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SECTION |
GENERAL INFORMATION

1-1. DESCRIPTIDN.

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 10 microvolts to
3.16 volts into SO or 600 ohms. The Model 652A Test
Oscillator is shown in Figure 1-1, and the specifications are
given in Table 1-1.

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

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

1-5. The OUTPUT ATTENUATOR, in conjunction with the
AMPLITUDE control, allows any output voltage trom 10

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

1-6. ACCESSDRY FEATURES.

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

Terminating Resistance - 50 ohms +/- 0.25%

Connectors - BNC male on one end, and BNC female

on the other end.

1-8. INSTRUMENT AND MANUAL IDENTIFICATION.

1-9. Hewlett-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. If a letter is included with the serial number, 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
instruments or the backdating information in Appendix C
will adapt this manual to earlier instruments. All corre-
spondence with Hewlett-Packard should include the com-
plete serial number.

1-1
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Table 1-1. Specifications

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

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

Output:

Maximum: 3.16V into 50 or 600 ohms
6.32V open circuit
+23 dBm into 50 ohms

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 ohm output) full scale, 10 dBm per
step, coarse and fine adjustable.

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

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

Range Frequency
10Hz 20Hz 4MHz 10MHz
3Vand 1V 2% 1% 2%
3Vto 3mV 2.5% | 1.5% 2.5%
1 mV 3% 2% 3%

*This specification applies only at 50 ohm output. The
response above |1 MHz at the 600 ohm output is affected
by capacitive loads.

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

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

Distortion:

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

Output Monitor:

Accuracy: +/- 2% of full scale.

Voltmeter monitors level at input of attenuator in
volts or dB. Top scale calibrated in volts;
bottom scale in dB. Expand scale: expands
reference voltage of the Normal scale from 0.9
to1.0or 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
Temperature Range: 0° C to + 50° C.

Power Requirements: 115V or 230V +/- 10%, 30 W,
48 Hz to 66 Hz.

1-2
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Section 1

SECTION 1l
INSTALLATION

2-1. INTRDDUCTION.

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

2-3. INITIAL INSPECTION.

2-4, This instrument was carefully inspected both mechani-
cally and electrically before shipment. 1t should be free of
mars or scratches and in perfect electrical order upon
receipt. To confirm this, the instrument should be in-
spected for physical damage incurred in transit. If the
instrument was damaged in transit, file a claim with the
carrier. Check for supplied accessories (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." PDOWER REQUIREMENTS.

2-6. The Model 652A will operate from either 115 or 230
volts ac, 48 — 66 Hz. The instrument can be easily con-
verted from 115 to 230 volt operation by changing the
position of the slide switch located 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 volt operation.

2-1. Power Cords.

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

125V — BA®

2y
8120-1348 ~§

STD-B-419%
*UL LISTED FOR USE IN THE UNITED 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 configuration. If the
appropriate power cord is not included with the instru-
ment, notify the nearest -hp- Sales and Service Office and a
replacement cord will be provided.

2-9. GROUNDING REQUIREMENTS.

2-10. To protect operating personnel, the National Electri-
cal Manufacturer’s Association (NEMA) recommends that
the instrument panel and cabinet be grounded. The Model
652A is equipped with a three—conductor power cord
which, when plugged into an appropriate receptacle,
grounds the instrument. The offset pin on the power plug is
the ground connection.

2-11. INSTALLATION.

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

2-13. RACK/BENCH INSTALLATION.

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

2-15. REPACKAGING FDR SHIPMENT.

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

NOTE

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

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

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

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

Model 652A

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

e. Mark shipping container with “Delicate Instrument,”
“Fragile,” etc.
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SECTION
INSTRUCTIONS

OPERATING

31. INTRODUCTION.

3-2. The Model 652A Test Oscillator generates a stable sine
wave output that is available at outpui 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 rear panel controls, connectors, and indicators
on the Model 652A.

3-5. ADJUSTMENT OF MECHANICAL ZERO.

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

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

b. Turn Test 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 adjustment wheel, and rotate wheel
until meter pointer is exactly over zero.

3-7. OPERATION.

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

a. Set the slide switch (S5) to the proper line voltage

(115 V or 230 V at 48 — 66 Hz), and connect the
selected primary power to the Test Oscillator.

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

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

d. Set OUTPUT ATTENUATOR switch to desired
voltage range.

Section III

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

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

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

Ry

X2V

\Y =
Output Voltage R, +Rg m

Where,

Ry = Load Resistance (Terminating
Resistance)

Rg = Source Resistance (Output
Impedance of Oscillator)

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

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

Solution: The actual output voltage is calculated as follows:

Output Voltage = 600 _ X2 (0.9) = 1.66 volts
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). The actual power level, however, in the 600 ohm load
is the algebraic sum of this theoretically indicated power
(+17.3 dBm) and a correction factor. The correction factor is
obtained from the impedance graph of 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 +0.5
dBm[17.3 dBm + (- 10.8 dBm)]

3-1
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@FREQUENCY Dial: Varies output 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 1 MHz.

@Oulput 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 output monitor to be
mechanically zeroed, when instrument is off.

(5) OUTPUT ATTENUATOR: Attenuates test oscillator
output in nine steps of 10 dB each.

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

(1) AMPLITUDE Coarse and VERNIER Controls: Controls
amplitude of signal applied to OUTPUT
ATTENUATOR.

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

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

FREQUENCY VERNIER: Provides a fine frequency
adjustment for FREQUENCY dial.

@ LINE ON Switch (83) and Pilot Lamp: Switch applies
primary power to instrument; pilot lamp glows to
indicate application of primary power.

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

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

FUSE (FI): 04 amp fuse protects instrument from
overloads.

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

IDENTIFICATION PLATE: Shows instrument serial
number.

(17) POWER TRANSFORMER (T1).

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

3-2
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h. Set MONITOR switch to EXPAND position.

NOTE
To use the EXPAND function of the

Adjust REF SET controls until desired reference is

I

indicated on the percent scale of the output

monitor.

To obtain a reference on the output
monitor the monitor indication must be
in the top 10 % of scale. If not, the REF

Model 652A perform steps h through j.

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

j-

SET controls will not have sufficient

range to establish a reference.

33

—+H
H
t
)|
t
1
I

|
T
1
1
T
:
.
%:-s
1
1
1
1
I

t
I
" (-
1
+
i T
JF ) (T |
T
[
+
.
ik
—

100K

s
e
i

i

_s_‘-.tL
|3 1411
]

I :
10K

T p 3 L h

= ) 3 - e 3 ~r -~ T — XA IR EL T R
A= Br=wis b TEEI% i m; ¥ 1= e T (CEOETH - LA RERE BTG I I ECE IR R I - A n e
SESF ] JESSEE RS et e e e e e e ] 9= &
+ S —rt = —— o —t— A p——1—rt 11 —— E Baamenenls o S n) H — G
e =+ e o] — P &.mluvalj =it t T .- .»ﬁ i .jvolcl.lr.n - e H =
et Rl ik l0|.||: 44t } e Bl B e B ...Trl_r b 1 it 4=t -+ +wtf @) 3
A PSSEA L AULEAALRILATLC HRARE. ok Jab 1o gL ..A‘I N et SRR EE R QM et AR e B e 1 5
N N ] _ \ W E
— PSp— Sp———— IHV | S——— - T 2T -y - — - - p— — - — T -—— e .- . - . - "I.m C 0
Ee S “l.«l...llllvliLrnlvln lHuerm g - o el g o ulu]u 1.||T.l1..i..el|...ul.1.1| )lnmlnlv.l|t. “\ % g -l.nflnu.. mme”nIMMMI ml{l“l”‘whll = w
Rt e e S e L el aa S Eat eyl £t =
by = + o~ jﬁ!slolr e 414+ e b e e e RSN NY . o =
I~ -+ R - et gt = 4 ———rd bt bt i AR RTORNEFOD N — —— w .m
s Lgilly! i el Rt S SRR R 1....[.4441;11\ i Y REREE SEEAN S m a &
| | I , _ o = E
i 1 a SSESS SRS ECE) By = = e =7 T m - .-m

s

lar]
8o
&5

-

| s : L H
praseparay eronarasay gromanwrey grey = = g PP ooty wpe—r— gy v Tt I~ P =gy Sy gx pguemap mpam g
T == .m. el st AR e IEE ea P 3313 : rip &g Arape SEa=e 1
..... ruLIH...Lv L4 THLT1 —— e - — + 4. b N
LI 0N ¢ .rfTLlTTr =, {4 ’ 1
bt et {0 —
JAARIN]
ih

10

!
1
b
{
i1l
‘i
+
|
1
i
11
s d
s
il
i [
i
i
I
+
H]
11
T
§

En e b ey b % daefundontdet anan. 2 e d ; !
“t e Luall..fll,o.hn\ I— mabataiE SEETE Eo s Rs SRR R s B n S R R .HIA 4 e ﬂLln.Tﬂt.l H gt —
w—l_l __” _<, (- 4 S SR ]Iﬂvl - PU NP P b - pmr- e - 4 “ -
! _l !
I |

——
p—
-—
STD-B-07E3

o ) o o o o
+ + ! I I

WEa - NOILO34H0D ¥3L3NW



Model 652A

Section

SECTION IV
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
a modified Wien bridge network to generate a stable,
distortionless sine wave signal which is applied to the power
amplifier circuit. The automatic gain control utilizes a
feedback voltage from a peak detector to the oscillator
circuit to stabilize the output signal. The power amplifier
circuit is used to increase the output power available at the
50-0ohm 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 monitor circuit monitors the signal level at
the input to the attenuator. The expand monitor circuit
allows the top 10% of the monitor scale to be expanded, so
that a reference can be set. The regulated power supply
provides all voltages required by the 652A circuits.

4-3. CIRCUIT DESCRIPTION.

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

4-5. OSCILLATOR CIRCUIT.

4-6. The oscillator circuit generates a sinusoidal signal at the
frequency selected by the RANGE switch and FREQUENCY
Dial located on the front panel. The RC bridge network 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 circuit in the design of the
resistive voltage divider network. The resistor in the
conventional Wien bridge is replaced with a variable
impedance (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, S1, selects combinations of
resistors and capacitors (SIR1 through SIR24, and S1Cl
through SICI15) 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 Ci1C. The RC componentsmaintain
the proper phase relationship of the positive feedback

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

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

4-10. The difference between the feedback voltages from the
bridge circuit is amplified by differential amplifier A2Q2 and
A2Q3, and is applied to the complementary symmetry
circuit A2Q5 and A2Q6, through emitter follower A2Q4. A
positive feedback voltage from the output of the
complementary symmetry circuit is 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 the collector load higher than the input impedance of the
emitter follower A2Q4, forcing the collector current into the
base of the emitter follower. The increase in the signal level
results in an increase in the loop gain of the oscillator circuit.
The feedback voltage is removed on the X100K and XIM

FREQUENCY
0.5 oy

0.4 =
’/
/ \ .~
0.3

F / — \ PHASE

0.l <
LEAD
Fo
Xc=R
Fp= POSITIVE FEEDBACK RATIO
TO AMPLIFIER PHASE ———--
F = FEEDBACK TO RC NETWORK 631A-5-10A

Figure 4-1. RC Network Characteristics
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frequency range due to the value of resistors A2R8 and
A2R9 exceeding the input impedance of the emitter follower
at the higher frequencies.

4-11. The complementary symmetry circuit is used to
provide power gain and to increase the dynamic voltage range
of the oscillator; also, the low output impedance of the
complementary symmetry circuit prevents the oscillator
output circuit from being loaded by the RC bridge. The
complementary symmetry circuit 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 VERNIER controls, R2A and R2B. The voltage
level applied to the power amplifier is held constant by the
action of the peak detector circuit.

4-13. AUTOMATIC GAIN CONTROL.

4-14. The output of the oscillator circuit is superimposed on
a negative reference bias at the base of A2Q7. This bias
voltage is determined by the setting of the amplitude
controls. The peak detector, A2Q7, will conduct only on the
positive peaks when the negative bias is overcome. The
average dc voltage across A2C7, A2C8, A2C9 and A2C10
biases the diodes A2CR6 and A2CR7 to determine the
impedance of the negative feedback side of the Wien bridge.
Thus the amplitude of the oscillations is automatically
controlled. A2CRS and A2CR9 provide temperature
compensation for the bias voltage on A2Q7, and A2CR8
prevents the reverse breakdown of A2Q7. A2RI17 is
adjustable to compensate for differences in the operating
characteristics of diodes A2CR6 and A2CR7, 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 A2Q10, and complementary symmetry circuit
A2Q11 and A2QI2 is similar to the corresponding stages in
the oscillator circuit. The negative feedback voltage from the
output of the complementary symmetry circuit is applied to
the differential amplifier at a fixed level to stabilize the
power amplifier output signal. The power amplifier output is
continuously monitored by one of the two monitor circuits
before the signal is applied to the output attenuator circuit.

4-17. NORMAL MONITOR CIRCUIT.

4-18. The normal monitor circuit monitors the signal level
applied to the output attenuator circuit and provides a signal
to the output monitor, M1, when the MONITOR switch, S4,
is in the NORMAL position. The amplifier A1Q9 serves both

4-2
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as an impedance converter between the monitor circuit and
the power amplifier output circuit and as a current source to
provide fullscale monitor indications. The high input
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 A1R18
and AIRI19, 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 a high
impedance current source to the monitor. The diode
AICRI10 provides a small amount of forward bias to rectifier
diodes AICR8 and A1CR9, which keeps the diodes out of
the nondinear region, thus increasing monitor accuracy at
one-tenth fullscale readings. The 10 Mliz adjustment,
AlIC15, compensates for small wvariations in circuit
capacitance so the monitor will have a flat frequency
response. The monitor calibration resistor, A1R23, provides
an additional calibration adjustment which is made at 400
Hz.

4-19. EXPAND MONITOR CIRCUIT.

4-20. 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 oscillator output will be indicated on the
monitor. The circuit is comprised of an average detector, a
differential amplifier, and a variable reference supply. The
difference between the outputs of the detector and the
reference supply is amplified by the differential amplifier,
and is applied to the monitor, M1, when the MONITOR
switch, S4, 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 sct
at any point on the expanded monitor scale, by varying the
reference supply output.

4-21. The output of the oscillator power amplifier is applicd
to the detector through an RCL network (A3CS5, A3LI,
A3R1), capacitor A3C2, and resistor A3R2. The purposc of
the RCL network is to smooth the expand monitor circuit
response on the XIM range. On the X10 range, A3Cl is
switched in paraliel with the RCL network and the input
capacitor, A3C2, to improve the low frequency response of
the circuit. It is not used on higher frequency ranges, due to
an increasc in detector time constant when it is connected.

4-22. The detector is a diode rectifier that provides a dc
output proportional to the average value of the sinusoidal
input from the oscillator power amplifier. The ac input is
rectified by diodes A3CR1 and A3CR?2, and applied to the
base and emitter, respectively, of A3Ql, forward biasing the
transistor. A3Ql provides a low impedance path for the
rectified signal, and allows average detection of the applied
input with a single-ended output. A3L2, A3CG6, and A3C7
form a filter network to remove any high frequency
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components which might be present on the detector output.
In addition, A3C3 is switched in on the X10 range to
dampen the meter by reducing low frequency ripple.

4-23. The differential amplifier, A3Q2 and A3Q3, amplifies
the difference between the filtered output of the detector
and the reference voltage from the variable reference power
supply. The output is taken from the collector of A3Q2, is
further amplified by A3QS5, and is applied to the emitter
follower, A3Q6. The emitter follower has a low output
impedance and is used to drive the monitor. A3Q4 acts asa
current source to provide approximately 50 microamps of
current to the differential amplifier.

4-24. The reference power supply is a conventional series
regulator type that has a variable output. Zener diode
A3CR6 maintains a constant bias on the emitter 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: A3CI1 and A3RI14. A3C11 adjusts the expand
monitor 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 50-0hm and 600-ohm output
connectors. The OUTPUT ATTENUATOR switch, S2,
selects a combination of four resistor networks to produce
the desired level of signal attenuation. Each step provides an
attenuation of 10 dB. The AMPLITUDE controls, R2A and
R2B, vary the level of attenuation in increments between
each 10 dB step selected by the OUTPUT ATTENUATOR
switch.

4-28. Output impedances other than the standard 600-0hms
can be obtained by changing the value of resistor S2R13. 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-ohm connector.

4-29. REGULATED POWER SUPPLY.

4-30. The regulated power supply provides all dc voltages
required by the 652A Test Oscillator circuits. The power
supply consists of a + 30 V and - 25 V series regulated
supply. Each power supply is protected by current limiting
and foldback current limiting.

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

Section 1V

20v REGULATED VOLTAGE e ]

(CONVENTIONAL
CURRENT
LimiT

100mA 200ma
OUTPUT CURRENT

Figure 4-2. Regulated Power Supply Qutput
Voltage vs. Current.

4-32. Conventional current limiting is used in both supplies
to limit the output current to approximately 300 mA.
Foldback current limiting further limits the output current
if the output voltage is pulled below approximately 16 V
by a malfunction in the 652A circuitry. A direct short to
ground of either supply will result in an output current of
approximately 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 series regulator drive current. It is first
switched on by the voltage drop across the Current Limit
Sensing Resistor when the power supply output current
reaches approximately 300 mA. The power supply will
remain in this Conventional Current Limit condition until
the output current decreases allowing the supply to return
to normal operation, or until the power supply output volt-
age drops below the Foldback Reference (16.2 V). If the
latter occurs, the Diode Switch is effectively closed and the
power supply goes into a Foldback Current Limit condi-
tion. In this condition the Current Limiting Transistor is
controlled by the power supply output voltage. As the out-
put voltage decreases, the shunt current is increased.
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Figure 4-3. Simplified Schematic of Current
Limiting Circuitry.



WARNING

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



Table 5-1. Required Test Equipment.

Sensitivity: 50 mV/fem
Input Impedance: 1 megohm

Instrument Required Recommended
Type Characteristics Model
Oscilloscope Pass band: 10 Hz to 10 MHz -hp- Model 180A Oscilloscope

with 1801A and 1820A plug-ins

Electronic Counter

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

“hp- Model 5245L Electronic
counter

AC Voltmeter

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

DC output

“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 to 22 MHz

-hp- Model HO5-312A

DC Null Voltmeter

Range: 10 microvolts to 30 V
Accuracy: * 2% of full scale

-hp- Model 419A

Frequency Range: 10 Hz to 10 MHz

TAC Differential Range: 1 Vto 10V +p- Model 741B AC-DC
Voltmeter Accuracy: * 0.1% Differential Voltmeter/
Stability: + 0.1% Per Mo. DC Standard
Attenuator Artenuation Range: 90 dB in 10 dB steps “hp- Model 355D VHF
Frequency Range: 10 Hz to 10 MHz Attenuator {with known
accuracy)
Amplifier Gain: 40dB “hp- Model 461A Amplifier

Thermal Converter

Input: 3V RMS

Qutput: 7 mV de

Accuracy: + 02%

Frequency Range: 10 Hz to 10 MHz

In

put Impedance: 50 ohms

-hp- Model 11049A
Thermal Converter

Ot 10 mV
Reference Supply

See Figure 5-3 for schematic

a.
b.
c.

Resistor: fxd, 6500 2 + 1%
Resistor: var, 500 £2 + 5%
Resistor: var,50 02 + 5%

a. -hp- Part No.0B11-0392
b. -hp- Part No, 21000324
c. -hp- Part No. 2100-14B1

d. Battery: 1,34V d. Mallory RM42R
Terminating a. Feedthru,50 Q a. -hp- Model 11048C
Resistance b. Feedthru, 600 2 b. -hp- Model 11095A
Adapter BNC to Binding Post -hp- Model 10111A Adapter
" Recorder Chart Speed: 1”/hr or less -hp- Model 680 6" Strip
Chart Recorder
DC Digital 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
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Section V

SECTION V
MAINTENANCE

51. INTRODUCTION.

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

53. REQUIRED TEST EQUIPMENT.

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

5-5. PERFORMANCE TESTS.

5-6. The performance tests are in-cabinet tests which insure
the Model 652A Test Oscillator is operating within specifi-
cations. These tests can be used for incoming inspection,
periodic maintenance, and for specification tests after a
repair. Use the performance tests to verify instrument

performance before making internal adjustments or repairs.

It is recommended that performance tests and calibration
be performed at 6 month intervals. A removable test card is
located at the end of Section V. This may be used for
making a permanent record of the performance of the
652A during the Performance Tests.

NOTE

Parggraphs 5-18 and 5-19 are labeled as
“Optional” tests for the following reasons:
(Paragraph 5-18 Hum and Noise Test) Top
cover of 6524 must be removed 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. Freguency Range Test.

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. X10
FREQUENCY dial . ........cun.- Extreme
Clockwise
OQUTPUT ATTENUATOR .......... 3.0V
OUTPUTMONITOR ... iv e enn NORMAL
OUTPUT AMPLITUDE
and VERNIER ............... 30Von
monitor

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

d. Set 652A FREQUENCY RANGE to XIM and
FREQUENCY dial to extreme counterclockwise position.
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 Frequency Calibration, Paragraphs 5-27
through 5-34, if tolerances are not met.

58. Dial Accuracy Test.

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

b. Set 652A controls as follows:

FREQUENCY RANGE ... ...t X10
FREQUENCY dial .. ..vovevennnnnnnnn 1
OUTPUT ATTENUATOR .......... 30V
OUTPUTMONITOR . ...cvvunn.. NORMAL

OUTPUT AMPLITUDE
and VERNIER ... .......... 30Von
monitor

TEST OSCILLATOR
hpes2a

T
@© o
@ el 0O=0 o

6524 - B -0E3L

50 OHM
FEED THRU  “~.
hpl1048c )

I

ELECTRONIC COUNTER

hp5245L
© [ IO
e (IO N < I

Figure 5-1. Frequency Tests.
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c. Check all frequency settings given in Table 5-2. Set
counter FUNCTION switch to PERIOD AVERAGE for

Table 5-2. Dial Accuracy Test.

Model 652A

frequencies below 1 kl-_lz and FREQUENC‘{' for higher Frequency Counter
frequencies. Table 5-2 lists the test frequencies and toler- Dial Range indication
ances required.
{counter set to indicate
d. Perform Frequency Calibration in Paragraphs 5-27 period average)
through 5-34 if tolerances are not met.
1 X10 100 + 3 ms
59 Olltput Tests. 25 X10 400 + 12 ms
5 X10 200 1 06 ms
N 8 X10 125 + 038 ms
5-10. Maximum Voltage. 10 X10 100 + 03 ms
a. Connect ac voltmeter to 50 ohm output terminal of 1 X100 100 + 02 ms
652A as shown in Flgure 5-2. 25 X100 400 * 008 ms
5 X100 200 £ 004 ms
b. Set 652A controls as follows: 8 X100 1256 + 003ms
10 X100 100 + 002 ms
FREQUENCY RANGE .............. XIK
FREQUENCY dial . ..vovnvrennnnnnnn 10 {counter set to indicate
OUTPUT ATTENUATOR .......... 30V frequency)
OUTPUT MONITOR ............ NORMAL
1 X1K 1,000 + 20 Hz
c. Adjust 652A OUTPUT AMPLITUDE and VERNIER 2e o g% L
controls for maximum output; ac voltmeter should indicate 8 X1K 8000 + 160 Hz
3.16 V rms or greater. 10 X1K 100 + 02kHz
d. Disconnect ac voltmeter from 50 ohm output termi- 1 X10K 100 + 02kHz
nal of 652A and connect to 600 ohm output. Replace 50 25 X10K 250 * O05kHz
ohm load with a 600 ohm load. 5 X10K 500 + 10kHz
8 X10K 800 + 16 kHz
e. Repeat Step c. 10 X10K 1000 + 20kHz
. . . . 1 X100K 1000 = 20 kHz
[ ]f. Perform Amplitude Adjustment in Paragraph 5-38 if 25 X100K 2500 £ 5 kHz
olerances are not met. 5 X100K 5000 * 100 kHz
8 X100K 8000 * 16 kHz
5-11. Flatness Test. (Amplitude not readjusted to a refer- 10 X100K 1000 t 20 kHz
ence on the output monitor.)
1 X1M 1000 + 30 kHz
NOTE 25 X1M 2500 + 75 kHz
5 X1M 5,000 + 150 kHz
A thermal converter is a square law device. The 8 i"“ 8000 + 240 kHz
dc output will change approximately twice the 10 1M 10000+ 300 kHz
RMS VOLTMETER
TEST OSCILLATOR hp 3400A
hpes2a ]
= -
Q Q ® ©
(] Q=0 9o 50 OHM ‘/,________. ’ @
FEED THRU ™~
hp11048C 3
en2a-B-0882 :D:HED:H' _____ - ~

Figure 5-2. Output Tests.
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percentage the ac input changes. Typically, it
changes 1.7 times. When making response
measurements, the transfer characteristics of
your particular thermal converter should be
used. To determine the thermal transfer char-
acteristic of your particular thermal converter,
proceed as follows:

1. Set the 6524 output amplitude to mini-
mum.

2. Connect the 11049A Thermal Converter
directly to the 50 X output of the 652A.

3. Connect the 4194 DC Nullmeter across
the dc output of the Thermal Converter.

4. Adjust the 6524 output amplitude con-
trol for 1V rms input to the Thermal Con-
verter (use an ac voltmeter to monitor the ac
input to the Thermal Converter).

5. Measure and record the dc output (Ej)
of the Thermal Converter on the 419A.

6. Double the ac input to 2 V rms. Again,
observe the null meter and record the reading

(Ef)
7. Calculate the transfer ratio as follows:
E
Transfer characteristic (k) = —1_
i

Table 5-3 assumes a transfer ratio of 2.
The actual transfer ratio of your Ther-
mal Converter should be applied to
Table 5-3 as follows:

DC CHANGE = the percentage of ac
ON 4194 change times 7mV

Section V

Table 5-3. Typical Thermal Converter Input/Output Change.

CHANGE AT CHANGE OF DC

AC INPUT OF NULL METER
THERMAL CONVERTER | INDICATION FROM

NULL SETTING

+/-0.25% +/- 35 microvolts
+-1% +/- 140 microvolts
+/-2% +/- 280 microvolts
+/-3% +/- 420 microvolts
+-4% +/- 560 microvolts

The ac input is set for 7.0 mV at the output
of the thermal converter.

change in the ac input (Table 5-3) would
result in 70 pV (change in ac input)
times 1. 7 { transfer ratio) = 119 pV.

a. Connect equipment as shown in Figure 5-3. (Use a
thermal converter with a known change in output for a
given change at the input. If this information is not readily
available, then Table 5-3 gives this information for a typical
thermal converter connected as in Figure 5-3). Set both
652A output and reference supply to minimum before
connecting. Thermal converter must be connected directly
to 50 ohm output of 652A.

L
!Ecnunoni

Do not exceed rated input of thermal con-
verter. Any overload or high voltage transient
may destroy thermoelement. When using the
6524 FREQUENCY RANGE switch, momen-
tarily turn down the output attenuator.

b. Set 652A controls as follows:

times the transfer ratio. FREQUENCY RANGE .............. X1K
FREQUENCY dial . ... ...ccvvurvennn.. 10
For example, if the transfer ratio of OUTPUT ATTENUATOR . ......... 3.0V
your Thermal Converter is 1.7, a 1% OUTPUT MONITOR ............ NORMAL
DC NULL
VOLTMETER
TEST OSCILLATOR hp 419A
hp652A P FEEEBEEQE_EQEEL_Y______I
o] |
=l . esbon i
Q 9 +- O O B2 Pav !
® © = © @0Jl THERMAL CONVERTER S— !
; hp11049A . '
wsn-a-omns (S— <o )2 3 !
H J

Figure 5-3. Flatness Tests.

5-3



Section V

c. Adjust 652A AMPLITUDE and VERNIER controls
for dc null meter indication of 7.0 mV.

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

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

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

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

h. Perform Frequency Calibration (Paragraphs 5-27

through 5-34) and 10 MHz Flatness Adjustments (Para-
graph 5-35) if tolerances are not met.

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

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

b. Set 652A controls as follows:

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

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

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

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

reference supply.) Record dc null meter indication.

54
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f. Set 652A FREQUENCY dial for 12 Hz and repeat
Step 5-12e.

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

h. To determine that the readings taken in Steps 5-172e,
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 5-12b. (See Table
5-3.)

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

These two conditions verify 652A output flatness, when
referenced to the 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 flatness of 1% over frequency
range of 20 Hz to 4 MHz.

jo Repeat Steps 5-12b through h (except, set up
reference level at 4 MHz and use the frequencies and
tolerances listed in Table 5-4) to verify flatness 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 Paragraph 5-40.

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

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. X10
FREQUENCY dial + - ovvveunnnnnnnnan. 2
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR . ........... NORMAL
OUTPUT AMPLITUDE and

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

indication of 3.0 V.

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

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

e. Set 652A FREQUENCY dial to 1.

f. Readjust 652A OUTPUT AMPLITUDE and VERN-
IER controls (if necessary) for 0% indication on 652A
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Table 5-4. Flatness Test Settings and Limits*.

*{Amplitude readjusted to a reference
on the output monitor)

FREQUENCY FREQUENCY | TOLERANCE
DIAL DIAL

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

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

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

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

g. Repeat Step f of this paragraph at each of the 652A
FREQUENCY RANGE and FREQUENCY dial settings
given in Table 54.

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

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

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 c. These two
conditions verify 652A output flatness, referenced to
the expanded monitor, of * 0.25% over the fre-
quency range of 10 Hz to 10 MHz.

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

5-14. Output Monitor Accuracy Test

a. Connect ac voltmeter to 50 ohm output terminal of
652A as shown in Figure 5-2. Use an ac voltmeter with
known accuracy at frequency to be used (400 Hz).

b. Set 652A controls as follows:

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

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

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

6-15. Attenuator Test

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

NOTE

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

RMS
VOLTMETER
TESg OSCILLATOR hp 3400A DISPLAY
652A »
" T hp 34740A
~ — AMPLIFIER
e
C\) N B hp a61A ® - [—\
F(-' 5 ¢ OO0 DC ouT 200K
@ ) ()] © @ @ Lo @ ? | o 1.0a7 _0 D!i‘lzlxll[:(:n ,8,
H ’[ﬁ'—i MULTIMETER
50ncou|nL’,f — 1 hp 34702A
CaBLE .K/I SOt COAXIAL S

(=12}

10dB /STEP
ATTENUATOR
hp 355D

SAZA-B- 40T

FEED THRU
hplloa8c

Figure 5-4. Attenuator Test.
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b. Set 652A controls as follows:

FREQUENCY RANGE .............. X1K
FREQUENCYdial ....ovvvnennnnnn... 1
OUTPUT ATTENUATOR ........... 30V
OUTPUT MONITOR ............. NORMAL

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

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

NOTE

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

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

1) 1.0000 + 0075 V dc for 3 V through 3 mV
ranges (+ 20 dB 59 - 60 dB) verifying an overall
accuracy of +.075 dB from + 20 dBm to
- 60 dBm.

2) 1.0000 *0.02 V dc for 0.1 mV range (- 70 dB)

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

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

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

5-16. Amplitude Control Test.

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

Model 652A

b. Set 652A controls as follows:

FREQUENCY RANGE ............. X100
FREQUENCY dial . ......c.oivunvnnnn. 4
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR . ........... NORMAL
QUTPUT AMPLITUDE

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

c. Note reading on ac voltmeter.

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

5-17. Distortion Test.

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. XI1K
FREQUENCY dial ... cvvvvevninnnnnnn. 1
QUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR ... .c.ou.u NORMAL
OUTPUT AMPLITUDE
and VERNIER ............... Adjust for
monitor indication
of 3.0 V.

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

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

e. Disconnect 652A output from distortion analyzer
and connect to wave analyzer (remove 50 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
hpe52A 50 OHM

FfEMED THRU
11048C
® 8

6524 -0 - 0834

© = © B ©
hpioia

ADAPTER

DISTORTION ANALYZER

hp331Aa/332A
ol © O O
“"Z_‘_‘_‘_‘_"_'_T:.Z% o 0 © °

Figure 5-5. Distortion Test.
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Table 5-5. Distortion Test.
FREQUENCY | FREQUENCY | pISTORTION
RANGE DIAL
Part A
X10 1 less than 1%
X100 1 less than 1%
X1K 1 less than 1%
XI10K 1 less than 1%
X100K 1 less than 1%
XI100K 5 less than 1%
Part B
XM 2 less than 1%
XIM 5 less than 2%
XM 10 less than 4%
lOOy/E_z 24+E; 2 +...
% distortion =

E,
E; = s voltage of fundamental frequency;

E, = rms voltage of second harmonic;

&

= mns voltage of third harmonic;

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

518. Hum and Noise Test (0 ptional).

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

b. Set 652A controls as follows:

FREQUENCY RANGE ............. X100
FREQUENCY dial .....covvvnunen.... 10
OUTPUT ATTENUATOR .......... 3.0V
OUTPUT 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 from 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 in Step c.

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

519, Amplitude Stability Test (Dptional).

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

NOTE
Float ac differential voltmeter by using an

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

0. Set 652A controls as follows:

FREQUENCY RANGE .............. X1K
FREQUENCY dial ...........covnns 1
OUTPUT ATTENUATOR .......... 30V
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 variation of 652A output can
be easily recorded.

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

TEST OSCILLATOR
hpe52a

==

Ok
O =0 @6

BA2A-B-11B2

50 OHM
FEED THRU
hpl1048C

STRIP CHART VOLTMETER/DC STANDARD
RECORDER
680 hp7418

AC-DC DIFFERENTIAL

@ @O/—\ o)

o

@@E@6O0 0

—1® T

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

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. X1K
FREQUENCY dial ....... ... ol 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.

d. Insert 50 ohm feedthru load between 652A and ac
voltmeter. AC voltmeter indication should drop to 3.0V
+ Q.15 V rms, verifying a 50 ohm output impedance.

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

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

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
voltmeter. AC voltmeter indication should drop to 3.0V
+ 0.15 V rms, verifying a 600 chm 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 that the 652A is not within specifica-
tions. Figure 5-7 shows the location of all internal

adjustments.

The 6524 contains high impedance, high
frequency circuits. Contamination of the
switches, circuit boards or tuning capacitor
will cause high impedance leakage paths and
subsequent deterioration of the performance
of the instrument. Avoid touching any of these
circuits with the bare fingers, as skin oils are
extremely contaminating. If handling is neces-
sary, wear clean cotton or rubber gloves. Do
not use a pencil to trace circuits in the
instrument. Graphite pencil lead is an ex treme-
ly good conductor and an accidentally intro-
duced path of this type is sometimes difficult
to locate. To avoid surface contamination of a
printed circuit or switch, clean with a weak
solution of warm water and mild detergent
after repair. Rinse thoroughly with clean water

58

Model 652A

and allow it to dry completely before opera-
ting Do not use alcohol or any other cleaning
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.

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

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

5-26. Power Supply Voltage Adjustments.

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

b. Adjust AIR40 (+ 30 V ADJUST) for a dc voltmeter
indication of +30V £0.75 V.

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

5-27. FREQUENCY CALIBRATION PROCEDURES.

a. During this procedure each range is calibrated individ-
ually; the capacitors for each range are adjusted at the high
end (FREQUENCY dial at 10) and the resistors are
adjusted at the low end (dial at 1). The tuning capacitor
(C1A, B, C) mechanical adjustments are made on the X1K
RANGE, also the two test point voltages (A2TPI, and
A2TP2), which are interactive, are determined on this
range. The voltage at A2TP1 effects distortion so must not
be set outside the limit of 110 + 10 mV rms.

b. The negative dc voltage at A2TP2 effects the
instrument output flatness; it 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 voltage can
vary the required limits are given in the procedure for each
range but no adjustments can be made. On some instru-
ments the voltage may drop below the required limit;
provided that it does not drop below - 200mV and the
instrument still meets output flatness and distortion specifi-
cations then this is acceptable. If it does drop below
- 200 mV or if flatness or distortion is not met then it will
be necessary to change components, by trial and error, on
the A2 Board and repeat the calibration procedure for all
ranges (the most likely components to change would be
A2CR6, A2CR7, A2Q2 and A2Q3).
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Figure 5-7. Location of Internal Adjustments.
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TEST OSCILLATOR ELECTRONIC COUNTER
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Figure 5-8. Frequency Calibration.

NOTE

It is important to ensure that the XIK
RANGE calibration is completed before pro-
ceeding 1o the other ranges as these are
referenced to the XIK RANGE.

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

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

NOTE

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

5-10 gives a scaled drawing of top and bottom
alignment access covers with cut-outs that will
allow adjustments while the covers are in
place. The dimensions are given in inches.

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

NOTE
If 652A does not oscillate, turn FREQUENCY
RANGE switch to XIK and adjust A2C5,
S1C2 and SIC7 to start oscillations,
5-28. Preliminary Distortion Adjustment.

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

Table 5-6. Frequency Calibration Components.

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

FREQUENCY FREQUENCY
FREQUENCY DIAL READING = 10 DIAL READING =1
RANGE Decreases Increases Increases Decreases
A2TP2 Voltage A2TP2 Voltage A2TP2 Voltage A2TP2 Voltage
X10 SI1C15* SIRI1* S1R14*
X100 SIR3* SIR16*
XIK S1C2 S1C7 SIR5* SIR18*
XI10K SIC13* SIR7* SIR20*
X100K s1Cc4 S1C9 SIR9* SIR22#*
XM SICS SI1C10, S1C14* SIR11* SIR24*
and A2C5

5-10



Model 652A

b. Set 652A controls as follows:

FREQUENCY RANGE .............. XIK
FREQUENCY dial .. o' ovvvveieninnnnn. |
OQUTPUT ATTENUATOR .......... 30V
AMPLITUDE (COARSE

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

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

529. Frequency Dial Calibration.

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

I. To prevent gear backlash problems during align-
ment, make sure that there is no movement
between MP} and MP2. See Figure 6-1. (They
must be pressed tightly together.) Also MP3, 4,
and MP5 spring gear assembly must be under
tension.

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

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

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

c. Connect equipment 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 at A2TP2.

e. Set 652A FREQUENCY dial extremely counter-
clockwise and adjust S1C2 and SI1C7 alternately for
counter indication of 10.2 kHz and A2TP2 voltage equal to
voltage recorded in Step d.

f. Turn 652A FREQUENCY dial to extreme clockwise
position; counter should indicate frequency of 965 Hz to
970 Hz; if not. loosen tuner coupler (MP6, Figure 7-1) and
slip tuner until specified frequency is obtained. (See
CAUTION).

Section V

g. Set 652A FREQUENCY dial for a counter indication
of 1 kHz. Dial should read 1; if not, carefully perform
following procedure:

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

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

3. Tighten retaining screws and replace knob.

h. Readjust A2R16 to - 370 mV £ 5 mV at A2TP2.

i. Set 652A FREQUENCY dial to 10. Readjust SI1C2
and SI1C7 alternately until counter indicates frequency of
10 kHz and an A2TP2 voltage of - 370 mV.

j- Reset MP6 stop so that “10” on the dial can be
turned to a position approximately 1/8 inch to the left of

the fixed indicator.
Ecnunoni

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

530. X1K Range Adjustments.

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

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

c. AC Voltmeter should indicate 110 + 10 mV rms. If
A2TP1 voltage is not in tolerance, adjust A2R16 to bring
voltage within specified limits (increasing A2R10 decreases
A2TP1 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 S1R18* simultaneously (See Table 5-0) until A2TP2
voltage is within tolerance and frequency is 1 kHz. Do not
solder the resistors in place.

e. Repeat Steps ¢ and d of this paragraph (if necessary)
until A2TP1, A2TP2 and the frequency are all within
tolerance. Solder SIR5* and SIR18* in place.
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f. Record the dc voltage at A2TP2.

NOTE

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

g. Set 652A FREQUENCY dial to 10. Readjust S1C2
and SIC7 alternately (See Table 5-6) until frequency
indicated on counter is 10 kHz and A2TP2 voltage is the
same as reference voltage recorded in Step f + 10 mV.

h. Check frequency tracking of the dial using settings
and tolerances given in Table 5-7 for the X1K RANGE.
A2TP2 voltage should not vary more than 40 mV from the
voltage recorded in 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 + 156 ms
5 X10 20 + 06 ms
8 X10 125 + 0.38ms
10 X10 10 + 03 ms
1 X100 10 + 02 ms
2 X100 5 + 01 ms
5 X100 2 + 004ms
8 X100 125 + 003 ms
10 X100 + 002 ms
{counter set to read
frequency)
1 X1K 1,000 + 20 Hz
2 X1K 2,000 + 40 Hz
5 X1K 5,000 + 100 Hz
8 X1K 8,000 + 160 Hz
10 X1K 100 * 02kHz
1 X10K 100 + 02kHz
2 X10K 200 * 04kHz
5 X10K 500 + 10kHz
8 X10K 800 % 16kHz
10 X10K 1000 % 20kHz
1 X100K 1000 + 20kHz
2 X100K 2000 * 40kHz
5 X100K 5000 4+ 10 kHz
8 X100K 8000 & 16 kHz
10 X100K 1,000 + 20 kHz
1 XM 1,000 + 30 kHz
2 XM 2,000 + 60 kHz
5 XM 5,000 + 150 kHz
8 XM 8,000 + 240 kHz
10 X1M 10,000 + 300 kHz

5-12
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531. X100 and X 10K 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 X10K ranges (See Table
5-7) while monitoring voltage at A2TP2. At 1 and 10 on
the dial, A2TP2 voltage should be within + 20mV of
reference voltage noted in Paragraph 5-30, Step f; over the
entire range of the dial, A2TP2 voltage should not vary
more than 40 mV.

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

d. On X10K range, if the frequency or A2TP2 voltage is
not correct at 10 on dial, change the value of the padding
capacitor, S1C13, Table 5-6.

532. X10Range Frequency Calibration.

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

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

c. If either frequency or A2TP2 voltage is not within
tolerance, change values of SIR1* and SIR14* (Table 5-6)
simultaneously to bring frequency within tolerance and
maintain A2TP2 at required voltage (within +0.00V,
- 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 voltage tests. If desired, Figure
5-10 gives a scaled drawing of top and bottom
alignment access covers with cut-outs that will
allow adjustments while the covers are in
place. The dimensions are given in inches.

a. Connect the equipment as shown in Figure 5-8.
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b. Set 652A FREQUENCY RANGE switch to X1M and
FREQUENCY dial to 10. If 652A does not oscillate, adjust
A2CS, S1CS and SI1CI0.

¢. Adjust A2C5 and SIC5 alternately for 10.15 MHz
(1.5% high) as indicated on counter and for required
voltage on A2TP2 (within * 0.02 V of reference voltage
recorded in Paragraph 5-30, Step f). If the required
frequency and A2TP2 voltage cannot be obtained, change
the setting of S1C10 and repeat this step.

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

1. Set dial to 10 and slightly change setting of
SIC10. (Example: If frequency is low with 5 set
on dial, adjust SICIO to slightly lower frequency
when dial is at 10; and vice versa.)

2. Readjust A2C5 and SIC5 alternately for
10.15 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 until tolerances are met at both
5 and 10 positions of FREQUENCY dial. If
necessary, change the value of SIC14*.

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

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

NOTE

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

g. While monitoring the voltage at A2TP2, move the
dial through its range from 1 to 10; the A2TP2 voltage
must remain within the range: - 300 mV to -450 mV. If
A2TP2 voltage exceeds these limits, then recalibrate using
Paragraph 5-33.

534. X100K Range Freguency Calibration.
NOTE

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

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

b. Set FREQUENCY RANGE to XI00K 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 *0.02V of reference
voltage recorded in Paragraph 5-30, Step f).

¢. Set FREQUENCY dial to 1. Counter should indicate
100 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 until both frequency and voltage are within required
limits.

d. Repeat Step b.

e. Set FREQUENCY dial to 5; frequency should be
500 kHz (See Table 5-7) 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.

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. XIK
FREQUENCY dial . .........ooovan.n. 10
OUTPUT ATTENUATOR .......... 30V
OUTPUT MONITOR ............ NORMAL

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

paragraph.

d. Connect equipment as shown in Figure 5-3. Adjust
reference supply for null indication. Do not readjust
reference supply once null is obtained.

NOTE

Instrument covers must be in place.

e. Set 652A FREQUENCY RANGE to XIM. Sweep
FREQUENCY dial slowly from 1 to 10. Null meter
deviation from null should not exceed * 0.54 mV.

f. Adjust A2Cl4 to reduce any output peaking. If
necessary, change value of A2C24* slightly.

5-13
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5-36. Output Adjustments.
5-37. Amplitude Adjustment.

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. X10
FREQUENCY dial . ....covviinnnnnn.. 1
OUTPUT ATTENUATOR .......... 3.0V
AMPLITUDE............. Fully Clockwise

c. AC Voltmeter should indicate at least 3.16 V rms. If
maximum output is less than 3.16 V, slightly decrease value
of A2R24*,

5-38. Waveform Adjustment.

a. Connect a 508 load to a 652A 5082 output
terminal, and connect the output to an oscilloscope.

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

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

d. Since there is a direct interaction between Waveform

Adjustment and Amplitude Adjustment, recheck Ampli-
tude Adjustment.

5-39. Minimum Distortion Adjustment.

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

b. Set 652A controls as follows:

FREQUENCY RANGE .............. XIK
FREQUENCY dial . ................... 1
OUTPUT ATTENUATOR .......... 30V
OUTPUT AMPLITUDE

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

c. Adjust A2R17 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 adjustments are critical. Final

voltage measurements must be made with all
instrument covers in place.

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

b. Set 652A controls as follows:

FREQUENCY RANGE ............. X100
FREQUENCY dial .........coiiunnn.n. 4
OUTPUT AMPLITUDE ............ 30V
OUTPUTMONITOR ........... .NORMAL

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

d. Adjust AIR23 for a 3.0V indication on 652A
monitor. If AIR23 does not have sufficient range to
properly calibrate monitor, change value of AIR22*.
(Increasing A1R22* increases monitor indication and vice
versa.)

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

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

g. Making allowance for any error of the ac voltmeter at
10 MHz, adjust A1C15 for a 3.0 V indication on 652A
monitor. If necessary, change value of A2C25%.

NOTE

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

h. Perform Steps a through d.

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

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

k. Adjust 652A OUTPUT AMPLITUDE and VERNIER

controls for null indication on null meter. Do not readjust
reference supply.

I. Adjust A1CI15 for 3.0 V indication on 652A monitor.
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541. Expanded Monitor Calibration.
5-42. 10 kHz Monitor Calibration.

a. Set 652A controls as follows:

FREQUENCY RANGE ............. X10K
FREQUENCY dial ... ovievnnnnnnnan.. 1
ATTENUATOR . ......cooiinnes, 30V
OUTPUT MONITOR ............ NORMAL

OUTPUT AMPLITUDE
and VERNIER ...... Adjust for a monitor
indication of 3.0 V

b. Connect dc voltmeter to A3TPI; voltmeter should
indicate -9V *0.2V. If it does not change value of
A3C4*and/or A3C8*.

c. Connect dc voltmeter to A3TP2, and vary REF SET
controls from minimum to maximum. Voltage at A3TP2
must range from - 16,4V to - 18.8 V, with a maximum
voltage variation of 3.6 V. If voltage is too high, slightly
decrease value of A3RI8*. If voltage is too low; slightly
increase value of A3R18%*.

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

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

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 OUTPUT AMPLITUDE and VERNIER
controls for a 3.075 V indication on differential voltmeter.
(This is a 2.5% increase in 652A output.) 652A monitor
should indicate approximately +2.5% on expand monitor
scale (blue scale).

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

a. Connect thermal converter, dc null meter, and
reference supply to 652A as shown in Figure 5-3, setting
652A and reference supply outputs to minimum before

connecting.

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

b. Set 652A controls as follows:

FREQUENCY RANGE ............. X10K
FREQUENCY dial . ....cvvenanannt, 1
ATTENUATOR . ...covvniiena... 30V
OUTPUT MONITOR ............ NORMAL

c. Adjust OUTPUT AMPLITUDE AND VERNIER con-
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 652A OUTPUT MONITOR to EXPAND, and use
REF SET controls to set a zero reference on 652A
expanded monitor scale.

f. Set 652A FREQUENCY RANGE to X1M, and set
FREQUENCY dial to 10.

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

h. Adjust A3Cl1 until 652A monitor indicates zero
reference set in Step e.

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

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

544. After Calibration.

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

546. TROUBLESHOOTING PROCEDURE.

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

5-48. 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 in Table
5-8. These tests assume that the LINE ON lamp is glowing.
If the symptoms outlined are observed, troubleshoot the
area indicated; refer to the Troubleshooting Tree (Figure
5-11) and to Paragraph 5-52 for additional information.

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

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

Output 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 b. No output on any one range. b. FREQUENCY RANGE switch

RANGE switch and associated components for
that range;
frequency calibration:

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

d. Output twice normal level.

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

c. Tuner capacitor (C1), shorting

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

. Observe Monitor in both NORMAL

a. No indication in NORMAL

a. Normal monitor circuit (Al),

flatness out of spec

b. Incorrect meter indication
(particularly at high frequencies)

and EXPAND positions of the mode only. A2R41 or A2C25*.
OUTPUT MONITOR switch b. No indication in EXPAND b. Expand monitor circuit (A3).
(Signal must be present at the mode only.
50 ohm and 600 ohm jacks.) c. No indication in both modes. Ml or S4.

4. Other troubles a. Dial Accuracy out of spec and/or a. Frequency calibration, Peak

Detector A2Q7 ot A2CR6 and
A2CR7.
b. Monitor calibration.
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Power Supply. These same five blocks also appear on the
troubleshooting tree. To use the tree, decide if (1) is true
or false, and proceed to the next step along the pertinent
branch of the tree. At each step use the additional
information given in Paragraph 5-52. Refer to the block
diagram in Figure 6-1, and the schematics of Figures 6-2,
6-3 and 6-4, when using the troubleshooting tree.

551. Troubleshooting Information.

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

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

@ Check fuse F1 if there is not output and the line
indicator lamp does not light; also, ensure that the
115/230 V switch, S5, is in the correct position.

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

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

NOTE

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

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

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

d. If there is no signal present, check that
A2C12 is not open, then proceed to branch 4.

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

Check the power supply connections to external
circuits.

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

@ 0006

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

®

@
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NOTE

Momentary shorting of the + 30 Vor-25V
power supply may cause a Locked Current
Limit condition if the power supplies are still
loaded by the 6524 circuitry. In the Locked
Current Limit condition the dc output drops
to less than 2 V and does not return to normal
when the short is removed. This does not dam-
age the power supplies. Proper power supply
voltage can be restored by switching the instru-
ment off and then on again.

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

a. Verify that the positive power supply is not
in a current limit or foldback current limit condi-
tion by disconnecting the power supply load Al

pin 1 (red).
NOTE

The Normal Meter circuir is part of the Al PC
Assembly. To completely unload and isolate the
652A power supplies, lift one end of AIR17(+) ana
AIR24, AIR26, AIR28 (-).

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

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

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

a. Verify that the negative power is not in a
current limit or foldback current limit condition
by disconnecting the power supply load A1 pin 2
(violet).

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

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

Check T1 and the line filter components, LI
through 14, C2, C3, C4 and C7. Also, check
A1CRI through A1CR4.
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The normal signal at A2 Pin 20, when the 652A
output voltage is 3, will be a sine wave of about
16 V peak-to-peak.

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

Check S2R1 through S1R12 if there is no output
at either the 50 ohm or 600 ohm connector.
Check S2R13 if the output is missing only at the
600 ohm connector. If attenuator is out of
specification, tighten mounting screws before
checking resistors. If intermittent or noisy, check
for poor or dirty switch contacts.

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

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

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

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

Check the dc voltages on A1Q8 and A1Q9 at the
points listed below:

Emitter AlIQ8 . ... ... iiiiinainnn +1.8V
Collector A1Q9 ... e e iiiiannnn +25V
Base AIQ9 ..o ii i ittt ineinnns -98
Emitter A1Q9 ....civiiinaen... -105

Also check AICI1, AICRIO and the rectifier
diodes AICR8 and A1CR9.

Check the rectifier diodes AICR8 through
AICRI10, and capacitors AICI2 and AICI3.
Also, check AICI1 and AICRI1I.

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

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

The normal dc voltage at A3TPlis-9V 0.2V,
when the 652A output voltage is 3. When the
AMPLITUDE controls are varied from minimum
to maximum, the voltage at A3TPI should cover a
range of approximately - 1.8 Vto- 10 V.
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@ Check for .72 V ac at the junction of A3CR1 and
A3CR2 and check A3Q1, A3CR1, and A3CR2.

Vary the REF SET controls from minimum to
maximum; voltage at A3TP2 must vary from
-164Vto-18.8V.

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

@ Check the current source, A3Q4 and then check
A3Q2, A3Q3, A3Q5, and A3Q6. If these compo-
nents are good, check A3CRS5, A3CR7 and
A3CRS.

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 has been followed
(together with the information in Paragraph
5-52) to branch 6.

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

b. If the signal at A2 Pin 5 is twice the normal
amplitude then the Peak Detector is not operating. In
particular check A2Q7 and A2C11.

NOTE

In older instruments (refer to Appendix C,
Manual Backdating Changes) also check
A2CRS.

c. If there is no signal at A2 Pin 5, isolate the Peak
Detector by lifting one side of A2C11 and the emitter of
A2Q7. If the oscillator comes on. check the Peak Detector
components. If there is no apparent fault in the Peak
Detector, it is possible that A2R16 may need to be read-
justed. This is likely to occur if only components (such as
A2CR6, A2CR&, A2Q2, and A2Q3) have been replaced. To
check this reconnect the peak detector and perform Fre-
quency dial and X1K Range Adjustments (Paragraphs 5-29
and 5-30.

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

5-54. In the following procedure the oscillator circuit is
driven by an external signal generator and the Wien Bridge
is disabled. This allows the circuit to be checked out using
the normal troubleshooting techniques for an amplifier.
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5-55. The recommended signal generator is a 652A or
651B (which has 50 ohms output impedance and a
frequency range of 10Hz to 10MHz). If this is not
available, any oscillator with low output impedance and
capable of driving up to 3 V rms into approximately 200
ohms will suffice. In most cases it will not be essential to
use the generator at frequencies over 1 kHz.

NOTE

Owing to the physical makeup of the FRE-
QUENCY RANGE switch (S1). it is not
practical to isolate the components connected
between A2 Pin 10 and Section S1C (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.

a. Turn off the power to the 652A.

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

c. 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 the Wien Bridge by
disconnecting A2 Pin 16.

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

NOTE

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

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

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

2. If the signal does not appear at A2 Pin 5, then
troubleshoot the amplifier (A2Q1 through A2Q6
and associated circuitry) using normal trouble-
shooting techniques for an amplifier. A2Q5 and
A2Q6 should be replaced as a pair if either has to
be replaced.
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NOTE

In some instruments A2Q2and A2Q3 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
SICI3* SICIS* A2C21% AZRI6* and
A2R24* may have 1o 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 operating correctly, check
the frequency response, which should remain
essentially flat between 10 Hz and 10 Mliz, by
sweeping the signal generator over that range
while maintaining a constant input voltage on the
green lead.

4. Reconnect A2C11 and A2Q7 to ensure that the
Peak Detector does not disable the amplifier (if it
does, troubleshoot the Peak Detector). If the
signal 1s still present at A2 Pin 5, then the
probable cause of trouble in the oscillator circuit
is the FREQUENCY RANGE switch or associated
components,

5-56. Troubleshooting the Power Amplifier.

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

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

c. If there is not output at A2 Pin 20, then troubleshoot
the amplifier (A2Q8 through A2Q12) using normal trouble-
shooting techniques for an amplifier. If A2C19 is shorted,
then both A2Q11 and A2Q12 will be destroyed.

5-57. Troubleshooting the Attenuator.

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

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

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

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

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

from the board.

Excessive or prolonged heat can lift the circuit
Joil from the board or cause damage to
components.

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

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

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

560. SERVICING ROTARY SWITCHES.

5-61. The Model 652A contains two rotary 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 to 50 watts) soldering iron with a
small tip.

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

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

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

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

562. SERVICING TUNER ASSEMBLY.

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

NOTE

For correct alignment, refer to Frequency Dial
Calibration, Paragraph 5-29.
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Figure 5-11. Troubleshouting Tree.

A tolerance of +/- 10% should be allowed for a1l voltages given in the 523/5.24

troubleshooting tree, unless stated otherwise. Refer to Paragraph 5-52
at each step of the tree.



PERFORMANCE CHECK TEST CARD

Hewlett-Packard Model 652A Tests Performed by
Test Oscillator Date
Serial No.
5-7. FREQUENCY RANGE: Period/Frequency
Freq. Range Dial Settings Min. Max
X10 Clockwise (100 ms) S -
XIM Counterclockwise 10 MHz e
5-8. DIAL ACCURACY: Period/Frequency
Freq. Range Dial Settings Min. Max.
X10 1 ©7 ms) — . (103 ms)
X10 5 (194 ms) - (206 ms)
X10 10 9.7 ms) (103 ms)
X100 1 (©.8 ms) (102 ms)
X100 5 (196 ms) (2.04 ms)
X100 10 (0.98 ms) - (02 ms)
X1K 1 098 kHz 1.02 klz
X1K 5 49 kHz 5.0 kiiz
X1K 10 9.8 kHz 10.2 khiz
X10K 1 9.8 kHz 10.2 kHz
X10K 5 490 kHz 510 kllz
X10K 10 98.0 kHz 102.0 ktlz
X100K 1 98.0 kHz 102.0 kllz
X100K 5 490.0 kHz 5100 kliz
X100K 10 980.0 kHz 1020.0 kllz
XIM 1 0.97 MHz 1.03 MHz
XIM 5 485 MHz 5.15 Milz
X1M 10 9.70 MHz 10.30 Mllz
59. OUTPUT: Min. Max
5-10. Maximum Voltage - 50 ohm output 316V -
600 ohm output 316V ———
5-11. Flatness (Amplitude not readjusted to a
reference on the output monitor)
Freq. Range
100 Hz to 1 MHz —— +-2%
10 Hz to 1 MHz - +/-3%
10 Hz to 10 MHz - +-4%
5-12. Flatness (Amplitude readjusted to a reference
on the normal output monitor)
Freq. Range
10 Hz to 20 Hz ——— 2%
20 Hz to 4 MHz -—= 1%

4 MHz to 10 MHz

2%




PERFORMANCE CHECK TEST CARD

(Cont'd)

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

Freq. Range Min. Max.
10 Hz to 10 MHz - — +/-0.25%
5-14. OUTPUT MONITOR ACCURACY: Min. Max.
294V I 306V
5-15. ATTENUATOR: 652A Attenuator DC Voltmeter Frequency
1 kHz 10 MHz
+20dB 8.91 mV to 9.09 mV
+10dB 8.91 mV to 9.09 mV
0dB 8.91 mV to 9.09 mV
-10dB 8.91 mV to 9.09 mV
20dB 8.91 mV to 9.09 mV
-30dB 8.91 mV to 9.09 mV
40 dB 8.91 mV to 9.09 mV
-50dB 8.91 mV to 9.09 mV
60 dB 8.91 mV to 9.09 mV
-70 dB 8.82mV to 9.18 mV
5-16. AMPLITUDE CONTROL.: AC Voltmeter
greater than -20 dB
5-17. DISTORTION:
Freq. Range Dial Setting Distortion Meter
X10 1 less than 1%
X100 1 less than 1%
X1K 1 less than 1%
X10K 1 less than 1%
X100K 1 less than 1%
X100K 5 less than 1%
X1M 2 less than 1%
XM 5 less than 2%
X1M 10 less than 4%
5-18. HUM AND NOISE: AC Voltmeter

greater than -66 dB

5-19. AMPLITUDE STABILITY: 2% per month
(200 C-30°0C)
5-20. OUTPUT IMPEDANCE: Min. Max.
50 ohm output 45 ohms - 55 ohms
600 ohm output 540 ohms —_— 660 ohms




Model 652A

Section VI

SECTION VI
CIRCUIT DIAGRAMS

6-1. INTRODUCTION.

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

through 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

ASSEMBLY ASSEM&Y
REFERENCE ASSEMBLY PART NUMBE
T NAME  INCLUDES A24! smsszmn
JACK XA2 IS MOUNTED ON A2 | POWER SUPPLY (OOXXX-66501) I
CHASSIS OR ANOTHER ASSEMBLY. v P 1S - LY OR 15 PART
\}Az /VS&' THE RS HEMELY BOARS TEOMPLETE DESIGNATOR 1S A2PI) | DENOTES SiomAL
.2 é__L ! CONNECTION
o1 15 NOT —_— ' | S:RS TEST VOLTAGE Ql l
ON A2 ASSEMBLY HE +2.92V Pl , \XAZ
(COMPLETE DESIGNATOR IS PI) ' 3
H ] ’R4ﬂ/OOMPI.ETE DESIGNATOR IS AZ2R4 j
: ' 3 ASSEM, A DENO EMATIC
K —(a& TCOMPLETE DESIGNATOR 1S A2Al) | ON WHlC WHICH CORNECT oN
: : ]
_—‘<€‘1 I\MH moicares Al I
PIN OF xaz AND P! [PHOTO-CHOPPER OSC |
I
o2 g . N L I
WIRE COLOR: COLOR CODE S THE SAME l | %Rl %Rz | N CONNECTOR /]\Fzm‘srm
AS THE RESISTOR COLOR CODE. FIRST EYELET OR STANO- } | MAY OR MAY 2%“%‘»:"3 gfns
NUMBER INOICATES 5 | OFF TERMINAL, MAY OR NOT BE NUMBEREQ
NOMBER, INDENTIFIES WIOER STRIP, AND | MAY wTBENUMGERED | COMPLETE | .
THE THIRD INDICATES THE NARROWER DESIONATOR \‘\E
STRIP. (924, DENOTES wu‘r/ﬁ‘toﬂﬂ. WIRE) | B | |
PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY
DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION Srp-p2192

NOTES

PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. PREFIX WITH ASSEMBLY

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

COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE NOTED.

RESISTANCE IN OHMS
CAPACITANCE IN MICROFARADS

DENOTES ASSEMBLY.

DENOTES MAIN SIGNAL PATH.

DENOTES FEEDBACK PATH.
[—") DENOTES FRONT PANEL MARKING.

®Y7I™ DENOTES SCREWDRIVER ADJUST.

(0 DENOTES FRONT PANEL CONTROL.

||}-

8. DENOTES POWER LINE GROUND.

10. DENOTES CHASSIS GROUND.

s
n Y

@

4

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

DENOTES CIRCUIT GROUND. (ASSEMBLY)

AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT FACTORY.
COMPONENT MAY BE ABSENT.

DENOTES GROUND CONNECTION MADE WITH ASSEMBLY MOUNTING
SCREWS IN PLACE.

12,
13,

14, DENOTES SHIELDING BEAD.

15.

16. \984; DENOTES WIRE COLOR. CODE 1S SAME AS THE RESISTOR COLOR CODE
(i.e., 9= white, B = gray, 4 = yellow).

6-1/6-2



£ OSCILLATOR CIRCUIT 3 f POWER AMPLIFIER —\
[Ranec] O v ;
b I FEEDBACK
¥ r
P! !
! !
ol :
/ o 2
! : lev ATTENUATDR
i | MPEDANCE azev2o O
I CONVERTER S2RI~S2RI2
CIA,Ci8 LI —— AzQl e
. + FEEDBACK DIFF EMITTER EMITTER
r — 0
1 o AMPLIFIER FDLLOWER FOLLDWER C
! A2Q2,03 A204 A2QI0
i NS FEEDBACK il
! N FI3-R24 -
i WY llomy rus ¢
i N L2TPI
1
| ANA
|
| A2CR6,A2CRT a2TP2
: cic -.23 TO -.42V0C
i BIAS VOLTAGE (FEEDBACK) DE?E(‘.‘“T(OR FEEDBACK
FREQUENCY 22Q7
F~———=NORMAL MONITOR CIRCUIT ——
f=REGULATED POWER SUPPLY =iy RECTIFIER
AMPLIFIER
fias AICRE,CR9
Al PIN 5 -9
43vEC
TI e 4-3CVDC
b
+ SUPPLY
7 st Se o i
i AI1Q8
LINE i
1 FILTER !
T : - —————————28ve ———=EXPAND MONITOR CIRCUIT=
f - SUPPLY A3TPI g -1.8 TO -IOVDC 23ERTe
[ (SEE DETAIL BELOW) AR 0 TO -.I5VDC
R AE,’EJFSJZ",%. DIFF EMITTER
AL‘PIN 6 ) AMPLIFIER FOLLOWER
40VAC 3302.03 A305,06 éa
— T [EXPAND)]
S ) O-~~_ | rererence
d ] ®f @ SUPPLY
A3Q7,08
-16.4 TO -18.8VDC
A3TP2
| OUTPUT VOLTAGE SAMPLER @
2! REFERENCE
5 CONSTANT CURRENT SOJRCE ©
§ SERIES RECULATOR ® G o Figure 6-1. Block Diagram. 6-3
& FOLD BACK CURRENT LIMITER
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7{ca|cs E3 {D1f32 | -
8| ce |D3 p5 b1 |33 | o5
9| p4 |D3 ps | D1 | 34 | DS A2 ASSEMBLY WIRE COLORS
10 | D4 F5 [c2 |35 | b5 [BOTTOM)
1 | p2 F6 Dz | 36 | c6
6_4 12 D3 A5 C2 37 E7 PIN NO. I WIRE COLOR
13 | ¢5 cs | 38 | E6
9 WHITE
14 | C7 D2 | 39 E6 10 BLACK
15 | D7 C2 |40 | B8 1 WHT ORN
16 B6 c3 41 B6 12 BLACK
17 | E3 c3 |4 | B6 13 ORANGE
18 | D6 cafa3 | B7 " WHT ‘GRN
19 | D6 D3 § 44 | BT :: :::.2 —
20 E7 D4 5 BS 17 BLACK
21 | E1 E5 { 46 | D2 18 WHT BLK
22 | C7 E4 19 F[,UE
23 | E4 D3 20
2 | c6 D3
25 | B D3
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Al ASSEMBLY
MONITOR CIRCUIT POWER SUPPLY
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Model 652A

7-1. INTRODUCTION.

SECTION VI
REPLACEABLE PARTS

7-2. This section contains information for ordering

replacement parts.

Figures 7-1 and 7-2 illustrate

the important mechanical parts of the 652A. Table7-1
lists parts in alphameric order of their reference
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
the first time the part number

apartisgiven
appears.

b. Description of the part. (See list of abbrevia-

tions below. )

c. Typical manufacturer of the part ina five-
digit code. (See Appendix A for list of manu-

facturers.)

d. Manufacturer's part number.

A silver (1]
Al alumanum wmpg
A ampere{s) wed
A oo gold ins
C . capacitor i1
ver - ceramnd kHr
coel coefficen)
com . .cOmmon L
comp - .composition b
conm cannecion b‘
dep depossted mA
DPDT double pole Soublethrow
DesT double-pole single-throw o
cect dectioyse e m
encap encapsulated wa
F . fusdis) ™8
FET field effect transster my
fxd - fixed HE
-
GaAs gallssm arsenide u
GHz pRehertz = |0 hettz my
o puardied)
Gt pErmamem nA
wd poundied) NC
Ne
H henrylies} NO
Hg mercury NPO
Hz heriz [eycle{s) per second}
Prefix
ets
PR
mega
ke
hecto
deks
dec
A asssmbly FL
B - ot HR.
BT bartery 18
C capaciton 1)
R diode K
DL delay line L
DS o lamp M
E e electromus part MP
F fute P
Pt

Section VII

T7-3. 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:

ABBREVIATIONS
waxde digmetes L]
. impregnared war
ancardescent
wsulationied} 13
obd
. klchmisy = 10*3 chms  OD
kilohertz = 10°3 hertz
P
anductor PA .
linear tapet ™
- logarithmac tapet eF
rullismperels) = 10" d smperes g
megahertz = 1078 hertz plo
megohmis) * 1076 chm P -
s - manal film poly
manufscturer Py
_millsecand L
g mountng  PPM
malliveitis) = 403 voits P
mscrofarsdi(s)
. . .mucrosecond(s )
microvoltis] = 10 6 vols o
<ianao . Mylar Rh
e
. sacoumpere(s) = 105 amperes Ton
mormally chosed
neon Se
roemally open wect
negaive posilive Zefo S
{zero temperature coslficient } El

DECIMAL MULTIPLIERS

Symbols  Mulsplier
T 1012
G 109
Mor Meg 10%
Kork 10}
h 10°
da 10
d 1wt
DESIGNATORS
filter Q
heater QCR
integrated ciroun R
mck RT
relay 5
3 T
- FraEter ™ .
mechamcal part T
Eaf Flug ™"

Frefix
centy
milh
mcro
nang
o
femte
o

a. Instrument model number.

b. Instrument serial number.

c. Description of the part.

d. Function and location of the part.

nanosecond(s) = 10~ secands
. not gepasately replacesble

whim(s)
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p TOP \ f BOTTOM \
MPIZ2  MPI3 MPI4 MPIS MPI6 MPI7 MPI8 MPIS

] VR PR e g

/

1

= @)

~\ =) SRR
OOe

i ’_ET’_'T Al
IN: T | -]
o @ @ @ o
Il P e BN =

MP26 MP24  MP23
27 mp22

MP3I

MP32

MP34

Figure 7-2. Chassis Components (Mechanical Parts)

7-3



Model 652A

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

REFERENCE -hp-

DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
Al 00652-66504 PC board: power supply 28480 | 00652-66504
AlCI Not assigned
A1C3 01400177 C: fxd 400 pF + 1% 300 vdow 72136 DM15F401F0300WV1ICR
Al1C4 Not assigned
A1C6 01800230 C: fxd 1 pF * 20% 50 wdew 56289 150D105X0050A2
A1C7, A1C8 Not assigned
A1C9 0150-0084 C: fxd cer 0.1 uF +80% -20% 50 vdew 56289 33Ca1 obd
A1C10 0180-0061 C: fxd A1 elect 100 uF +75% -10% 15 wdew 56289 30D3107G015DC2-DSM
Al1C11 0180-0062 C: fxd A1 elect 300 pF +75% - 10% 6 vdew 56289 | 30D307GO06DF2-DSM
A1C12, A1C13 01800058 C: fxd A1 elect 50 uF +75% - 10% 25 wdow 56289 | 30D506G025CCw-DSM
AI1C14 01800061 C: fxd A1 elect 100 uF +75% - 10% 15 vdow 56289 30D107G015DC2-DSM
A1C15 01210127 C: var air 1.7 to 14.1 pF 74970 | 1895055
A1C16 0180-0284 C: fxd A1 elect 200 uF +75% - 10% 30 vdew 56289 D38559
AIC17 0180-0230 C: fxd 1 pF = 20% 50 vdew 56289 150D105X0050A2
AlICI8 01400149 C: fxd 470 pF + 5% 300 wdew 72136 | DM15F471J0300WV1ICR
A1CI1S 01800161 C: fxd 3.3 uF + 20% 35 vdew 56289 150D335X003582
A1C20 0180-1746 ‘C: fxd 15 uF ¢+ 10% 20 vdew 56289 150D156X902082
AlIC21 01800161 C: fxd 3.3 uF + 20% 35 wvdew 56289 | 150D335X003582
A1C22 0180-1746 C: fxd 15 uF * 10% 20 vdcw 56289 | 150D156X902082
A1C23, A1C24 0150-0084 C: fxd .1 uF +80%, - 20% 100 wdew 28480 | 28480
A1CR1 thru 19010158 Diode: Si 04713 | SR1358-3 obd
A1CR4
A1CR5, CR6 1901-0040 Diode: Si 50 mA 30V 28480 1901-0040
A1CR7 Not assigned
A1CR8, CR9 19010347 Diode: Si8V 20mA at+1 V 1.5 pF 28480 | 19010347
AI1CR10 1910-0016 Diode: Ge 60 wiv 03877 | 83185G obd
A1CR11 1901-0025 Diode: Si 100 mA at + 1 V 100 piv 12 pF 03877 | sG817 odb
AICR12, CR13 1901-0040 Diode: Si 50 mA 30 V 28480 | 1901-0040
A1CR14 19020184 Diode: bkdn 16.2 V 28480 | 1902-0184
A1CR15 1901-0040 Diode: Si50 mA 30V 28480 | 190140040
AICR16 19020777 Diode: TC REF 04713 | 1NB25
AI1CR17 thru 1901-0040 Diode: Si50 mA 30V 28480 | 1901-0040

CR19
AICR20 19020777 Diode: TC REF 04713 | 1INB25
AICR21 Not assigned
A1CR22 19020184 Diode: Bkdn 16.2 V 28480 | 1902-0184
AICR23 19010040 Diode: Si50mA 30V 28480 | 19010050
A1CR24 19020184 Diode: Bkdn 16.2 V 28480 1902-0184
A1CR25 1901 -0040 Diode: Si 50 mA 30 vV 28480 | 19010040
A1CR26 1902-3190 Diode: Bkdn 13V 04713 | S210939-215
A1Q1 Not assigned
A1Q2 1853-0037 3 Tstr: Si NPN 28480 | 1853-0037
A1Q3 18540474 3 Tstr: Si PNP 28480 | 1854-0474
A1Q4 18540474 Tstr: Si NPN 28480 | 1854-0474
A105 18540474 Tstr: Si NPN 28480 | 1854-0474
A106 1853-0037 Tstr: Si PNP 28480 | 1853-0037
A1Q7 1853-0037 Tstr: Si PNP 28480 | 1853-0037
A108 1854-0071 2 | Tstr: SiNPN {selected from 2N3704) 28480 | 1854-0071
A1Q9 1854-0042 2 Tstr: Si NPN SM1570 04713 | SM1570
ATR1 0757-0403 2 R: fxd comp 121 Q2 + 1% 1/8W 24546 | C4-1/8-To-121-R-F
AlIR2 0761-0024 2 R: fxd comp 24K + 5% 1 W 24546 | FP32-1-Too-2401-J)
AIR3 0683-3035 2 R: fxd comp 30K * 5% 1/4W 02212 | CB3035
A1R4 07570440 2 R: fxd comp 7.5K + 1% 1/8W 24546 | C4-1/8-To-7501-F
A1RS 0698-4450 2 | R: fxd comp 324 Q + 1% 1/8W 24546 | C4-1/8-To-324R-F
ATR6 06830395 4 R: fxd comp 39 02 + 5% 1/4W 01121 | CBO395
A1R7 06834715 2 | R: fxd comp 470 2 ¢ 5% 1/4W 01121 | CB4715
A1R8 0683-1835 1 R: fxd comp 18K * 5% 1/4W 01121 | CB1835
A1RS 0757-0436 2 R: fxd comp 432K + 1% 1/8W 24546 | C4-1/8-To-4321-F
ATR10 07570279 1 | R: fxd comp 3.16K + 1% 1/BW 24546 | C4-1/8-To-3161-F
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Model 652A Section VII
Table 7-1. Replaceable Parts (Cont’d)

REFERENCE -hp-

DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
A1R11 0698-4485 2 | R: fxd comp 23.2 k2 ¢ 1% 1/8W 24546 C4-1/8To-2322-F
A1R12 06984445 2 | R: fxd5.76K + 1% 1/8W 16299 C4-1/8-To-5761-F
AtR13 0757-0403 R: fxd comp 121 0 + 1% 1/8W 24546 C4-1/8-To-121R-F
AlR14 0757-1013 1 R: fxd met flm 6000 Q2 + 1% 1/2W 75042 CECT-O obd
A1R15 06890915 R: fxd comp carbon 9.1 82 + 5% 1 W 01121 GBY1G5
A1R16 Not assigned
A1R17 0683-1005 1 R: fxd comp 10 22 + 5% 1/4W o121 CcB1005
A1R18,R19 0683-2025 3 | R: fxd comp 2000 2 ¢ 5% 1/4W 01121 CB2025
A1R20 0683-3935 2 R: fxd comp 39 k2 + 5% 1/4W 01121 CB3935
A1R22* 0683-1025 4 R: fxd comp 1000 2 + 5% 1/4W o121 CB1025
A1R23 2100-0282 1 R: var ww 2000 2 + 20% 1-1/2W 11236 110 obd
A1R24 0687-1031 1 R: fxd comp 10 k2 £ 10% 1/2W 01121 EB1035 obd
A1R25 0683-1015 2 R: fxd comp 100 2 + 5% 1/4W 01121 CB81015
AIR26 0683-1535 1 R: fxd comp 15 k2 + 5% 1/4W 01121 CB1535
A1R27 0698-0026 1 R: fxd met flm 1690 Q2 + 1% 1/2W 19701 MF7C T-O obd
A1R28 06835115 1 R: fxd comp 510 2 + 5% 1/4W 01121 CB5115
A1R29 0698-4483 1 R: fxd comp 18.7K + 1% 1/8W 24546 | C4-1/8-To-1872-F
ATR30 0698-4445 R: fxd 5.76K + 1% 1/8W 16299 C4-1/8 To-5761-F
ATR31 06984435 1 R: fxd comp 2.49K + 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-T0-4321-F
A1R33 0683-0395 R: fxd comp 39 Q2 + 5% 1/4W 01121 C80395
A1R34 06834715 R: fxd comp 470 £ + 5% 1/4W 01121 | CB4715
A1R35 0698-4450 R: fxd comp 324 ©2 + 1% 1/8W 24546 | C4-1/8-To-324R-F
A1R36 0757-0440 R: fxd comp 7.5K *+ 1% 1/8W 24546 | C4-1/8-To-7501-F
A1R37 0683-1535 R: fxd comp 15 k2 * 5% 1/4W 01121 | CB1535
AIR38 0683-3035 R: fxd comp 30K * 5% 1/4W 01121 CB3035
A1R39 0761-0024 R: fxd comp 24K + 5% 1 W 24546 | FP32-1-Too-2401-)
A1R40, R41 2100-3211 2 R: var 1K * 10% 28480 | 2100-3211
A1R42, R43 06830395 R: fxd comp 39 Q + 5% 1/4W 01121 CB0395
ATUT, U2 18260043 2 IC: OP AMP 27014 LM307H

1200-0437 2 Socket: IC 17117 | 7009-265-5
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Section VII

Model 652A

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

REFERENCE -hp-

DESIGNATOR PART NO TQ DESCRIPTION MFR. MFR. PART NO.
A2 00652-66501 1 | Pc board: oscillator amplifier 28480 | 00652-66501
A2C1 0180-0061 C: fxd Al elect 100 pF +75% -10% 15 vdew 56289 | 30D107G015DC2-

DSM
A2C2 0180-0237 C: fxd Al elect 500 uF +75% -10% 25 vdew 56289 | 39D507G025HE4 DSB
A2C3, A2C4 0150-0084 C: fxd cer 0.1 pF +80% -20% 50 vdew 56289 | 33C41 obd
A2C5 0121-0127 C: var air 1.7 to 14.1 pF 74970 | 189-505-5
A2C6 0180-0305 1| C: fxd Al elect 1000 p F +100% -10% 56289 | 34D108H2R5FJ4
2.5 vdew
A2CT 0180-0112 1| C: fxd Al elect 2000 pF 1 vdew 56289 | D33239
A2C8 0180-0062 C: fxd Al elect 300 uF +75% -10% 6 vdew 56289 | 30D307G006D F2-
DSM
A2C9 0180-0076 1| C: fxd elect 20 pF 25 vdew 56289 | 40D206G025DC6-
DST
A2C10 0150-0084 C: fxd cer 0.1 pF +80% -20% 50 vdew 56289 | 33C41 obd
A2C11 0180-0039 2 | C: fxd Al elect 100 uF +75% -10% 12 vdcw 56289 | 30D107G012CC2-
DSM
A2C12 0180-2151 1| C: fxd Al elect 500 pF +75% -10% 3 vdew 56289 | 30D Non Polar
A2C13 0180-0039 C: fxd Al elect 100 pF +75% -10% 12 vdew 56289 | 30D107G012CC2-
DSM
A2C14 0121-0127 C: var air 1.7 to 14.1 pF 74970 | 189-505-5
A2C15 0180-0062 C: fxd Al elect 300 pF +75% -10% 6 vdcw 56289 | 30D307GO06DF2-
DSM
A2C16, 0180-0101 4] C: fxd Ta 1.8 pF £10% 35 vdew 56289 | 150D185X9035B2
A2C17
A2C18 0180-0306 1| C: fxd Al elect 300 . F +100% -10% 15 vdew | 56289 | 34D307HO015FJ4
A2C19 0180-0307 1| C: fxd Al elect 500 pF +100% -10% 15 vdew | 56289 | 34D50THO15FJ4
A2C20 0180-0101 C: fxd Ta 1.8 pF +10% 35 vdew 56289 | 150D185X9035B2
A2C21* 0140-0201 1| C: fxd mica 12 pF 1 5% 78488 | RDM15C120J5C
A2C22 0180-1756 1| C: fxd Al elect 1200 pF +100% -10% 56289 | Type 34D Special
obd
A2C23 0180-0101 C: fxd Ta 1.8 uF £10% 35 vdew 56289 | 150D185X9035B2
A2C24* 0150-0022 1| C: fxd TiOg 3.3 pF + 10% vdew 784881 Type GA okd
A2C25*% 0150-0043 1 C: fxd TiOg 6.8 pF +5% 500 vdcw 78488 | Type GA obd
A2CR1 1902-0046 1| Diode: breakdown 7.15 V +10% 400 mW 04713 | 10939-139  ohd
A2CR2 thru
A2CR4 1901-0025 Diode: Si 100 mA at +1 V 100 piv 12 pF 03877 | SG-817
A2CR5 thru 1910-0016 4 | Diode: Ge 60 wiv 1 ms 03877 | S3185G obd
A2CRT
A2CRS, 1901-0040 2 | Diode: Si 03877 | SG-5050
A2CR9 1910-0016 Diode: Ge 60 wiv 1 ms 03877 | S3185G obd
A2L1* thru 9170-0016 7 | Bead: shielding 02114 | 56-590-65/3B
A2L6*
A2Q1 1855-0082 1| TSTR: P FET channel Type A 04713 | s83723 obd
A2Q2 1854 -0215 2 | TSTR: Si NPN 2N3904 04713 | sPs 3611
A2Q3 1853-0036 3 | TSTR: Si 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: Si NPN 2N3904 24446 | 2N3904
A2Q8 1854-0337 TSTR: Si NPN** 04713 | SM1570-2
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Model 652A Section VII
Table 7-1. Replaceable Parts (Cont'd)
REFERENCE -hp-
DESIGNATOR PART NO 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 | obd
AZR1 0687-1021 1 | R: fxd comp 1000 © +100 1/2 W 01121 | EB1021
A2ZR2 0683-6225 1 R: fxd comp 6200 5% 1/4 W 01121 CB6225
A2R3 0683-4335 R: fxd comp 43 KQ +5’1_'q 1/4 W 01121 CB4335
A2R4 0683-1025 2 R: fxd comp 1000 § +50 1/4 W 01121 CB1025
A2R5 0684-1221 1 | R: fxd comp 1200 © 100 1/4 W 01121 | CB1221
A2RB 0683-9105 1 R: fxd comp 91 © 15”‘6 14w 01121 CB9105
A2RT* 0683-0275 6 | R: fxd comp2.79 +5% 1/4 W 01121 | CB27G5
A2R8, A2R9 0686-1025 2 | R: fxd comp 1000 £ +55 12 W 01121 | EB1025
A2R10 0693-8211 1 | R: fxd comp carbon 820 £ 107 2W 01121 | HB8211
A2R11, A2R12| 0686-1305 3 |R: fxd comp 13 Q50172 % 01121 | EB1305
A2ZR13 0687-1001 2 |R: fxd comp 10 Q :+10% 1/2 W 01121 | EB1001
A2R14 0757-0739 2 | R: fxd met flm 2000 € £1% 1/4 W 19701 MF6C T-0O obd
A2R15 0757-0736 1 R: fxd met flm 1500 Q +1% 174 W 19701 MF6C T-0 obd
1
A2R16, A2R17| 2100-2604 2 |R: varlin5092 + 100 1/2 W 01121 | Type SV5001
A2ZR19 0683-2035 1 R: fxd comp 20 K@ +5% 1/4 W 01121 CB2035
A2R20 0683-0275 R: fxd comp 2.7 £ +5% 1/4 W 01121 CB27G5
A2R21 0684-1031 4 | R: fxd comp 10 KQ +10% 174 W 01121 CB1031
A2R22 0757-0'739 R: fxd met flm 2000 © 10 1/4 W 19701 MF6C T-0 obd
A2R23 0683-4705 1 |R: fxd comp 47 & +5% 1/4W 01121 CB4705
A2R24* 0683-2025 R: fxd comp 2.0 k2 +5% 1/4 W 61121 CB2025
AZR25 0698-4657 2 | R: fxd met flm7. 15K +1% 1/4 W 19701 MF6C T-0 obd
A2R26 0687-1001 R: fxd comp 10 £ 10 'b 1/2w 01121 EB1001
A2R27 0683-0275 R: fxd comp 2.7 £ £5 01/4W 01121 CB27G5
A2R28 0757-0500 R: fxd comp 30.1 £ 16 174 W 19701 MF6C T-0 obd
A2R29* 0683-1215 1 R: fxd comp 120 & +5% 1/4 W 01121 | CB1215
AZR30 0683-3935 R: fxd comp 39 K@ +5% 1/4 W 01121 CB3935
A2R31 0683-8235 1 |R: fxd comp 82 K :5% 1/4 W 01121 | CB8235
A2R32 Not assigned
A2R33 0684-1521 2 |R: fxd comp 15008 +10% 1/4 W 01121 | CB1521
A2ZR34 0686-2025 1 |R: fxd comp 2000 2 5012 W 01121 | EB2025
A2R35 0689-4315 1 | R: fxd comp carbon 430 © +5%5 1W 01121 | GB4315
A2R36 0693-6811 1 |R: fxd comp carbon 680 Q £10% 2 W 01121 | HB6811
A2R31,

A2ZR38 0683-0275 R: fxd comp 2.7 Q +#5% 174 W 01121 CB27G5
A2R39,

A2R40 0757-1012 2 R: fxd met flm 100 £ :0.25% 1/2 W 75042 CEC T-0O obd
A2R41 0683-3615 1 |R: fxd comp 360 2 +50 1/4 W 01121 | CB3615
A2R42,A2R43 0757-0159 R: fxd prec met flm 10009 +1'0 1/2 W -hp-

A2R44 0683-0275 R: fxd comp 2.7 957174 W 01121 CB27G5
A2R45 0757-0500 1 R: fxd met flm 30.1 @ ;{;1lr 1/4 W 75042 CEB T-0 obd
A2R46 0757-0277 1 | R: fxd met flm 49.9 Q 3:1 1’8 W 75042 | CEA T-O  obd
AZRAT* 0698-4448 1 |R: fxd met flm 294 © + 17 1/8 W =hp-

5061-0748 6 | SOCKET ASSY: TSTR 28480 5061-0748
A3 00652-66503 1 | PC board: expand meter circuit 28480 | 00652-66503
A3C1 0180-0098 3 C: fxd Ta elect 100 F +20'n 20 vdew 56289 150D 107X0020S2DYS
A3C2 0180-1794 2 C: fxd Ta elect 22 pF +10 35 vdew 56289 109D226X9025C2
A3C3 0180-0387 C: fxd Ta elect 47 uF +5% 20 vdew 56289 | 150D476X5020R2
A3C4* 0180-1794 C: fxd 22 uF 35V 56289 150D226X9035R2DYS
A3CH 0160-0159 1 C: fxd my 0.0068 uF +10% 200 vdcw 56289 192P68292-PTS
A3C6, A3CT 0150-0093 3 | C: fxd cer 0.01 uF +80 -20% 100 vdew 91418 | TA obd
A3cs* 0180-1746 1 | C: fxd elect 15 pF 10% 20 vdew 28480 | 0180-1746
A3C9 0180-0374 1 C: fxd Ta elect 10 ¢ F +100 20 vdew 56289 150D106X9020B2
A3C10 0150-0042 1 | cC: fxd TiOg 4.7 pF +5% 500 vdew 78488 | Type GA obd
A3Cl11 0121-0131 1 C: var air 1.2 to 4.2 pF 74970 189-501-5
A3C12 0150-0093 C: fxd cer 0.01 . F +80'0 -20% 100 vdew 91418 | TA obd
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Section VII Model 6524

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

REFERENCE -hp-

DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
A3C13, A3C14 0180-0032 2 | C: fxd Al elect 10 pF +75% -10% 12 vdew 56289 | 30D106G012BA4
A3C15 0180-0059 1 | C: fxd elect 10 uF +100% -10% 25 vdew 56289 | 30D106G025BB2-

DSM

A3CR1, 1901-0456 2 Diode: Si hot carrier -hp-

A3CR2
A3CR3, 1901-0025 Diode: Si 100 mA at +1 V 100 piv 12 pF 03877 | SG-817 obd

A3CR4
A3CRS5 1902-3205 1 Diode: Si breakdown 15 V +5% 04713 | SZ 10939-233
A3CR6 1902-0049 1 Diode: breakdown 6.19 V +5% 400 mW 07263 | obd
A3CRT 1910-0016 Diode: Ge 60 wiv 03877 S3185G obd
A3CRS8 1901-0025 Diode: Si 100 mA at +1 V 100 piv 12 pF 03877 | SG-817 obd
A3L1 9140-0025 1 | Coil: radio frequency 4.7 puH +10% 99848 | 213-11 obd
A3L2 9140-0118 1 Coil: molded choke 500 pH +5% 82142 10178-8 obd
A3Q1 1853-0010 2 TSTR: Si PNP** ~-hp-
A3Q2 thru 1854-0033 4 TSTR: Si NPN 2N3391 24446 | 2N3391

A3Q4
A3Q5 1853-0010 TSTR: Si PNP** -hp-
A3Q6 1854-0033 TSTR: Si NPN 2N3391 24446 | 2N3391
A3Q7, A3Q8 1853-0036 2 TSTR: Si PNP 2N3906 04713 SPS-3612
A3R1* 0683-0565 1 | R: fxd comp 5.6 © +5% 1/4 W 01121 | CB56GS
A3R2 0757-0339 1 R: fxd met flm 3010 1% 1/4 W 19701 MFEC T-0O obd
A3R3 0757-1023 1 R: fxd met flm 6040 © +10 1/4 W 19701 MF6C T-0O obd
A3R4 0757-0340 1 R: fxd met flm 10 KQ 1% 1/4 W 19701 MF6C T-0O obd
A3RS5 0683-2745 3 | R: fxd comp 270 K 5% 1/4 W 01121 | CB2745
A3R6 0683-1845 1 R: fxd comp 180 K +5%0 1/4 W 01121 CB1845
A3R7 0683-2745 R: fxd comp 270 KQ 5% 1/4 W 01121 | CB2745
A3R8* 0683-3035 1 | R: fxd comp 30 KR +5% 174 W 01121 | CB3035
A3R9 0684-1031 R: fxd comp 10 KQ +10% 1/4 W 01121 | CB1031
A3R10, A3R11 0757-0753 2 | R: fxd met flm 9090 £ +1% 1/4 W 19701 MF6C T-0 obd
A3R12 0683-2445 1 | R: fxd comp 240 K 5% 1/4 W 01121 CB2445
A3R13 0684-1031 R: fxd comp 10 K +10% 1/4 W 01121 | CB1031
A3R14 2100-0439 1 | R: var ww 250 £ +20% 1-1/2 W 11236 | 110 obd
A3R15 0683-3915 R: fxd comp 390 € +5% 1/4 W 01121 | CB3915
A3R16 0684-1031 R: fxd comp 10 K +10% 1/4 W 01121 | CB1031
A3R17 0684-1531 1 | R: fxd comp 15 K +10% 1/4 W 01121 CB1531
A3R18* 0683-8215 1| R: fxd comp 820 Q5% 1/4 W 01121 CB2205
A3RI19 07o7-0754 1 R: fxd met flm 11 K +1'%6 1/4 W 19701 MF6C T-0O obd
A3R20 0684-3921 1 R: fxd comp 3900 & +10% 1/4 W 01121 CB3921
A3R21 0684-1021 2 | R: fxd comp 1000 2 +10% 1/4 W 01121 | CBl1021
A3R22 0698-4715 R: fxdmetflm 14.0KO0 + 1% 174 W 91637 MFF-1/8-32 T-1
A3R23 0684-1021 R: fxd comp 1000 Q + 10 5 14 W 01121 | cB1021
C1A thruCicC 0121-0018 1 | C: varair 3-sect 14. 75 pF to 617.75 pF ~-hp-
c2 0160-3333 3 | C: fxd cer 5000 pF + 20 % 250 vdew 08988 | THD-8-502M-1.4 KV
C3, C4 0160-3333 C: fxd cer 5000 pF + 20 % 250 vdew 08988 | TED-8-502M-1. 4 KV
C5, C6 0180-0047 2 | C: fxd Al elect 500 puF 75 vdew 56289 | D32443 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 bulb NE2H 24446 | obd

5040-0234 1 | Pilot light: jewel -hp-
5040-0235 1 | Pilot light: base -hp-

F1 2110-0340 1 | Fuse: 0.4 A slow-blow 250 V 71400 | MDL 4/10
J1 1251-2357 1 | Receptacle: power 82389 EAC-301
L1 thru L3 Not assigned
L4 9140-0029 1 Coil: radio frequency 100 p 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: flexible coupling 99934 A-201-1
MP3 5060-0021 1 | Gear Assembly -hp-
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Model 652A Section VII
Table 7-1. Replaceable Parts (Cont'd)

REFERENCE -hp-
DESIGNATOR PART NO. TQ DESCRIPTION MFR MFR. PART NO.
MP4 1460-0256 1 | Spring: compression -hp-

MP5 5060-0020 1 | Gear Assembly ~-hp-

MP6 5020-0233 1 | Collar -hp-

MP7 5020-0348 1 | Shaft -hp-

MP8 5020-0641 1 | Shaft: spur gear -hp-

MP9 5020-0639 1 | Casting: Capacitor drive assembly -hp-

MP10 5020-0630 1 Hub: dial ~hp-

MP11 5040-0607 1 | Disc assembly: vernier drive -hp-

MP12 00651-00102 1 | Plate: capacitor -hp-

MP13 5040-0631 2 | Bracket: capacitor mount -hp-

MP14 0340-0580 2 | Insulator: TSTR mounting 000LB | 293011 obd
MP15 2110-0359 1 | Fuseholder 91967 | 450

MP16 00651-05503 1 Shield: filter ~-hp-

MP17 00652-05506 1 | Shield: separates board -hp-

MP18 1205-0241 6 | Semiconductor-thermal link 13103 | 12017

MP19 00652-04101 1 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: outer cover ~-hp-

MP25 4040-0297 1 | Bezel: meter window -hp-

MP26 0370-0112 2 | Knob: bar skirted black -hp-

MP27 61B-40D-4 1 Plate: frequency dial -hp-

MP28 0370-0160 1 | Knob: round black dial -hp-

MP29 5040-5158 1 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 5060-8737 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 trim -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 00651-00113 1 | Deck: main ~-hp-

MP44 5000-0637 1 | Spring: thrust -hp-

Q1 1854 -0063 1 | TSTR: SI NPN 2N3055 -hp-

Q2 1853-0305 1 | TSTR: SI PNP ‘ -h

R1 0684-3331 1 R: fxd comp 33 kQ + 10« 1/4 W 01121 CB3331

R2 2100-1996 1 | R: var pot 71590 | Model 12 obd
R3 2100-1997 1 | R: var pot 71590 | Model 12 ohd
s1 00652-61901 1 | Switch assembly: range -hp-

Si1c1 0140-0040 1 | C: fxd mica 75 pF £ 5% 04062 | RCM 15E 750J
sic2 0130-0006 3 C: var cer 5 to 20 pF 72982 503 000 B2PO28R
S1C3 0140-0032 1 C: fxd mica 47 pF + 107 04062 RCM15F 470K
s1C4 0130-0001 1 | C: var cer 7to 45 pF 72982 | 503-000-D2PO-33R
S1C5 0130-0006 C: var cer 5to 20 pF 72982 503 000 B2ZPO28R
S1C6 0160-0987 1 C: fxd mica 12 pF % 5% 04062 RDM15C120J58
s1C7 0130-0006 C: var cer 5 to 20 pF 72982 | 503 000 B2PO28R
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Section VII Model 652A
Table T-1. Replaceable Parts (Cont’d)

REFERENCE -hp-

DESIGNATOR PART NO. TQ DESCRIPTION MFR MFR. PART NO.
sics 0140-0002 1| C: fxd mica10 pF + 10 % 14655 obd
s1C9, si1Clo 0130-0003 2 | C: var cer 1.5 to 7 pF 72982 | 503-000 COPO-10R
S1C11 0150-0046 1 C: fxd TiOg 0.68 pF + 5% 500 vdcw 78488 | Type GA  obd
s1C12 0150-0029 2 | C: fxd TiOg 1 pF + 100 500 vdew 78488 | Type GA obd
S1C13* 0150-0029 C: fxd TiOg 1 pF + 107 500 vdew 78488 Type GA obd
S1C14+ 0150-0044 1 : fxd TiOg 5.6 pF + 5% 500 vdew 78488 | Type GA  obd
S1C15+* 0150-0031 1 | C: fxd TiO2 2.0 pF + 5% 500 vdcw 78488 | Type GA  obd
SIR1* 0686-5145 1 R: fxd comp 510 k& + 50 1/2 W 01121 EB5145
S1R2 0730-0145 1 R: fxd carbon flm 12 MQ + 1% 1 W 91637 DcC-1
SIR3* 0687-3931 1 R: fxd comp 39 k2 + 10 12 W 01121 EB3931
S1R4 0757-0983 1 R: fxd met flm 1.23 MQ + 1% 172 W 75042 CECT-0 obd
SIRG* 0687-4721 1 | R: fxd comp 4.7 k§ + 100 1/2 W 01121 | EB4721
S1R6 0757-0981 1 | R: fxd met flm 123k + 1% 1/2 W 75042 | CEC T-O obd
SIRT* 0687-3911 1 R: fxd comp 390§ + 10 1/2 W 01121 EB3911
S1R8 0757-0042 1 R: fxd met flm 12.3 k2 + 1% 1/2 W 75042 CEC T-O obd
SIR9* 0687-6801 1 | R: fxd comp 689 + 100 1/2 W 01121 | EB6801
S1R10 0757-0821 1 R: fxd met flm 1.21 k2 + 1% 1/2 W 75042 CEC T-O obd
S1R11* 0687-2701 2 R: fxd comp 27§ + 100 1/2 W 01121 EB2701
S1R12 0757-0198 1 R: fxd met flm 100Q + 1% 1/2 W 19701 MF7C T-O obd
SIR13 0733-0006 1 | R: fxd carbon flm 24,5 MQ + 1% 2 W 91637 | DC-2 obd
S1R14* 0686-1855 1 | R: fxd comp 1.8 MQ + 5% 1/2 W 01121 | EB1855
S1R15 0757-1017 1 | R: fxd met flm 2.45 MQ + 1% 1/2 W 75042 | CEC T-O obd
SIR16* 0686-1245 1 R: ixd comp 120 kQ + 5% 1/2 W 01121 EB1245
SIR17 0757-0982 1 R: Ixd met flm 245kQ + 1% 172 W 75042 CEC T-O obd
S1R18* 0687-1031 1 R: fxd comp 10 kQ + 10% 1/2 W 01121 EB1031
S1R19 0757-1014 1 R: fxd met flm 24.5kQ + 1% 1/2 W 75042 CECT-O obd
S1R20* 0687-1021 1 R: fxd comp 10008 + 10% 1/2 W 01121 EB1021
S1R21 0757-0038 1 R: fxd met flm 25100 + 1% 1/2 W 75042 CECT-O obd
S1R22* 0687-5601 1 R: fxd comp 560 + 10% 1/2 W 01121 EB5601
SIR23 0757-0980 1 | R: fxd met flm 225Q + 1% 12 W 75042 | CEC T-O obd
SIR24* 0687-2701 1 | R: fxd comp 279 + 5% 1/2 W 01121 | EB2701
s2 00651-63402 1 | Attenuator assembly ~-hp-

S2R1,82R2 0698-8386 2 | R: fxdmet flm 790 @ +.1%1/2 W 75042 CEC T-O obd
S2R3 0698-8387 1 | R: fxdmet flm 247,50+ .1%1/2 W 75042 CEC T-O obd
S2R4 0698-8388 1 R: fxd met fim 71.15Q + .19 1/2 W 75042 CEC T-O obd
S2R5 thru 0698-8389 4 | R: fxd met fim 53.27Q+ .1% 1/2 W 75042 CECT-O obd
S2R8
S2R9,S2R10 0698-7984 2 | R: fxd met flm 61. 1102 + .1% 1/2 W 75042 CEC T-O obd
S2R11,82R12 0698-8390 2 R: fxd met flm 96.25Q + .1%1/2 W 75042 CEC T-O obd
S2R13 0757-1016 1 R: fxd met flm 5509 + .25% 1/2 W 75042 CEC T-O obd
S3 3101-0036 1 | Switch: toggle power SPST 88140 | 8928K61
S4 3101-0805 1 | Switch: monitor ~-hp-
S5 3101-1234 1 Switch: slide 82389 | 11A-1242A
T1 9100-3239 1 | Transformer: Power 115/230 V hp-
w1 8120-1348 1 | Assembly Cable: Power Cord 7.5 feet 70903 KH-4147
5061-0735 1 TUNER ASSY (Consists of C1A thru C1C 28480 5061-0735
and MP13)
MISCELLANEOUS
1200-0081 4 | Bushing (for MP18) 26365 | 974 Svecial
1205-0220 Semi-heat dissipator -hp-
00651-61604 1 Cable: power -hp-
00652-61601 1 | Cable: panel controls -hp-
00651-61602 1 | Cable assembly: input -hp-
00651-61601 2 | Cable assembly: output -hp-
2110-0340 Fuse: Type designator 2B250V. 4A -hp-
00652-90005 1 | Manual: operating and service -hp-
00652-84402 1 Rack mount kit -hp-




CODE LIST OF MANUFACTURERS

The following code numbers are from the Federal Supply Code for Manufacturers Cauloging Handbooks H4-1 (Name to Code) and H4-2 (Code

to Name) and their latest supplements. The date of revision and the date of the supp used app
betical codes have been arbitrarily assigned to suppliers not appearing in the H4 Handbooks.

CNDN"’ Manufacturer Address
00000 U.S A Common. - ... . .Any supplier of U.S.
00136 McCoy Electronics. . .Mount Holiy Springs, Pa.
00213  Sage Electronics Corp ----- Rochester, N. Y
00287 Cemco, . - . . Danielson, Conn.
00334 Humidial ... .. Colton, Calif.
00348  Mictron, Co,, Inc.. . . . . \Falley Stream, N.Y.
00373 GarlockInc. .. ......... Cherry Hll.l, N.J.
00656 Aerovox Corp. . .. - . . . « - New Bedford,Mass
00779 Amp.Inc. . ... ... Harrisburg, Pa.
00781  Aircraft Radio Corp.. .. ..... Boonton, N.J.
00809 Croven, Ltd, . . ... .. Whitby, Ontario, Canada
00815 Northern Engineering
Laboratories, Inc. . . .. .. .. Burlington, Wis
00853 Sangamo Electric Co.,
Pickens Div. ............. Pickens, S.C.
00866 Goe Engineering Co. . . . .City of Industry, Cal.
00891 Carl E. Holmes Corp.. . - . - Los Angeles, Cal.
009289 Microlablne,. . ..... « « « « Livingston, N.J
01002 General Electric Co.,
Capacitor Dept.. . . .. ... Hudson Falls, N.Y
01008  Alden Products Co -Brockton, Mass
01121 Allen Bradley Co.. - . .. ..... Milwaukee, Wia
01255 Litton Industries, Inc. . . . = Beverly Hills, Cal.
01281 TRW Semiconductors,Inc. . . . . Lawndale, Cal.
01295 Texas Instruments, Inc.,
Transistor Products Div, - - Dallas, Texas
01349 The Alliance Mfg. Co. - ... ... Alliance, Ohio
015386 Small PartsInc. .. ..... Los Angeles, Cal.
01589  Pacific Relays, Inc. . .. .- - .. Van Nuys, Cal.
01670 Gudebrod Bros. Slik Co. .. ... New York, N.Y.
01830 Amerock Corp. ... ......... Rockford, Bl
01960 Pulse Engineering Co . . . . Santa Clara, Cal.
02114  Ferroxcube Corp. of
America . ... .. . . .Saugerties, N. Y.
02116 Wheelock Signals, lnc . .Long Branch, N.J.
02286 Cole Rubber and Plastics Inc . -Sunnyvale, Cal.
02660 Amphenol-Borg Electronics
L Broadview, OI.
02735 Radio Corp, of America,Semi-
conductor and Malerials
Divlsion . ......... .Somerville, N.J,
02771 Vocaline Co.of America,
Inc. ... ........... 0ld Saybrook, Conn.
02777 Hopkins EngineeringCo. . . San Fernando, Cal.
02895 Hudson Tool & Die . . . . ...... Newark,N.J .
03296 Nylon Molding Corp. . . - . - . . Springfield,N. J.
03508 G.E. Semiconductor Prod.
Dept. . .o wvineennn . Syracuse, N.Y.
03705 Apex Machlne & Tool Co. . . . .Dayton,Ohio
03797 Eldema Corp. . ........ . . Compton, Calif.
03818  Parker Seal Co. ... . ... .. Los Angeles, Cal.
03877 Transitron Electric Corp. Wakefleld, Mass
03888 Pyrolll.m Resistor Co.,
.............. Cedar Knolls, N.J
03954 Smger Co., Diehl Div.,
Finderne Plant . . . . .. ... Sumerville, N.J.
040089 Arrow, Hart and Hegeman
Elect. Co.. . .- .. Hartford, Conn,
04013  Taruvus Corp. ... .. . . Lambertville, N.J.
04062 Arco Electronic Inc.. . - Great Neck, N.Y.
04217 EssexWire. .......... .Los Angeles, Cal.
04222 Hi-Q Division of Aerovox. . Myrtle Beach, S.C.
04354 Precision Paper Tube Co. . . . . . Wheeling, IIL
04404 Palo Alto Division of Hewlett-
PackardCo. . ........ . .Palo Alto, Cal.
04651 Sylvania Electric Products,
Microwave Device Div. . Mountain View, Cal.
04673 Dakota Engr.Inc. . .. ... . Culver City, Cal.
04713  Motorola Inc. Semiconductor
Prod. Div. ........ - Phoenix, Arizona
04732  Filtron Co. ,Inc, Western
Div. . . Culver City, Cal.
04773 Automatic Electru: Co ....... Northlake, I,
04796  Sequoia Wire Co. ... - Redwood City. Cal.
04811  Precision Coil s:rlng Co. . . El Monte, Cal.
04870 P M. Motor Company. . . . . .Westch , oL
04919 Component Mfg. Service
Co, . ideeennnca. W. Bridgewarer, Mass
05006 Twentieth Century Plastics,
Inc. .. ... ... ...... Los Angeles, Cal.
05277 Westinghouse Electric Corp.
Semiconductor Dept. . . . . .. Youngwood, Pa.
00015-49
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Code

05347
05397

05574
05593
05616

05624
05728

05729
05783
05820

06090
06175

06751
06812

07088
07126
07137

07138

07148
07233
07256
07261
07263

07322
07387
07397

07700

07829
07910
07933

07980

0B145
08289
08358

08524
08664
08717
08718

08727
08792

08806

08984
09026
08097
05134
09145

09250
08353
08569

09795
09822
10214

10411
10646

Manufacturer Address
Ultronix, Ine. . ... . ... San Mateo, Cal
Union Carbine Corp ., Elect.

Div., ... ... oo ..n New York, N. Y
Viking Ind.Inc. . ... ......Canoga Park, Cal.
Icore Electro-Plastics Inc.. .Sunnyvale, Cal.
Cosmo Plastic (c/o Electrical

Spec.Co) . ...... . . Cleveland, Ohio
Barber ColmanCo. . . ......Rockford, I
TiffenOptical Co. .. ...... . ..........
......... Roslyn Heights, Long Isla,od N.Y.
Metro-Tel Corp.. - .. ........ Westbury,N. Y.

..... Santa Cruz, Cal.
Wakefield, Mass.

Stewart Engineering Co.
Wakefield Engineering Inc.. . .

Bassick Co., Div. of Stewari

Warner Corp. ... ....... Bridgeport, Conn.
Raychem Corp. ......... Redwood City, Cal.
Bausch and Lomb Optical

..... .Rochester, N.Y.

E. '!‘ A Producu Co o[

Amerlca .............. - Chicago, ILl.
Amatom Elec’(rnnlc Hardware

Co., . New Rochelle, N. Y.
Beede Blect.rical lnurumenl

Co.,Imc. ...... Penacook, N.H.

_Indianapalis, Ind
. Phoenix, Arlzona

General Devices Co Inc ]
Components Inc. ,Ariz. Div.

‘Torrington Mig. Co. ,West Div. . . Van Nuys, Cal
Varian Assoc, Etmac Div. . . .. San Carlos, Cal.
Kelvin Electric Co. . - . . Van Nuys, Cal.
DigitranCo. . ... .... . Pasadena, Cal.
‘Transistor Elecl.roniu

Corp.. . - - - oo Minneapolis, Minn
Weatinghouse Electric

Corp. ,Electronic Tube Div. . .Elmira, N Y.
Fllmohm Corp. . . . . . New York, N.Y.

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

Cinch-Graphik Co.
Sillcon Transistor Corp. .

Avnet Corp.. .. ...... . .. Culver City, Cal.
Fairchild Camera & Inst. Corp.,
Semiconductor Div.. . . .. Mounlain View, Cal.

Minnesota Rubber Co. ... .. Minneapolis, Minn.

Birtcher Corp, The . . .. .. Monterey Park, Cal.
Sylvania Elect. Prod. Inc.,

Mt. View Operations . . . . Mounlain View, Cal.

Technical Wire Products

- Cranford, N.J.

. Chicago, 1.

Bodine Elect. Co. gy <
. Hawthorne, Cal.

Continental Device Corp. -
Raytheon Mig. Co., Semi-

conductor Div. .. ... ... Mountain View, Cal.
Hewlett-Packard Co. ,

New Jersey Division . . . Rockaway, N.J.
U. 8. Engineering Co. . . Los Angeles, Cal.
Blinn, DetbertCo.. .. .. ..... Pomona, Cal.

Burgess Battery Co. . . . ..
. Niagara Falls O!llal'lo Camda
Los Angeles, Cal.

Deutsch l‘astemr Corp. . ...

Bristol Co., The Waterbury, Conn
Sloan Company . ....... Sun Valley, Cal.
ITT Cannon Electric Inc. .

Phoenix Div.. . . . ... . Phoenix, Arizona

National Radlo Lab. Inc. .
CBS Electronics Semiconductor
Operations, Div. of CBS Inc . .
General Electric Co.,
Minjature Lamp Depl . .Cleveland, Ohio
Mel-Rain -- . . Indianapolis. Ind.
Babcock Relays m» ......... Costa Mesa, Cal.
Electronic Enclosures Inc.. . Los Angeles, Calhf .
Texas Capacitor Co. . . . . . Houston, Texas
Tech. Ind. Inc. Atohm

. Paramus, N.J.

Lowell, Mass.

Elect.. . .......... . Burbank, Cal.
Electro Assemblies, Inc.. . . . .Chicago, Ul.
C & K Components Inc. . . . .Newton. Mass.

Mallory Battery Co. of

Canada, Ltd.. .. . .. Toronto, Ontario, Canada
Pennsylvania Florocarbon Clifton Heights, Penn.
Burndy Corp. .. . ... ....... Norwalk, Conn.
General Transistor Western

Corp. .ev..-..... Los Angeles, Cal
Ti-Tal, lnc N . Berkeley, Cal.

Carborundum Co.' ' Niagara Falls, N_ Y.

at the bottom of each page. Alpha-
C;:e Manufacturer Address
11236 CTS of Berne, Inc. . . . Berne, Ind.
11237 Chicago Telephone of

California, Inc. . ... . . So. Pasadena, Cal.
11242 Bay State Electronics Corp. - . . Waltham, Mass
11312 Teledyne Inc. ,Microwave

Div. . .-. .. Palo Alto, Cal.
11314 National Seal . .Downey, Cal.
11453 Precision Cunnedor Curp . Jamaica, N. Y.
11534 Duncan Electronics Inc. . Costa Mesa, Cal.
11711 General Instrument Corp. ,

Semiconductor Division Products

Group ..... ..... ...... Newark, N.J.
11717 Imperial Electronic,Inc. Buena Park, Cal.
11870 Melabs, Inc. . . Palo Alto, Cal.
12136 Phi.ladelplua Ha.ndle Co - . Camden, N.J.
12361 Grove Mfg.Co.. Inc. . . . .. Shady Grove, Pa.
12574 Guilton Ind. Inc. Dala System

Div. . - . Albuquerque N. M.
12697 Clarostat M[g Co. . . Dover, N.H.
12728 Elmar Filter Corp . w Haven, Conn.
12859 Nippon Electric Co. , Ltd Tokyo, Japan
12881 Metex Electronics Corp. . .. .. Clark, N.J.
12930 Delta Semiconductor Inc. . . Newport Beach, Cal.
12954 Dickson Electronics Corp. . . Scottsdale, Arizona
13018 Airco Supply Co. , Inc. Witchita, Kansas
13061 Wilco Products . Detroit, Mich
13103 Thermolloy. . ..... Dallas, Texas
13327 Solitron Devices Inc. . .. Tappan, N. Y.
13396 Telefunken (GmbH) .Hanover .Germany
13835 Midland-Wright Div. of

Pacific Industries, Inc. Kansas City, Kansas
14099 Sem-Tech . . . Newbury Park, Cal.
14193 Calif. H.esistor Cnrp ...... Santa Monica, Cal.
14298 American Comp , Inc.. . Conshohocks Pa.
14433 ITT Semiconductor, a Div. of

Int. Telephone and Telegraph

Corporation . . .West Palm Beach Fla.
14493 Hewlett- Pa.ckardr‘ I . L , Calo.
14655 Cornell Dublier Electric Corp Nmrk N.J.
14674 Corning Glass Works . . Corning, N. Y.
14752 Electro Cube Inc. . . San Gabriel, Cal.
14960 Williams Mig. Co. . San Jose, Cal.
15106 The Sphere Co. ,Inc. . Little Falls, N.J.
15203 Webster Electronics Co. . New York, N Y.
15287 Scionies Corp. . .. . ....... Northridge, Cal.
15291 Adjustable Busmm Co. . ... N. Hallywood, Cal.
15558 Micron Electronics. Garden City, Long IslandN Y.
15566 Amprobe Inst. Corp. . Lynbrock, N_ Y.
15631 Cabletronics .. . ... . - Costa Mesa, Cal.
15972 'Nenlleﬂl Oentury Coil

Spring . - Santa Clara, Cal.
15801 Femwal Elect lnt .7 . Framingham, Mass.
15818 Amelco Inc. . . . Mountain View. Cal.
18037 Spruce Pine Mica Co. . Spruce Pine, N.C.
16179 Omni-Spectra Inc. . . Detroit, M.
16352 Computer Diode Corp. Lodi, NJ
16554 Electroid Co a . Union, N.J
16585 Boots Aircraft Nut Corp. . Pasadena, Cal.
16668 ldeal Prec. Meter Co. ,Inc.,

De Jur Meter Div. . - Brooklyn, N.Y.
16758 Delco Radio Div of G. M Corp. . . . Knkomo, Ind.
17109 Thermonetics Inc. . . . Canoga Park,Cal.
17474 Tranex Company . .. .. . . Mountain View, Cal.
17675 Hamlin Metal Products Corp. . Akron, Ohio
17745 Angstrohm Prec.Inc. .. .. No. Haliywood, Cal
19856 Siiiconix Inc. .. . . Sunnyvale,Cal.
17870 McGraw-Edison Co . Manchester, N._H.
18042 Power Design Pacific Inc . Palo Alto,Cal
18083 Clevite Corp. Semiconductor Div. . Palo Alto,Cal.
18324 Signetics Corp. . Sunnyvale,Cal.
18476 Ty-Car Mig. Co. ,Inc Holliston, Mass.
18486 TRW Elect. Comp. Div Des Plaines, Il
18565 Chomerics ... .. Piainville, Mass.
18583 Curtis Instrument, Inc. . Mt. Kisco, N. Y.
18612 Vishay Instruments Inc._ . Malvern, Pa
18893 E.1. DuPont and Co.. Inc. . Wilmington, Del.
18911 Durant Mfg. Co. . . . . . Milwaukee ,Wis
19315 The Bendix Corp Navigalmn &

Controt Div. . .. .. Teterboro., N.J.
19500 Thomas A. Edison lndnslnes

Div. of McGraw - Edison . . West Orange, N. J.
19589 Concoa e Baldwin Park. Cal.

From: Handbook Supplements
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Ca? Manufacturer Address
19644 LRC Electronics . . - ..... .. Horseheads N. Y
19701 Electra Mfg. Co. ...... .

20183  General Atronles Corp. - .. . . Philadelphia, Pa.
21226 Executone, Inc. .. . island City, N Y.
21355  Fafnir Bearing Co. The New Britlan, Conn.
21520  Fansteel Meullurgltal Cory -N, Chicago, 1.
23020 General Reed Co. . - . . Metuchen, N.J.
23042 TexscanCorp. .......... lmwupolls, Ind.
239783  British Radio Electronlcs Ltd. . .Washington,DC.
24455 G.E. Lamp Division, Nela Park,Cleveland, Ohio
24655 General RadioCo, - - .. ... West Concord, Mass.
24681 Memcor Inc. ,Comp.Div. ...... Huntington,Ind
26365 Gries Reproducer Corp. . . . Hew Rochelle, N. Y.
26462 Grobert File Co. of America,Inc. Carlstadt, N J.
26851 Compac/Hollister Co. ....... Hotlister, Cal
26992  Hamilton WatchCo. ... ... . Lancaster,
28480 Hewlett-Packard Co. . .... ... Palo Alto, Cal
28520 Heyman Mig.Co. . ....... - Kenilworth, N.J.
30817 Instrument Specialties Co. ,

Inc. ... i Little Falls, N.J.
33173 G.E. Receiving Tube Dept Owensboro, Ky.
35434 LectrchmiInc. . ............. Chicago, Tl
36196  Stanwyck Coil Products.

Lid. . Hawkesbury, Ontarlo, Canada
36287 Oauullgham W H & Hill,

Ltd. .......-... Toronto, Ontario, Canada
37942 P.R. Mallory & Co.,Inc. .. ..Indtanapolis, Ind.
39543 Mechamcal Industries Prod. Co. - Akron, Ohio
40920 Miniature Precision Bearings,Inc. . Keene, N.H.
40931 HomeywellInc. . . ........ M is, Minn.
42190 Muter Co. . .« . . Chicago, I,
43990 C.A.Norgren Cn ........ E:gl.evood, Colo.
44655 Ohmite Mfg, Co. ... ..... . Skokie, Ill.
46384 Penn Eng. &Mfg.Corp. . ... .. Doyleslown Pa.
47904 Polaroid Corp. . . ... . . Cambridge, Mass,
48620 Precision Thermometer &

Co. . Southampton, Pa

49956  Microwave & Power ’Dube Dhr -Waltham , Mass.
52090 Rowan Controller Co. . .. ... . Westminster, Md.
52983 HP Co , Med. Elec. Div. . . . . Waltham, Mass
54294 Shallcross MIg.Co. .. ......... Selma, N.C
55026 Simpson Electric Co, . - . ..... Chicago, Tl
55633  Sonotone Corp . Elmsford, N. Y
55638 Raytheon Cn Cnmmrchl Apparmu

& System Div. . .... S0. Norwalk, Conn.
56137 Spaulding Fibre Co., Inc. ... Tonawanda, N. Y.
56289  Sprague Electric Co. . ... North Adams, Mass.
58474  Superior Elect.Co. ... ... ... Bristol, Conn.
59446  Telex Corp. . . .. NP 'rma,om
59730 Thomas & Betts Cn Ellzabetll N.J.
60741  Triplett Electrical Illst Co . . Bluffton, Ohio
61775  Union Switch and Signal Div. of

Westinghouse Air Brake Co. . Pittsburgh, Pa.
62119 Universal Electric Co. . . ... .. Owosso, Mich,
63743 Ward-Leonard Electric Co. . . Mt. Vernon, N. Y.
64959 Western Electric Co., Inc, . .. New York, N. Y.
65092 Weston Inst. Inc. Weston-Newark. Newark, N.J.
66295 Wittek Mfg. Co. .. . Chicago, 0L
66346 Minnesota Mining & Ml’g Co.

Revere Mincom Div. .. . 8t. Paul, Minn.
70276 Allen Mfg. Co. . . .... . Hartford, Conn.
70309  Allied Control - - .New York, N.Y.
70318 Allmetal Screw Product Co N Inc

.................... Garden Clty, N. Y.
70417 Amplex, Div. of Chrysler Corp. .Detroit, Mich.
70485  Atlantic India Rubber Works, Inc. . . Chicago, 11l.
70563  Amperite Co. , Inc. Union City, N.J.
0674 ADC Products Inc. aneapolus Minn.
70903 Belden Mfg. Co. . . Chicago, 1L
70898  Bird Electric Corp. . Clevel.and Ohio
71002 Birnbach Radio Co. . . ... . New York, N. Y,
71034  Bliley Electric Co. ,Inc. . ... ... ... Erie, Pa.
71041  Boston Gear Works Div. of

Murray Co. of Texas . Quincey, Mass.
71218 Bud Radio, 1nc, S \n\-"lll.(:b\.lgh‘l:mI Ohio
71279  Cambridge Therlmonl.cs Curp Cam‘bndge Mass.
71286 Camloc Fastener Corp. .. . Paramus. N.J.
71313 Cardwell Condenser Corp.

................ Lindenhurst, L. 1., N. Y.
71400 Bussmann Mfg. Div. of

McGraw-Edison Co. . ... .. St. Louis, Mo
71436 Chlcago Condenser Corp. .. .. ... Chicago, 1.
71447 Calif. Spring Co.,Inc. . ... Pico-Rivera, Cal
71450 CTSCorp. . ... .........-... Elkhart, Ind
71468 ITT Cannon Electric Inc. .. . Los Angeles, Cal
71471  Cinema. Div. Aerovox Corp. . . . . Burbank, Cal
00015-49
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74970
75042

75378
75382
75818
75915

76210
76433

T6487
76493
76530
T6545
16854

77075
77221

77342

77630
77638

77764
77969
78189

8277
78283
78290

Manufacturer Address
C.P.Clare& Co. .. . . ..... Chicago, I
Centralab Div. of

Globe UnionIne. .. ...... Milwaukee, Wis
Commercial Plastics Co. . . . . .. Chicago, ML

Cornish Wire Co., The
Coto Coil Co. ,Inc. . .. . Providence, R. L
Chicago Mimature I..amp Works . . .Chicago, I,
Cinch Mfg. Co.,

Howard B. Jcmes Div. . ... .Chicago, 111
Dow Cornlng Corp. . ... ... .. Midland, Mich.
Electro Motive Mig Co., Inc.

Willimantic, Conn.

Dialight Corp .Brooklyn, N. Y.
Indiana General Corp

Electronics Div E . Keasby, N.J.
General Instrument Corp

Cap Division . ... Newark, N.J.
Drake Mfg. Co. - Harwood Heights, Tll.

Hugh H. Eby Inc. . . Philadelphla, Pa.

GudemanCo. .............. .Chicago, Il
Elastic Stop Nut Corp. . . ......Unlon, N.J.
Robert M. Hadley Co. . ... .Los Angeles, Cal.
Erie Technological Products, Inc. . . .Erie, Pa.
Hansen Mfg. Co., Inc. . ... ... Princeton, Ind
H. M Harper Co. . ........... Chicago. Il
Helipot Div. of Beckman Inst. . Inc.

....... . Fullerton, Cal.

Hughes Proﬁlcts leslun of
Hughes Aircraft Co. Newport Beach, Cal.
Amperex Elect. Co. chlmvi.l.le, L.L,NY.
Bradley Semiconductor Curp
.New Haven, Conn.
Carhng Electnc lnt . Hartford, Conn.
Circle FMIg. Co. . .......... Trenton, N_J.
K. Garrett Co. ,
Div. MSL Industries, Inc.. . Philadelphia, Pa.
Federal Screw Prod Inc. .Chi L.
Fischer Special Mfg. Co. .. .. Cincinnati, Ohio

General Industries Co_, The . . . . . Elyria, Ohio
Goshen Stamping & Tool Co. . . . . Goshen, Ind.
JFD Electronics Corp. . .. ... .Brooklyn, N. Y.
Jennings Radio Mfg. Corp. . ... Sin Jose, Cal
Groove-PinCorp. ......... Ridgefield, N.J.
Signallte Inc. . . TN . NI
J.H. Winns, and Sons . ... Winchester. Mass.
Industrial Condenser Corp. . . . . . .Chicago, Uil

R. F. Products Division of
Amphenol -Borg Electronic Corp.

............. Danbury, Conn.

E F .lohmm Co. ... ....... Waseca, Minn.

International Reslsk Co. . Philadelphia, Pa.

Keystone Carbon Co. . Inc. ... . St. Marys, Pa.

CTS Knights, Inc. . . . ........ Sandwich, 1.

Kulka Electric Corp. .Mt. Vernon, N_ Y.

Lenz Electric Mig. Cn ........ Chlcago, I,
Littlefuse, Inc, - Des Plaines, 1
LordMig. Co. ...... ..... .. .Erie, Pa
C.W. Marwedel . . _ .8an Fram-i.sto, Cal.

General Instrument Cnrp

Micamold Division .. ....... Newark, N.J.
James Millen Mfg. Co., Inc. . . Malden, Mau
J W Miller Co. . Los Angeles.

Cinch-Monadnock, Div. ot' United Carr

Fastener Corp. . S8an Leandro, Cal.
Mueller Electric Co. . Cleveland, Ohio
National Union . . . . Newark, N.J.

Oak Manufacturing Co.
The Bendix Corp. ,

le.al Lake, 1.

Electrodynamics Div. . N. Hollywood, Cal.
Pacific Metals Co. ... ... San Franclsco, Cal.
Phaostran Instrument and

Electronic Co. . So. Pasadena, Cal
Philadelphia Steel and

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

American Machine & Foundry Co.

Potter & Brumfield Div. . . . . Princeton, Ind.
TRW Electronic Comg ts Div. Camd N.J.
General Instrument Corp. ,

Rectifier Division . . . . . .. ..
Resistance Products Co. . .
Rubbercraft Corp. of Calf.
Shakeproof Divlsion of

Illinois Tool Works .

. Torrance, Cal.

.......... Elgin, 11,
.So0. Brainiree, Mass.
New York, N. Y.
Pitman, N_J.

Sigma ... ......... .
Signal Indicator Corp.
Struthers-Dunn Inc.

A2

Code
No.

T8452
T847T1
78488
78493
T8553
78790
78947
79136
79142
79251
9727

79963
B0031

80033
80120
80131

81349
81483
B1541
B1860

82042
82047

82116
82142

82170

82209
B2219

B2376
82389
82647

B2768
82866
B2877
82893
83058
83086

B3125

83148
B3186
83298
83315
83324
83330
83332
831385
83501

83594
83740

83777
B3B21
83942
84171
84396
84411

Manufacturer Address
Thompson-Bremer & Co, . .. ... Chicago, Il
Tilley Mfg. Co. ... . . San Francisco, Cal.
Stackpole Carbon Co. . . . Si. Marys, Pa.
Standard Thomson Corp. . . . . . Waltham, Mass.
Tinnerman Products, Inc. . . . . Cleveland, Ohio
Transformer Engineers . . San Gabriel, Cal.

Ucinite Co. . . - Newtonville. Mass.
Waldes Kohinoor Inc. ng Island City, N. Y.
Veeder Root, Ine. . .. . Hartford, Conn.
Wenco Mig. Co. .. Chicago, 111.
Continenial-Wirt Electronics Curp
. Philadelphia, Pa.

‘Zieri,clr. M(( New Rochelle, N. Y,
Mepco Division of Sessmns Clock Co.
- Morristown, N.J.
e e e Toledo, Ohio
Schnitzer Alloy Products Co. . . Elizabeth, N.J.
Electronic Industries Association.

Standard tube or semi-conductor device,

any manufacturer.
Unimax Switch, Div. Maxon Elecironics

Corp. . ............. Wallingford, Conn.
Unlted Transformer Cnrp . New York, N. Y.
Oxford Electrle Corp. . Chacago, 111
Bourns Inc. . Hiverslde Cal.

Arco Div. of Robeﬂshaw Conu-ol.s Co.

. Columbus, Ohio
. Defiance, Ohio

. Monrovia, Cal.

All Star Products Inc.
Avery Label Co.

Hammarlund Co. , Inc. . .. .Mars Hill, N.C,
Sievens, Arnold, Co. ,Inc . Boston, Mass,
Dimco Gray Co. . ... .. . . Dayton, Ohio
International Inst. lnc. . Orange, Conn,
Grayhill Co. . . . LaGrange, 111
Triad Transformer Corp . Venice. Cal.

Winchester Elec. Dlv. Litton Ind., Inc.
Oakville, Conn.
Military Specification ... ....... .
International Rectifier Corp. . El quundo Cal.
Airpax Electronics, Inc. . Cambridge, Maryland
Barry Controls, Div. Barry Wright Corp.
Watertown, Mass,

Carter Precision Electric Co, . . . . Skokie, T,
Sperti Faraday Inc. , Copper Hewitt

Electric Div. . . . . . ... Hoboken, N.J.
Electric Regulator Cnrp . Norwalk, Conn.
Jeffers Electronics Division of

Speer CarbonCo. . .. ....... Du Bois, Pa

Fairchild Camera & Inst. Corp.,

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

Electronic Tube Division ... .Emporium, Pa.
Astron Corp. . . . .East Newark, Harrison, N. J.
Switchcraft, Ime. . .. .. .. ... Chicago, 111.

Metals & Controls Inc. ,

Spencer Products. . .. .. .. Attleboro, Mass.

Phillips -Advance Control Co.. . . . . . Joliet, N
Research Products Corp. . Madison. Wis.
Rolton Mig. Co. , Inc. . Woodstock, N. Y.
Vector Electronic Co.. Glendale, Cal.

Carr Fastener Co. . Clam‘bwme, Mass

New Hampshire Ball

Bearing, Inc. . ... ..... Peterborough, N. H
General Inslrumenl Corp. ,
Capacitor Dy . Darlingion, S5.C.

YTT Wire and Cable Div. . Los Angeles, Cal,
Victory Eng. Corp. . Springfield, N.J.

Bendix Corp. , RedBanka . Red Bank, N.J.
Hubbell Corp. . .Mundelein, 111
RosanInc. . ... New-purt Beach, Cal.
Smith, Herman H Im: L Brooklyn, N. Y.
Tech Labs _ ... _ Palisades Park, N.J.
Central Screw Co. Chicago, IIL.

Gavitt Wire and Cible Co. , . Div. of

Amerace Corp. . .. ... .. Brooklield. Mass.
Burroughs Corp. , Eleclrumc

Tube Div. . . .
Union Carbide Curp Comum

Prod. Div. . ... ......... New York, N. Y.
Model Eng. and M.Tg Ine. . Huntington, Ind.
Loyd Scruggs Co. . . . .Festus, Mo.
Aeronautical Inst. & Radio Co. ... Lodi, N.J
Arco Electronics Inc. . . .Great Neck, N. Y.
A.J, Glesener Co., Inc. . . San Francisco, Cal
‘TRW Capacitor Div. . Ogallala, Neb.

Plainfield, N.J.
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Code

94870
85454
85471
85474

85911
86174
86197

CODE LIST OF MANUFACTURERS (Continued)

Code

Manufacturer Address No.

Sa.rlma Tarzian, lnc. ....... Bloomington, Ind. 91929
Molding Company . . . . .. Boonton, N.J.

A.B BoydCo. ......... San Franclsco, Cal.  919€1

R.M. Bracamonte & Co. . . . San Francisco, Cal. 92180

Kolled Kords, Ine. . .. ....... Hamden, Conn, 92367

Seamless Rubber Co, . . . .......Chicago, Ill. 92607
Fafnir Bearing Co. ...... Lcs Angeles, Calif.

Clifton Precision Products Co., Inc. 92702

................... Clifton Heights, Pa. 92966
Precision Rubber Products Corp.  Dayton, Ohio 93332
Radio Corp. of America, Electronic Comp.

& Devices Division ... ..... Harrison, N.J. 93369

Seastrom Mfg. Co. ......... Glendale, Cal. 93410

Marco Industries ... Anaheim, Cal,

Phllco Corporation (Lnnadale Division) 93632
...................... Lansdale, Pa. 93929

Western Fibrous Glass Products Co. 94137
................... San Francisco, Cal. 94144

Van Waters & Rogers Inc. . . S8an Francisco, Cal.

Tower Mig. Corp. ...... .. Providence, R.I. 94148

Cutler-Hammer, Inc. _ ... ... .. Lincoln, I

Gould-National Batteries, Inc. . . St. Paul, Minn. 94154
General Mills, Inc. .......... Buffalo, N.Y.
Graybar Electric Co. . .. ...... Oakland, Cal. 94197
G. E. Distributing Corp. . ... Schenectady, N. Y.

Security Co. ... ... vnann. Detroit, Mich. 94222
United Transformer Co. . ....... Chicago, Ill. 94330
United Shoe Machinery Corp. . . . Beverly, Masa. 94375
U. S. Rubber Co., Consumsr Ind. & 94682
Plastics Prod. Div. . ........ Pasmaic, N.J.
Bellevllle Speciality Tool Mfg. , Inc. 94696

...................... Belleville, 1. 95023
United Carr Fammr Corp. .....Chicago, 1.
Bearing Engineering Co. . . . San Francleco, Cal. 95146

ITT Cannon Elect. Inc., Salem Div. 95236

.................. e.... Salem, Mass, 95238
Connor Spring Mfg. Co. . .. San Francisco, Cal. 95263
Miller Dial & Nameplate Co. . El Monte, Cal 95265
Radlo Materials Co. ... .. «....Chicago, 01, 95275
Augatnc, ............. . Attleboro, Mass. 95348
Dale Electronics, Inc. _ ... .. Columbus, Nebr, 95354
ElcoCorp. - o vcvnauuuns- Willow Grove, Pa. 95566
Epiphone Inc. . ........... New York, N.Y. 95712
Gremar Mig, Co., Inc, .....Wakefield, Mass. 95984
K F Development Co. . .. .. Redwood City, Cal. 95987

Malco Mfg. , Inc. .. .. PR Chicago, 1. 96067

Code

Manufacturer Address No. Manmufacturer Address
Honeywell Inc. , Micro Switch Division 96095 Hi-Q Div. of Aerovox Corp. .. .. .Olean, N.Y.
.................. Freeport, IIl. 96256 Thordarson-Meissner Inc. . . . Mt. Carmel, 111
Nahm-Bros, &n-lng Co. . ... Dakland, Cal, 96296 Solar Mfg. Co........... Los Angeles, Cal.

Tru-Connector Corp. ....... Peabody, Mass. 96396 Microswitch, Div. of
Elgeet Optical Co., Inc. . . .. Rochester, N.Y. Minn. -Honeywell . ... ... ... Freeport, II1.
Tensolite Insulated Wire Co. , Inc. 96330 Carlton Screw Co. . ......... Chicago, Ill.

IMC Magnetics Corp.

Hudson Lamp Co. ......
Sylvania Electric Prod. Inc.,
Semiconductor Div. .. ..

Robbins & Myers Inc. . .

Tarrytown, N. Y. 96341 Microwave Associates, Inc. . Burlington, Mass.

Westbury, L.1., N.Y. 96501 Excel Transformer Co
Kmney, N.J. 96508 Xcelite, Inc. . .....

....Orchardpark NY

96733 San Fernando Elec. Mifg. Co. San Fernando, Cal.

... Woburn, Mass, 96881 Thomson Ind. Inc. ..
. Pallisades Park, N.J. 97464 lndustﬂal Retaining ng Co . . Irvington, N.J.
- d, N.J

. Long Island, N. Y.

Stemco Controle, Div. of Essex 99539 ic & Preci Mig. Engl N.J.
Wire Corp. .. ... N w = Mansfleld, Ohio 97979 Reon Resistor Corp. ... ..... Yonkers, N. Y.

Waters Mig. Co. _ _ ... .... Culver City, Cal. 97983 Litton System Inc., Adler-Westrex

G.V. Controls _......... Livingston, N.J. Commun. Div. . ....... New Rochelle, N.Y

General Cable Corp. . ..... Bayonne, N.J. 98141 R-Tronics, Inc, ........... Jamaica, N.Y.

Raytheon Co., Comp. Div., 98159 Rubber Teck, Inc. ... ...... Gardena, Cal
Ind. Comp. Operatlons . . . .. . Quincy, Mass. 98220 Hewlett-Packard Co.,

Scientific Electronics Medical Elec. Div. . ..... .. Pasadena, Cal
Products, Inc.. . ......... Loveland, Colo. 98278 Microedot, Inc, . . . So. Pasadena, Cal,

98291 Sealectro Corp. . ...

.0, Mamaronech, N. Y.

Tung -Sol Dw ............ Newark, N.J. 98376 ZeroMig. Co. ............ Burbank, Cal.
Curtlss-Wright Corp. , 98410 Etc Inc. ........ ....... Cleveland, Ohio
Electronles Div, .. .. .. East Patterson, N.J. 98731 General Mills Inc., Electronics Div.
South Chester Corp. . ........ Chester, Pa. = ... ... .. ..icaiaaa. Minneapolis, Minn,
Wire Cloth Products, Inc. . . ... .Bellwood, N1, 98734 Paeco Division of Hewlett-Packard Co.
Automatic Metal Products Co. . Brooklyn, N.Y. ... .. ... ... ... . ..., Palo Alto, Cal.
Worcester Pressed Aluminum Corp. 98821 North Hills Electronics, Inc. . Glen Cove, N.Y.

. Worcester, Mass. 98978 International Electronlc Research Corp.

Magnecraft llettric Co ..... Chicago, . . ... ... ciccisiiinanaas Burbank, Cal.
George A. Philbrick Researchers, Inc. 99109 Columbia Technical Corp. ... New York, N.Y.
..................... Boston, Mass. 99313 Varian Assoctates. . ... ..., . Palo Alto, Cal.

Alco Elect. Mig. Co.

Allies Products Corp -
Continental Connector Corp. .
Leecraft Mig. Co., Inc. ..
National Coil Co. .. .. ...
Vitramon, Inc. . .. ... ..
Gordos Corp. . .......

Arnold Engineering Co. . .

Dage Electric Co., Inc.

Slemon Mig. Co. . ......

. Lawrence, Mass. 99378 Atlee Corp. . ......
Diania, Fla. 99515 Marshall Ind. , Capacitor Div. Monrovia, Cal.
. Woodside, N, Y. 99707 Control Switch Division, Controls Co.

. .Long 1sland, N.Y. of America . ........... El Segundo, Cal.
Sheridan, Wyo. 99800 Delevan Electronics Corp. . East Aurora, N.Y.

. ... Winchester, Mass.

. .Bridgeport, Conn. 99848 Wilco Corporatton . ... ... Indianapolis, Ind

.. Bloomfield, N.J. 99928 BransonCorp. .......... Whippany, N.J.

Methode Mig. Co. ..... Rolling Meadows, 111. 99934 Rembrandt, Inc. .. .. ....... Boston, Mass
. .....Marengo, 1. 99942 Hoffman Electronics Corp.,

. ... Franklin, lnd. Semiconductor Division . . . . . El Monte, Cal.
...... Wayne, 11, 99957 Technology-Instrument Corp.

.. ... Chicago, IlL of Californla .. ..... Newbury Park, Cal.

Weckesser Co. .......
Microwave Assoc. ,West, Inc.

. Sunnyvale, Cal.

The following HP Vendors have no number assigned in the latest supplement to the Federal Supply Code for Manufacturers Handbook

0000F Malco Tool and Die . . .. .. Los Angeles, Calif. 000CS Hewlett-Packard Co., Colorado 000QQ Cooltron, . ... ....
0000Z Willow Leather Products Corp. .. Newark, N.J. Springs Div. ... Colondo Sbnngs, Colorado 000WW California Eastern Lab
DAB ETA .. .us--sccoavomenpmnoman England 000MM Rubber Eng. & Di T . .Hayward, Cal. 000YY S K. Smith Co. . ...
000BB Precision Instrument Comp. Cu Van Nuys, Cal., 000NN A"N"DMfg. Co. . ... ..... San Jose, Cal.

Code

No. Manufacturer Address

000LB Specialty Connector Co. Indianapolis, Ind.

000LC Jackson Bros. Ltd. New York. N. Y.

000L) (Relcoa) Relay Co. of America

cfo Barnhill Associates Denver, Colo.

00327 Welwyn International 1nc. Cleveland, Ohio

03911 Clairex Corp. New York, N. Y.

08988 Skottie Electronics Archbald, Pennsylvania
00015-49
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UNITED STATES

ALABAMA

B250 Whileshurg Or. SE
PO Bos 8207
Hunstwille 35807

Tel: [208) $21-4581

TWX: BI0-726-2204

ARIZONA

7336 £ Magnola 1
Phatniz K5014

Tl [602) 244-1361

WX 910-951-1330

ST3 East Broagway
Tucuan 85711

Tel (8021 2982313

TwWa 9109521162

{EVectve Dec 15, 1973
2474 East Aragor Rd

Tuesan BSTCE

Tel 6032} B9-4661
CALIFORNIA

1430 East Orangelhorpe Ave
Fullarion 92631

Tel (714) 8701000

TWE S10-552-1788

¥535 Lankershim Boulevard

Martn Nl 91604

Tel (2131 877-1282

WX 9104992170

6305 Arizena Place
Angeler S004%

Tel (213} 649.2511

WX §10-328-6140

1101 Embarcaderc Road
Fale Alte 54307

Tel. (41% 327 ES00
TWE §10.373-1280

Saa Dings 52123
Tel_ (7141 2793200
WK 9103352000

COLORADO
7555 Easl Prechce
B0L10

Tel 1303 77)-3455
WK S10-535-070%

COMNECTICUT
12 Lurar Drive
Maw Waven 06525
Tel 12020 389 655]
TwE 710.48% 2029

FLORIDA
FO. Ber 247210
7806 W Dakland PUI L7}

IWR $10-955.0059

PO Bex 13910
6177 Lake Elienor Dr
Oriands, 32809

Tel (30% 8392500
Tl BIOBSDO1NY

GEORGIA
PO Box 78234
450 Intersiate North

Atianta 30322
Tel (A04) 43E-E101
WK 810 766-2850

HAWAH
2875 5o King Stresl
Hanglulu SEE14
Tel (BOB 555

ILLINOIS

5500 Howard Street
Skokis E00TE

Tel 13121 B77-0400
TWX §10 223 3613

IMDANA

1839 Meadows Drive
irdisnagells 46205
Tel 1317, 5S4 4891
THX- B10-34) 3263

LOUISIAMA

P 0 Bos Ba0

3238 Williams Boulevard
Eamrar 70062

Tel- (504 721-6201

TWX B810-5555524

ELECTRONIC

SALES & SERVICE OFFICES

MARYLAND

6707 Whitestone Road
Baltimere 21207

Tel (301} 944-5400
TWE 710-BE2 9157

20010 Century Bivd
Germantown 20767
Vel (311 428-0700

PO Box 1648
2 Choke Cherry Road
Rockvills 20850

Tel (301" 5488370
TWK 7HD-B28 9584

WX 710 326 6504

MICHIGAN

23855 Revearch Dvive
Farmingten 48024

Tei 1313) 476-6400
TWH 810 2472900

MINMESOTA
455 Universilly Avenue
St Fanl 55114

Tel (612: 6459461
TWE S10 563 3734

2000
WX 910-771-2087

148 Weldon Parkway
Waryland Swights 63043
Tel :314) 567-1455
TWE  510-764-D830

SHEVADA
Las Vegas
Tel- (70@) 3425777

NEW JERSEY

1060 1 D‘.r‘l Highaar
Ehirrry Hill

Tel 609 uﬂ

TWE 710-892 4545

W 120 Century Rd
Paramus 0

Ter (201) 265-%000
Twi 710990-4551

NEW MEXICO

FO Box B36E

Statios C

6501 Lomas Bouleward N E
Albwgueree B7108

Tel (505 2653713

TWR 910-989-1665

156 Wyall Drive

2205
Tel (518 4581550
WX T10-441-8270

1219 Campyille Road
Endicett 13760

Tel (607 754 DOSO
TWE 510 752 DR%O

Contact Paramus, M) Office
Tel (201) 265-5000
Brocklye. Queens. Richmond
Conlacl Woodbury, WY Cffice
Tel 516+ 921 0300

82 Washingion Streel
hamegin 12601
Tel (Gl £54-7130
TWX 510 748 0012
39 Sapiruw Drive
Fecheslar 14623
Tel (716 473-9500
TWE 510 251 S5E1
5858 East Molloy Road
Syracuse 13211
T# 13151 454 2465
TWH 710541 0482

1 Crosyeays Park Wesl
‘Wesdbary 11797

TeI (5160 921 0300
TWK 510-221-2168

HORTH CAROLIMA

PO Box 5182

1923 Morth Man Street
Paint 27262

High
Tel: (919) 835-8101
05261516

Tel (218) 8350300
WL BID-427-9129

334 Progress R

Daytan
Fel (513 B55-E202
WX B10-859-1525

8665 Busch Blvd
Calumbes 43725
Tel rE14; 846 1300

DRLAHOMA
PO Box 32008
Oklahama Ciy 73132

OREGOM

17850 SW Boones Ferry Road
Tualatin 57062

Te!- (503} 620-3350

TWE 910 4678714

FEMMSYLVANIA
7500 Moty Side Bowlevard

Tel (412} 271 0724
WK 710 757 3650

L0Z1 Bth Averie

King of Prussis I»Mhul Park
Wing of Frusss 1

Tel 1213 WW

TWE 510 68D 2670

ISLAND
873 Waterman Ave
East Pravsdwuce 02914
Tel (401) 434 5535
Twx 710-381-7573
~TENNESSEE

Memphri
Tel (801 2747272

Wichardien 75080
Tel (214" 231 6101
WK 9108674723

02
Tel (719 TB1-6000
WY S10 B8] 745

m Nlr MIM

ltl t!l!:l l!l‘lﬂ
WX §10-27]

WK §10-925 5601

VIRGIMIA

PO Bex 6514
2111 Spencer Road
Michmand 23730

Tel (804 285 3471
TWX 710 956 0157
WASHINGTON
Belletieid OMce Ph
1203 - 114th SE
Ballaver 90004

Tel (206 4543971
WX 9104432303
*WEST VIRGINIA

Charlgsten
Ted (304} 345 1640

WISCONSIN

G431 W. Beloit Road
Sauate 1047
Milwankes 53277
Tel 414 531 0550

FOR LS. AREAS NOT
LISTED:

Cantact 1he regosdl office near-
sl you  Alasta. Georgua
Maorth Mollywood, l:alulwlul
Faramus, New

inges.  Thear nmlm u
oresves are listed abowve.
=Seruice Dnly

CANADA

ALBERTA

Hewletl Packard (Canada’ Lio
11748 Kirgawiy Ave
Edmantan 156 005

Tel (403 452-3670

TWX 610 821-7431
Hewietl-Packarg (Canaca) Lia
25 - M Ave . SW

Suile 004

Calgary
Tel (403 262-4279

BRITISH COLUMBIA
Hewilell-Pachatd (Canada) Lig
837 £ Cordoua St

Vancou:

var 6
Tel (604) 2540531

Winnapeg
Te, 208 T8E-TI81
TwX 610 671-3531

HOVA SCOTIA

Hewlett Packard -Cansos) Lid
2745 Dulch Village Rd

Suite 210

Tel (02 455 0
TWE 610 271 S487

ONTARID

Hewiell Pachard iCanagar L
L 78% Woodward Dr.

Ottawa KIC 0P

Ted 1B13- 3556180, 255 6530
TWK E10-552 BEGR

wewiell Packard (Cansaa) Lho
50 Galaxy Blvd.

Bordale
Tel (416 677-5611
WL GLO-AS2-AZ46

Hewleit-Pachard (Canaga) L
2376 Galvami Strest

Stafey GIN 4C4

Tel (alE; GRB-B710

FOR CAMADIAN AREAS HOT
LISTED:

Contact Hewlwtl-Packard (Can
#0a) Lbd. 10 Pasnte Clasre

CENTRAL AND SOUTH AMERICA

ARGENTIHA
Hewlell-Fackard Arpenting
SACel

Laalte 1171 -3

Burrns Aired

Tel ¥5.0436, ¥5.0627 350341
Teler 012-1009

Cable WEWPACK ARG

BOLIVIA
Stambuk & Mark (Bolwis) LTDA
m llmual Samis Cruz 1342

Tcl mn 53161, 52420
Teles: 3560014
Cabie BUNMAR

BRAZIL

Hewieth Prchind Do Brasil
TEC Lida

Ruw Fre: Caneca 1119

Hewielt Packarg Do Brasi
TEC Lida

Praca Dom Feilcana 78
SOO-Parte L)

Reo Grande do Sel (R5) Brasi

Tel: 25-8470
Catle WEWFACK Porto Alegre

Hewlett-Packard Do Bravi

ITEC Lida

Rus g Malriz. 29

20000 Rie dv Janero CB

Tel 266 2643

Teles 210079 HEWPALK.

Cable HEWPACK fio de Janewro

CHILE
Hictor Calcagni ¥ Caa, Lbds
anilln 16474

Santiage

Tel &23 %5

Cable CALCAGM) Sarlisge

COLDMBIA

tastrumentacian

Henmk A m.mn B Heer SA
Cartera 7 No.

Apartado l!lw m;

Bagata, 1 DE.

Tel 457806, 455548

Cable AARIS Bogota

Teles 44400INSTCD

COSTA RICA
Lic. Mitvedo Casegos Gurdian
ln-m: 10159

ul 1 -86-13
Cable: GALGUR San Josd

ECUADOR

Laboratornios de Radic Ingeniera
Colle Guayaqul 1246

Fost Orfice Box 3198

Quite

Tel 212855, 219185
Cable HOAWATH Quilc

EL SALVADOR

Elecironic Associatey
Apartadc Postal 1682

Centro Comerial Cigante
San Salvater, EI Salvater C A
Pasto Excalon 46454 Puso
Tel 2344 60. 2332 37

Cable ELECAS

GUATEMALA

IPESA

Aveneda La Retorma 3-48,
Tora 9

Tel E3627, BATM
Telen 4192 TELTRO GU

MEXICO
Hewletl Pachard Mewscana,
Sh deCV

Torres Adelvd Mo 21, 11 Prso

Tel 5434237
Telex. O17.74-507

NICARAGUA
Robeite Terdn G
Apariato Fostal B89
Eduticip Terdn

Tel 3451, Jasg

Cable ROTERAN Maragus
PANAMA

Elecirdmco Barbos, SA

F 0. Box 4525

Ave Manuel Expinosa Mo, 13-50
Bidg Alins
Fanama City

Tel 230833

Telex 3481103, Curunds,
Canal Zone

Catie- ELECTRON Panams Cily

PARAGUAY

I ) Melsmed SRL

Dwimion: Aparatos y Egupos
"

L

Diwson Aparatos y Equapds
ISnnM(u ¥ e
mestigacion

FO Box g

Crile, ul:‘ Edilicic Wictona

L]
Tel 85069, 86272

Cable RAMEL

B-1

PERU
Compafisa Electro Médica 58
Awe. Enroque Canaual 312

22 ¥op
rdm ELMED Lima

PUERTO RICO

San Jusn Eiecironscs. bne

P 0. Box 5167

Ponce ge Leon 154

Pgs 3PTA de Tierrs

San Juin 00506

Tel (809 72532, 7222342
Catle SAVRONICS San Juse
Telex SATRON 3450 3132

URUGLUAY

Pable Fertando 5.4
Comercial & Industrial
Averoda (taria 2877
Caulls de Comeo 370
m«

Tel: 40
Cﬂle mlll‘ Mentweideo

VEMEZUELA
::nm!ll-hrtm! de venezuels
A

Apartago 50533

Edelicic Segre

Tercers Transversal

Les Ruces Morte
Carmcas 107

Tel 35-00-11

Telen 21146 HEWPACK
Catle HEWPACK Caracas

FOR AREAS NOT LISTED,

mtmw

Hill u-t\t !u

Alts, Calriorea 54304
Tel (4151 453-1501

WK 910-373-1267

E 1073



AUSTRIA
Hewlett Packard Ges mb H
523

Handelsha
PO Pox 7

A-120%

Tel (02721 Y3 66 86 to 09
Cable Vienna

BELGIUM

Hewiell Packard Beneiux
SA/NV.

Avenur du l:d\mt L

Tel «02) 72 22 40
Cable PALOBEN Brussels
Telex: 23 454 patoben bis

DENMARK
Hewlett-Packard & S

Tei- {06 82-71-66
Telax 188 40 hp 3
Cable: HEWPACK AS

Tl (900 33730
HEWPACHDY
Telax 1215363 wal
FRANCE
Hewletl Packard France
Quartier o¢ Courtabonul
Boite Peslale Mo, 6
F-51401 Orsay

Tel. (1) 907 78 25
Cable HEWPACK Orsay
Telex: ED04S

Hawlatt-Fackard France

Hewtelt Patkard Frame
Zome Mavonaulicue
Avenue Clement Adey
F- 31770 Colamiary
Tel 61 BE 81 3%
Telen 51957

Hewlatt Pachard France

Hewiett Packarg France
Agency Rigionale

63, Avenae de Rochester
F 350C0 Rennes

Tel 199 3% 137N

felex 74912 F

Hewlell Packard France
Agerce Régprondle

T4, Ailde de la Robertsan

F67000
Tel- (82 35 23 20 21

Tel: (0611) 50 041

Cable: HEWPACHSA

Telex 41324910
Hawlstt-Pachard Gmb

Vertred:

Herrenbergersirasse 110

0 7030 Bedlingen, Wurltemberg
Tel (07031} 66 72 87

Cable HEPAK

Behhingen
Telex- 72 65 739 bon

Hewlett-Packard GmbH
Vertriebstiro Dusssldor!

1000 dart
Tel [0211) 63 80 31/38
Telwx: 586 533 hpdd @

Hewielt Pachard GmbH
Verinebsburo Hamburg
Weadenstr 11

02000 )

Fel 04D 24 13 93

Cable HEWPACKSA Hanibu:
Teles 21 63 032 hphh &
Hewlett Packard GmbH
Verinebrbure
Mellendorier Slrasae 3
03900 Mannwvar-Kigsiahi
Ted 0511 35 B6 26

Hewlatl Packard GmibH
Vertriedsbure Nuremberg
Hersbrucherttranse 42

D 500

4l

Tet- 109111 57 10 66

Teles 623 860

Hewiell Packard GmbH

Vertriebsburo Menchen

Unterhachinger Strasse 73
Ce

Iwest Berlmj

Hewletl Packard CmbH
Vertriebsburp Barkin
Wimersdorfer Shasse 113 114
01000 Merlin W. 12

Tel «030) J1IT04E

Tetex 18 34 03 hpbin d

Tel 3230303, 3739305
able RAKAR Athens
Telex 21 59 62 rhar gr

IRELAND

Hewiett Packard Lid

224 Bath Rnad

GB Simugh, 511 4 DS, Bucks
Tel Siough (0753) 33341
Cable HEWPIE Siaugh
Telex- 848413

Jhard 1tatans S0 &
Via Amengo Vespucus 7
1-Z20123 Melan

Hewiell Packard 1tabass Sp A
Puaras Marcom, 25

100142 Reme  Eor

Tel £ 5012544 § “IWI
Cable HEWPACKIT

Teies E1514

Hewlelt Pachard itahane Sp A
wicolo Paston. 3

+35000 Padeva

Tel- 149 66 40 62

Telex 32046 wia Milan

Hewcolt Packard Mabans Sp A
Via Coll_ 24

1100129 Yurin

Tet ‘11: 51 82 64

Telen- 32046 via Malan

LUNEMBURG

Hewintt Pachard Bensiux
SA NV

Asenue de Col-verl §
«Groenkraaglaan:

B-1170 Brussels

Tel 103 021 72 22 40
Cable PALOBEN Brussels
Teiex 23 4584

HETHERLANDS
Hewiatt-Packard Bengius W V.
weerdeslen 117

PO Box 782%

ML Amgterdam. 1011

Tel 020 42 T7 7T 44 29 88
Cable. PALDBEM Amglerdam
Telex 13 716 hepa nl

HDRWAY
Hewlelt-Pachard Norge A S
Hesveen 13

Bgx 149

H 1344 Warlum

Tei- {02] 33 83 60

Teler 18621 honat n

Tetecira-Empresa Tecmics oo
Ecun Elchrces Sart
Rua wodige da Fomeca 103
PU Box 2531

P Lihan L

Tel (19 6860 77

Cacle TELECTRA Lisben

Telex 159€

SPAN

Hewlelt Pachard Espatola S A
iever o B

E Madrid 16

Vel 458 26 00

Teles 23515 hpe
ue-ml?wnm (wd\m SA
Nilanesado 2!

TURKEY
Telekom Engineering Buresu
Saghk Sch No 151

Ayapaua Beyoglu
ru Bos 437 Beyoghy

Iutandul
'I'ol 45 40 4
Cabla m.umm Ttanbut
UNITED MINGDOM
Hewlelt Packard Ltd
223 Bath

Road
I‘.t:m SLL 4 05, Buchs
(0753 33341
E Stough

€ Barcalona I?
Tel 3 203 62 00 CB Altrincham, C
Telex 52603 hpbe ¢ Tei- (061) 928-9021
Telen 60068
SWEDEN -
Hew' Pachard Lid's regustersd
Hewlett-Packard Swerige AB
Emghatsvigen 13 pitwr e WiTdmmoui
Fack
5161 20 Sramma 20 70. Famstury Pavemant
Tel 108 58 17 0 el
Stockhaim 1T
Jes=p 1LY PLEASE CONTACT-
Hewialt-Packard Svarige AR Hewlell Packard Gesm bW
Hagahe:sgatan 5 Handelthai 52/3
a3 41 Mbindal PO Bax 7
Tel (030 27 68 OO 01 A-1705 Vienna
Felex: Via Bromma Ph (03221 33 66 08 o 09

SWITZERLAND

Hewlett Packard (Schwrizs AG

Zurchesslrasse 20

PO Bor 64

CH-B952 Schiveren Terich

Tai (01) 98 18 21 24
HPAG CH

Telex 53933 hpag ch

Mewielt Packard (Schwaiz) AG

CH-1Z17 Meyrin 2 Genava
Satzerlang

Tal (022: 41 54 D0

Cable l‘mm Coneva

m'mnl Hewlelt-Packard Ltd
) dus Elrorts The Grattons
69321 Lyen Coder 1 Stamicrd Mew Raad
Yot a6 s Attrincham, Cheshire
Cable Tel- (061) 9528-9621
Tehex 21617 Tetex: 668068
AFRICA, ASIA, AUSTRALIA
ANGOLA enmona ve Star, Ltd Yohogawa Hewlelt Packard Lt TAIWAN
Telectia Empress Tuctca Arican s-lnuur Agewcy rnr Chug Bldg nmm Fachard Talwan
de Ecwpsmentos Elecingos Frivate Ltd Sargyna Dew: Road Rm 603 3 Shisn West Road
Sam, P.0. Bor 718 Secundarsdad 300 003 2Chome
Rua oe Barboss, Modrigues, 5859 Conningham St Tel TEISL.77I9) LIUMI-CHO. Dversaas Insurance
421 01 Moty Abvaba Cable BLUEFROST Mits, 310 Corp. Bidg. 71 Floor
PO Foa G417 Tel. 12285 Telex 459 Tel 0292.25-1470 Tapel
Landa Cabla: ASACO Addisababa e st s el Tei. 389160,1,2. 375121,
Cable TELECTRMA Lusnda HONG KDNG DM M l.mt Beach Hemya Kpneticy 'i::..mwm HEWPACK
AUSTRALIA Schaudt & Co. (Mung Kong: L1d  Madras 600 P.0. Box 18311
Hewitll Pachard Austrahia PO Beoa 267 Tel- 23934 Cable: HEWPACH Tmipai
Ply. L1a Connahght Cestre Teles- 278 Tel 57726 THAILAND
22.26 Welr Strest 39th Floor ool 512927 UNIMESA Co, Ltd
Clen i, 3126 Connaught Resa. Caniral Blue Star Ltg KOREA COOPERATOR Kavachi Chenghoines Bullding
Victona Weng Keng Nathea; Mansions 58 Suriwongia Rosd
Tei. 201371 (6 s Tel. 200168. 232735 204 Fioor Bustupur N ! i Ty, Banghsk
Cable: HEWPARD ne Teiex- HRAZEG Jamshadpur 831 001 IPO Box 1103 Rematpingh Tei. 37956, 31300, 31307,
Telex 31 024 Cai SCRUIIDNCO vory ome |, Teif o Dae kyurg Bidg . 81h Flonr Tet 41924 iy
INDIA Cable BLUESTAR 107 Seong #o 4 . Cable UNIMESA Banghoh
Hewlett-Packard Auitralia Biue Star L1d Telen 240 Chongeo Ky, Staat Cable FEMUS Rawalgesds
Py LW Kastury Buildings UGANDA
Stenw INDONESIA fo nml nes PHILIPPINES
Foh sspmel TSN 4 Bah Balon Travwng Coy MV Electiomes, fuc Ugends Tate Llacuic Co. Lia.
Wew South Waies, 7073 i i Deaizh Merdess 29 6ih Flows Amaigenased sampal
el 443 g3 Loy L i Constantin € Macrieis T N Tam
acuan NEWEATD Ksones Cavte: BLUE Cavle: 1LMU Pt CEr0 ar ozt Cltic, COMCD Kampste
Bre Star L1g Telex 08 809 Tel 220845 e VIETHAM
Ht-!ell Packard Aushaa Saras maN Cable. ELECTRONUCLEAR Bguwut ":,‘;l:.';"’;’:’h g1, Fenimsular Trading inc
92 Chonéhul Bsd 41812 \r Saraekar Marg Wt Corp inernatonsi L 838112 838212 gt
Prabhader: Avenpe Sof MALA = 216 Hieo Vuong
Teaptaon Remibay 400 07 MECOMS Mataysia Lt Cable ELEMEX Mania s
South Austraiis ey gy L PO Ser 1013 2 Lorong 13 6A Tei 20.805 93398
Tes a4 mis) feles. 4903 LTy Section 13 SIGAEORE Cobia PERTRA, SAIGON 242
Cable HEWPARD Acelasce Coie, PROSTRLUE Ted 83 10 35-39 Petahng laya. Stlanger Meckameal & Combuslion
Wowletl Packard Austeaia o AT MECOMS Kuala Lumour . TP zamen
Biue Star Ltd 11N e
Py, Lo Bang Box Wouss . 10 12 wian Knang R ) Tibury (Zembaal Lig
Cassblanca Buicings i ISRAEL AN Concalves, Lta Red Ml Induttrial Extate Pl 1e
195 Adelarde Testace e omch Al Engening 162 Av D Lun singagore, i
400 023 Drv. of Motorola 1siaed LN Zambia, Centrsl Az
Parth, WA 6000 Tel 43 73 01 Sainadey Shraat PO Box 107 Tel BATISL (7 hines)
g Tebes: 3751 T Lovrance Margue Cabie MECOMD Tals 2399
3 Cable- ARIAYTEE, Lussba
Cable HEWPARD Peith Cable BLUESTAR Tel: 36941 (3 hnes) tel 2’09' 27114 Hewlett-Packard Far East
Hawsets Packard Austata Bluw Star (10 Cadie BASTEL Tel-Aviv By Area Oilice: MEDITERRANEAN AND
14 40 Cruil Lines. Teies 31569 PO. Box 87 MIDCLE EAST cwms
10 Wooiey Sueet Kampur 208 00 s NEW ZEALAND Alexandra Post Ofiice [SENTE SERMNY] P
PO 191 Tel 638 82 b Hewiell Pachar L1g  HEwRlEPackard 2 Lig 3 COMVALT:
Bicksan A.€T. 2607 Cabie  SLUESIAR Canat pdiin 9486 Duaon Street Tel £33027 Heweit Fackag
Tel 498154 o Julline PO Bos 9843 Cable HEWPACK SIMGAPORE  Coorcinition Office lor
Cable: HEWPARD Carberra ACT  Bue Stat, L1 1 m.'::w Courlensy Piace Mecilarianese and Middle
mmunm Austratia PO Box 506 Tel 033702281752 L] ekl Ci L o '::m'm 25
Cateutta 700 Teles 232 2024vKP Tel 39559 Hemlett mm Souninca  Puares Marcons 25
Zed M 43 Gregery Terrace Tel 230131 Cabie YHPMARKET §OK 23 723 'elex Jmsa . ey
Brishane, Queensisnd. 4000 Telex €5% Cable HEWPACK Wellington Tel (6] 59 40 29
Tel: 29 1548 Cabie BLUESTAR Tohogaws etk PACKIId U0y pent pachans 2 ) L1 S IEHVACIT A
Biue Star L1 128 Xasugs Pahutanga Professiosal Cemie  Ter 407641 fove himes)
cevLon Biue Stae Mouse ibetag: St 257 Pakuranga Highway OTHER AREAS NOT
?;im !lmrlrm ud 34 Mung Poss . Hox $1097 lu;»;nl v::ua South AFeca 1 1STED, CONTACT:
Lajpat Magw Tel. (0726 231641 Faburanga = Hrewieit-Packard
&0, Park SI Bethi Tel 569 €8] Breecarlle Houre Expart Traoe
o ?:.-“ ™ 110 o1 Yeiex m;n::: :- osmm Cone MWK dchang B St S0 et
A
Cabla HOTPOINT Colombo e e, o NIGERIA S Palo Ao Caldlorma 34304
Mo 24 Kamsasadwma The Elecirencs Mnttruments Cabla: HEWPACK Capa Town 49315011
CYPRUS .Dlu Stat, Lid Nakamuts-hu, Mageya City tigng Lid |lllla.' Telea- D006 CT wa 910.3;1_1:5:
HyRrenics luw Star Mouss 144 Agege Motor Mushee
:Iomm“l Xanopowics Rosd 11 | LA Magarsth Roag Lo Mt “n'“n a ta Po Bow BEAS '.:"“ T IE 0l E:l‘;‘: mo’;:;:’l;o
Rangelers 560 025 Yohogawa Hewielt Pathar ¢
C¥-Micnals Tel 45668 Mitto Bidg m THETEW Lagos B4l mln M Durban
Ter teten 430 24.2 Shinohata Kita PO Box
Cobie RAPRONICS PANDENSS  Comre. BLoESTAR Kohahu bu o
Yakahama 227 Tel 886102
Tel. 045 4321508 Teten 547954
Telex 382.3204 YHP YOK Cable HEWPACK
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Model 652A Appendix C

MANUAL BACKDATING CHANGES

MODEL 652A
TEST OSCILLATOR

mlm

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

-hp- Part No. 00652-90002

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

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes

632-00250 and below No. 1 1226A-04170 and below No. 7
954-02135 and below No. 2 1226A-04309 and below No. 8
Blue Instruments No. 3
Below 0964A02771 No. 4

0964 A03070 and below No. 5

911-01736 and below No. 6

CHANGE No. 1 Delete A2C25%

Delete A2R46

Change A2C11 to 200 microfarads, -hp- Part No. 0180-0060.

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

Change A2Q7 to 2N3393, -hp- Part No. 1854-0218.

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

Change circuitry associated with A2Q7 in Figure C-1.

< R25 ICI?
375K -]
rza™
1K
J,Cu Q7
+T 200
RE3
47 CRB
CRS
R22
2K
CRS
v
cz3
Tie
A\
TP2

Figure C-1. P/O Oscillator Circuit.
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Appendix C

CHANGE No. 2

CHANGE No. 3

Model 652A

Table 7-1, Page 7-9:

Change the -hp- Part No. of W1 to 8120-0078.
Table 7-1, Page 7-8:

Change the -hp- Part No. of MP32 to 00651-00202.
Table 7-1, Page 7-7:

Change the -hp- Part No. of J1 to 1251-0148.

Table 7-1, Page 7-8:

Change the -hp- Part No.

Change the -hp- Part No.

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

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

of MP29 to 5040-0642
of MP31 to 5060-0739
of MP34 to 5060-0766
of MP35 to 5000-0732
of MP36 to 5000-0733
of MP41 to 5060-0751

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)

CHANCGE 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 1853-0007
Change the -hp- Part No. of A1Q5 to 1850-0107
Change the -hp- Part No. of A1Q6 to 1850-0062

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

NOTE: The recommended replacement for
these five transistors is the 1853-0012 shown
on Page 7-4.
CHANGE No. 6 Figure 6-3, Page 6-7/6-8:
Delete A1CR12 from Al component locator.
Figure 6-4, Page 6-9/6-10:
Delete A1CR12 from Al component locator and schematic.
Table 7-1, Page 74:
Delete AICRI2 from Al assembly.

C-2



Model 652A

CHANGE No. 7

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

paragraphs:
4-29. REGULATED POWER SUPPLY.

4-30. The regulated power supply provides all wvoltages
required by the test oscillator circuits. The power supply
consists of a +30 volt series regulated supply and a <25 volt
scries regulated supply which is referenced to the +30 voll
circuit.

4-31. The +30 volt regulated supply is of the conventional
series regulator type. The emitter fellower A1Q2 is used to
increase the loop gain of the circuit. thus improving voltage
regulation. The +30 volt adjustment, Al R4, sets the +30
volt and - 25 volt supply output level.

4-32. The -25 volt regulated supply is of the conventional
series regulator type and operates the same as the +30 volt
supply. A current limiter, A1Q7 has been added to limit the
load current to a set value. When the load current cxcecds
the sct value, the current limiter conducts, causing the series
regulator Q2 to reduce the output voltage level until the load
causing an excessive current is removed. Diodes AICRO6 and
AICR7 protect the control transistor, A1QG6, against short
circuits between the two voltage supplies, or short circuits in
the output of the -25 volt supply.

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

5-26. Power Supply Voltage Adjustments.

a. Connect dc voltmeter to power supply positive
output, connector point | .(Refer to Figure 64.)

b. Adjust AIR4 (+ 30V adjust) for an indication of
+30V on dc voltmeter. If AIR4 does not have sufficient
range, change AIRS5*.

c¢. Connect dc voltmeler to power supply negative
output, connector point 2; dc volimeter should indicate
=25V #0.75 V. If negative supply output is not within
tolerance, change value of resistor AIR13* to obtam
specificd output. Decrease value of AIRI3* to increase
negative supply voltage; increase value of AIRI3* 1o
decrease negative supply voliage.

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

Change Al adjustments as in Figure C-2.

o]

O

| AIR23
©
mcw

Figure C-2. A1 Adjustments.

Appendix C
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Appendix C

C4

Page 5-17, Paragraph 5-51:
hange troubleshooting information Steps
to the following:

®

®
O]

®

Check the power supply connections to external
circuits, and check the resistors in scries with the
connections (A2 Pins 1, 2, 6 and 7; A3 Pin 4 and
7; AIR17, AIR24, A1R26 and A1R28).

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

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

a, If only the -25V supply is inoperative,
procecd to branch 9.

b. The -25V supply is referenced to the
+30V. Lift one side of AIR13 to isolate the
supplics from cach other; if the +30V supply
now operates normally, proceed to Step 9; if it
docs not, remove external circuits by disconnec-
ting A2 Pins | and 6, A3 Pin 7 and AIR17. If the
supply now operates, then the trouble is in the
external circuits. If the supply still does not
operate, check Q1I, A1Q2, A1Q3, AICR1 and
AICR2.

Isolate the - 25 V supply froin external circuits by
disconnecting A2 Pins 2 and 7, A3 Pin 4 and
AlR24, AIR26 and A1R28. If the supply now
operates, then the trouble is in the external
circuits; if the supply does not operate, check Q2,
AIQS, A1Q6, A1Q7, AICR3 and A1CR4.

Page 5-21/5-22, Figure 5-11:
Change Step 7 of the troubleshooting tree to 43 V acat Al
pin 5,40 V ac at Al pin 7.

Page 6-3, Figure 6-1:
Change the Regulated Power Supply block diagram as in

il

@ through

Model 652A

+30vDC

Figure C-3.
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Figure C-3. Power Supply Block Diagram.
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Model 652A

Page 6-7/6-8 and 6-9/6-10:
Change the Al Component Locator drawing as in Figure
C4.

MONITOR CIRCUIT

P

i
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Figure C-4. Al Component Locator, -hp- Part No. 00652-66502.

Page 6-9/6-10, Figure 64:
Change the Power Schematic drawing as in Figure C-5.
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Figure C-5. Power Supply Schematic Drawing.
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Appendix C

Page 744 and 7-5:
Change the Al Replaceable Parts List as in Table C-1.
Change Q1 1854-0063 and Q2 1853-0305 to 1850-0098,

TSTR: Ge PNP.
Table C-1. A1 Replaceable Parts.
REFERENCE “hp-
DESIGNATOR PART NO TQ DESCRIPTION MFR MFR. PART NO.
Al 00652-66502 1 Pc board: power supply 28480 | 00652-€6502
AlC1 Not assigned . ‘
AlC2 0180-0045 2 C: fxd Al elect 20 uF +75% -10% 25 vdew 56289 | 30D206G025 DB2-
DSM
A1C3 0180-0149 4 C: fxd Al elect 65 pF +100% -107 60 vdcw | 56289 | (Type 30D) D36978
AlC4 Nol assigned
A1C5 0180-0045 C: fxd Al elect 20 pF +75% -10% 25 vdew | 56289 | 30D206G025 DB2-
Al1CE 0180-0149 C: 1Ixd Al elect 65 uF +100% -10% 80 vdew | 56289 | (Type 30D) D36978
AlCT, AlCB Not assigned
Al1CS 0150-0084 4 C: fxd cer 0.1 pF +80% -20% 50 vdew 56289 | 33Ca1 obd
AlC10 0180-0061 3 C: fxd Al elect 100 pF +75% -10'% 15 vdew | 56289 | 30D107GO15DC2-
DSM
Alc1l 0180-0062 3 C: ixd Al elect 300 pF +75% -10% 6 vdcw | 56289 | 30D307GO0BDF2-
AlC12,A1C13 | 0180-0058 2 C: fxd Al elect 50 uF +75% -10% 25 vdew | 56289 mgssgﬁmzsccz-
AlICH4 0180-0061 C: Ixd Al elect 100 pF +75% -10% 15 vdew | 56289 mggg:misncz-
AlC15 0121-0127 3 C: varair L.7to 14.1 pF 74970 | 189-505-5
AlC16 0180-0284 2 C: fxd A¥ elect 200 uF +75% -10% 30 vdew | 56289 | D38559
AICIT,AIC18 | 0180-0149 C: fxd Al elect 65 puF +100% -10'0 60 vdcw | 56289 | (Type 30D) D36978
AICRI thru 1901-0158 4 Diode: Si 200 piv 04713 | SR 1358-3  obd
AICR4
AICRS 1902-0045 1 Diode: breakdown 7.32 V $2% 400 mwglass | 07263 | obd
AICR6,AI1CRT| 1901-0025 10 Diode: Si 100 mA at +1 V 100 piv 12 pF 03877 | SG 817 obd
AICRB,AICR9 | 1901-0347 2 Diode; Si PNP ** -hp-
AICRID 1910-0016 Diode: Ge 60 wiv 1 ms 03877 | S3185G obd
AICRIL, 1901-0025 Diode: Si 100 mA at +1 V 100 piv 12 pF 03877 |sg 817 obd
AICR12
AlQL Not assigned
AAQ% thru 1853-0012 6 TSTR: Si PNP JEDEC Type 2N2904A 04713 | 2n2904A obd
1Q7
A1Q8 1854-0071 2 TSTR: Si NPN 2N3391 28480 | 1854-0071
Al1Q9 1854-0042 1 TSTR: Si NPN SM1570 04713 | SM1570
AIRI 0683-3925 4 R: fxd comp 3900 Q 5% 1/4W o1121 | CB3925
AlR2 0686-7525 1 R: fxd comp 7500 02 25% 1/2 W 01121 | EB7525
AIR3 0687-3921 1 R: fxd comp 3900 2 100 1/2 W 01121 | EBR3921
AlR4 2100-0090 1 R: var comp lin 2000 @ £30% 0. 15 W 71450 | UPM-T0RE(-hp-) obd|
AIRS* 0683-7525 1 R: fxd comp 7500 © +5% 1/4 W 01121 | CB7525
AlRG 0683-3025 1 R: fxd comp 3000 f +5% 1/4 W 01121 | cB3025
AIR? 0683-3925 R: fxd comp 3900 © £57% 1/4 W 01121 | CB3925
A1RB 0687-1531 1 R: fxd comp 15 Ki? 10% 1/2 W 01121 | EB1531
AIR9 0689-0915 2 R: fxd comp carbon 9.10 5% 1 W 01121 | GB91GS
AIR10 0683-8215 3 R: fxd comp B20 2 450 1/4 W 01121 | cpe21s
AlRI1 0683-4335 2 R: fxd comp 43 K02 5% 1/4 W 01121 | CB4335
AIRI12 0757-0039 1 R: fxd met flm 5030 Q +1% 1/2 W 15042 | CEC T-O obd
AlR13* 0683-3615 2 R: fxd comp 360 2 +5% 1/4 W
AIR14 0757-1013 1 R: fxd met flm 6000 Q 1% 1/2 W 75042 | CEC T-0 obd
A1RIS 0689-0915 R: fxd comp carbon 9.10 5% 1W ol121 | GB91GS
AlR16 Not asslgned
A1R17 0684-1001 1 R: fxd comp 10 © £10% 1/4 W 01121 | CB1001
AIRI8, AIR19 | 0683-2025 3 R: fxd comp 2000 © +5% 1/4 W 01121 | CB2025
A1R20 0683-3935 2 R: fxd comp 39 KQ 157 1/4 W 01121 | CB3935
AlR21 Not assigned
AlR22% 0683-8215 R: fxd comp 820 2 5% 1/4 W 01121 | cps215
AlR23 2100-0282 1] R: var ww 2000 12420 0 112 W 11236 | 110 obd
Al1R24 0687-1031 1 | R: fxd comp 10 K2 £10% 1/2 W 01121 | EB1031 obd
AIR25 0084-1011 2 | R: fxd comp 100 2 £10% 1/4 W 01121 | CB1011
AIR26 0683-1535 1| R: fxd comp 15 KN +50 1/4 W 01121 | CB1535
A1R27 0698-0026 1| R: fxd met flm 1690 0 1% 1/2 W 19701 | MFIC T-O obd
AlR28 0683-5115 1| R: fxd comp 510 @ +5% 1/4W o1121 | CBS115
A1R29,
AlR30 0683-3925 R: fxd comp 3900 5% 1/4 W 01121 | CB3925

C-6
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Model 652A

CHANGE No. 8

Page 5-9, Figure 5-7:

Change A2 adjustments as in Figure C-6.

@ AZRIT
s2TRi®  @azTP2

[&]azcs

Figure C-6. A2 Adjustments.

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

(e) with the following:
529, Freguency Dial Calibration.

d. Record A2TP2 voltage. This voltage should be
between - 0.32V to -040V in a calibrated instrument;
however, at this point in the Calibration Procedure, it could
be up to 200 mV outside this range. It is not necessary to
correct the voltage as this will be done later in the
procedure (Paragraph 5-30).

h. Record A2TP2 voltage.

i. Set 652A FREQUENCY dial to 10. Readjust SI1C?
and SIC7 alternately until counter indicates frequency of
10 kHz and A2TP2 voltage cquals voltage recorded in Step
h.

§30. X1K Range Adjustments.

c. AC Voltmeter should indicate 110 + 10 mV rms. If
A2TPI1 voltage is not in tolerance, change value of AZR16*
to bring voltage within specified limits (increase value of
A2R16* to decrease A2TP1 voltage. and vice versa). Do not
solder A2R16* in place at this time.

d. Note dc voltage on A2TP2, which should be within
-400 mV to - 320 mV. If not. change the value of SIR5*
and SIR18%* simultancously (See Table 56) until A2TP2
voltage is within tolerance and frequency is | kHz. Do not
solder the resistors in place.

e. Repeat Steps ¢ and d of this paragraph (if necessary)
until A2TP’l, A2TP2 and the frequency are all within
tolerance. Solder A2ZR16%, STR5* and SIR18* in place.

Appendix C
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Appendix C

Page 5-18:

Replace Paragraph 5-53(c) with the following:

553. Troubleshooting the Oscillator Circuit.

c. If there 1s no signal at A2 Pin 5, isolate the Peak
Detector by lifting one side of A2CI1 and the emitter of
A2Q7. If the oscillator comes on, check the Peak Detector
components. If there is no apparent fault in the Peak
Detector, it is possible that AZR16* may have an incorrect
value, this is likely to occur if other components (such as
A2CR6, A2CR7. A2Q2, and A2Q3) have heen replaced. To
check this rcconnect the peak detector, replace A2R16*
with a 500 ohm potenuometer, switch the 652A to the
X1K range and vary the value of the potentiometer, while

tuning the dial over its entire range.
Page 64:

Change A2 Component Locator drawings as in Figure 7-7.
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Figure C-7. A2 Component Locator.
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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. Oscillator Schematic.

Page 7-6, Table 7-1:
Change A2R16 from 2100-2604 to 0757-0410, 301 Q,
* 1%, 1/8 W.
Add A2R18* 0684-1011, 100 £2, * 10%, 1/4 W.
Delete A2R47.






