP36 5000-8599 2 | Cover: side front 5 x 11 full module -hp-
MP37 5060-0222 2 | Handle assembly: 5" high side -hp-
MP38 5000-0051 2 Cabinet trum -hp-
MP39 1490-0030 1 Stand: tilt stainless steel rod 91260 | obd
MP40 5060-0767 5 | Foot assembly: full module -hp-
MP41 5060-8711 1 Cover assembly: bottom 11" long -hp-
MP42 00652-00202 1 Panel: front -hp~
MP43 00651-001138 1 Deck: main -ho-
MP44 5000-0637 1 | Spring: thrust -hp-
Q1 18540083 1 | TSTR: SI NPN 2N3055 -hp-
Q2 1853-0305 1 TSTR: SI PNP -hp-
R1 0684-3331 1 | R: {xd comp 33 k{2 & 10% 1/4 W 01F21 CB3331
R2 2100-1996 1 R: var pot 71590 | Modea. 12 obd
R3 2100-1997 1 R: var pot 71590 | Model 12 obd
S 00652-61901 1 | Switch assembly: range -hp-
SIC1 0140-0040 1 C: [xd mica 75 pF + 5% 04062 RCM 1511 7504
SiC2 0130-0006 3 C: var cer 5 to 20 pF 72982 503 000 RZPO28R
S1C3 0140-0032 1 C: fxd mica 47 pI* - 10% 04062 RCMI151' 470K
S1C4 0130-0001 1 C: var cer 7 to 45 pF 72982 503-000-D2P0O-33R
S1C5 0130-0006 C: var cer ©to 20 F 72982 503 000 B2PO28R
S1Cé 0180-0987 1 C: fxd mica 12 pF + 3% 04062 RDMISCI20J58
S1C7 0130-0006 C: var cer 5 to 20 pF 72982 503 000 B2PO28R




Section VII Model 652A

Table 7-1. Replaceable Parts (Cont'd)

REFERENCE s - N : 3
DESIGNATO PART NO TQ DESCRIPTION MFR MFR PART NO.
s1c8 0140-0002 1 | C: fxd mica 10 pF + 10 % 14655 obd
S1C3, S1CL0 0130-0003 2 | C: varcer 1.5to 7 pF 72882 | 503-000 COPO-10R
S1C11 0150-0046 1 C: fxd TiOg 0. 68 pF 5% 500 vdew 78488 | Type GA  obd
s1c12 0150-0029 2 | C: fxd TiOg 1 p¥ + 10% 500 vdew 784B8 | Type GA  obd
S1C13% 0150-0029 C: fxd TiOg 1 pF = 10% 500 vdew 78488 | Type CA  obd
S1Cl14= 0150-0044 1 | C: fxd TiOs 5.8 pF + 5% 500 vdew 78488 | Type GA  obd
S1Cl5+* 0150-0031 1| C: fxd TiO2 2.0 pF = 5% 500 vdew 78488 | Type GA  obd
SIR1% 0686-5145 1 | R: fxd comp 510 k2 + 5% 1/2 W 01121 | EBR5145
S1R2 0730-0145 1 | R: fxd carbon flm 12 MQ + 1% 1 W 91637 | DC-1
SIR3* 0687-3931 1 | R: £xd comp 39 kQ + 10% 1/2 W 01121 | EB3931
S1R4 0757-0983 1 [ R: fxd met fIm 1.23 Mo + 1% 1/2 W 75042 | CEC T-O obd
S1R5* 0687-4721 1 | R: fxd comp 4.7k + 10% 1/2 W 01121 | EB4721
S1RS8 0757-008) 1 R: fxd met flim 123 kQ + 1% 1/2 W 15042 CECT O obd
SIRT* 0687-3911 1 | R: fxd comp 3808 = 10% 1/2 W 01121 | EB3911
SIR8 0757-0042 1 | R: fxd met flm 12.3 k2 = 1% 1/2 W 75042 | CEC T-O obd
S1R9™ 0687-6801 1 | R: fxd comp 680 + 10% 1/2 W 01121 | EB6801
SIR10 0757-0821 1 | Rt fxd met flm 1,21 k2 + 1% 1/2 W 75042 | CEC T-O obd
SIR11* 0687-2701 2 | R: fxd comp 279 + 10% 1/2 W 01121 | EB2701
SIR12 0757-0198 1 | R: fxd met flm 100Q + 1% 1/2 W .9701 | MF7C T-O obd
SIR13 0733-0006 1 | R: fxd carbon flm 24.5 M + 1% 2 W 91637 | pDC-2 obd
S1IR14% 0686-1855 1 | R: fxd comp 1,8 MO + 5% 1/2 W 01121 | EB1855
SIR15 0757-1017 1 R: fxd met flm 2.45 MQ + 1% 1/2 W 75042 CEC T-O obd
SIR16+ 0686~ 1245 1 | R: fxd comp 120 kQ + 5% 1/2 W 01121 | EB1245
SIRJ7 0757-0982 1 | 2 fxd met flm 245 k2 + 1% 1/2 W 75042 | CEC T-O obd
SIR18% 0687-1031 1 | R: fxd comp 10 kQ + 10% 1/2 W 01121 | EBIO31
SIRI19 0757-1014 1 | R: fxd met flm 24.5kQ + 1% 1/2 W 75042 | CEC T-O obd
SIR20* 0687-1021 1 | R: fxd comp 10008 = 10% 1/2 W 01121 | EB1021
SIR21 0757-0038 I | R: fxd met flm 25106 + 1% 1/2 W 75042 | CEC T-O obd
S1R22~ 0687-5601 1 | Rt fxd comp 560 + 10% 1/2 W 01121 | EB5601
S1R23 0757-0980 1 | R: fxd met flm 2258 + 1% 1/2 W 75042 | CEC T-O obd
S1R24% 0687-2701 1 | R: fxd comp 270 + 5% 1/2 W 01121 | EB2701
32 00651-63402 | Attenuator assembly -hp-
S2R1, S2R2 0698-83886 2 | R: fxd met fim 790 Q + . 1% 1/2 W 75042 | CEC T-O obd
S2R3 0698-8387 1 | R: fxd met flm 247.5Q . 1% 1/2 W 75042 | CEC T-O obd
S2R4 0698-8388 1 | R: fxd met flm 71.15Q + , 1% 1/2 W 75042 | CEC T-O obd
S2R5 thru 0698-8389 4 | R: fxd met flm 53.27Q + . 1% 1/2 W 75042 | CEC T-O obd
S2R38
S2R9,S2R10 0698-7984 2 | R: fxd met flm 61. 112 = ., 1% 1/2 W 75042 | CEC T-O obd
S2R11,S2R12 0698-8390 2 | R: fxd met flm 96.25Q + ,1% 1/2 W 75042 | CEC T-O obd
S2R13 Q757-1016 I R: fxd met flm 5500 + . 25% 1/2 W 75042 CEC T-O obu
S3 3101-0036 1 | Switch: toggle power SPST 88140 | 8928K61
<4 3101-080%5 i Switch: wmonitor -hp-
35 3101-1234 1 | Switch: slide 82389 | 11A-12424
Tl 9100-3239 1 | Transformer: Power 115/230 V hp-
Wl 8120-1348 1 | Assembly Cable: Power Cord 7.5 iecet 70903 | KH-4147
5061-0735 1 | TUNER ASSY (Consists of C1A thru C1C 28480 | 5061-0735
and MP13)
MISCE LLANEOUS
1200-0081 4 | Bushing (for MP18) 26365 | 974 Scocial
1263-0220 Semi-heat dissipator -hp-
00631-61804 1 Cable' power -hp-
00652-61601 1 | Cable: panel controls -hp-
00651-61802 1 | Cable assembly: input -hp-
00651-61601 2 | Cable assembly: oulput hp-
2110-0340 TFuse: Type designator 2B250V . 4A -hp-
00652-90005 1 Manual: operating and service -hp-
00652-84402 1 | Rack mount kit -hp-




CODE LIST OF MANUFACTURIRS

The folowing code numbers are from tha Federal Supply Code {or Manufactlurers Catalaging Randbooks H4-1 (Namg to Code) and H4-2 {Code

to Name) and their )atest supplements The date of revision and the date of the supplements used appenr at the lotton: ¢l each page.

belica) codes hava been arbitrarily agelg:.cd to supplers nol appearing in the 114 Randbooks,

nge Manulacburcr Addreas
00000 U S.A Common. ...... Any Bupplier of U.S.
00136  McCoy Bleclronics- - -Mount Holly §irings, Pa.
00213  Sage Electronics Corp ..... Rochesler, N. Y.
00267 Cemco, Ine. ... . Danielson, Conn,
00334  Humidiad . . . . ... Colton, Calif
00348  Miciraon, Co. , l.rlc . Valley Stream, N.Y.
00378 GarlockInc. . .... ... .. Cherry BRIl1, N, T
00656 Aerovex Corp. - . . . . New Bediord, Mass
00779 Amp.Inc. - ...y . Harelsburg, Pa.
00781  Alrcruft Radio Corp.. .. . ... Boonton, N.J.
00809 Croven, Ltd. - . ... .Whitby, Ontaria, Canada
00815  Norlhern Eugineering

Leboratorles, Tnc .. ... .. Burlington, Wis.
00853  Sangamo EBtectric Co.,

Pickena Dlv, . ............ Plekens, 8.C.
00866  Goc Engineering Co. .City of Industry, Cal.
00831 Carl E, Molmes Corp .. .Los Angeles, Cal.
00029 Microlab Inc,. .. . <. ... .. .Livingston, N.J.
01002 General Eleclric Co.,

Capacitor Deptl.. .. . ... .Hudson Palls, N Y,
01009 Adden Products Co + v v .. 0. Brockton, Masga,
0112  Allen Bradley Co.. ... ... o Milwauken, Wia
01256  Litton Industrica, Inc. . .. Bevarly Hils, Cal.
01284 TRW Samiconductors,inc. . - - . Lawndale, Cal.
01295 Texas nsirumenls, bic.,

Transistor Products Div, . . ... Dallas, Texas
01349  The Alliance Mig. Co. - . - Alliance, Ohlo
01538  8mall Parts Ine. . . ... ... Los Angeles, Cal
01689  Pacific Relays, [ne .. . - -vVan Nuys, Ca)
01670 Gudebrod Bros Silk Co ..... New York, N Y,
01830  Amerock Corp. ... .........Rockford, Nl
01360  Pulse Engincering Co e . Sapta Clera, Cal,
02114 Ferroxcube Corp. of

Amerca . . .. . .8augerles, N.Y.
02)18 Wheelock Signsls Inc . -Long Braneh, N, J,
022856  Colc Rubber and Plastics Inc . . Sunnyvale, Cal.
02660 Amphenol-Borg Electronics

Corp. i .Broadview, ML,
02735 Radio Corp. ol Amerlca Semi-

conductos and Materials

Division . .. . ... .. Somerville, N.J
02771 Vocalme Co of America,

............... 014 Saybraok, Conn.

02217 Hopkms EngineeringCo.  San Fernando, Cal.
02875 Mudson Tool & Dle . . . . . . Nowark,N.J
03296  Nylon Molding Corp Sprmgneld N.J.
03308 G.B Semicnnductor Prod.

Depls v svivs o nm s s 58558 o Syracuse, N.Y.
03705  Apex Machioe & Tool Co. .Dayton, Ohio
03797 Bldema Corp. . ..........Complon, Cail,
03818  Parker S8eal Co ... .- - . .Los Angeles, Cal.
03877  Transitron Electric Corp. . Wakeffeld, Mass,
03888  Pyrofilm Resisior Co. ,

INC. v v v v e Cedar Knolls, N.J.
03954  Singer Co , Diehl Div ,

Finderne Planl ......... Sumarville, N J.
04009 Arvow, [iart and Hegeman

Erect, Co T - Hardord, Coun.
040132 Taruus Corp, . - ..... Lambertville, N, J
04062  Arco Electromc Inc. Great Neck, N, Y,
04217 Fssex Wire . .Log Angeles Cal.
04222 11i-Q Division of /\erovox Myrth: Beach, S.C.
04354  Precision Paper Twbe Co. . . Wheehng oL
04404  Palo Al Dwviswon ¢! Hewlett-

Packard Co. - .Palo Alto, Cal.
04651  Sylvania Flectric Producls

Microwave Device Div. . Mountain View, Ca),
04673  Dakota Engr.Inc. . .. ... . Culver Cily, Cal.
04713 Motorola Inc. Semconductor

Prod. Div. S e 8 5 Phoerix, Arizuna
04732  Filtron Co. ,Inc, Wmm:rn

DIVe v o msis wiwens & o en: = Culver City, Cal,
04773 Avtomalic Blectric Co ... ... Northlake, Nl
04786  Sequora Wire Ca. . ... .., Redweud City, Cal,
0481 Precislon Coil &pring Co. . . El Monte, Cal.
0:570 P.M Motor Company. ... .. Westchester, DL
04919 Component Mig. 8ervice

Co. .. W  Bridgewaler, Masa
05006 Nenueth Cen(m-y Plastics,

I0Ce: s sasa i = w0 w s ¢ s e Los Angeles, Cal.
05237 Wesunghouse Electric Ccrp

Semconduclor Dept. . Yourywood, Pa,
00015-49

Revised: May, 1970

Code
No.

05347
05397

03574
05593
03618

05624
05728

05729
05783
06820
06004

08080
08175

06402
08540
08566

08666
06751
06812
08580
07088
07128
07137

07138

07148
07234
0T256
07261
07263

07322
07387
07387

07700

07829
07910
07933

07980

08143
08288
08358

0854
08654
08717
08718

08727
08792

08806

08984
09026
09087
09134
00145

09250
09353
09565

08795
09922
10214

10411
10646

Manufacturer Address

Ultronix, inc. San Mateo, Cal,
Union Carbine Corp Ehwl

Die, . .. .New York, N.Y.
Viking Ind lnc 254 ‘ Ca.nog.\ hrk Cal.
Teore Blectro- Plasucs lnc ...... Sunnyvale, Cal.
Casmo Plastle (c/o Electrical

&ecCol) ... ..., Cleveland, Oho
Barber Colman Co. . . Rocktord, Dt
TiffgnOptical Co. .. ... .. . ..........
......... Roslyn HE(ghl.B bong faland, N.Y.
Metro-Tel Corp. . N6 Wea(bury N Y,
Slewart Bnmneerlng Co. &ulla Cruz, Ca

Wakefield Eoginecerling Inc.
Baasick Co., Div. of Stewart
Waraer Corp. . . . .
Raycbem Corp. . ..
Bawsgch and Lomb Opuch

. Wakefiald, Mass

Bridgeport, Conn
. Redwood City, Cal.

Ca. . . ... Ll Rochester, N Y.
E,T. A_ Pmdu:u Co. of

America ... ....v.v.s-, o.Chicago, Nl
Amatom Electronic erdwue

Co.,Inc. ..., : Ncw Rochelle, N Y
Bnedu Elpctrical lnscrumont

Co , Inc. ; Penacook, N.H.

General Devices Co. Ync
Components Ine, A.ru. Div. ..
Torrington Mz, Co. ,West Div, .

Indiamapolis, Ind
Phaenix, Arlzona
. Van Nuys, Cal,

Varisn Assoc, Etmac Div, . Ban Carles, Cal
Kelvin Electric Co, . . . Van Nuys, Cal.
Digilran Co, . ., . ... .. Pasadena, Cal.
Transistor Electronics

Corp.. . Minneapolis, Minn.
Wesunghouoe Slcctrlc

Corp ,Electrontc Tube Div. . ... Elmira, N Y,
Filmohm Corp. . . . ... New York, N.Y.

. Clty of Industry, Cal,
8(lMcon Tranaistor Corp. . . . Curle Place, N Y
Avnet Corp. . . Culver Cmt Cal,
Falrchild Cnmr:ra & Inet. Corp. ,

Semaconductur Dlv, . ., .. Mountain View, Cal
Minncsot Rubber Co Minneapollg, Minn,
Birtcher Corp, The . .. .. .Montercy Park, Cal,
Sylvmle Elect, Prod, Inc, ,

View QOperations . Muuntaju View, Cal,
Techr\(ce.\ Wire Products

inc. .. .
Bodine I-.lecl Co
Conlinenta) Device Carp. . . . .
Raytheon Mig. Co., Seml-

conductor DIv, . . . . ...,
Hewlett-Packard Co, .

New Jersey Diviaton . . . .. .. Rockawzy, N.J,
U.S, Engineering Co. .. .. .. Los Angoles, Cal.
Biian, Delbert Co Pomona, Cal.
Burgess Battery Co, . ... ..

. Niagara hlls Ont:rlo Cmada
Deutsch Faalenar Corg - ... Los Angeles. Cal.
Briatol Co., The Walerbury, Conn
Sroan Compuv e . Sun Valley, Cal.
ITT Cannon Eleriric lnc i

Phoenix Div.. . . . ... ... .. Phoemdx, Arlzona
National Radio Lab foe. . .. ... Paramus, N.J.
CBS Eleclronics Serajconductor

Operations, Div,of CBS Ine . . . .
General Electric Co.,

Minjature Lamp Dept, - .
Mel-Rain |,
Babeock Relays Div
Electronic Bnclosures lnc

Cinch-Oraphik Co.

. Cranlord, N.J.
Chicago, MU
Hawthorne, Cal,

Mouniain YView, Cal.

Lowall, Mass.

.Qleveland, Ohio
lndhmpolis Ind.
.Costa Mesa, Cal.
Los Angeles, Calif .

Toxas Capacitar Co. . ....... Houston, Texas
Tech. Ind. Inc. Alohim:

Bleet. ..o vcomvawasnmmesnas Burbank, Cal.
Electro Assemblies, Inc.. ....... Chicago, 1.
C & X Components Ine.. .. ... .. Newton, Mass,
Mallory Banery Co. of

Cauada, Lid,, ., ... Toronlo, Onlario, Canada
Pennzylvania Florocarbon. Clifton Helghts, Pena.
Burndy Corp. . v v v i e Norwalk, Conn.
General Transistor Western

Carp. . . . Los Angeles, Cal.

Te-Tal,Inc.. .. ...
Carbsrurndum Co.

. ... Borkelcy. Cal,
Niagara Falls, N.Y.

A-1

Code
No,

11236
11237

11242
11312

11314
11455
11534
1mm

1N
11870
12136
12361
12574

12697
12728
12859
12841
12930
12954
13019
13061
13108
13327
13338
13835

14099
14183
14298
14433

14493
14655
14674
14752
14060
15106
16203
15287
15293
13338
15666
15631
18772

15801
15818
16037
16179
16352
16554
16585
16688

16758
17109
17474
17675
17748
17856
17870
18042
18083
18324
18476
18486
18665
18583
18612
18873
18911
18315

19500
19588

Alpha-

Manufacturer Address

CTS af Berne, Inc,

Chicago Tclephone of
Cauforaa, Inc. . .. ..

Bay State Electronics Corp.

. Berne, Ind,

So Pasadena, Cal
Waltham, Mass

Teledyne Inc |, Microwave
Dwv . .. e . Palo Alto, Cal,
Nalfria) %aj .Downay, Cal,

Precision Cnnm.ctnr Corp
Duncan hlectronics Inc,

General Instrement Corp. ,
Semiconductor Division Produits

Jamaica, ¥ Y
. Costa Mesa, Cal,

Grovp . .. ..., Newark, N J
Imperia) E!ott‘ronlc inc Buena Park, Cal,
Melads, Inc, .. .. . Palo Alto, Ca),
th.delphla Haadle Co - Camden, N.J,

Grove Mlg. Co. , Inc. Shady Grave, Pa,
Gulton Ind, I, ,Data System

Dtv ... . . Albuquerque, N, M,
Quarontat M Cu ........ . Dover, N H,
Elmar anr Corp ..« W, Raven, Conn.
Nippon Electric Co , Ltd. . .. Tokyo, Japan
Metex Electronics Corp, .. ., .. .. Clark, N.J,
Delta S8emiconduetor Tne, . . Newport Beach, Cal.
Dickson Electronics Corp.. Scoltsdale, Arizona
Airco Supply Co. , Inc, . ... . Witehita, Kansas

Wilco Products Detroat, Mich,
Thermolloy ., . . .. .. ... . Dalas, Taxas
Solitron Devices lue, . Tappan, N.Y,

Telefunken (GmbH) ’ .Hanover ,Germany
Midland-Wright Div,
Pacific Industries, [nc

Sem-Tech

. Kansgas City, Kansas
. .. .Newbury Park, Cal.
Calll Resistor Corp ...... Santa Monica, Cal,
Arerican Components, Tuc.. .Conshohocken, Pa .
ITT Semivanductor, o Div. of

Int, Telephone and Telegraph

Corporation , . .West Paim Beach, Fla
Hewlell-Packard Compaay. . Loveland, Colo,
Cornell Dublier Electric Cur,, Newark, N.J
Coraing Glass Works , . Corning, N. Y,
Electrog Cube Inc. o . $an Gabriel,Cal,
Wilhamas Mig. Co. . . .. ... .. San Jose, Cal.
The Spinre Co L Ine Little Falls, N.J.
Webster Klecironics Co, , ., .. New York, N, Y
Bciontes Corp a i Norlhridge,Cal,
Adjustable Bushing Ca. . .. . N, Hollywood, Cal.
Micran Elcctronica, Gardea City, Long Islzud N, VY,
Ampraobe Inst, Lorp. Lynbrook, N, Y.
Cabletromdes + .« e Costa Mesa, Cal,
‘Nen(loch Cunmry Coll

Spring Co. -+ -+ - - eaannn Sanx Clara, Cal.
Fcnwaf Elec( lnc ..... Fram'iagham, Mnass.
Amol¢o Ine. .. . ..., Mountuin View, Cal.

Spruce Ping Mica Co Spruce Pine, N.C.

Omni-Spectra tne, ... ..., Detrojt, 1L
Computer Diode Corp. . ...... c. Lody, NI,
Electroid Co. . e . Unfon, N.J.
Bools Aireraft Nut Cax'p ....... Pasadenz, Cal.

Ideal Prec. Moter Co, ,Inc.,

De Jur Meter Div, Brooklyn, N.Y.

Defco Radio Div. of G. M. Corp - . . Kokomo, Ind.
Thermonetics Ine. .. .. .. .. Canoga Park,Cal.
Tranex Company . . ... .Mauntain View, Cal.
Hamlin Metal Products Corp. . . Akron, Ohlo
Angstrohm Prec.Inc. . ... No. Hollywood, Cal

Sthiconix Inc. e . Synnyvale,Ca).
McGraw -Edison Co ....... M:mc)usler, N M.
Power Design Pacific Inc. . ... .. Palo Alto, Cal.

Clevile Corp. Semiconductor Div. . Palo Alto.Cal
Signeties Corp. . Sunnyvale,Cal.
Ty-Car Mig.Co.. Hollision, Mass.
TRW Elect. Comp. Div. Des Plaincs, Il
Chomerics | .. Plainville, Mass.
Curtis Instrument, Inc, ML Kiseo, K. Y.
Vishay Instruments Inc Malvern, Pa.
E.l. DuPont and Co., lac. ..., Wilmington, Del.
Durant Mfg.Co. ... Milwzrukee Wi
The Bendix Corp |, Navigation &
Control Div. . _.
Thomas A. Edison I.ndus(ries.
Di¢.of McGraw-Edison . .
Concoa . .

Tetarborn., N.J.

. West Orange, N J.
Baldwln Park, Cal.
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C.’:je M.inutachurer Addrces
19644  LRC Electronics - . - . . <. ..Horscheads N Y
t4701  EBlectra Mlg. Co. - Independence . Xansas
20183  Genera! Atronics Corp. . Phlladelphia. P2,
21226 Executone, Inc. .. ... Long lsland City. N.Y.
21335 Fafnir Bearing Co, ,The . New Brittan, Conn,
21520  Fansteel Me Ahmg(ca( Curp . .N, Cnteago, 1,
23020  Ceneral Reed Co. ¥ .« Metuchen, N.J.
23042  Texscan Corp. . . Indlanapohia, Ind,
23783 British Radio Electronics Lid, . .Washington, DC,
24455 G.E. Lamp Division, Nela Park,Cleveland, Ohso
24655  Generaj Radio Co - Wesat Concord, Mass,
24681  Memcor Inc. ,Comp. Dlv, . Huntingion Ind
26365  Gries Reproducer Corp. . . . New Rochelle, N Y,
26462  Grobert File Co.of Amerlea,ln¢. Cartstad(, N
26831  Compac/Hollister Co. .. ... .. Holllater, Cal
26992 Hamilton Watch Co. Lancagter, Pa,
29480  Hewlet-Packard Co, . . Palo Alle, Car
28520  Heym2a Mfg.Co. .........- Kemidworth, N, J,
30617  Instrument Specialties Co. ,

Inc, . .Litle Falls, N J.
33173 G.E. Recexvmg Tube Depl Owensboro, Ky,
35¢34  Lectrohm lnc, . = Chlc;\go, ni.
36196 Stanwyck Coll Pro:lucts

Ltd ¢ & Hawkesbury, Oalario, Canada
36287 Cuamn;iham, W.H, & Hil,

Ld. .. ..... . Toromo Onario, Canada
31912 P R. Mallory & Co. ,lInc. . Irdanapoliz, Tnd,
35543  Mechanteal lndus{rles Prod.Co . Akron, Onio
40920 Mintawre Precision Bearings,Inc, . Kecne, N, 1.
40931 Honeywell Inc, R Mumneapolis, Minn,
42190  Muter Co. . .. ia.ee Chtcago, NI,
43990 C.A.NorgrenCo. ... ..... Englewood, Coto
44655 Onhmite Mfg. Co. . ... ---. .. . Skokie, I,
16384  Penn Eng. &Mfg.Corp. ... .. Doylesiown, Pa
47904  Polarotd Corp. - . v v s Cambridge, Mass.
48620  Precision Thermometer &

Inst. Co. . .+ .. Sculhawmpton, Pa.
49956  Microwave & Powcr Tube Div. . . Waltham , Mass,
52090  Rowan Controller Co. . . . .. .. Wesimins(er, Md,
52983 HP Co ., \led Elec, Div. .. .. Wallham, Mass,
54294  Shalleross Mf;. Co. ... ........ Seima, N, C.
55026  Siiupsen Electric Co, - .. . - . . Chicago, M,
55933  Sonotwone Covp. - Tlmq[urd N. Y,
55938 Raythean Co, Commnrcml App«u:{hm

& System Div., . S0, Nerwalk, Comn.
56137  Spaulding Flbre Co. , Inc Tonawanda, N. Y,
56289  Sprague Electric Co. North Adams, Mus.
58474 Superior Elect.Co. - Bristol, Conn.
38446  Telex Corp. . . . - . Tulsa, Okla,
59730 Thomas & Beus Co .......... Elizabeth, N.J
60711  Triplett Electrical Inst. Co. . Blutfton, Ohio
612775 Jnion Switch 2nd Signal Div, of

Westinghouse Ajr Brake Co. . . Pittsburgh, Pa,
62119  Universal Electric Co. . Owossa, Mich.
63743  Ward-Leonard Elecrric Ce .. Mt. Vernon, N.Y,
62959  Western Electric Co., In¢. . .. New York, N.Y,
65092  Weslon Inst. Inc. Weston-Newark. Newark, N.J.
66295  Wittek Mfg, Co. .. . ...... Chicago, NI,
66346  Minnesota Mining & Mlg Co

Revere Mincem Div . St. Paul, Minn.
720276  Allen M(g. Co. Martford, Conn
70309 Allied Control 5 New York, N Y.
70318  Allmetal Screw Product Co. , Inec.

........ Garden City, N Y

20417 Amplex Dw ul Chrysler Corp Detrant, Mich
70485  Atlantle India Rubber Works, Inc. . Chicago, Il
70563  Amperite Co,, Inc i - Union City, N.J,
0674 ADC Products Ine . Minaeapolis, Minn
70903  Belden MIg. Co. ... ... . Chieago, i,
70998  Bird Electric Corp. Clevelaad, Ohio
71002  Birnbach Radle Co . New Yaork, N.Y.
11034 Biiley Electric Co. ,Inc ... ... ..., Erte, Pa,
7104)  Boston Gear Works Div. of

Murray Co. of Texas Quincey, Mass,
71218 Bud Radio, Inc. . . Willoughdy, Ohio
71279  Cambridge Thermmmcs Corp Cambridge, Mass
71286  Camloc Fastener Corp. . Paramus. N J
71313 Cardwell Condenser Carp.

................ Lirdcnhurest, LI, N Y
71400  Bossmann Mfg. Div. of

McGraw-Edison Co. .. ..... S Louis, Mo,
714386  Chicago Condenser Corp. Chicago, M1
71447  Calil, Spring Co ,Inc Pico-Rivera, Cal.
71450 CTS Corp. . E .Elkhart, (nd,
71468  ITT Cannon Decmc Inc . Los Angeles, Cal.
71471 Cinerna, Div Aerovox Corp. .. .. Burbank, Cal.
00016-49
Revised: May. 1970

CODE

Code
No

11482
T1590

71616
71760
11707
71744
71785

71284
12136

72619
72656

22608

22765
728235
72928
12962
12964
12962
73061
13076
73138

732938

73445
13508

73559
73388
71682

73731
73748
731793
13846
73899
73905
13987
14276
74455
T4B61
74688

74970
75042
75262
25378
75382
75618
73915
76005
76210
76433

76487
16493
16530

76545
76703
76854
77068

17075
17221

77252
71342

17630
17838

21764
21989
78189

18277
16283
18290

LIST OF MANUFACTURERS (Continued)

Manulacturer Address

C.P. Clare& Co. ............Cheago, Nl
Centralab Div, of

Globe Union Imc. ........ Milwaukee, Wis,

Commercial Plasties Co. . .. .. .Chicago, NL.

Cornish Wire Co, . The .. ... New York, N_Y.

Coto Coil Co. ,Inc. . .... Providence, R.IL.

Chicago Minfature Lamp Wocks
Cinch Mig Co.,

Howard B. Jones Div.
Dow Corning Corp. P %
Eleetro Motive Mig Co. ,

.Chicago, 1L,

. .Chicago, 1M,
. Midland, Mieh,

Willimantie, Cann,
.Brooklyn, N.Y

Dhalight Corp. . . 95
Indiana General Corp "

Slectronicy Dly. . . R oo § . Keashy, N.J.
General Instroment Cor;l ,

Cap Division. . Newark, N.J.
Drake M(g. Co, - Harwood Hngh(s 1.
Hugh ® EbylInc. ........ Ph\lxde\phtz Pa,
Gudernan Co, . .. £ 15 g Chlczgo n
Elastic Stop Nut Corp . . . Unton, N.J.
Robert M. Hadley Co. ..... Los Angeles Cel,
2rie Technological Products, Iac, Erio, Pa.
Hansen Mfg, Co., Inc. . . Prmceton. Ind,
.M. Harper Co ............ Chicago, I}
Helipot Div. of Beckman Inst., Inc.

. Fullerton, Cal,
Hugnes Pvrduc(s D.vlsion ol
Hughes Aircraft Co. . Newpor) Beach, Cal,

Amperex Elect. Co. .chksvtlle, LIL,NY,
Bradiey Semiconduciar Corp.

.......... . New Kaven, Conn
Carling Eleclrlc Inc . Harifovd, Cann,
Circle F Mfg. Co. . .Trenton, N.J

George K. Garrett Co. ,

Div. MSL industries, In¢. ., Philadelphia, Pa,

Federal Screw Producls, Ine. . .. .Chicago, NI.
Fischer Speclal Mfg. Co. .., . Cincinnati, Ohlo
General Industries Co., The .Elyria, Ohio
Goshen Stamping & Tool Co. . .Goshen, Ind

JFD Electronics Corp . ... .. Brooklyn, N.Y.
Jenungs Radio M(g. Corp. . ... San Jose, Cal.
Groove-Pta Corp. . .. .. . Ridgefield, N J

Signalite Inc ... ... . . Neptune, N.J,
J. I, Winne. and Sons Winchestler, Mags.
Industrial Condenser Corp. . . . .. .Chleago, NI,

R F. Producta Diviston of

Amphenol -Borg Electronic Corp.
Daabury, Conn,
Waseca, Minn,
. Philadrlghta, Pa,

E.F. Johuson Co. .. .
International Resistance Co.

Keystone Carbon Co. , hue. ... St. Marys, Pa.
CTS Knights, Inc. LSandwich, JIY,
Kulka Electric Corp. ... ... ML, Vernen, N Y,
Lenz Electric Mig. Co. . . Chicago, 1,
Littlefuse, Inc. ... ....... Des Plzines, M,
Lotd MIg. 160 wvcwvesnmsaswws Erie, Pa

C.W. Marwedel
General Instrument Corp. ,

Micamold Division . .. ......Newark, N.J.
James Millen M(g. Co. ., In¢, . . Malden, Mass
J.W, Miller Co. ... - . . Los Angeles, Ca)
Cinch-Monadnock, Div. ol Unitad Carr

Fastener Corp. ... ..... San Leawdro, Cat
Mueller Electric Co Cleveland, Ohio
National Union . . ... ... . Newark, N.J.
Oak Manufacturing Co . Crysia) Lake, I
The Bendix Corp. ,

Electrodynamics Div. N. Hollywood, Cal,
Pacific Metals Co, ... ... San Francigco, Cal,
Phaostean Instrument and

Electrome Co
Philadelphia Siee! and

Wire Corp. .Phllzdelphia, Pa.
American Machine & Founary Co.

Potler & Brumafield Mv Priueton, Ind,
TRW Electronic Conpoacnts Dwv Camden, N J
Ceneral Instroment Corp. ,

Rectlifier Divisten
Resistance Products Co.
Rubbercraft Corp of Call.
Shakeproofl Division of

Illinois Tool Werks
Sigma
Signal Indicator Corp
Struthers-Dunn Tnc.

San Francisco, Cal,

. 8o. Pasadina, Cal,

.BrookKlyn, N Y,
Harnsburg, Pa.
. Torrance, Cal

....... Elgn, N1,
So Braintree, Mass
. New York, N, Y.

. Pllman, N.J,

A-2

Code
No

78452
78471
18488
78491
18553
78750
78947
79138
74342
79251
19727

79963
80031

80033
80120
8013)

80207

80223
80248
80294
80411

20480
80509
80583
40640
80613
81030
81073
81035
81312

51349
81483
81541
81860

82042
82047

A2116
82142

82170

82205
82219

82376
82389
82647

82768
82866
82877
82893
83058
830898

B3125

83148
83186
83298
83315
83324
83330
83332
83385
83501

83594
03740

83777
03x21
83942
84171
84398
B4411

Manufacturer Addresy
Thompson-Bremer & Co. . . . Chicago, L,
Tilley Mig, Co. ... ..., . San Francjsco, Cal,
Stackpole Carbon Co. .. .. ... .St. Marys, Pz,
Siandard Thomson Corp. . . ... Waltham, Mass,
Tinnerman Products, Inc. . | . . Cleveland, Ohio
Trans{ormer eers . ... San Gabriel, Cal.
Uetnite Co.oniv  w s s s & Newtonville, Mass,
Waldes Kohinoor Inc. .. Long Island City, N. Y.
Veeder Root, Inc, .. ....... Hartford, Conn.
WencoMfg. Co. . ........... Chicago, 11,
Continental-Wirt Electronics Co

................... Philadelphia, Pa,

Z{erick MIg. Carp New Rochelle,
Mepco Divisron of Sessions Clock Co.
. Morristown, N.J,
Prestole Coep. ... . ... .. . Toledo, Ohio
Scehnitzer Aldoy Products Co, . . Elizabeth, N, J,
Brectronic Indusiries Association.

Standard tube or semi-ronducior device,

any maaufacturer,
Unimax Switch, Div. Maxon Electronies

EOTE. 5 338 5 o mvmses o HL G & Wailingford, Conn.
United Transformer Corp. .New York, N, Y
Oxford Electric Corp.. .. ... ... Chicago, I},
BournsIne., ... .o, Riverside, Cal
Avco Dw of Robertshaw Conlrols Co.
Columbus, Ohio
. . Deliznce, Ohio
. Monrovia, Cal,

N.Y.

All Star Products Inc,
Avery Label Co.

Hammzrluad Co , Inc. .Mars Hil}, N, C.
Steyens, Arnold, Co. ,Inc . Boston, Mass,
Dimco Gray Co. - . ... . Dayton, Ohio
International Inst. Inz . Orange, Conn,
Grayhidl Co. . . .. .. . LaGrange, 101,
Triad Transformer Corp . Venice, Cal,
Winchester Elec, Div, Lition Ind. , Inc.
......... . Oakville, Conn.
Military Specxllc\lwn e e e e
Tnternational Rectifler Corp . El Segundo, Cal.

Alrpax Electronies, Inc . Cambridge, Maryland
Barry Controls, Div. Eurry Wright Corp.

................ . Watertown, Mass
Carter Precision Electrie Co. .. . Skokle, 111,
Sperti Faraday inc., Copper Hewitt

ElectrieDiv. .. ....... . Yioboken, N.J,

Electric Regulater Corp,
Jellers Electronics Division of
Speer CarbonCo. ... .......
Fairchild Camera & Insl. Corp, ,
Space & Defense Systems Div, .Paramus, N.J,
Magurie Industries, Inc. . . .. Greeawich, Conn,
Sylvania Electric Prod , Inc,
Electronic Tube Divizion
Astron Corp. . . .
Switcheralt, Inc. . ..
Metals & Controls Inc. ,
Spencer Products . |

Norwalk, Conn

Du Bols, Pa,

Emperfum, Pa,
.East Newark, Harrison, N, J,
. Chicago, 1N,

. Altleboro, Mass.

P ips-Advance Control Co.. .. .. .Johet, I,
Research Products Corp . Madison, Wis.
Rolton'Mfg, Co., Inc. ... .. Woodstork, N Y,
Vector Electronic Co.. . .. .. Glendale, Cal

Carr Fastener Co, . .
New Hampshire Ball

. Camoridge, Mass

Bearmmg, In¢. ... ...... Peterborough, N, H
Genecal Instrument Corp. |
Capacitor Dive. ... 0w Daclington, S.C

ITT Wire and Cable Div. ,
Viclory Eng. Corp.
Red Bank Dw

.Los Anzeles, Ci‘
. Springfield, N.J.

Bendix Corp. , . Red Bank, N.J,
Hutbell Corp. - . Mundelein, ili.
RO2BNINC. ... vvvnagus Newpor Beach, Cd-
Smith, Herman H., Tnc. .. ... Brooklya, N. Y,
Tech Labs ... .. . Palisades Park, N.J.
Central Screw Co. . . .. ... Chicago, NI,
Gavitt Wire and Cable Co., Div. of

Amerace Corp. ... ... .. Brookfield, Mass,
Burroughs Corp. , Elecironic

Tube Div, : . Platafie)d, N, J.
Union Carbide Corp Cnnsumer

Prod, Div. .. ....... New York, N.Y
Model Eng. and Mfg., Inc. Hunlington, Ind
Loyd Scruggs Co. . Festus, Mo
Aeronavticai Inst, & Rad o Co. Ladh, N J

Great Neck, v Y,
&a Franasco, Cal.
. Ogalala, Neb.

Arco Electronics Inr, , |
A..J. Clesener Co., Inc
TRW Capacitor Diwy.

From Handbonk Supplements
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Code
No.

94A70
85454
834m
85474
BSG80
85914
88174
86197

86579
86684

86928
87034
B7216

82473

87864
87930
88140
81220
88694
89221
89473
89419
89665
90030
20179

90865

90783
80970
91146

81260
91345
91418
81508
81637
01882
918738
81737
91827
81886

Manufachuer Address

Sarkes Tarzian, Inc A Bloomington, (nd.
Boontan Molding Comp:my ...... Beonton, N J.
A B, Boyd Co. .. San Francisco, Cal.
R.M. Bracamonte & Co .. San Francisco, Cal.
Koiled Kords, Iac, . ... ...... Hamden, Conn,
Scanlega Rubber Co, Chicago, M.
=afrur Beaning Co. Los Aageles, Culil
Clifton Preeision Products Co. , Inc.

. Cufion Relghts, Pz,
Prccislon Rubbér Produck! Corp Dayton, Ohio
Radio Corp. of America, Electronic Comp.

& Devices Division . Harrison, N J.
Seastrom Mig. Co. Glendale, S
Macco Indugtries Anahai, Cll.

Prilee Corporation (Lensdale Divlulon)

..... . Lansdale, Pg,
Western Fibrous G)zsu Products Co.

. San Prancigco, Cal.
San Francisco, Cal,

Van Wateru & Rogers an R

Tower Mig, Corp, . ....... Pruv!dence, R.IL
Catler-Hammear, Inc ., .. ... .. Lincoln, T,
Could-Natjona) Batteries, Inc. . . &. Paul, Mion
General Millg, Inc, Buﬂalo, N. Y.
Graybar Blectric Co. . . Qakland, Ca).
0. B. Distributing Corp, Bchenccu.dy‘ N. Y.
Securtty Co. e .Detroit, Mich.
United Transtormer Co. ... ... Chicago, I).
United Shoe Machinery Corp. . Bevorly, Masa.
U. 8. Rubber Co., Comsumer Ind, &
Plastics Prad Div. . . . . Pagsale, N.J,
Belleville Speciality 'l‘ool M!g i l.m:
............ Belleville, Ol
United Cur Fulener Corp . Chicago, Nl
Bearing Engincering Co. . San Frmu:uco, Cal,
ITT Cannon Elect. Inc., &lem Djv.
.................. Salem, Mass,

. San Prancisco, Cal.
E) Monte, Cal.
Chiecago, M.

Comwr Spring M(g Co.
Millar Dial & Nameplale Co. G
Ragdio Materials Co.

Avgatne. .............. Atticboro, Mass.
Dale Electronice, Inc. ...... Columbus, Nebr.
Elco Corp, ...... Vi g Willow Grove, Pa
Eplphone Inc. . ........... New York, N. Y.

Gremar Mg, Co., Inc. ... ..Wakeflleld, Mass.
K F Development Co. . ... . Redwood Clty, Cal.
Malco MIg., bne. .. ... ... ... Chleago, 1L

CODE LIST OF MANUFACTURERS (Continued)

Code
No.

21929

91281
92180
92387
92607

92702
92386
93332

93369
53440

936832
93929
94137
94144

94148
94154
94197

94222
54330
94375
94682

946896
95023

35146
95238
95238
95263
95265
95275
95348
95354
95566
95712
95984
95987
86087

Manufrcturer

Honeywell Inc, , Miero Switch Dwasron
............... treeport, !}
Nahm Bro& Spring Co.
Twu-Connector Corp.
Elgeel Optica) Co., Ine.
Tensolite Ins:ated Wire Co, ,

Inc
s i ee s i aes .. Tarrytown, N Y
IMC Magnetics Corp, Weetbury. LT,
Hudson Lamp Co.
Sylvania Eleciric Prod., l:-c y
Semicovductor Div,
Robbins & Myers Inc, , .
Stemco Controls, Div, of Essex
WireCorg, ... ..ovun v
Waters Mig. Co. . ...
G.V. Controls
General Cable Corp.
Raytheon Co., Comp. Div,,
Td. Comp. Operations

Livingston, N.J

Quincy, Mass

Sclentific Blectronics

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

Tung-Sol Div ... ......... Newarg, N.J.

Curtiss-Wright Corp. ,

Elactromics Div. , ., ., .. East Patterson, N, 1,
South Chester Corp, . ........ Chester, Pa.
Wire Cloth Products, Inc . .Bellwood, M,
Avtomatic Meta) Predocts Co. . Brooklyn, N. Y.

Worcester Pressed Aluminum Corp.

...... i . Worcester, Mass
Magnecralt E(acu’ic Co - . Chleago, N,
Geoarge A, Philbrick Researchers, Inc.

i S e ies i e e . Doslon, Mass,
Alco Blect. Mfg Co. . ., Lawrence, Mass,
Allics Producis Corp. .. ... .. Diaruz, Fla.
Continental Connectar Corp. . . Wooduide, N.Y,
Leecrait Mtg. Co., Inc. . .Long [sland, N.Y.
Nagonal Coit Co. .. .. . ..... $rerwdan, Wyo.
Viramon, Ine. . ......... Bridgeport, Conn,
Gordos Corp. .+....... Bloomfie)d, N.J
Magthede Mig. Co. . Rolling Meadows, 11,
Arnold Engineering Co . . . . Marcngo, M
Dage Eleeric Co., In¢. . . . ... Frankhin, lad
Siemon Mfg Co. . . .. ..... Wayne, M,
Weckesser Co. . Chicago, I

Microwave Assocl Ichi lnc

Address

. Oaklapd, Ca),
. Peabody, Mass,
Rochester, N Y,

N. Y.
Kearney, N J.

........ Woburn, Mass.
. PaJlsades Park, N.J.

Mansfield, Ohio
Culver City, Cal.

Dayonne, N.J.

&umyvale Cal.

Codr
No.

96095
96256
56296
26396

96330
B8341
86501
26508
96733
96881
97464
97539
97979
97983

98141
98159
98220

98278
96291
98376
88410
98731

98734

98821
98578

33109
29313
99378
99615
89707

99800
99848
90028
99934
99942

99957

Manul=clurer Addrcsa
v, .. Qlear, N Y
.Mt Carmicl, NL
Los Angeles, Cal.

1{-Q Div «f Aerovox Corp.
Tlhecdarson-Meissner Inc. .
Solar Mfg. Co .. ........
Miergswilch, O:v, of

Minn. ~Honeywcl . Freeport, 1

Carlton Screw Co. P Chicago, Ul
Microwave Assoclates, Inc, . Burlington, Mass.
Excel Transtormer Co, . . .... QOakland, Cal,

Xeelfte, [ne. ‘ .Orchard Park, N Y.
San Fernand: Eloc. Mfg Co. San Ferna.ndo Cal.
Thomson Ind, I[ne. Long Isiand, N. Y.
Indusirial Retainiag Ring Co. . . Irvingron, N.J,
Aulomalle & Precision Mig. . . Englewood, N J,
Reoan Resistor Corg, ... ..... Yonkers, N.Y,
Latton System @nc., Adler -Westrex

Cowmnmur, Div, ., , . New Rochele, N Y
R-Tronics, Inc, , . ... ...... Jumaica, N Y,
Rubber Teck, Inc, Gardena, Cal,
Rewlelt-Packard Co.

Medical Elee. Div, ... .. ...

Pasadena, Cal,

Micredot, Ine, .. ... ..., So. Pasadera, Cal,
Scalectro Corp, . Mamaconech, N, Y,
Zevo Mig. Co. . i . . Burbank, Cal,
Ete Inc. .. ... ... ... ... Cleveland, Oho

, Electronics Div,
.. Minneapohs, Minn

Paecc Dlvlblcm ul Hewle:l Packard Co,

................. . Palo Alto, Cal.
North Hills Electronies, lnc. . G)en Cove, N.Y,
International Blectronic Research Corp,

Burbank, Cal,
New York, N Y,
. Palo Alte, Cal.

General Mil)s Inc

Columa Techmeal Corp, . ..
Var.an Assoclales, . 1 .
Allee Corp . .. ...... Wiachester, Mass.
Marshall Ind. , Capacitor Div.  Monrovia, Cal.
Cantrol Swuch Divigjon, Contr:ls Co.

of America . kil Segundo, Cal.
Delevan Electronics Ccrp Eagl Aurora, N. Y,
Wilco Corporation lndtanapolis, Ind.
Branson Cerp, Whippany, N.J.
Hembdrandt, Inc. . . i . Boston, Mass,
Boffmgn Electronics Corp. ,

Semiconductor Divigion . .
Technology -Instrument Corp.

of Californig Wewbury Park, Cal,

. El Morte, Cal,

The follawing HP Vgndors have no number assigned in the 1alest supplement to the Federal Supply Cede lor Manufacturers Handbook,

0000F
00002
00oAR
00088

Malco Tool and Die . Los Angcles, Calif,
Willow Leather Products Corp . Newark, N J
ETA .. ... England
Pricision Insrnuncu( Comp Co Va.u Nuys Cal,

SUPPLEMENTAL CODE LIST

Coas
No.

00DLB
000LC
000L)

00327
03911}
08968

00015-49
Revised: May, 1970

Q00C8 Hewlett-Packard Go., Colorads

000MM Rubber Eng, & Development .
000NN A “N“ D Mg,

Manuvteciurer

Springs Div. ...

Address

Speelalty Connector Co.
Jackson Beos. Lid.
{Relcon) Relay Co. of Amerlea

New York, N, Y.

¢/o Barnhd) Associates Denver, Colo,
Wedwyn Intemational lac Cleveland, Ohio
Clajrex Corp. New York, N, Y,

Skslte Electramcs

A3

Coloradsy Springs, Colorado
_Hayward, Cal.
€ s i e v al San Jose, Cal,

(ndianapolis_Ing,

000QQ Ccaoliron, .
000WW Cellfornia Eastern Lgb
000YY S.K. Smuth Co

Arcbhald, Pennsylvaudy

. Ouxland, Cal
Burlingion, Cal.

. Los Angeles, Cal,

OF MANUFACTURERS

From. Handbook Sapplements
B4-1 Dated January 1270



UNITED STATES

ALABAMA

$7%0 Whilesburg br ST
PO Box 4207
Hunstyille Jep03

Tel: (205) 8314591
TWE: BY0-T26-2204

ARIZONA

2336 £ Magaotis S4
Phosais 45034

Tel: (607) 2441361
TWX- 510851-1300

3737 Basl Broadeay
Tucssr A3T1L

Tei (5020 2982313

THX: 910-852-1182

(EHeclive Dec 15, 19731
2424 Eanl aragon R4
fucson 83706

Tel: (602} B85-2451

CALIFORNIA

1430 Fast Orangelnorpe Ave
Fullerior 92531

Tei- (714) 8701060

THeX: 910-592-1288

7939 Lankershim Boulevard
Harth Nellywsod 91504
Telt (213} 8771262

TWX. 310 4922170

€305 Arirnna Place
Log Angelas 20045
Tel: (713) 640-241 |
TWX: 910-32785148

110} Embarcadera Rosd
Pale Mts 34303

Tel: (415) 3274500
TWi 8103731280
7270 Wall Ave.
Sxramanto $582%

Tel: (316} 482.1463
TWX 310-287.2092

AE0E Atro Dilve
P.O. Bog 23303
San Dlegs 32123
Teh (714) 279-3200
THX: 910-335-3000

COLORADD

1965 Easl Preatice
Englewsod BOI10
Tel: 13031 771 3455
THE 210835 0705

CONNECTICUT
12 Lumar Drove
Mew Havea 06525
Tel (2000 D89 6551
THX 710 465 202¢

FLORIDA

PO, Bor 24210

2806 W Cakiand Farx Blvd
It Layderdsle 33307

Tel. (30%) 7312020

TWX 5509554093

PO Bo1 13510
5177 Lake Ellenos D
Crlands, J700%

Tel (3051 859 2300
TWE Sl10450 0113

GEORGIA

PL.Bor 28214

450 Inlersiate Mosin
Atlanta 20328

Teh (4041 435 6181
WL BIO-TEE4A90

HAWAI

287% 5o King Slrest
koroluls 36514

Tol- 18081 55%.4458

ILLINOIS

5200 Homaed Strend
Skohie 60076

Tel 1312} 617-0400
THX 910223 25%)

INDIANA

3833 Meadoms Drive
Indianagpolls 45205

Tel- (317} 5464891

TWX 51034} 3253

LOUISIANA

7. 0. Box 840

3239 Willlams Soulevard
Xenner 70062

Tel (534) 7215201
TWX: 8104555524

ELECTRONIC

SALES & SERVICE OFFICES

MARYLAND

&10F Whilestone Roxy
Baltimore 21207

Tel: (301) 944-5400
Ték. 7108529157

70010 Cenliry Bivd
German lewn 2747

Tel 130} 4250000

¢ O 8on 1848

2 Choxg Cherry Koad
Rockyitle 20850

Tel (301} 24846370
WX 710 528 9684

MASSACHUSETTS
32 Hartweil fve.
Leyinglon 02173

Tel 1637 B61-8950
TWX 710326 6904

MICHIGAN

23855 Research Drive
Farminglon 48024
Tel: (113} 4766400
TWA: 810-242-2900

MINNESOTA

2459 Univerally Avenue
S1. Pagl 55114

Tel: (5371 6489461
TWX: ¢10-5613)3%

MISSQURI

11131 Catorado Ave,
Kanaas Clty 64137
Tel: (B16} 753800
IWX: 9102712087

148 Weldon Parvmay
Marylard Melghts 63043
Tel (344} 5621435
WK 310-784.0830

"NEVADA
Las Yogas
21 (002 382:577)

NEW JERSEY

1060 N kings Higheap
cherry KIil 02534

T2l 15031 86T 400D
THX: T10-397 4945

W 120 Cenlury Rd
Paramus 07652

Tel: 1201) 265-5000
T T10-590495)

NEW MEXIDO

PO Bor 8365

Slation €

G501 Loma s Boslevard N §
Albuquergue 7108

fel (505} 265-2711

WX 310-989-1565

186 Wyall Oove
Las Cruces B300L
Tel- (505) 5262485
TWX 510982 0350

NEW YORK
& Automalion Lane
Gompules Par
Afbany 12205
Tel (518) 45A-155%0
TWX: 110441-8270

1215 Cempw'le Road
Endicart 13760

Tel (EA)) 76056
TWX S10-252.08%0

Naw York City

Maahslizn, Branx

Genlact Paramus, NJ Office
Tel: (203) 26545000
Brookiyn, Queens, Richmond
Conlact Wocdbury, NY Oftice
Tel; {918) 971-0005)

#2 Washinglon Streel
Peughluepsle 12690
Tel 13141 454-7330
TWX 5102480012

15 Saginaw Diwve
Rechesler 14628
Tel (216} 473-5500
TWX- 510283 5¢4)

5455 Lasl Molloy foed
Spracage 13214

el 1315} 454 2486
TWX 710541 C482

1 Crossways Park Wesl
Woegdtury | 1737

Tel: (S16) 520 4300
TWX: 510-221-2168

HORTH CAROLINA
$0 Bae SlkE

1523 Morlh Main Sleeel
High Poiet 27252

Tel: (319) EES.8101
TWX 5103261815

OHIO

25575 Cenler Higpe Road
Claveland 24145

Tal (216) B35-3I0

PAX E10 427 9129

735 Progeess fie
Baylan 45445

el (5131 5533207
WX, 810 455-1925

BE5S Busch Rivd
Lalumbus 43275
Tel: (£14) B4£.1300

OKLAHOMA

#.0. Box 32008
Oblahema Cliy 73432
Tel: (405 72)-0200
TWX; §10 830 6382

OREGON

17840 SW Bounes Faary Hnad
Teatatin 37062

Tzl (503) 620-3230

P 9104678714

PENNSYLVANIA
2300 Mosy Side Boulzvard
Menfoeville JStd8
Tel (412) 271-0724
TwX 710-797 3850

1021 &N Avenus

Ring of Prussia industeisl Park
King s Pressia 1340

Tel (218) 2657000

TWX: 510 660-2670

RHODE |SLANO
A7X Walerman Ave
East Providence 02314
Tal (40)) 439-4%3%
THX- 7103811577

"TENNESSEL
Memphis
Teh (9013 274-7422

TEXAS

PO Box 1270

20) E. Arapako Rd.
Riehardson 75080
Tel (214} 231 610}
TWE 910 2674713
V0. Box 27409

£300 Westparh Brlve
Suile 100

Housten 1ro2)

Tel (713} 7816000
TWX: D10 88) 2645
2a1 Allly Mitchell Rasd
San Anlanlo 78226
Tal [512) 4344101
IWE 950873-1170

DYAH

2890 South Main Sireel
$ait Lake Cily 84115
Tel: (801) 487.0715
TWX: 910-925 568}
VIRGINIA

P.0. Box 6514

24111 Spence: Road
Aichmend 21730
Tel: (B0M4) 235:H31
MW 710956 0157
WASHINGTON
Belielield Ottze Pu_
1203 = 1141h SE
Eslievve 38004

Tel: (206) 454371
TWX: 910-443-230)
CWEST VIRQINIA
Charlestan

Tel: (304) 3451640
WISCONSIN

943 W. Beloll Read
Swmite 117
Milwauvee 53217
Tel (414} 4910530

FOR U.S. AREAS NOT
LISTED:

Contazl INE regionat clfle near
et you: Allanta, Geagia ..
Nerth Heliywood, California . .

Paramss, Wew Jersey . Shodie,
Wingis. Thelr complele 34
Cressey are ligled above

*Service Caly

CANADA

ALBERTA

Mewletl-Pachard (Canadab Lle
10748 Xingsway Ave.
Edmenlan TS& 0XS

Tel: (403; 432-3670

WX 5I0831.241)

Hewlell-Fazhard (Ganas) Lig
BI5 . Blk Ave, 8 W

Sulte 804

Ealgary

Tel: 1403) 282427%

BRITISH COLUMBIA
Rewielt.Packaes (Canadal Lid
837 £. Cordova S0

Yancsuver 8

Tel 604} 7380501

MANITOBA
Hewlell Packard Canmady L4
513 Centary 5t
Winnipeg
Te: (204; 184.788)
61067

NDVA SCOTIA

Hewiell Packard 1Canadsd Lid
2745 Dolen Nillaze ki

Syite 210

Malitax

Tel (902) 435-05)%

VWY §)02) 14437

ONTARIO

HewiellFacnard rCanadal L8
1785 ¥oodward Dr

Qltawa X20 0P9

Tel: (6131 25% 4185, 255 6530
THX: 6104628968

Hewle(l-Pachsrd rCarada) Lid
50 Gafary Blvd

Rexdale

Teli (416) 577-5611

TWA: 510-452 4246

QUEBEC
Mewiell-Pacrece (Cenadat LUd.
275 dymus Bouleyard

Pointe Clairs MOR 167

Tel (5143 634232

TWX 610472-3022

Telex; ¢1-20607

HewiellPachars rCaasds) Lid.
2375 Galvani Stree!

Sittey GIN 454

Tel: (414) £88.8710

FOR CANADIAM AREAS NDY
LISTED:

Contael Hewl2ll-Packirs |Can
g3} LLd. Ia Painte Claire-

CENTRAL AND

ARGENTINA
Hewlell-facherd Argenting
sAlel

Lavalle 11713¢

Butrat Alrec

Tel: 350436, 150627, 350341
Telea: 012-)

Cable: MEWPACK ARG

BOLIVIA

Slambuh & Mark (BoMyea) 10A
Av, Mariszal, Sante Crex 134T
La Paz

Teh 40526, $3163, 82471
Trlex 3550014

Cable: BUXMAR

BRAZIL

Hawiell-Pachare Ds Bragil
LEC, Wda,

Red Frei Caneca 111§
01307:53¢ Pauls-59

Tel: 2B3-7111, 267-54%4
Tefer: 303151,27

Cable: HEWPACK Sao Pauty

Hewtell-Pachard Do Brasl
LEC. Lida.

Praca Dom Fellciaro, 78
90000-Perto Alegre-RS

Rlo Grande do Sul (RS) Brasil
Tel: 253470

Cadle: HEWAACK Porlo Alegre

SOUTH AMERICA

RewiellPachare Go Brasil
JEC. Lids.

Rua da Maint. 9

20000 Rio ot Janeire £

Tel 206:264)

T 210075 HEWPACK

Canle. HEWPACK Run dr Janeirn

CHLLE
Mector Sateagm y Ch, Lida
Casille 15.475

Tei: 433 36
Cable CALCAGNI Santiago

COLOMBIA

Insleumznlaien

Hearix A Langebagk & Kier § &
Carrera 7 4o, 4859

Apartado Afreg 828)

Bagats, 1 0.

Tel: 45.78.06, 45-5546

Canle; AARIS Bogola

Tele: 4¢400INSTCO

COSTA RICA

Lic. Allreds Csllegos Gurdide
Aparlass 10159

San Jont

Tel: 208613

Cable: GALGUR San José

ECUADOR

Laboraterios de Radic Ingenierla
Calle Guaraqull 1244

Fost Office Rox 3199

ulle
Tel: 212-496; 219:18%
Cable WORVATM Guilo

EL SALVADOA
Fletiranic Assonales
Apariaog Pestal 642
Centrg Comercial Gigante
San Saivador, £l Salvader TA
Paseq Escslon 4540.4° Piso
Tel 2344460 23220y
Cable ELECAS
GUATEMALA

IPESA

fivesida L Reforma 340,
loma

fugtemala

Tel: BIE2T, 44736
Teles- 4142 TELTRO GU

MEXICO

Hewielt-Packarg Mevicana,
SA de CV.

Torres Adalid ho 21,11 Fiss
Col, d#l Walke

Tel; $43-42-32
Teles 017.74-507

NICARAGUA

Robarlo Teedn G

Apartads Postal 689
Edihzio Terda

Wanagea

Tel 3451, 3452

Cadle ROTERAN Managus

PANAMA

Elezirbaico Bai%an, § 4

P.0, do1 4373

Ave, Manut! Ex3inosa N 1350
8idg. Alina

Parama Clty

Tel: 230833

Teser: 3451103, Curundn,
Camal Tome

Cavle. ELECTRON Paaaca Clly

PARAGUAY
2.5 Melamad SR.L
Qinsion: Aparalos y Equipos
Medicos
Division: Apareloy y Equipos
‘e

2.0, Box

Caile, 482, Ediflclo Viclora
Asuncien

Tel 4-5069, 46272

Gabie: RAMEL

B-1

PEAU

Compahis Electip Méckes S4
Ave. Envigue Canaual 312
San ludee

Gasilia 1030

Lima

Tel 223900

Cabler LLMED Lima

PUERTO RICO

5en Juan Eleclronics, Ing
P.0, Box 5157

Panze d= Leon 154

Pga, 3PTA de Tiera

San Jusr 00906

Tel: (209) 775-1342, 772-3342
Cable; SATRONICS San Juan

Telee SATRON 3450 337

VRUGUAY

Padlo Ferraniy SA
Comercial ¢ Industrial
Avenida Ilalls 2873
Caslllz dz Ceirea 370
Monterices

Tel: 403102

Cadle: RADIUM Monlevideo

VENEZUELA
HewmleltPaerare de Versruely

[y
Apartade 50903

Editicio Sere

Tercera Trapsversat

Les Ruices Morle
Caracas 107

Tel 35001

Teles: 21145 MEWPACK
Cable: HEWPAUK Canacxs

FOR AREAS NOT LISTED,

CONTACT:
Hemlett-Pachard
Inter-Americas

3200 Hillview Ave.

Palp Alto, Califernls 34304
Tel- {4157 423-(501

TWE: 910-373.1267

Cablz: HEWPACK Falo Alle
Teles: 0348300, (348493

E11473



EUROPE

AUSTRIA

sewlet! Peenard Ges m b K
landelshs 57,3

Po Bor7

41205 Vienna

Fel 102225 33 B4 06 10 0%
Ganie HUWPAK Viennd
Teier 1592) hewpak 3

BELGIUM

Kewle|| Packag Bravius
SAINY

dvenur ae Lol e ]
(Groenksaaglaan:

BAITD Bruzsely

Ted 1020 72 22 40

Cabie PALOBEN Brussels
Jeler 23 494 qalonen biu

DENMARK

Hewlell #ackare A §
Oatave;

0%.3450 Diskersd
Tel (01) 4] 66 40
Cable HEWPACK AS
Telex: L6640 hp 3g

Hewiell vagkare A5
Torsst ¢

OX-3600 Silnaberg
Tel: 106) 82-71.66
Telex 156 40 ho 23
Cable: HUWPACK &S

FINLAND

Hewlen -Packard Oy
Butmm 26

P.O- Box 1218%

$F-00170 Helsianl 13

Tel: {30} 19730

Lanly HEWPACKOY Weluake
Telex: 1218353 hel

FRANCE
HewlellPazhard Franed
Quaclizr de Cpwurlabeeul
Goile Postale No. &
F-3149) Crsay

Mealell Pachard Hiance
2one Asionavhaue
Avenue Clament Ades
7 31170 Colomiers

Tet 61 36 81 ¢
teiee 31957

Hewlell-#ackard France
sgence Regionate
Boylerdrd Ferstp Gamartz
Beile Fostale ho 11

£ 13100 Luyaes

el 47 24 00 b4

Telew 41770

Hewlell Packarg France
Agency Régonale

63 Aveaue dv Rochesier
¥ 35000 Renaes

Teh 9% 36 1 )
feler 14912 F

Hewltit Pacharg France
Agence Régionale

24, Mllde de |s Roberlssn
567000 Sirazboure

Tel: {58) 35 22 20721
Teies 63141

Cable HEWPACK S1REG

GERMAN FEDERAL
REPLBLIC

Mewlelt Pachard GmbK
Veririebsentrale Frankfurt
Besneesteasse |UT

Posllach 50 140

D-E000 Franklart 56

Tel; (0611) 90 041

Cable; HEWPACKSA frankurt
Telex 413249 [ra

Hewiell-Pazkard GmbH
Ner(riedsdure Biblingea
Herenbergersiiasse 110
07630 Geblingen, Wurllembeig
Tel (07031) 66 72 87

Cable MEPAK Bablingen

Telec 72 65 739 boa

HewlettPachard GmbH

Hewtell Fachard CMR
Yertietisbys Ambur e
Wendeasu 13

D 2060 Hamburg 1

el Q40 24 11 9)

Cable MEWPACKSA »ansbury
fefee 2161012 nphd

Hewlelt Pacrard Cmon
verinedyburo Kaanover
Meliengorles Slidsse 3
0 3000 Mannaver Kieeteld
Ter 08102 55 06 26

Mewlett-Pachard Gmbh
Verloebstuen Nuremderg
Mersbruckersieasse 42
D 8500 Nurembdery

Tel 103145 57 10 66
Teles 623 360

Mewlell Fachard GmbH
Vetltiebidore Munchen
Unlerhachiager Steasse 26
1S4R Cenler

04012 Olledrusn

Cable H(WP'\CKSA Muthen

AWest Berling

Hewiell-Packars Gmbi
Verlriebsturo Berlin
Wilmersdorier Slrasse 1)) 114
D-1000 Barlin W, 12

Tel. 1030) 3137046

Telex 1B 34 0S Mpdln ¢

GREECE

Noslas Karayannie

18, Ermou Sireel
GA-Alhens 125

Tal: J230-30), 32)9-30%
Cadie HAXAR Alhens
Telex 2\ §5 62 e 50

IRELAND
Mewiall Pachacd Lid
224 Balh Acad

ITALY

Kewlell Packard 1ohans 56 2
Vis smerigo Vespucs: 2
120124 Milan

T2l 2 6251 10 hives

Savie HEWPACKIT Mibxa
Teler 32096

Mewlell Packaig 1iahana So &
Piaszs Marcons, 25

100134 Rome  Eun

ol 151 3912544 5 501583}
Cabie MEWPACKIT Aome
Teine 61554

Hewlg il Packard Halisny Spa
¥itoln Paslon. 3

1 38100 Padova

Tel 149 66 40 62

Teler 12046 na Malan

HemielhParaard liahans Spa
i Colly, 24

110129 T

Ter *10: 53 B2 64

Telex 32046 via ¥ilan

LUXEMBURG

Hewlel) Packard Benelux
SA N

Arvenve o Colvert |
“Groanhraaglian

Be1170 Brussels

Tel (03021 72 22 40
Cadte PALOGEN Brussels
Teler 2) 494

NETHERLANDS
Mewdetl-Pacrard Bemelua /N V
Weerdestein |17

PO Box Ja2s
NLAmsterdam, 101}

Tel 02042 77 2). 44 2965
Gable PALCBEN Amslerdam
felee 1) 214 heps af

ORWAY
Hemlelt Packu( Notge & §
Nesvenrn

PORTUGAL

Teteclea Tmpiesa Tecnica de
Eguipamenios Eleclrces Sarl
Rua Rodi1go da Fonsecs 103
Pu Bur 2534

¥ Lishoe |

Tel 119168 60 72

Cable TELECTAA Lisben

fesex 1968

SPAIN

Hewiell Pachatg Sspanold S o
Jerer Mo B

I Madeid 16

Tal 458 25 00

Teite 2387 hpe

Hewdel§ Packard Espanpia, S A
Milanesato 2121

E-Barcelona 17

Tel 4l 200 82 b0

Teler $2603 npoe ¢

SWEDEN

Hewlrt!-Pachard Svetige AB
Enighetsedgen 4.0

Fach

$161 20 Bremma 20

{e| (08, 38 12 50

Cable: MEASUREMENTS
Slochoim

Teles J0721

Hewlall-Pacxard Syerige AR
Magareisgalan 5C

$431 4 Maladal

Tel 1921 27 58 00,01
Teles Via Sromma

SWITZERLAND

Hewlelt Prcxard (Schweln) AG
Yughershatse 20

PO Box 6d

Crl-8952 Schlieten 2urich

Vel (0L 58 18 2128

Catlte HPAG Ci

Telea- $3933 hpag ch
Mewlell Packard 15chweiz) a6

TURKEY

Teledom Engiaeening Serezn
Sagin Sox No 1571
Ayispass Berogiv

PO Boc 817 Beyorly

TR Istantul

Tel 49 40 4

Cavle T€L[HAT|DH Tslandel

UNITED XINGDOM
Henlzti Paghard L1d

224 Baty foad
66-Sloughk, SLL ¢ DS, Bucht
Tel Shough (07531 33341
Cable: HEWPIE Shough
Terer 848413

Hewlell Paenacd Lid

The Grallons™
Stamlorg New Rosd
GB Alrineham, Cheshire
el (51} 928.502]
Teler 568068

Hew' LPackard Lid's registered
A0iesr 107 VAT purposes
amin

70, Fiasbury Psvement

Londen, £C2415K

Registered No: 630357

SOCIALIST COUNTRIES
PLEASE CONTALT:
HewlellPachard Ges.mb.H
rasdelshar 92/3

P.0. Box 7

AL20§ Yieana

PRI 10222) 33 66 04 Lo 0%
Cable: HEWPACX Yierna
Telee: 75%23 Rewpad 3

ALL OTHER EURCPEAN

COUNTRIES CONTACT:

Mewlell-Packad S A

Rue du Boisdylan &

PO Enr 85

CH.I217 Hﬁvm 7 &enava
Smitteria;

Tol 10221 ‘l 3400

Tel: (1} 307 78 25 g GA-Slowgk, SL| 4 05, Beehs Bor 143 L i3 Pi
i Verlilebedien Dusseldont " 3 oF 9 Chemin Lowis-Piclel Cable: REWPACKSA Gertya
f':’" :th‘cx Orsay Vogelsanger Weg 33 Tel Slough 187531 33341 34 Hasiom CH 1214 varaier—Geaeva Telex: 224 85
elex: 40D 04000 Disseldse! Cable: HEWFIE Slovga Tet [07) 53 82 80 Tei 1022) a) 4950
HewlelvPackard Frasen Tel: (0211} 53 80 91/38 Tzlex: 84841 Telee 16621 honis » Catie: HEWPACKSA Genevy
ﬁ‘a:‘dﬁ','i":{';'“ Teles- 85726 533 hose 4 Mewlell Packard Lid Telex: 27 333 hosa ¢k
i The Graltons
F43321 Lyen Ceder 7 Slamfatd New Rodd
Tel: (18) 42 63 48 Allrincham, Cheshire
Lable: HEWPACK Lyon Tel: {(061) 928-5021
Teler- 31617 Teler: 668068
AFRICA, ASIA, AUSTRALIA
ANGOLA CYHIOPIA Yehogama-Hewlelt-Pacxard Ltd.  The Figcleonics Insiruments. TAIWAN

Telectra Empresa Tecaica
de Ecupamenios Eleclneos
SARL

Iul d( hruu Rodisgues

4 0 sol 5(07
Lusnds
Ceble TELTCTRA Luandy

AUSTRALIA

Rewlelt-Pachard busiralis
Ply. Uld

22-286 Weir Streel

Gler Irig, 3148

viclerla

Tel: 201371 45 lines)

Cable: HEWPARD Meibowine

Telex: 31 024

wewiell Packard Avalrana
Piy. Lis

31 Erigge §lreel

Pymible.

New Soulh Wales, 207)

Tel 449 6564

Telee 21561

Cable WEWPARD Sycney

MewteltPackard fuslraiy
Ply Lt

9 Churehill Rosd

Prospect 87

South Auslraliy

Tel 44 xI5)

Cavle HEWPARD Adelade

Hewlell Pzckard Auslrana
Py g

Gasabiznca Buiidings
196 Adelside Terace

Cable KWPA?D Pesin

Hewlell Pxncs Asslrala
Py, t

e mollry Sheu

PO Box |

Dickgen AL, l 2602

Tel 438198

Catile: MEWPARO Canderra ACT

Hewielt-Pachard Auzlializ
ty, Lte

2nd Floar, 49 Gregory Terracr
Brisbase, Owrenslang, 4000
el 29 1544

CEYLON
United Flectricals Lig
PO, dot 681

60, Park St

CCIW' 2

Tel: 201

Cable: NOWGIHI Golombo

CYPRUS

Xypronits

19 Gregorine & Xesopowion Poad
PO dea 1152

CY Nicosia

Tel 45625728

Cabie: XYPIONICS PANDEMIS

Alrican Salespomer 8 Agency
Private Lig,, C

P. 0. Box 738

58759 Cunningham §1

hadis nn

Tel 122

Cadle mco Addisanana

HONG KONG

Sthmigt & Co 1Noag Hongs Lid
P 0. Box 237

Connalight Cenlre

91N Floor

Con.\augnl Road, Centeal

Hong

Tel: 2!0!00 pAFEREY

Teler HX4786

Cable. SCHMIDTCO Hong Keag

INDIA

Blue Slac U
Kastwri Buildings
1amshed) Tala Rq
Bombay a00 (20
tel 2950 71
Teles 3751

Cavle BLUEFROST

Blve Star Lid
$al

S
142 Vi Sevangs Marg
Prabhagevt
Bemaay 400 025
Tel 49 78 87
Telea 409)
Cable, FROSTELLE

Blye Star Wis
Band Bos House
Prathadew
Bombay 400 025
el 48 1) 01
Teles 3783
Cable- BLUESTAR

Blee Star Lig

14 40 Cavil Lines
Kampur 208 004
Tel 68882
Cable BLUESTAR
flue Star tig

T Hare Shrest
0 Box 505
Calcutls 700 COI
Tel 230130
Teler 655
Cavle BLULSTAR
Blue Slar LY,
Blus Star Howse
A4 Ring Resd
Lajpal Kagar
Wew Delni 110 024
el 62 12 76
Teles 2463
Cable SLUESTAR

Brue Slar, LIS
Blue Star House
11 E1A Magaralh Roag
Bangalore $60 075
m 55665
Teler: 430
Cadle BLUESTAR

Blus Star_ LIS
bt

Saropni vt Road
Secundesabad 500 003
Tef; T 6391, 7 7363
Cable BLUEFRGST
Telee 459

Blue Star, Lta

23 24 Setond (ure Beach
Magras 00 001

Tel 22954

Teles

Cable BLUESTAR

Bler Star Lig
Mathea) Manzson
2na Floor Bistepur
Bamshecpsr 831 00|
Tel 38 04

Cadie- BLUESTAR
Telex 280

INDONESIA

Bah Bolen Trading Coy NV
Gralah Merdeny 24
Saneung

Tel: 48)%; $1560

Tadle: (MU

Teles 08805

IRAN
Mulls Corp International Lig
Avenue Spsare 100
PO Boe 1212
18-Teheraa
Tel 83 103539
Cable MIATICORD Tentan
Teles 2R3 WEI T

ISRAEL

Elecironcs & Engiaesiing
Div. ol Moleraly |sraef Lig

17 Amiascay Slreet

Telhvly

Tel, 36841 (3 lines)

Cable BASTEL Telday

Teles 33589

JAPAN

Yorogawa HewlellPackard (g
Ohashi Building

1459-1 Yoyeg

Shibuya ku, Yodye

Tel: 02-370-2261/92

Teler 212-2074YHS

Cavie YHPMARKET 10X 2] 725

Yehogawa Hemletl Pachard Lig
Aesel Ibanagl Bisg
228 Xysuen
ibarsgi-Shi
53k
el (0726) 23 1641
Telgr $332-30% YHP OSAXA

wOMOgawa Hewinll Packars Lig
Nakamo Bullding

Ne. 24 Kamisasazima<ho
Makamura-hu, Nagoys City
Ter: (052) $71-811)

YoragawsMewle|l Packaig Lt
Nito Bldg

2-4-2 Shinohata-Kil)

Hohoke ku

Yoharama 272

Tel 04%432.1504

Teler 3523704 YMP YOX

B-2

Coue Blog

Rm. 603 )
2-Chome
1UMIERO,

Mils, 210

Tel 0792257470

HENYA
Xenyd Kinelics
2.0. Ber 18311

Cable PROTON

KOREA

Amn-cul Trading Company
Koz

PO em 1163

Dae Xyuag BMg . 3ih Floer

107 SejongRo,

Chentro Xy, Seoul

Tel {4 lines) 23 8924.7

Cabla AMTRACO Seow)

LEBANON
Conslamdia £ Maceidis
PO. Box 211
AL-Beirut

0846
Cable ELECTRONUCLEAR Berrul

MALAYSIA

MECOME Maraysia Lie

2 Lorong 13 %64

Szedion 13

Peraling laya, Selasgsr
Cable MECOME Xusia Lumour

MOZAMBIQUE

Al Gomcalves, Lta
162, Av 0 Llun

O Boa 107
Loureace Marques

fer 23081, 271)¢
Tries 6203 Negen Mo
Cadie NEGON

NEW ZEALAND

Mewmleti Packars (8 11 Lig
9496 Dion Sweel

"0 Bot 344

Couetenay Place

Wellinglos

Tei 85.439

Telex 1893

Cadle HEWPACK weltingion

Hewlg it Packard (N2 ) Lid
Parurengs Prolessional Genjre
267 Pakyranga Highway

Bor 31062

Pahuranga

el 369651

Cable HEWPALK, Auchiang

NIGERIA

The Eleciranics laslrumeala-
hons Lig {TE)

144 Agege Molor . Myshin

P 0 Bar 6648

Lages
Canle THMETEIL Ligas

lions L1d. (TEIL)
166h Floar Cocos Mouse
PMA s402
Ibadan
Tel 22078
Gable: THETEIU Ibadan

FAKISTAN

Mushka & Company. Llg.

0osman Chambers

Avoullan Haroan Road
U]

Tel: $11027, 512927
Cabvie CODPERATOR Xarsch

Myshko & Company, L16
386, Satellite Toma
Rawalpinal

T 2192¢

Cable FEMUS Rawalpingi

PHILIPPINES

Elesiromes, Inc

&in Floor. Amaigamaled
Devetopment Corp Blog

Arala dvznes, Makali, Reral

CCPO Bor 1078

Makatl, Rizal

Tel s6-13.87, 87-26 1)
8).%G-88, B7-18 45, #A91.)1,
818107, 4212

Cavle ELEMEX Manils

SINGAPORE
thechanical & Combustion
(M"‘""u Company Ple |

)o n Jaiam Kilang

Red Hll Indusielal Estsle
Siegapsre. 3

Tel 64715) {7 lings)
Cable MECOMS Siagapore

Hewlelt Pachard Far Kast
Area Oftice

PO, Boz &7

Alesandra Post Ofter
Singapore 3

Tel 633022

Cablz WEWPACK SINGAPORE

SOUTH AFRICA

Hewtett Packard South Alrkca
Ply.), L1d

Kewlelt-Packard House

Qaphae Streel, Wendywoed,

Saadton, Tranyyaal 2001

Tel 407641 (live havsh

Mewlelt Packard Seulh Mixca
Py, Lig

Brgecashie House

free Slieel

Caze Town

fel 2.69417223

Cable- HEWPACK Cape Tawn

feley 0006 CT

Hemlell Pechard Sooin Alrica
My  Lig

521 Rudge Rosd Durbss

P o Bor 99

averporl, Malar

lel 346107

Teler S6795¢

Cable HEWPACK

Hewlelt Pachard Talwan
39 Chuag Shizo West Rode
i

Sec
yersedn Insurasce
Corp. Bidg. 71h Floor

Talpel

Tel MOIBBJ 2,118321,
Eat 240-2:

Telex: Ihn HEWPACK
Cavie: MEWPAGK Taipel

THAILAND
UNIMESA Co., L1d.
Croaghoinee Beliding
s«s Sur-wonm foad

m 3!%6 34300, 21397,
cone vwmtSA B

UGANDA

Uganda Tele-Elecvic Ca, L1d
7.0, Bor 4445

Kampals

Tel: §7275

Cadle COMEO Xampsly

VIETNAM
Peninsular Trading lae
Box W3

70-808, 93398
Cable PENTRA, SLICON 42

ZAMEIA
R ) Tovery (2ambis} Lig
e

2amma, Cenbist atrica
Tel: 737§
Canle: ARJAYIEL, Luzaky

MEDITERRANEAN ANC
MIDDLE EAST COUNTRIES
NOT SHOWN PLEASE
CANTACT:

Hewlell Pachard
Co-ordinalion Gitice lor
Medilerranese ang Midsla
€331 Oprraliong

Pierza Maccons 7%
1100144 RemeLur, Ilaly
Tol (6159 40 29

Cavie: MEAPACKIT Rome
Teler: 41514

OTHER AREAS NOT
LISTED, CONTACT:
Hewlell-Packard
Eeporl Trade Company
1200 Hillyew Ave.
Pako Alng. Galilwrnia 94304
Tel 14151 225.7000

iFeb. 21 4931500
Twi 410373267
Latle HEWPACK Pile Al
Teler 0348300, 0348493

Tl



Model 652A

Appendix C

1 MANUAL BACKDATING CHANGES

MODEL 652A
TEST OSCII.LATOR

Manual Serial Prefixed: 623, 632, 812,
826,911,954,
0964 A.

“hp- Part No. 0065290002

This manual backdating sheet makes this manual applicable to earlier mstruments.
Instrument-component values that differ from those in the manual, yet are not listed in
the backdating sheet, should be replaced using the part number piven in the manual.

lastrument Serial Prefix Make Manual Changes tostrument Senal Prefix Make Manual Changes
632-00250 and below No. 1 1226 A-04170 and below No.7
954-02135 and below No. 2 1226A-04309 and below No. 8
Blue Instrumenis No. 3
Below 0964A02771 No. 4
0964A03070 and below No. S
911-01736 and below | No.6
CHANGT: No. | Delete A2C25*

Delete A2R46

Change A2C1! to 200 microfarads, -hp- Part No. 0180-0060.

Change A2CRS {o a breakdown diode, 7.87 V +/- 2%, -hp-
Part No. 1902-0778.

Change A2Q7 to 23393, -hp- Part No. 1854-0218.

Change A2R25 to 11.75K, -hp- Part No. 0757-0757.

Change circuitry associated with A2Q7 in Figure C-1.

‘JJ:W

5 R2S
> 11, 75K .8

R23
a7

Figure C-1. P/O Oscillator Circuit.

C-!



Appendx C

CHANGL No. 2

CHANGE No. 3

Table 7-1, Page 7-9:
Change the -hp- Part No.
Table 7-1, Page 7-8:
Change the -hp- Part No,
Table 7-1, Page 7-7:
Change the -hp- Part No.

Table 7-1, Page 7-8:

Change the -hp- Part No.
Change the -hp- Part Ne.
Change the -hp- Part No.
Change the -hp- Part No.
Change the -hp- Part No.
Change the -hp- Part No.

of W1 to 8120-0078.
of MP32 to 00651-00202

of Ji to 1251-0148.

of MP29 10 5040-0642
of MP31 to 5060-0739
of MP34 1o 5060-0766
of MP35 to 50000732
of MP36 to 5000-0733
of MP41 to 5060-0751

Model 652 A

Change the -hp- Part No. of MP42 to 00652-00201

Table 7-1, Page 7-9:
Change the -hp- Part No. of Rack Mount Kit to 00652-84401.

CHANGE No. 4 Table 7-1, Page 7-8:
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)

CHANGE No. 5 Table 7-1, Page 7-4:
Change the -hp- Part No. of A1Q2 to 1850-0107
Change the -hp- Part No. of A1Q3 to 18530007
Change the -hp- Part No. of A1Q5 to 1850-0107
Change the -hp- Part No. of A1Q6 to 1850-0062

Change the -hip- Part No. of A1Q7 to 1853-0007

NOTE: The recommended replacement for
these five transistors is the 1853-0012 shown
on Page 74.
CHANGE No. 6 Figure 6-3, Page 6-7/6-8:
Delete AICRI2 from Al component locator.
Figure 6-4, Page 6-9/6-10:
Delete AJCR12 from Al companent locator and schematic,
Table 7-1, Page 7-4:
Delete AICRI2 from Al assembly.

C2



Model 652A

CHANGE No. 7

Page 4-3:
Replace Paragraphs 4-29 through 4-32 with the following

paragraphs:
4-25. REGULATED POWER SUPPLY.

430, The regulated powes supply provides all voltages
requited by the test osellator circuits. The power supply
consists of a +30 voh series regulated supply and a 25 volt
series regulated supply which is referenced to the +30 volt
cireuit,

4.31. The +30 voli regulated supply is of the conventional
serjes regulator type. The emotter follower A1Q2 is used 1o
$hcrease (he lpop gain of the ¢ircuit, thus bnproving vollage
regulsiion. The + 30 volt adjustment, A1RS, sets the +30
voll and - 25 volt supply output level,

4.32. The <25 voll vepulsted supply is of the conventional
series repulator type and operates the same as the 430 volt
supply. A current limiter, A1Q7 has beep added to Emit the
load current to a sct value. When the load current exceeds
the set value, the curcent limiter conducis, causing the senes
regulator Q2 to reduce the outpul voltage level until the loag
causing an excessive current is removed. Diodes ALCRG snd
AICRT protect the conteo! transistor, A1Q6, against short
ciscuits between the twe voltage supplics, or short ¢ircuits in
the output of the 25 volt supply.

Page 5-8:
Replace Paragraph 5-26 with the following paragraph:

526, Power Supply Voltage Adjustments.

2. Comnect d¢ voltmeicr to power supply positive
output, conneclor point { (Refer to Figure 64.)

b. Adjust AIR4 (+ 30V adjust) for un indication of
+30V on de voltmeter. 10 AIR4 does not have sufficient
range, change AIRS®.

¢. Connect dc vollmeter 1o power supply ncgative
output, connector point 2; de voltmeter should indicate
225V £ 0.75 V. (I negutive supply oulpul is not within
tolerance, change value of rensior ATRI3ZY (0 obtam
specificd outpot. Decreuse valoe of AIRIZ*® 1o increase
negative supply voltage; increase value of AIRI3Y 10
decreage negative supply voliuge.

Page 5-9, Figure 5-7 and Page 7-3, Figure 7-2.

Change A} adjustrents as in Figure C-2.

m

mm

AIR23

AICI5® @

Figure C-2. A1 Adjustments.

Appendix C

C3



Appendix C

C4

Page §

®

®
@

-17, Paragraph 5-51:
Change troubleshooting information Steps

to the following:

Check (he power supply conneclions (0 extemal
circuils, and check the resisiors in series with Lhe
connections (A2 Pins }, 2, 6 and 7; A3 Pin 4 and
7, ALRI7, AIR24, AIR26 angd A)R28).

A procedure for checking 1he oscillator circust is
gven in Paragraph S-53.

False if either or both voltages are not correct. If
the + 30 V was correct tn Step 4, check only Al
Pin 7.

2. If only the -5V supply is Inoperalive,
proceed to branch 9.

b. The -25V supply is referenced to the
+30 V. Lift one side of AIRI3 (o isolate the
supplics from cach other; il the +30V supply
now operates normally, proceed to Step 9;1f i
docs not, remove external cuenils by disconnec-
ting A2 Pins 1 and 6, A3 Pin 7 and A{R17. Il the
supply now operates, then the 1rouble is in (he
external circuits. If the supply still does nol
operate, check Ql, A1Q2, AIQ3, AICR) and
AICR2.

lsalate the - 25V supply from external circuits by
disconnecting A2 Pins 2 and 7. A3 Pin 4 and
A(R24, AIR26 and AIR28. If the supply now
operales, then the trouble is n the exwerensl
circusts; «f the supply does not operale, check Q2,
A1QS5, A1Q6, ALQ7, AICR3 and AICRA4.

Page 5-21/5-22, liigure 5-11.
Change Step 7 of the troubleshooting trec 1o 43 V ac at Al
pin 5,40 Vac at Al pin 7.

Page 6-

3, Figure 6-1:

@ through

Change the Regulated Power Supply block diagram as in
liigure C-3.

;:REGULATED POWER SUPPLY ——==—==m

Al PIN 5
43VAC

Tl

[

LINE
FILTER

]

I
;g + SUPPLY

REFERENCE
DIODE
AICRS

- SUPPLY

v

Al 'PIN 6
40VAC

Figure C-3. Power Supply Block Diagram.

+30VDC

—25VDC

Model 652A



Model 652A Appendix C

Page 6-7/6-8 and 6-9/6-10:
Change the Al Component Locator drawing as in Figure

c4
e Al ASSEMBLY =——  —
MONITOR CIRCUIT SOWER SUPPLY

GB——ELK
a’-'——-wm/au
Sl wHT/B8RN/VIO
g
. b s @ o wHT/BRN /610
e 0@@ o —g8le B
... g. o> wHT/8RN/ORN

Blﬁl UO
@E 3 [lee e II@_:::.J’BRN’RGO

(EJ

a6t I Pre Pz $a
J = L
ORN Vl RED WHT/BLK /GY
WHT/RED/ORN WHT/GRN
WHT/RED/VIO WHY/YEL

ari-g—cern

Figure C4. 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.

S -- = - -
|—oA||~uu WP 1RCALY BESOY ‘

‘ i
« weafia,

)
1
Er,zé} Gty |
1-. s |y :‘" W '\)
\ 1
T 1. oy
I 7;" - {
| I
: 3 I
t L Xemn
it B -
] | ’
t
h o 5 >3 l
e :
| ’ i—'; . ]
1 - 2
i 20040
I - Nor— u I
i 0 .
1’ E Mt ATy 1
l: i 3 Y :, % ‘
,:: S — o ndry e ]
[ tf & a o '
B g o idey, -
! ¢ =~
I 1 w [
l ) o L}
i 0
i
! 3
; 3 (£ e ;.” .,‘5:
{3 < “
I Eﬁ <t
b w | 5%
h \ x5 ‘
| : i =3 i
; 8
1 b Cl
|
’l: %
2 1
| I‘ : ' l_ : - | |
| e
ity 1g 53 4 i L L i
AR VN I ‘I i
f j -y >
1 b w3t '
3 St
I_" == == = "= == =" == - .-n::'l—

Figure C-5. Power Supply Schematic Drawing.
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Appendix C

Piawoe 74 and 7-5°

Change the Al
Clhange Q1 1854-0063 and Q2 1853-030S to 1850-0098,

TSTR: Ge PNP.
Table C-1. A1 Replaceable Parts.

Replaceable Parts List as 1in rable C-1.

TR DESCRIPTION MFR MFR  PART NO
Al 00652-66502 1 Fe¢ board: power supply 28480
AlCY Not assigned : .
AlC2 0180-0045 2 C: fxd Al elecl 20 pF +75% -10 23 vdew 56289 | 30D206G025 DB2-
DSM
AlC3 0180-0148 4 C: fxd Al clect GS 1 F +100% -10% 60 vdew 56289 (Type 30D) D36978
A1C4 Not assign
AlCE 0180-0045 C: {xd Al elect 20 g F +15% -10% 25 vdcw 3628% J0D2065G025 1hii2-
DS
Alcs 0180-0149 C: fxd Al elect 65 2 F +100% -10% 60 vdcw (Type 30D) DIGSTE
Al1C7, ALCH Not assigned
Al1C9 0150-0084 q C: fxd cer 0.1 pF :80% 22¢C41 obd
Al1C10 0180-0061 3 C: fxd Al eleet 100 uF +75% -10'0 15 vdew SUD0TGO1H1IC2-
nsv
AlC1t 018C-0062 3 C: Ixd Al elect 200 u ¥ +75% -10% 6 vdew 56280 30D307G005DF2-
ALCI1Z,ALC13 | 0180-0058 2 C: Ixd Al elect 50 pF +75% -10% 25 vdew 56289
A1C14 0180-0061 C: Ixd Al elect 100 pF +75% -10% 15 vdew 56259 0ND10TCOLSDC2-
DSM
Al1CI15 0121-0127 3 C: varair 1 7to 14,1 pF 74970 | 189-505-5
Al1C16 0190-0284 2 C: 56289 33559
AlC17,A1C18 0180-0149 C: Ixd & 56289 | (Type 30D} D36378
ALl thru 1901-0158 } Diode: 83 200 piv 04713 SR 1358-3 obd
A1C24
AICRS 1502-0045 1 Diodc: breakdown 7,32 V 22 400 mW glass | 072638 | obd
AICIRH, AXCR7 | 1801-0023 10 Diode: 81100 mA at «1 ¥V 100 piv 12 pF 03877 | SGBL7 oixl
Al1CRG, AICRS 19010347 2 Diode; Si PNP** -hp-
AJICRIO 1910-0016 Diode: Ge 66 wiv ! s 1'*874 S3185G obd
AICRLL, 1301-0025 Uioder 8t 100 A at «1 V 100 piv 12 pF 03877 | sG 817 obd
AICRIL2
A1Q1 Nol assigned
ALQ2 thri 1853-0012 TSTR: 8§ PNP JEDEC Type 2N2004A 047113 | 2N29044A obd
AIQY
A)Q8 1854.0071 2 TSTR: §i NPN 2N3391 28480 1854-0071
A1Q3 1854-0042 1 TSTit: Si NIPN SM1570 04713 | SM1570
AlR] 06A3-13025 4 R: fxd comp 3900 12 15% 1/4W 0t121
AJR2 0686-752% 1 R: | ; 7500 0 457 a 172 W 01121
A1IR) 0687-3921 1 R: 3900 £ 2107 1/ 2 w 01121 -13'3321
AlR4 2100-0090 1 R: m ]! lin 2000 11450 | UPM-TORE(-np-) obd
AIRS ™ 0683-1325 1 R: fxd comp 7500 Q 01121 CBT525
AIRE 0663-3025 1 R: fxd comp 3060 & 01121 | CB3025
AIR? (683-2925 R: fxd comp 3900 0 01121 CR3925
A28 7-1631 ] R: Ixd comp 15 K& = / 01121 EB15311
AIRY 06490915 2 R: Ixd comp carbon 9. 10 kﬁﬁ 1w 01121 | GBYICH
AIRIO 06493-8215 2 R: {xd comp 620 Q 35§% 1/4 W 01121 ) Ch8215
AIR1L 0683-4335 2 R: fxd comp 43 KN +5% 01121 | CR4335
41R12 0757-0039 i R: {xd met Om 5030 15042 | CEC T-0O obd
AIR13* 0683-3615 2 R Ixd comp 360 € £5% 1/4 w
Al1R14 0737-1013 i R fxd mel i 5000 0 +1% 1/2 W 15042 | CEC T-0O obd
AIR1S 06839-0915 R+ {xd comp carbon 9.10 5% W 0J12% | GBOLGS
ALR16 Not assipned
AIR17 Gisé4-1001 1 R: fxd comp 10 Q 210% 1/4 W 01121 CB1001
AIR18, AJRIY 0K43-2025 3 R: {xd comp 2000 & +5% 1/4 W 01121 CAN028
AIR20 0183-3935 2 R: fxd comp 39 KR £5'% 1/4 W 01121 CL3535
AlR21 Not assigned
AlR22* 0643-8215 R: {xd comp 820 Q J") 174w 0112} CBo215
AlIR23 2100-0262 1 I var ww 2600 2 ¢ 11206 110 ond
AIRZ4 0087-1031 ] R: Ixd 10 10 KD 10 0112] EBIOI) obd
ATR25 0684-1011 2 R: Ixd comp 100 Q r‘ﬂ 01121 CBJOL)
AIR26 0683-1525 1 R: Ixd comp th KO 5.0 1/4 W 1121 CB153%
AlR27 0658-0026 1 | R: Ixd met {lm 18690 ﬂ A% 1/2wW 13701 } MF7C T-O okd
AIR28 0683-5115 1| R: fxd comp 510 Q 5% 1/4 W 01121 | CB5115
AYR29,
AIR30 06us-3823 R: f(xd comp 3300 N 5% L/4 W 01121 | CBI92G

Co
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Model 652A

CIIANGE No. 8

Paye 5-9, Figure 5-7:

Charnge A2 adjustments as in Figure C-6.
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Figure C-6. A2 Adjustments.

Page $-11:
Replace Paragraphs 5-29(d), (h), (i) and $-30(c), (d), and

(e) with the following:
§-29. Frequency Dial Calibration.

d. Record A2TP2 vollage. This voltage should be
between - 0,32V to -040V in a calibrated instrument;
however, at this poini in the Calibratioa Procedure, 1t could
be up to 200 mV outside this range. It is not necessary to
correct the voltage as this will be done later 1n the
procedure (Paragraph S-30).

h. Record A2TP2 valiage.

. Sel 652A FREQUENCY dial to 10. Readjust S1C2
and SIC7 alternately unul counter ndicates frequency of
10 kHz and A2TP2 voltape cquals voltuge recorded in Step
h.

530. X1K Range Adjustments.

c. AC Voltmeter should indicate 110 = 10 mV nns. If
A2TP] voltape 18 notin tolerance, change value of AZR16*
to bring voltage within specified limits (increase vi'uc of
A2R16* ta decrease A2TP1 voltage, and vice versa). Do not
solder A2R16* in place at this lume.

d. Note de vollage on A2TP2, which should be within
-400 mV 1o - 3200V, If not, change the value of SIRS*
and SIR18* aimultwuncously (Sec Table 56) unul A2TP2
vollage is within tolerance and frequency 15 | kHz. Do not
solder the resistors in pluce.

¢. Repeat Steps © and d of this paragraph (if necessary)
untd A2TP], A2TP2 and the frequency are all within
tolcrunce, Solder A2R16¢, SIRS* and SIR18* 1n place.

Appendix C



Appendix C Model 652A

Pace 5-18-
Replace Paragraph 5-53(c) with the following.

9483, Troubleshooting the Oscillator Circuit,

c. If there is ne signal at A2 Pin S, isolate the Peak
Detector by lifting one side of A2C11 and the enutter of
A2Q7. If the oscillator comes on, check the Peak Detector
components, If there is no appaceat fault in the Peak
Dctector, 1t 1s possible that A2R16* nay have an incorcect
value, this 15 likely to occur 1if other componerits (such as
A2CRE, A2CR7, A202, and A2Q3) have been replaced. To
check this reconnectl the peak detector, replace A2R]6*
with @ S00 ohm polentiometer, switch the 652A to the
XK range and vary the volue of the potentiometer, while
tuning the dial over jts entire range.

Page 64:
Change A2 Component Locator drawings as in Figure /-7,

e = ———== A2 ASSEMBLY=—7 =
l— ! | 2 3 | q I 5 ] (3 I 7 8 T
08 QI2
A
WHT/ORN/GRN § 17 A§SEMBLY
WHT/ORN/YEL ORN COMPONERT (OCATIONS
RED VIO P clcRlLTalr =
V1D ‘| . ( RED —
& w f 1o lova|oz|er [cr | |es
L@ &J 2l o2 ez Dy )er | )2
g_J g_J ng_J ‘__LSCZQ 2 4 8 3 pz |pe| e | oy | et )26
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Figure C-7. A2 Component Locator.




Model 652A Appendix C

Page 6-5/6-6, Figure 6-2:
Change Oscillator Schematic and Component Locator as in
Figure C-8.
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Figure C-8. Dscillator Schematic.

Page 7-6, Table 7-1;
Change AZR16 from 2100-2604 (o (7570410, 301 Q,
1%, 18 W,
Add A2R18* 0684-1011, 1008, £ 10%, 1/4 W.
Delete A2R47.





