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Model 651B

€SI TEST OSCLLATOR
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Figure 1-1.

Table 1-1.

Model 651B Test Oscillator

Specifications

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

Frequency Response:

Flat within: +2% 100 Hz to 1 MHz
+3% 10 Hz to 100 Hz
+4% 1 MHz to 10 MHz*

Dial Accuracy: (Including warm-up drift and
+10% line voltage variation).
+2%, 100 Hz to 1 MHz
+3%, 10 Hz to 100 Hz, 1MHz to 10 MHz

Output: 200 mW (3. 16 V) into 50 ohms; 16 mW
(3. 16 V) into 600 ohms; 6. 32 V into open circuit.

Attenuator:

Range: 90 dB in 10 dB steps

Overall Accuracy: +0.1dB .3 mVito3V
range; 0.2 dB .1 mV range

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

Amplitude Control: 20 dB range (nominal).

Output Monitor: Voltmeter monitors level at in-
put of attenuator in volts or dB. Top scale
calibrated in volts, bottom scale calibrated
in dB.

Accuracy: +2% at full scale
Flatness: +1% at full scale, 20 Hz to 4 MHz

+2% at full scale, 10 Hz to 20 Hz,
4 MHz to 10 MHz

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

Hum and Noise: Less than 0.05% of maximum
rated output.

Temperature Range: 00 to + 50°C.
Power: 115V/230V £10%, 50 to 1000 Hz, 30 watts.

Dimensions: 5-7/32'" high, 16-3/4" wide, 13-1/4"
deep (132,6 x 425 x 336 mm).

1-0
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Section I

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION.

1-2. The Hewlett-Packard Model 651B Test Oscilla-
tor is a wide range capacitance-tuned oscillator cov-
ering a frequency range from 10 Hz to 10 MHz. The
oscillator has a stable sine-wave output signal that is
adjustable from 10 microvolts to 3. 16 volts into 50 or
600 ohms. The Model 651B Test Oscillator is shown
in Figure 1-1 and the specifications are given in
Table 1-1. This manual is written for the standard
Model 651B Test Oscillator; refer to paragraph 1-7

for differences between the standard instrument and
Options 01 and 02.

1-3. Two output impedances are provided at front

panel output connectors. The 600 ohm connector pro-
vides an output with an impedance that is compatible
withtransmission lines and many distribution systems.
The 50 ohm connector provides anoutput where a low-

source impedance is desired.

1-4. The Model 651B Test Oscillator output voltage
is constantly monitored at the input of the attenuator
by an internal voltmeter. The voltmeter has two
scales for RMS voltage readings and adBm scale ref-
erenced to 1 milliwatt into 50 ohms. The OUTPUT
ATTENUATOR, in conjunction with the AMPLITUDE
control, provides a monitored output of desired level
when matched into a 50 or 600 ohm load.

1-5. ACCESSORIES.

1-6. Table 1-2 contains a list of the accessories
which will increase the usefulness of the Model 651B.

1-7. OPTIONS.

1-8. OPTION 01.

1-9. Option 01 is a standard -hp- Model 651B Test

Oscillator that has the dBm scale of the output moni-

tor referenced to 1 milliwatt into 600 ohms. Thefront
panel OUTPUT ATTENUATOR dBm markings have
been changed to correspond with the signal level at
the 600 output connector (-80 to +10 DBM).

1-10. OPTION 02.

1-11. Option 02 is a standard -hp- Model 651B Test

Oscillator that has output impedances of 75 ohms and 600
ohms. Also, the output monitor has the dBm scale
referenced to 1 milliwatt into 75 ohms.

1-12. INSTRUMENT IDENTIFICATION.

1-13. Hewlett-Packarduses a two-section eight-digit
serial number (000-00000). If the first three digits
of the serial number on your instrument do not agree
with those on the title page of this manual, change
sheets supplied with the manual will define differences
between your instrument and the Model 651B described
in this manual.

1-14. If a letter prefixes the serial number, the
instrument was manufactured outside the United
States.

Table 1-2. Accessories

-hp- Model 10110A, BNCto Binding Post Adapter:
Converts a BNC connector to binding post
connectors.

-hp- Model 11005A Line Matching Transformer:
Provides fully balanced 6002 output from
single-ended input.

-hp- Model 11004A Line-Matching Transformer:
Provides fully balanced 135Q or 6008 output
from single-ended input.

-hp- Model 11048B Feed-Thru Termination:
Precision 508 feed-thru termination with
male and female BNC connectors.

01810-1
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Section II

SECTION 11
INSTALLATION

2-1. INSPECTION.

2-2. This instrument was carefully inspected both
mechanically and electrically before shipment. It

should be physically free of mars or scratchesand in
perfect electrical order upon receipt. To confirm
this, the instrument should be inspected for physical
damage in transit. Also, check for supplied acces-

sories, and test the electrical performance of the
instrument using the procedure outlined in Para-
graph 5-5. Ifthere is damage or deficiency, see the
warranty on the inside front cover of this manual.

2-3. POWER REQUIREMENTS.

2-4. The Model 651B will operate from either 115 or
230 Vac, 50 - 1000 Hz. The instrument can be easily
converted from 115 to 230 volt operation by changing

the position of the slide switch located on the rear panel,

sothat the designationappearing onthe switch matches

the nominal voltage of the power source. A 0.4 amp-
ere, slow-blow fuse is used for both 115and 230 volt
operation.

2-5. THREE-CONDUCTOR POWER CABLE.

2-6. To protect operating personnel, the National
Electrical Manufacturers' Association (NEMA) recom-
mends that the instrument paneland cabinet be ground-
ed. All Hewlett-Packard instruments are equipped
witha three-conductor power cable, which, when plug-
ged into an appropriate receptacle, grounds the in-
strument. The offset pin on the power cable three-
prong connector is the ground wire.

2-7. Topreservethe protection feature when operat-
ing the instrument from a two-contact outlet, use a
three-prong to two-prong adapter and connect the

green pigtail on the adapter to ground.

2-8. INSTALLATION.
2-9. The Model 651B is fully transistorized; there-
fore no special cooling is required. However, the

instrument should not be operated where the ambient
temperature exceeds 550C (1310F).

01810-1

2-10. RACK/BENCH INSTALLATION.

2-11. The Model 651B is initially shipped asa bench-
type instrument (unless ordered specifically as a rack
type) with plastic feet and a tilt stand in place. Con-
version to a rack-mounted instrument can be
accomplished by using the rack mounting kit and
instructions furnished with your instrument.

2-12. REPACKAGING FOR SHIPMENT.

2-13. Thefollowing isa 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 in-
strument, 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
correspondence, identify the in-
strument by model number, serial
number and serial number prefix.

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

If original container is not used,

b. Wrap instrument in heavy paper or plastic
before placing in an inner container.

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

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

e. Mark shipping container with ""Delicate In-
strument, " ""Fragile' etc.

2-1
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FREQUENCY Dial: Varies output frequency
within each frequency range. Dial reading
multiplied by range setting is the output fre-
quency of the instrument. —

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

Output Monitor (M1): Monitors the amplitude
of the test oscillator output.

Mechanical Zero Adjust: Allows output moni-
tor to be mechanically zeroed, when instru-
ment is off.

OUTPUT ATTENUATOR: Attenuates test os-
cillator output in nine steps of 10 dB each.

Output Connectors (J2 and J3): Provides the
output signal, at impedance levels of 50§ and
6009. (7592 and 6009 on Opt. 02).

(1) AMPLITUDE COARSE and FINE Controls:

Controls amplitude of signal applied to OUT-
PUT ATTENUATOR.

(8) FREQUENCY VERNIER: Provides a fine

frequency adjustment for FREQUENCY dial.

(9) LINE ON Switch (S3) and Pilot Lamp: Switch

applies primary power to instrument; pilot
lamp glows to indicate application of primary
power.

115/230 V Slide Switch (S4): Sets instrument

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

@ FUSE (F1): 0.4 amp fuse protects instrument

from overloads.

@ Primary Power Connector (J1): Connects

primary power to test oscillator.

3-0

Figure 3-1. Location of Controls and Indicators
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SECTION 111

Section III

OPERATING INSTRUCTIONS

3-1. INTRODUCTION.

3-2. The Model 651B Test Oscillator generates a

stable sine wave output that is available at output im-
pedance levels of 600 ohms and 50 ohms. The fre-

quency of the output is variablefrom 10 Hz to 10 MHz,
and the output power level can be varied from 10

microvolts to 3. 16 volts into 600 or 50 ohm loads.

The amplitude of the output will be indicated on the

output monitor, M1.

3-3. CONTROLS AND INDICATORS.

3-4. Figure 3-1identifies and describes the function
of all the front and rear panel controls, connectors,
and indicators on the Model 651B.

3-5. ADJUSTMENT OF MECHANICAL ZERO.

3-6. The output monitor is properly zero-set when
the meter pointer rests over the zero mark, and the
651B is in normal operating position at normal op-
erating temperature, and is turned off. Zero-set
the output monitor as follows to obtain maximum
accuracy and mechanical stability

a. Turn 651B on and allow it to operate for at
least 20 minutes, to letthe meter movement
reach normal operating temperature.

b. Turn 651B 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 651B Test Oscillator, proceed
as follows:

a. Connect primary ac power to 651B
(115/230 V, 50 to 1000 Hz), and set slide
switch S4 to proper position.

b. Turn LINE ON switch to ON position. Indi-
cator lamp will glow, verifying application
of primary power.

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

d. Set OUTPUT ATTENUATOR switchtodesired
voltage range.

01810-1

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

Adjust AMPLITUDE controls for desired out-
put voltage, as indicated onoutput monitor.

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 multi-
plying the monitor scale readings by the mon-
itor scale multiplier which appears on the
OUTPUT ATTENUATOR switch. Use the
following equation and the impedance correc-
tion graph of Figure 3-2 to obtain the Model
651B output power level in dBm, for loads
other than those marked on the output connec-
tors.

R
L
Output Voltage = e X2 Vm
L S

Where,
R, = Load Resistance (Terminating Re-
sistance)

R, = Source Resistance (Output Imped-
ance of Oscillator

Vm = Model 651B Output Monitor Reading

Problem: A 600 ohm load is placed on the
50 ohm output connector. The Model 651B
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 (indBm)
of the Model 651B.

Solution: The actual output voltage is calcu-
lated as follows:

Output Voltage = _W“io'ﬂ)_le(%s 9) =l .
. 66 volts

The indicated power level would be 17.3
dBm for an output voltage of 1.66 volts on
the 3.0 volt (+20 dBm) range. The actual
power level is the algebraic sum of the
indicated power level and the correction
factor obtained from the impedance graph
of Figure 3-2. For this example a cor-
rection of -10.8 dBm is obtained for a 600
ohm load. The actual power level is +6.5
dBm [17.3 dBm + (-10.8 dBm)] .

3-1
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Section IV

SECTION IV
THEORY OF OPERATION

4-1. GENERAL DESCRIPTION.

4-2. The Model 651B Test Oscillator includes an
oscillator, power amplifier, peak detector, attenua-
tor, and monitor circuit. A block diagram of the in-
strument is shown in Figure 6-1. The oscillator
circuit uses a modified Wein bridge network to gen-
erate a stable, distortionless sine wave signal which
is applied to the power amplifier circuit. The peak
detector circuit provides a degenerative feedback
voltage to the oscillator circuit to stabilize the signal
applied to the power amplifier. The power amplifier
circuit is used to increase the output power available
at the 50 ohm 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 out-
put connectors in nine steps of 10 dB each. The mon-
itor circuit continuously monitors the signal level at
the input to the attenuator. The regulated power supply
provides all voltages required by the 651B circuits.

4-3. CIRCUIT DESCRIPTION.

4-4. Refer to Figures 6-2 thru 6-4 for the follow-
ing 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 Wein bridge circuit,
consisting of an RC frequency selective network and
a resistive voltage divider network. The Weinbridge
in the Model 651B Test Oscillator differs from the
conventional Wein bridge circuit in the design of the
resistive voltage divider network. The resistor in
the conventional Wein bridge is replaced with imped-
ance Z1, which consists of A2CR6 and A2CRT.

4-7. Oscillation at the selected frequency is made
possible by the use of both positive and negative feed-
back. Positive feedback is provided through a fre-
quency sensitive RC network to the differential amp-
lifier A2Q2 and A2Q3; negative feedback is provided
to the differential amplifier through a network insen-
sitive 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 (S1R1 through S1R24, and
S1C1 through S1C13) to establish the frequency sen-
sitive RC networks for the six frequency ranges of
the instrument. The FREQUENCY Dial varies the
main frequency tuning elements C1A, C1B, and CI1C.
The RC components maintain the proper phase rela-
tionship of the positive feedback voltage. At frequen-

01810-1

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

4-9. A field effect transistor, A2Q1, is used as the
impedance converter because of its extremely high
input impedance and low noise characteristics. It
provides a high impedance in series with the input
impedance of the differential amplifier on the lower
four frequency ranges (X10 - X10K). The high im-
pedance added prevents the RC bridge circuit from
being loaded by the low input impedance of the differ-
ential amplifier, A2Q2 and A2Q3, on the lower fre-
quency ranges. The impedance converter is bypassed
on the X100K and X1M ranges due to lower resistor
values in the RC bridge.

4-10. The difference between the feedback voltages
from the bridge circuit is amplified by differential
amplifier A2Q2 and A2Q3, and is applied to the com-
plementary symmetry circuit A2Q5 and A2Q6, through
emitter follower A2Q4. A positive feedback voltage
from the output of the complementary symmetry cir-
cuit is applied between resistors A2R8 and A2R9, in
the collector circuit of A2Q2, on the first four fre-
quency ranges. The application of the feedback volt-
age at this point is used to make the effective resis-
tance 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 base current results inanincrease
in the loop gain of the oscillator circuit. The feed-
back voltage is removed on the X100K and X1M fre-
quency ranges due to the value of resistors A2R8 and
A2R9 exceeding the input impedance of the emitter
follower at the higher frequencies.

FREQUENCY
0.5
_A4Lac
004 ~
0.3 e
F =
P / z \ PHASE

F -~
0e2 / Pis \

O.I ” <
LEAD
Fo
Xc.=R
Fp= POSITIVE FEEDBACK RATIO
TO AMPLIFIER PHASE ———-~

F = FEEDBACK TO RC NETWORK

651A-5-10A

Figure 4-1. RC Network Characteristics
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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 load-
ed by the RC bridge. The complementary symmetry
circuit transistors are forward-biased by diodes
A2CR2, A2CR3, and A2CR4, and with no signal ap-
plied, are conducting slightly to reduce cross-nver
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 FINE controls, R2 andR3.
The voltage level applied to the power amplifier is
held constant by theaction of the peak detector circuit.

4-13. PEAK DETECTOR.

4-14. Refer to Figure 4-2 for a simplified schematic
of the peak detector circuit.

4-15. Feedback from the peak detector provides a
bias voltage, proportional to the oscillator circuit
output, to control the dynamic resistance of diodes
A2CR6 and A2CR7. The peak detector A2Q7, conducts
only on the positive peaks of the oscillator output sig-
nal. When the positive peaks of the oscillator output
exceed a set level, the peak detector conducts, break-
ing down the reference diode A2CR5. The breakdown
of the reference diode causes a reduction in the for-
ward bias on the RC bridge voltage divider, A2CR6
and A2CR7. The decrease in forward bias causes the
diodes to conduct less, increasing the dynamic resis-
tance, and thus increasing the impedance Z1. The
increase in impedance Z1 increases the amount of
negative feedback voltage to the differentialamplifier,
A2Q2 and A2Q3, which results in a reduction of the
oscillator output signal. The reduction insignallevel
compensates for the initial increase inthe oscillator
output.

4-16. A2R17 may be adjusted to compensate for
differences in the operating characteristics of diodes
A2CR6 and A2CR7, minimizing distortion in the
negative feedback, thus minimizing distortion in the
oscillator output. Diodes A2CR8 and A2CR9 compen-

WEIN BRIDGE
A
£ Y +FEEDBACK

0sc
—FEEDBACK | AMPLIFIER

U0 -0-0%4e

Figure 4-2. Peak Detector Circuit

4-2

Model 651B

sate for reverse current leakage in A2Q7, due to
increases in temperature.

4-17. POWER AMPLIFIER.

4-18. 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 com-
plementary symmetry circuit A2Q11 and A2Q12 is
similar to the corresponding stages in the oscillator
circuit. The negative feedback voltage from the out-
put of the complementary symmetry circuit is applied
to the differential amplifier at a fixed level to sta-
bilize the power amplifier output signal. The power
amplifier output is continuously monitored by the mon-
itor circuit before the signal is applied to the output
attenuator circuit.

4-19. MONITOR CIRCUIT.

4-20. The monitor circuit monitors the signal level
applied to the output attenuator circuit and provides
a signal to the output monitor M1, which indicates
the amplitude of the output in RMS volts and dBm.
The amplifier A1Q9 serves both as an impedance
converter between the monitor circuit and the power
amplifier output circuit, and as a current source to
provide full-scale monitor indications. The high in-
put impedance of A1Q9 prevents the poweramplifier
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 A1R19, in the collector lead of
amplifier A1Q8. The application of the feedback volt-
age at this point is used to increase the effective re-
sistance of the collector circuit, which results in the
amplifier A1Q9 appearing as a high impedance current
source to the monitor. Diode A1CR10 provides a
small amount of forward bias to rectifier diodes
A1CR8 and A1CR9, which keeps the diodes out of the
non-linear region, thus increasing monitor accuracy
at one-tenth full-scale readings. The 10 MHz adjust-
ment, A1C15, compensates for small variations in
circuit capacitance so the monitor will have a flat
frequency response. The monitor calibrationresist-
or, A1R23, provides an additional calibrationadjust-
ment which is made at 400 Hz.

4-21. OUTPUT ATTENUATOR.

4-22. The output attenuator provides a means of at-
tenuating the signal level applied to the 50 ohm and
600 ohm output connectors. The OUTPUT ATTEN-
UATOR switch, S2, selects a combination of four
resistor networks to produce the desired level of
signal attenuation. Each step provides anattenuation
of 10 dB. The AMPLITUDE controls, R2 and R3,
vary the level of attenuation in increments between
each 10 dB step selected by the OUTPUT ATTEN-
UATOR switch.

4-23. Output impedances other than the standard 50
and 600 ohms can be obtained by changing the value
of resistor S2R13. The value of the resistor replac-
ing S2R13 is added to the 50 ohm oscillator output
impedance to obtain the new output impedance
level at the 600 ohm connector.
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4-24. REGULATED POWER SUPPLY.

4-25. The regulated power supply provides all volt-
ages required by the test oscillator circuits. The
power supply consists of a +30 volt series regulated
supply and a -25 volt series regulated supply whichis
referenced to the +30 volt circuit.

4-26. The +30 volt regulated supply is of the conven-
tional series regulator type. The emitter follower
Al1Q2 is used to increase the loop gain of the cir-
cuit, thus improving voltage regulation. The +30
volt adjustment, A1R4, sets the +30 volt and -25

01810-1
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volt supply output level.

4-27. The -25 volt regulated supply is of the conven-
tional 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 exceeds the set value, the current
limiter conducts, causing the series regulator A1Q4
to reduce the output voltage level until the load caus-
ing an excessive current is removed. Diodes A1CR6
and AICR7 protect the control transistor A1Q6,
against short circuits between the two voltage supplies,
or short circuits in the output of the -25 volt supply.
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Table 5-1.

REQUIRED TEST EQUIPMENT

Model 651B

Instrument Type

Required Characteristics

Recommended Model

Oscilloscope

Passband: 10 Hz to 10 MHz
Sensitivity: 50 mV/cm
Input Impedance: 1 megohm

-hp- Model 175A Oscilloscope

Electronic Counter

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

-hp- Model 5244L
Electronic Counter

RMS Voltmeter

Frequency Range: 10 Hz to 10 MHz
Voltage Range: 1 mV t06.32V
Accuracy: +1%

-hp- Model 3400A RMS
Voltmeter (withknown error)

Distortion Analyzer

Distortion Sensitivity: > 42 dB

-hp- Model 331A

DC Null Voltmeter

Range: 10 pVto 30 V
Accuracy: 2% of full scale

-hp- Model 419A

AC Differential Voltmeter

Range: 3 Vto4V

-hp- Model 741A AC-DC

Accuracy: #0.1% Differential Voltmeter/DC
Standard
Attenuator Attenuation Range: 90dBin10dB steps -hp- Model 355D VHF
Frequency Range: 10 Hz to 10 MHz Attenuator (withknown error)
Amplifier Gain: 40 dB -hp- Model 461A

Frequency Range: 10 Hz to 10 MHz

Amplifier

Thermal Converter

Input: 3 V RMS

Output: 7 mV dc

Accuracy: 0.2%

Frequency Range: 10 Hz to 10 MHz

-hp- Model 11049A
Thermal Converter

0 to 10 mV Reference Supply

See Figure 5-3 for schematic
Resistor: fxd, 65009 +1%

a. a. -hp- Part No. 0811-0392

b. Resistor: var, 5008 +5% b. -hp- Part No. 2100-0324

c. Resistor: var, 509 +5% c. -hp- Part No. 2100-1481

d. Battery: 1.34V d. Mallory RM-42R
Terminating Resistance a. Feedthrough, 509 a. -hp- Model 11048B

b. Feedthrough, 6009 b. -hp- Model 11047A

Adapter

BNC to Binding Post

-hp- Model 10111A Adapter

5-0
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SECTION V

Section V

MAINTENANCE

5-1. INTRODUCTION.

5-2. This section contains maintenance and service
information for the -hp- Model 651B Test Oscillator.
Included are Performance Checks, Alignment and

Calibration Procedures, and Troubleshooting Pro-
cedures.

5-3. REQUIRED TEST EQUIPMENT.

5-4. The equipment needed to properly maintain the
Model 651B is listed in Table 5-1. The table lists the
type of equipment to be used, the specification re-
quirements, and the recommended commercially
available test equipment. If the equipment listed in
Table 5-1 is not available, any instrument that satis-
fies the given specifications may be used.

5-5. PERFORMANCE CHECKS.

5-6. The performance checks are in-cabinet checks
that insure that the Model 651B Test Oscillator is
operating within specifications. These checks may be
used for incoming inspection, periodic maintenance,
and for specification checks after a repair. Use the
performance checks to verify instrument perform-

ance before making internal adjustments or repairs.

Set 651B FREQUENCY dial to 5; electronic
counter should indicate 20 +0. 6 ms.

Set 651B FREQUENCY dial to 10; electronic
counter should indicate 10 +0. 3 ms.

Set 651B FREQUENCY RANGE to X100 and
set FREQUENCY dial to 1; electronic count-
er should indicate 10 +0.2 ms.

Set 651B FREQUENCY dial to 5; electronic
counter should indicate 2 +0. 04 ms.

Set 651B FREQUENCY dial to 10; electronic
counter should indicate 1 +0.02 ms.

Set electronic counter to read frequency.
Set 651B to eachfrequency listed in Table 5-2.
If electronic counter indication for each
frequency is not within the listed tolerance,
perform the frequency dial calibration,
Paragraph 5-21.

Table 5-2. Dial Accuracy Check

5-7. DIAL ACCURACY CHECK.

a. Connect 651B 508 output terminal to dc in-
put terminal of electronic counter as shown

in Figure 5-1.

b. Set 651B controls as follows:
FREQUENCY RANGE . . . . X10
FREQUENCY Dial. . . . .. 1
OUTPUT ATTENUATOR. . . 3.0V
AMPLITUDE. = & s & swusisis Adjust for

monitor indication of 3.0 V

c. Set electronic counter to read periodaverage;
counter should indicate 100 +3 ms.

Frequency (Hz) Ell;el‘:it;‘;'ggnc&u:)ter

IK 1000 +20

5K 5000 +100
10K 10K 0. 2K
50K 50K +1K
100K 100K +2K
500K 500K +10K

IM 1M 30K

M 5M +150K
10M 10M +300K

TEST OSCILLATOR
hp 6518

o o

=] 3050 @ o o

® ©) © @0 50 OHM
FEED THRU

hp110488

8-0851-RO _—_Ctm

ELECTRONIC COUNTER
hp5244L

[ ]

Figure 5-1. Dial Accuracy Check
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RMS VOLTMETER
TEST OSCILLATOR hp 3400A
hp 6518

A

Q Q ®

o= o O o

@ O 0O ¢o0 50 OHM ¢

FEED THRU  “~.
hp110488 Y
B8-0852-RO w —————— //

Figure 5-2. Output Monitor, Voltage Check

5-8. OUTPUT MONITOR CHECK.

a.

Connect an RMS voltmeter to 5092 output
terminal of 651B as shown in Figure 5-2.
Use an RMS voltmeter with known error.

Set 651B controls as follows:

FREQUENCY RANGE . . . . X100
FREQUENCY Dial. . . . .. 4
OUTPUT ATTENUATOR . . 3.0V

Adjust 651B amplitude controls for a 3.0V
indication on output monitor. RMS voltmeter
should indicate 3.0V +2%. IfRMS voltmeter
indication is not within this tolerance, per-

form the monitor calibration, Paragraph 5-31.

If desired, the monitor may be checked with
651B connected directly to RMS voltmeter
(effectively on open circuit). In this case,
RMS voltmeter indication should be 6 V +2%.

NOTE

When amplitude controls are
turned fully CCW, the 651B
monitor will typically be off-
set one division up-scale.
This is a normal indication,
and does not require a monitor
calibration.

5-9. OUTPUT VOLTAGE CHECK.

a.

Connect RMS voltmeter to 509 output term-
inal of 651B as shown in Figure 5-2.

Set 651B controls as follows:

FREQUENCY RANGE . . . . XIK
FREQUENCY Dial . . . . .. 10
OUTPUT ATTENUATOR . . 3.0V

Adjust 651B AMPLITUDE controls for a
3.0V indication on RMS voltmeter.

TurnAMPLITUDE controls fully CCW; RMS
voltmeter indication should be reduced to
0.3 V or less (20 dB down).

Turn AMPLITUDE controls on 651B fully
CW; RMS voltmeter should indicate 3.16 V
or greater.

g.

Disconnect RMS voltmeter from 509 output
terminal of 651B and connect to 6008 out-
put terminal. Replace 509 load with 6009
load (-hp- Model 11047A).

Repeat steps ¢ through e of this paragraph.

5-10. OUTPUT IMPEDANCE CHECK.

a.

b.

5-11.

a.

Connect 508 output of 651B directly to RMS
voltmeter.

Set 651B controls as follows:

FREQUENCY RANGE . . . . XIK
FREQUENCY Dial. . . . .. 1
OUTPUT ATTENUATOR . . 3.0V

Adjust 651B amplitude controls for a 6.0V
indication on RMS voltmeter.

Insert a 502 feedthrough load between 651B
and RMS voltmeter. RMS voltmeter indi-
cation should drop to 3.0 V 0. 15 V, verify-
ing a 500 output impedance.

Remove the 509 feedthrough load, and dis-
connect the cable to the 509 output of the
651B.

Connect 60052 output of 651B directly toRMS
voltmeter.

Adjust 651B AMPLITUDE controls fora 6. 0V
indication on RMS voltmeter.

Insert a 600 load between 651B and RMS
voltmeter. RMS voltmeter indication should
drop to 3.0 V £0. 15 V.

MONITOR FLATNESS CHECK.

Connect nullmeter, thermal converter, and
reference supply to 651Bas shown in Figure
5-3, setting 651B and reference supply out-
puts to minimum bhefore connecting.

YYYYYYYyrYy

fCAUTION3

AAAAAAAAANAN,

DO NOT EXCEED RATED INPUT OF
THERMAL CONVERTER. ANY OVER-
LOAD OR HIGH VOLTAGE TRANSIENT
MAYDESTROY THERMOELEMENT.
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DC NULL
TEST OSCILLATOR il
hp 419A
hp 6518 A REFERENCE SUPPLY ___
I I
e b i
Q Q +- O O | 3re Len |
| S 5000 I34V‘
® © O 90|l THERMAL CONVERTER — [ !
hp11049A ! i
1 SR3 I
©—»3500 I
8-0853-RO +& :
e J

Figure 5-3. Monitor Flatness Check

b. Set 651B controls as follows:

FREQUENCY RANGE . . . . X1IK
FREQUENCY Dial. . . . . . 10
OUTPUT ATTENUATOR . . 3.0V

c¢. Adjust 651B AMPLITUDE controls for a
monitor indication of 3.0V.

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

e. Set 651B to each frequency setting in Table
5-3, and adjust AMPLITUDE controls so that
a null indication is obtained for eachfrequency
setting. If the 651B monitor indication is
not within the tolerances listed in the table,
perform the monitor calibration; Para-

graph 5-31.
Table 5-3. Monitor Flatness Check

5-12.

a.

FREQUENCY RESPONSE CHECK.

Perform steps a and b of Paragraph 5-11,
setting FREQUENCY dial to 1.

Adjust 651B AMPLITUDE controls fora null
meter indication of 7.0 mV.

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

Sweep FREQUENCY dial slowly from 1 to 10.
If the null meter indication exceeds the toler-
ances listed in Table 5-4, perform the calibra-
tions and adjustments in Paragraphs 5-22
through 5-25.

Repeat steps bthrough d for each frequency
range listed in Table 5-4.

Table 5-4. Frequency Response Check

Frequency Monitor Indication Null Meter Indication
(Hz) Min Max Frequency
2 2 Range Min. Max.
10 2.94 3.06 X10 -420 nVvV +420 uV
20 2.94 3.06 X100 -280 pV +280 pVv
100 2.97 3.03 X1K -280 pv +280 uV
400 2.97 3.03 X10K -280 uv +280 VvV
5K 2.97 3.03 X100K -280 uv +280 uVv
50K 2.97 3.03 X1M -560 puVv +560 uv
500K 2.97 3.03
1M 2.97 3.03 5-13. DISTORTION CHECK.
fgfw g gz g gg a. Connect a distortion analyzer to the 651B as
: - shown in Figure 5-4.
TEST OSCILLATOR DISTORTION ANALYZER
hp 6518 50 OHM hp 331A
FEED THRU
hpl 10488 $[—~ @°
Q Q O
@ © g
8-085%4 -RO

Figure 5-4. Distortion Check

01810-1
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TEST OSCILLATOR
hp 6518

Pt
a a hpéso
® © O ¢

ATTENUATOR

8-0855-RO

RMS
VOLTMETER
hp 34004
1l
AMPLIFIER £
hp 461A %
|| o o ,,-—-e @ ®
= 50 OHM .
FEED THRU
hp11048B .

Figure 5-5. Attenuation Check

b. Set 651B controls as follows:

FREQUENCY RANGE . . . . X1K

FREQUENCY Dijal. . ... . 1

OUTPUT ATTENUATOR .. 3.0V

AMPLITUDE. . . ... ... Adjust for
monitor indication of 3.0V

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

d. Set 651B toeachfrequency listed in Table 5-3
(except the top threefrequency settings, be-
cause the frequency limit of the distortion
analyzer is 600 kHz) and observe distortion
analyzer indication; distortion level should
be less than 1% for each frequency. If dis-
tortion level is not less than 1%, perform the
minimum distortion adjustment, Para-
graph 5-30.

5-14. ATTENUATION CHECK.

a. Connect external attenuator, amplifier, and
RMSvoltmeter to 651B, as shown in Figure 5-5.
Use an attenuator with known error.

NOTE

Float the amplifier and RMS
voltmeter by using a three-
prong to two prong adapter on
the ac power cord of both in-
struments.

b. Set 651B controls as follows:

FREQUENCY RANGE . . . . XIK
- FREQUENCY Dijal. . ... . 1
OUTPUT ATTENUATOR . . 3.0V (+20dB)

c. Set attenuator switch to 90 dB position.
d. Set amplifier gain switch to 40 dB position.

e. Adjust 651B AMPLITUDE controls for an
indication of 9 mV on RMS voltmeter.

f. Check attenuator on each range by decreas-
ing attenuation on external attenuator as
attenuation is increased on 651B. RMS
voltmeter indication should be 9 mV £1% for

5-4

.3 mV through 3.0V ranges (-60 dB to +20
dB); for .1 mV range (-70dB), RMS volt-
meter indication should be 9 mV +2%.

g. Repeat steps c through f of this paragraph
with the 651B set to 100 kHz, 1 MHz, 5 MHz,
and 10 MHz.

5-15. ADJUSTMENT AND CALIBRATION
PROCEDURE.

5-16. The following is a complete adjustment and
calibration procedure for the Model 651B. The
adjustments should be performed only if it has been
determined by the Performance Checks that the 651B
is not within specifications. Figure 5-7 shows the
location of all the internal adjustments.

5-17. COVER REMOVAL.

5-18. To remove the top or bottom cover remove the
two retaining screws from the sides of the cover,
slide the cover about 1/2 inch to the rear, and lift it
off. To replace the cover, reverse the removal pro-
cedure.

5-19. To remove a side cover, remove the two re-
taining screws in the cover, and lift it off.

5-20. POWER SUPPLY VOLTAGE ADJUSTMENT.

a. Connect a dc voltmeter to power supply
positive output, connector point 1. (Refer
to Figure 6-3).

b. Adjust AIR4 for an indication of +30 V onthe
de voltmeter.

c. Connectdc voltmeter to power supply negative
output, connector point 2; dc voltmeter should
indicate -25V +0.75V. If the negative supply
output is not within tolerance, change value
of resistor A1IR13* to obtain specified out-
put. Decrease value of A1R13* to increase
negative supply voltage; increase value of
A1R13* to decrease negative supply voltage.

5-21. FREQUENCY DIAL CALIBRATION.

a. Remove oscillator circuit shield by removing
six retaining screws.
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$CAUTIONS

AAAAAAAAAAN,

THE 651B CONTAINS VERY HIGH IMPEDANCE, HIGH FREQUENCY CIR-
CUITS. 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 NECESSARY, WEAR CLEAN COTTON OR RUBBER GLOVES.
DO NOT USE A PENCIL TO TRACE CIRCUITS IN THE INSTRUMENT.
GRAPHITE PENCIL LEAD IS AN EXTREMELY GOOD CONDUCTOR AND
AN ACCIDENTLY INTRODUCED 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 THOR-
OUGHLY WITH CLEAN WATER AND ALLOW IT TO DRY COMPLETELY
BEFORE OPERATING. DO NOT USE ALCOHOL OR ANY OTHER CLEAN-
ING SOLUTION EXCEPT DETERGENT AND WATER. DO NOTAPPLY ANY
COMMERCIA L MOISTURE SEALINGSPRAY TO THE BOARDS; APPLICA TION
OF THESE AGENTS MAY CAUSE LEAKAGE PATHS.

b. Set 651B controls as follows: g. Connect test lead to a dc voltmeter.

FREQUENCY RANGE . . . . X1K
FREQUENCY Dial. . . . .. Fully CW
OUTPUT ATTENUATOR . . 3.0V
AMPLITUDE Controls . Fully CW

h. Replace oscillator circuit shield and bottom
cover of instrument, leaving test lead con-
nected to dc voltmeter. Record A2TP2 volt-
age.

c. Connect 651B to distortion analyzer as shown — NOTE

in Figure S-4, This voltage is directly related

2 to the gain control voltage at
d. Adjust A2R17 for minimum distortion. Dis A2TP1, and 18 ussd as & refei-

tortion should be less than 1% (42 dB down). e T h6 HaTow g ek ithewtion
NOTE —888 procedures.

This adjustment is a preliminary
adjustment for the FREQUENCY
Dial calibration.

Connect RMS voltmeter to A2TP1;RMS volt-
meter indication should be 110 mV £10 mV
(gain control voltage). If gaincontrol voltage
is not within this limit, change value of A2R16*
to obtain specified voltage. Increasevalueof
A2R16* to decrease the gain control voltage;
decrease value of A2R16*to increasethegain
control voltage.

Attach a test to A2TP2, and isolate the test
lead with a 1K resistor, as shownin Figure
5-6. Connect test lead so that test point
voltage may be monitored with oscillator
shield and bottom cover in place. Do notre-
place oscillator shield and bottom coverat
this time.

TEST LEAD

IK
RESISTOR

A2TP2
6318-RO

Figure 5-6. A2TP2 Test Lead Connection

Connect 651B to electronic counter as shown
in Figure 5-1.

Turn 651B FREQUENCY Dial to fully CCW
position.

Adjust S1C2 and S1C7 alternately until 651B
output frequency is 10.2 kHz (as indicated
on electronic counter) and voltage at A2TP2
is same as recorded in step h.

Turn FREQUENCY Dial to fully CW position.
651B output frequency should be 970 Hz (as
indicated on electronic counter). If 651B
is not within 965 to 970 Hz, loosen tuner
coupler (MP2, Figure 7-1), and slip tuner
until specified frequency is obtained.

Set 651B output frequency to 1 kHz (as indi-
cated on electronic counter).

NOTE

If number 1 on FREQUENCY Dial
is not lined up with mark on dial
indicator, remove FREQUENCY
Dialknoband loosen four dial re-
taining screws. Slip FREQUENCY
Dial until number 1 lines up with
mark on dial indicator. Tighten
retaining screwsand replaceknob.
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Figure 5-7. Location of Internal Adjustments
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1ECAUTION§

THE ADJUSTMENTS IN PARA-
GRAPHS 5-22 THROUGH 5-25
ARE HIGHLY CRITICAL AND
WILLHAVE TO BE PERFORMED
ONLY IN RARE CASES. THE
VALUES OF THE RANGE SWITCH
RESISTORS WERE BRIDGED AT
THE FACTORY FOR OPTIMUM
PERFORMANCE, AND THEO-
RETICALLY SHOULD NEVER
HAVE TO BE CHANGED. DOUBLE-
CHECK THE INSTRUMENT PER-
FORMANCE BEFORE CHANGING

E
NGE T E

5-22. X100, X1K, AND X10K RANGE FREQUENCY
CALIBRATION.

Connect 651B to electronic counter as shown
in Figure 5-1, with dc voltmeter monitoring
voltage at A2TP2.

Check frequency tracking of FREQUENCY
Dial at 1, 5, 8, and 10 on X100, X1K, and

X10K ranges while monitoring voltage at

A2TP2. Voltage at A2TP2 should remain
relatively constant from the 1 to 10 position
of the FREQUENCY Dial.

If frequency ranges are off on the 1 position
of the FREQUENCY Dial, change value of
RANGE switch resistors associated with
respective range (refer to Table 5-5).
Change value of both resistors on eachrange
at same time to keep voltage at A2TP2 same
on all ranges (within £0.02 V from voltage
recorded in Paragraph 5-21, step h).

Table 5-5

Frequency Range Switch Padding Resistors

Frequency Range Padding Resistors
X10 S1IR1* and SIR14*
X100 S1IR3* and SIR16*
X1K S1R5* and SIR18*
X10K S1IR7* and S1IR20*
X100K S1R9* and S1R22*
X1M S1IR11* and S1IR24*

5-23. X10 RANGE FREQUENCY CALIBRATION.

a.

01810-1

Connect 651B to electronic counter as shown
in Figure 5-1, with dc voltmeter monitoring
voltage at A2TP2.

Set 651B FREQUENCY RANGE to X10 and
set FREQUENCY Dial to 10; electronic
counter should indicate 100 +3Hz. Set
FREQUENCY Dial to 1; electronic counter
should indicate 10 0. 3 Hz.

Section V

If either of above frequencies is not within
tolerance, change value of resistors SIR1*
and S1R14* simultaneously to bring frequency
within tolerance. A2TP2 voltage must re-
main same as that recorded in Paragraph 5-21,
step hwithin £0. 02 V).

NOTE

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

Set FREQUENCY Dial to 2, 5, and 8, while
monitoring electronic counter. Dial must be
accurate within +3%, if not, repeat steps b
and ¢ until FREQUENCY Dial is accurate
within +3% over its entire range.

5-24. X1M RANGE FREQUENCY CALIBRATION.

d.

NOTE

The following adjustments are

critical. Final voltage and fre-
quency readings must be made
with all instrument covers in

place.

Connect 651B to electronic counter as shown
in Figure 5-1, with dc voltmeter monitoring
voltage at A2TP2.

Set 651B FREQUENCY RANGE to X1M, and
set FREQUENCY Dial to 10. Adjust S1C5
and S1C10 with tuning wand until electronic
counter indicates 10.15 MHz (1.5% high), -
and voltage at A2TP2 is same as in Para-
graph 5-21 step h (20.02 V).

NOTE

To accomplish step b, remove
top cover from 651B, make
adjustments and replace cover.
Check FREQUENCY Dial accur-
acy and voltage at A2TP2.

If 651B will not oscillate (no reading on out-
put monitor) or S1C5 and S1C10 do not have
enough range to complete step b, set
FREQUENCY Dial to 5, remove bottom
cover, and adjust A2C5 with tuning wand
until 651B oscillates and electronic counter
indicates 5 MHz. Then repeat step b.

NOTE

Replace bottom cover to check
651B frequency, after adjusting
A2C5.

Set FREQUENCY Dial fully CCW, and adjust
S1C10 until voltage at A2TP2 is same as in
Paragraph 5-21, step h (0.02V). Set FRE-
QUENCY Dial to 1, and check electronic coun-
ter indication; frequency should be 1 MHz +3%.

5-7
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€.

If either 651B frequency or A2TP2 voltage
does not adjust according to steps ¢ and d,
change values of resistors S1IR11* and
S1R24* simultaneously until both frequency
and voltage are within specifications.

Set FREQUENCY Dial to 5 and adjust A2C5
until electronic counter indicates 4.975 to
4.950 MHz (0. 5% to 1.9% low).

Recheck 651B frequency with FREQUENCY
Dial set to 10. If necessary, readjust S1C5
and S1C10 for frequency of 10.15 MHz
(1. 5% high).

5-25. X100K RANGE FREQUENCY CALIBRATION.

5-26.

a.

NOTE

The following adjustments are
critical. Final voltage and fre-
quency readings must be made
with all instrument covers in
place.

Connect 651B to electronic counter as shown
in Figure 5-1, with dc voltmeter monitoring
voltage at A2TP2.

Set 651B FREQUENCY RANGE to X100K and
set FREQUENCY Dial to 10. Adjust S1C4
and S1C9 with tuning wand until electronic

counter indicates 1 MHz and A2TP2 voltage
is same as in Paragraph 5-21, step h

(x0.02 V).

Set 651B FREQUENCY Dial to 1. Electronic
counter should indicate 100 kHz, %2 kHz,
and voltage at A2TP2 should be same as in
Paragraph 5-21, steph (£0.02 V).

If 651B frequency or voltage at A2TP2 is
not within specified limits of step ¢, change
values of resistors SIR9* and SIR22%*
simultaneously to bring both readings within
specifications.

Set 651B FREQUENCY Dial to 10, and re-
check frequency. If necessary, repeat
step b.

10 MHz FLATNESS ADJUSTMENT.

Connect nullmeter, thermal converter, and
reference supplyto 651B as shown in Figure
5-3, setting 651B and reference supply out-
puts to minimum before connecting.

YYvYyyyrryy

FCAUTIONS3

AAAAAAAAANAN,

DO NOT EXCEED RATED IN-
PUT OF THERMAL CONVERT-
ER. ANY OVERLOAD OR HIGH
VOLTAGE TRANSIENT MAY
DESTROY THERMOELEMENT.

Adjust A2C14

Model 651B

Set 651B controls as follows:

FREQUENCY RANGE . . . .
FREQUENCY Dial. . . . . . 10
OUTPUT ATTENUATOR . .

Adjust AMPLITUDE controls for a 3.0V
indication on output monitor. Do not re-
adjust AMPLITUDE controls.

Adjust reference supply for a null indica-
tion. Do not readjust reference supply once
null is obtained.

Set 651B FREQUENCY RANGE to X1M.

Sweep FREQUENCY Dial slowly from 1 to
10. Null meter deviation from null should
not exceed + 0. 54 mV.

NOTE

The percent of change in the
651B output, as read on the
null meter, is doubled due to
the thermal converter being a
square law device.

to reduce any output peaking
which may be present. If necessary, change
the value of A2C24* slightly.

5-27. OUTPUT ADJUSTMENT.

5-28. WAVEFORM ADJUSTMENT.

a.

Connect a 509 load to the 651B 508 output
terminal, and connect the output to an
oscilloscope.

Set OUTPUT ATTENUATOR to 3.0 V, and
turn AMPLITUDE controls fully CW.

Check 651B output, with and without load, on
all frequencies. If spurious oscillations
occur, change value of A2C21* until spurious
oscillations are eliminated.

5-29. AMPLITUDE ADJUSTMENT.

a.

Connect 651Bto RMS voltmeter, as shown in
Figure 5-2.

Set 651B controls as follows:

FREQUENCY RANGE . . . . X10
FREQUENCY Dial. . . . . . 1
OUTPUT ATTENUATOR . . 3.0V
AMPLITUDE ........ Fully CW

RMS voltmeter should indicate at least 3. 16V.
If maximum output is less than 3.16V,
slightly increase value of A2R24. *

01810-1
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5-30. MINIMUM DISTORTION ADJUSTMENT.

a. Connect 651B to distortion analyzer as shown

in Figure 5-4.

b. Set 651B controls as follows:
FREQUENCY RANGE . . . . X1K
FREQUENCY Dijal. . .. .. 1
OUTPUT ATTENUATOR . . 3.0V
AMPLITUDE. . . ¢ v« s o « Fully CW

c. Adjust A2R17 for minimum distortion as in-
dicated on distortion analyzer. Distortion
should be less than 1% (40 dB down).

NOTE

Distortion will be typically 50
dB down.

5-31. OUTPUT MONITOR CALIBRATION.

NOTE

The following adjustments are
critical. Final voltage read-
ings must be made with all
instrument covers in place.

a. Connect 651B to RMS voltmeter as shown in

Figure 5-2.

b. Set 651B controls as follows:
FREQUENCY RANGE . . . . X100
FREQUENCY Dial. . .. .. 1

OUTPUT ATTENUATOR . . 3.0V

c. Set AMPLITUDE controls for a 3.0V indi-
cation on RMS voltmeter.

d. Adjust A1R23 for a 3.0V indicationon651B
monitor. If A1R23 does not have sufficient
range to properly calibrate monitor, change
value of A1R22* slightly. Decrease A1R22*
to decrease monitor indication; increase
A1R22* to increase monitor indication.

e. Set 651B FREQUENCY RANGE to X1M, and
set FREQUENCY Dial to 10.

f. Set AMPLITUDE controls for a 3.0 V indi-
cation on RMS voltmeter.

NOTE

Allow for known error of RMS
voltmeter at 10 MHz.

g. Adjust A1C15 with tuning wand for a 3.0V
indication on 651B monitor.

5-32. TROUBLESHOOTING PROCEDURE.

5-33. This section contains information and pro-
cedures 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.

01810-1
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5-34. When a malfunction occurs, remove power
from the 651B, and visually inspect for loose or
broken wires, connectors, or components. Also, an
investigation should be made to ensure that the
trouble is not the result of conditions external to the
instrument.

5-35. The Troubleshooting Tree in Figure 5-8
illustrates a systematic method of elimination used
to locate a faulty circuit or component. The treedoes
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 elim-
inate the properly operating circuits from the trouble-
shooting path. The checks outlined inthe troubleshoot-
ing tree were not devised to measure all circuit para-
meters, but to localize the malfunction. Therefore,
additional checks and measurements will probably be
required to completely isolate the faulty component.

5-36. To use the troubleshooting tree, decide if @
is true or false, and proceed to the next step along
the pertinent branch of the tree. In some cases,
there are two or more branches for agivenindication,
meaning that either one or all the branches could lead
to the malfunction. Additional information for use
with the troubleshooting tree is given in Paragraph 5-37.
Refer to the block diagram in Figure 6-1, and the
schematics of Figures 6-2 and 6-3, when usingthe
troubleshooting tree.

5-37. TROUBLESHOOTING INFORMATION.

5-38. This section provides additional information
for each particular step of the troubleshootingtree.

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

@ When the 651B output voltage is 3, the nor-
mal dc voltage applied at Al pin 16 is
approximately +2. 7V. The voltage at Al
pin 17 should be about . 14 V less than that
at Al pin 16;is not, M1 is probably faulty.

@ If the oscillator circuit is operating proper-
ly, the signalat A2 pin 5 will be a sine wave
of 10 V to 12 V peak-to-peak. This voltage
should remain constant, regardless of the
amplitude or frequency setting of the instru-
ment.

@ Check fuse F1 if there is no output and the
line indicator lamp does not light; also ensure
that the 115/230 V switch, S4, is in the
correct position.

@ Disconnect M1 from the circuit, andapply
a current of 1.5 mA, to check for full scale
deflection. Decrease the current, and the
pointer deflection of M1 should decrease
proportionally.

5-9
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(® — crEck M1

TRUE
(@) — +2.7V AT A1 PIN 16—
FALSE
@ — SHECK MONITOR RECTIFIER
TRUE
AI:UE @® L ;3 yac At cousxcton or
OUTPUT UNDISTORTED
(O wmog:n%ncam AT FALSE
FALSE (® '~ cHECK A1Q8 AND A1Q9 ®
TRUE
® 10-12 V PEAK-TO-PEAK AT A2 PIN 5 ——
FALSE
|
@ L CHECK F1AND ENSURE THAT @
54 15 IN CORRECT POSITION

NOTE

When using the troubleshooting tree, set the 651B controls
as follows, unless stated otherwise for a particular step:

FREQUENCYRANGE . . ¢« c o 6 00606006000 X1K
FREQUENCY DIfl; . ioiaiiinss: o o 6 s % G 5
OUTPUT ATTENUATOR . . . . ¢ v v v v o s s o o s 3.0V
MONITOR . . . ... .. ST oY 8 K e d %lE . . NORMA

AMPLITUDE ........ « « + + « +Adjust for an RMS

voltmeter indication of 3V
(use test setup shown in Figure 5-2)

A tolerance of +10% should be allowed for all voltages given
in the troubleshooting tree, unless stated otherwise.

63/8-0-0998

5-10.

Figure 5-8. Troubleshooting Tree
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®

TRUE

___ 16V PEAK-TO-PEAK AT A2
PIN 20

FALSE

®

®
TRUE
— -.3V TO -.4V AT A2TP2 ——=

FALSE

®

CHECK OUTPUT ATTENUATOR

CHECK POWER AMPLIFIER

CHECK A2C12

—— CHECK A2Q1 THRU A2Q6

|~ CHECK PEAK DETECTOR

CHECK POWER SUPPLY
CIRCUITS

| CHECK RANGE SWITCH AND
TUNING CAPACITOR

®
TRUE

\ +30V40.9VAT A1 PIN 1,
- AND -25V 40.75V AT Al —p=d

PIN 2

FALSE

— ACATA1PIN7

— CONNECTIONS TO EXTERNAL

| CHECK NEGATIVE SUPPLY
CIRCUIT

@

TRUE

43 VACAT A1 PINSAND 4OV

FALSE

()

CHECK POSITIVE SUPPLY
CIRCUIT

CHECK T1 AND LINE FILTER
COMPONENTS
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When the 651B output voltage is 3, the ac
signal applied to the rectifier from the
collector of A1Q9 is approximately .75 Vac.

Check the rectifier diodes A1CR8 through
A1CR10, and capacitors A1C12 and A1C13.
Also check A1C11 and A1CR11.

Check the dc voltages on A1Q8 and A1Q9 at
the points listed below; also check A1C11
and A1CR10.

Emitter A1Q8 . . . . . +1.8V
Collector A1Q9 . . . . +2.5V
Base A1Q9. . . . ... -9.8V
Emitter A1Q9 . . . . .- 10.5V

The normal signal at A2 pin 20 will be a
sine wave of about 16 V peak-to-peak, when
the 651B output is 3 V.

A2TP2 should have a dc voltage from -. 3 to
-.4 V. If the voltage is positive, Cl is
probably shorted, or the peak detector is
bad. If the voltage is negative, but out of
tolerance, check A2Q1 through A2Q6.

If there is no positive or negative output from
the power supply, isolate it from external
circuits by disconnecting A2 pins1, 2, 6 and
7. If the power supply outputs return to

normal, the malfunction is in one of the ex-
ternal circuits, causing it to load the power

supply.

Check S2R1 through S2R12 if there is no out-
put at either the 50 ohm or 600 ohm connect-
or. Check S2R13 if the output is missing only
at the 600 ohm connector.

Check A2Q8 through A2Q12, and A2C19. If
A2C19 becomes shorted, A2Q11 and A2Q12
will be destroyed.

If the oscillator circuit is functioning nor-
mally, but no signal is present at A2 pin 5,
coupling capacitor A2C12 is probably bad.

If the instrument is malfunctioning on all
frequency ranges, check A2Q2 through A2Q6,
and A2CR1 throughA2CR4. (A2Q5 and A2Q6
should be replaced as a pair, if either goes
bad.) If the instrument malfunctions only on
the lower four ranges, A2Q1 isprobably bad.

Check A2Q7, A2CR5, A2CR8 and A2CRS9.
If these components are good, check A2CR6
and A2CRT.

If the 651B output is within specifications on
some frequency ranges, but is not on others,
check the S1 components for the inoperative
ranges. If the output is unstable or distort-
ed through portions of all frequency ranges,
check tuning capacitor Cl1.

Section V

Check the power supply connections to ex-
ternal circuits, and check the resistors in
series with the connections (A2R13, A2R26,
A2R37, and A2R44).

If only the negative half of the power supply
output is bad, check Q2, Al1Q5, A1QS6,
A1CR3, and A1CRA4.

If both the positive and negative power supply
outputs are bad, check for 43 V ac at Al pin
5, and 40 V ac at Al pin 7. If these voltages
are not correct, the malfunction is probably
either T1 or one of the line filter components.

The negative power supply output is refer-
enced to the positive supply; consequently,
if both outputs are incorrect, the malfunction
is probably in the positive supply. Check
the components in the positive supply - Q1,
AlQ2, A1Q3, A1CRI1 and AI1CR2.

Check T1 and the line filter components, L1
through L4, C2, C3, C4, and CT7.

5-39. SERVICING ETCHED CIRCUIT BOARDS.

5-40. The Model 651B contains two plated-through,

double-sided, etched circuit boards.

When working

on these boards, observe the following rules to pre-
vent damage to the circuit board or components:

a.

C.

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

To remove a component, clip a heat sink
(long nose pliers, commercial heat sink
tweezers, etc.) on the component lead 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.

Ecwnou?

EXCESSIVE OR PROLONGED
HEAT CAN LIFT THE CIRCUIT
FOIL FROM THE BOARD OR
CAUSE DAMAGE TO COMPO-
NENTS.

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.

To mount a new component, shape the leads
and insert them in the holes. Clip a heat
sink on the component, heat with the solder-
ing iron, and add solder as necessary to
obtain a good electrical connection.
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5-41. SERVICING ROTARY SWITCHES. d. After cleaning the switch, apply a light coat
of lubriplate to the switch detent balls. DO
5-42. The Model 651B contains two rotary type NOT apply lubricant to switch contacts or
switches: FREQUENCY RANGE and OUTPUT allow lubricant to contaminate components.
ATTENUATOR. When working on these switches,
observe the following rules: 5-43. SERVICING TUNER ASSEMBLY.
a. Use a low heat (25 to 50 watts) soldering 5-44. When replacing the tuning capacitor, C1, make
iron with a small tip. certain that the tuner coupler and the frequency dial
shaft are aligned to prevent binding of the FRE-
b. When replacing components, attempt to QUENCY Dial or VERNIER control. If necessary,
dress them as nearly to their original align- remove the frequency dial knob, frequency dial, and
ment as possible. loosen the tuner drive assembly (casting and spur
gears) retaining screws; then align tuner coupler and
c. Clean excessive flux from the connection frequency dial shaft. Tighten retaining screws after
and adjoining area. tuner coupler and dial shaft are aligned.

5-12 01810-1
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SECTION VI
CIRCUIT DIAGRAMS

6-1. INTRODUCTION. contain the detailed schematic diagrams as well as

component location drawings of each printed circuit
6-2. This section contains the circuit diagrams board and the two rotary switches.
necessary for operation and maintenance of the
Model 651B. Figure 6-1 is a block diagram which
shows the overall relationship between the basic cir- 6-3. An explanation of terms and symbols used as
cuits of the instrument. Figures 6-2 and 6-3 reference designators is given below.

REFERENCE DESIGNATIONS

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

COMPLETE
ASSEMBLY SUBASSEMBLY COMPONENT DESIGNATION
A2 NONE Q1 A2Q1
A2 A1 R1 A2A1TR1
NONE NONE J1 J1
Assembly
Reference Assembly Assembly Part Numb
Designasion Name (includes A2A1 subassembly) T p——
A A ot m
Plug P2 mounted on Assembly — X B :'iumbly A2 -
or part of the Assembly Board = = =% ]
\ A2 | POWER SUPPLY ASSEMBLY (03460-66501) |
Jack ]2 mounted on Chassis Ji
or another Assembly \ \ " H <
92, (P2 1
R Destination of wire
: | | Qi //Aumbly A3, Jack )3
[ p2 | v2 Pin 4
| | >—a =
Number indicates pin L . = A0S
of P2 and ]2 : | : |
VA |
<€ Subassembly of A2 Pin may or may not
I AI/V ’i/'/ be numbered
[PHOTO-CHOPPER OSCILLATOR | A o

Wire Color: Color code same as resistor
color code. First number indicates base 3 :
color, d ber indentifies wider strip, | on a WHT-RED wire

B el ——1 |
: ; ;Rl ; % / ! ‘\S\ Female pin connector
Male

third number indicates marrower sirip. Eyelet or standoff terminal standoff
Eg. 924, denotes WHT-RED-YEL wire. may or may not be numbered ' pin conmector S—

01810-1 6-1/6-2



Model 651B

0~-0920-RO

,\\SI

“\RI3-R24

AMPLITUDE

DIFF
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: + FEEDBACK
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|
I
|
I
! Q
i I MPEDANCE I
g CONVERTER !
O—ieO——p A2Ql 1
I DIFF EMITTER I
11OMV RMS o AMPLIFIER FOLLOWER :
A2TPI
J /\/
10-12v AT A2-5
AN A
A2CR6,A2CR7 A2TP2
-3 70 —.avoc?
REFERENCE PEAK
BIAS VOLTAGE (FEEDBACK) Ao o A
A2CR5 A2Q7
+30V
REGULATED
POWER
SUPPLY
-25v
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A2Q8,Q9

v

AMPLIFIER

EMITTER
FOLLOWER
A2QI0

FEEDBACK

COMP
SYMMETRY
A2Q11,Ql

OSCILLATOR CIRCUIT —ninndmhmm————————————— = POWER AMPLIFIER m———————

OUTPUT
ATTENUATOR
S2RI-S2RI2

AAA

Section VI

~——NORMAL MONITOR

V

CIRCUIT ===

RECTIFIER
AICR8,CR9

-©

EMITTER
FOLLOWER
AlQs

Figure 6-1.

Block Diagram
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F A2 ASSEMBLY 3
I s o4 T 5 = ;
Q6 Qi2
A
WHT/ORN/GRN
WHT/ORN/ YEL ORN
RED VIO Y
Ll VIO\ r r‘RED
i\ Y (3 ) 0
cl o6 [Rad)
‘l—\ (8] EI ) T %‘: ]
RIO = f? clq
Q o] cs
— 16| ¢ % ‘ e c
. E il cz2
= ==y -
108 (L=
oTr2 (R3]
E ~ [CRY) D
o — [RZ20]
d By "L BE = -
R26 0 9 mn [cz0]
o Y= .
L2 |
WHT/BRN/GRN T
F
Q4 Q5 Qio Qll 6524- 8-0828
A2 ASSEMBLY
COMPONENT LOCATIONS o
C|CR|[L|Q|R R
1 |B1 | p2|B2 |c1|c1]|25 | D3
2|c1 | p2|E2 |D1|C1)26 | ES
3 [p2 | D2 pi | E1]27 | E2
4 |ca | c2 F1lcilzs | --- A2 ASSEMBLY WIRE COLORS
BOTTOM)
5 | c2 | D3 F2 (c1]2 | c5 [
6 | B3 D3 A2lcilso | cs PIN NO. | WIRE COLOR
7|cs | c3 E3 | D131 | C5 9 WHITE
8 |cs | D3 D5 | D1 |82 | --- 10 BLACK
9 | D4 | D3 D5 | D1 ]33 | c5 1 WHT/ORN
10 | D4 F5 | c2 |34 | D5 12 BLACK
i 11 | D2 F6 | D2 |35 | D5 13 ORANGE
12 | D8 A5 | c2 |36 | ce 14 WHT/YEL
13 | C5 ca |37 | E7 15 RED
14 | c1 D2 |38 | E6 16 WHT/YEL
15 | D7 c2 |30 | E6 17 BLACK
16 | B8 c3 |40 | Bs 18 WHT/BLK
17 | E3 c3 |41 | B6 19 Bf;l{l-:
18 | D6 c3 |42 | BS 20 Gl
19 | D8 D3 |43 | B7 =
20 | E7 D4 | 44 | B7
21 | E1 E5 |45 | BS
22 | c1 Ed
23 | E4 D3
24 | cs D3
6-4. p/o Figure 6-2. Oscillator Circuit 01810-1
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r RANGE B

R R22 %

LEAD TO R23
c8 N

& <l A\\ A
10 J" S, ,}—,’. < 2
(c1 UNDER c2) %2 @’)% 7 \' i

Cll

C5
(C6 UNDER C5)

c4
(C3 UNDER C4)

A2 SCHEMATIC
COMPONENT LOCATIONS

CICR|IL]QIR R
1 | H14 | E15 |G16| F12 [ F11] 25 | D17
2 | D13 | F15 | E16| F14 |G12| 26 | C18
I'I[s 3 F16 F15 Gl4 |J15 ) 27 D16
4|56 | G15 El15 [Gl4] 28 | ---
1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. PREFIX WITH ASSEMBLY
OR SUBASSEMBLY DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNA TION. 5|F8| G18 F16 |H14) 29 | F20
6| F7|Hs8 G16 |H14 | 30 | H19
2. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE NOTED.
|38 | B7 F18 | F14] 31 | c20
RESISTANCE IN OHMS 8|J9| F18 F20 |[D14] 32 | ---
CAPACITANCE IN MICROFARADS o lJdn F18 G20 | D14 33 G20
5 - DENOTES ASSEMBLY. 10 (J 8 E21 |HI5| 34 | D20
11 | G17 F22 [F16] 35 | F21
4. DENOTES MAIN SIGNAL PATH.
12 | c18 c22 |Gi6| 38 | H21
5. DENOTES FEEDBACK PATH. 13 | c17 J12137 | c23
6. [____] DENOTES FRONT PANEL MARKING. 14 | J22 D 7)38 | F22
5 | J23 E 7|39 | F23
7. WM™ DENOTES SCREWDRIVER ADJUST. 1
16 | H19 F17]|40 | G23
8. (O DENOTES FRONT PANEL CONTROL. 11 | p1o c1la | s
9. = DENOTES CHASSIS GROUND. 18 | G22 G17)42 | G23
2 H10| 43 | g2
10.\/ DENOTES CIRCUIT GROUND. i) e
20 | p23 H 8|44 | H2
11. ¥ AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT FACTORY. 21 | D14 7 8las | w22
12. @ DENOTES GROUND CONNECTION MADE WITH ASSEMBLY MOUNTING 22 | F23 H17
SCREWS IN PLACE. 23 | J17 G17
13. _Q DENOTES SHIELDING BEAD. 24 | G23 E17
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1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. PREFIX
WITH ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTH
FOR COMPLETE DESIGNATION.

COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHER-
WISE NOTED.

RESISTANCE IN OHMS

CAPACITANCE IN MICROFARADS

DENOTES ASSEMBLY.
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= DENOTES CHASSIS GROUND.
. \/ DENOTES CIRCUIT GROUND.

10.(/) DENOTES GROUND CONNECTION MADE WITH ASSEMBLY
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Model 651B

Section VII

SECTION VII
REPLACEABLE PARTS

7-1. INTRODUCTION.

7-2. This section contains information for ordering
replacement parts. Table 7-1 lists parts in alpha-
meric order of their reference designators and indi-
cates the description, -hp- part number of each part,
together with any applicable notes, and provides the
following:

a. Total quantity used in the instrument (TQ
column). The total quantity of a part isgiven
the first time the part number appears.

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

tions below. )

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

d. Manufacturer's part number.

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

7-4. ORDERING INFORMATION.
7-5. To obtain replacement parts, address order or
inquiry to your local Hewlett-Packard Field Office.
(See Appendix B for list of office locations.) Identify
parts by their Hewlett- Packard part numbers. Include
instrument model and serial numbers.
7-6. NON-LISTED PARTS.
T7-T7. To obtain a part that is not listed, include:

a. Instrument model number.

b. Instrument serial number.

c. Description of the part.

d. Function and location of the part.

DESIGNATORS
A = assembly F = fuse P = plug ' = vacuum tube, neon
B = motor FL = filter Q = transistor bulb, photocell etc.
BT = battery HR = heater QCR = transistor-diode w = cable
C = capacitor J = jack R = resistor X =g ket
CR = diode K = relay RT = thermistor XDS K lsoc (;1 Ider
DL = delay line L = inductor S = switch o = ‘anu; (:d e
DS = lamp M = meter T = transformer =aURahaIaey
E = misc electronic part MP = mechanical part TC = thermocouple Z = network
ABBRE VIATIONS
Ag = silver D = inside diameter ns = nanosecond (s) = 10'9 SPDT = single-pole double-
Al = aluminum impg = impregnated nsr = not separately replace- throw
amp = ampere (s) incd = incandescent able SPST = single-pole single-
Au = gold ins = insulation (ed) throw
C = capacitor o _ 10?3 obd = order by description Ta = tantalum
cer = ceramic S = kilohm (s) = 10 +3 oD = outside diameter TiO, = titanium dioxide
coef = coefficient Ke = kiloycycle (s) = 10
com = common p = peak tog = toggle
: = printed circuit tol = tolerance
comp = composition L = inductor pe print 2 tri = trl
conn = connection lin = linear taper of = picofarad (s) = 107} 1‘:5%‘ = :r m"i""l"
cps = cycles per second log = logarithmic taper piv = peak inverse voltage = transistor
/ = = volt (s)
d - d t X p/o part of v Vo
D?DT L dgﬁf;-‘;l Sdotles m = milli = 10 S pos = position (s) vacw = alternating current
throw ma = milliampere (s) = 10™° poly = polystyrene working volt (s)
DPST = double-pole single- +6 pot = potentiometer var = variable
Mc = megacycle (s) = 10 p-p = peak-to-peak vdcw = direct current working
throw +6 prec = preclsio:(lempera(ure volt (s)
elect = electrolytic $§:" flm z ::E:lh?i]lr(r?) =10 coefficient, long term
encap = encapsulated mfr = manufacturer :‘:a!::clg)y' and/or tol- :/ f :;(1: ®
f = farad (s mt = mounti =
FET = field e(ff)ect transistor ¢ > -6 wly = reverse working voltage
= n = micro =_10 w/o = without
fxd = fixed R = resistor B nd
GaA = my = Mylar Rh = rhodium we =W ewon
B =@l Sresaide -9 rms = root-mean-square
Ge = glgacycle (8) = 10*9 na = nanoampere (s) = 10 ok : rotary a4 * = optimum value selected
gd = guard (ed) NC = normally closed at factory, average
Ge = germanium Ne = neon value shown (part may
grd = ground (ed) NO = normally open Se = selenium be omitted)
NPO = negative positive zero sect = section (s) o = no standard type num-
h = henry (ies) (zero temperature co- Si = silicon ber assigned (selected
Hg = mercury efficient) sl = glide or special type)

. ® Dupont de Nemours

01810-1
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Section VII Model 651B
Table 7-1. Replaceable Parts (Cont'd)

REFERENCE -hp-

DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.

Al 00652-66502 1 Pc board: power supply 28480 | 00652-66502

A1C1 Not assigned

Al1C2 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 uF +100% -10% 60 vdew 56289 | (Type 30D) D36978

A1C4 Not assigned

A1C5 0180-0045 C: fxd Al elect 20 uF +75% -10% 25 vdew 56289 | 30D206G025 DB2-
DSM

Al1C6 0180-0149 C: fxd Al elect 65 uF +100% -10% 60 vdew 56289 | (Type 30D) D36978

Al1CT7, A1C8 Not assigned

Al1C9 0150-0084 4 | C: fxd cer 0.1 pF +80% -20% 50 vdew 56289 | 33C41 obd

Al1C10 0180-0061 3 | C: fxd Al elect 100 pF +75% -10% 15 vdew 56289 | 30D107G015DC2-
DSM

AlC11 0180-0062 3 | C: fxd Al elect 300 uF +75% -10% 6 vdew 56289 | 30D307GO06DF2-
DSM

A1C12, Al1C13 0180-0058 2 | C: fxd Al elect 50 pF +75% -10% 25 vdew 56289 | 30D506G025CC2-
DSM

Al1C14 0180-0061 C: fxd Al elect 100 pF +75% -10% 15 vdew 56289 | 30D107G015DC2-
DSM

A1C15 0121-0127 3 | C: var air 1.7to 14.1 pF 74970 | 189-505-5

Al1C16 0180-0284 2 | C: fxd Al elect 200 pF +75% -10% 30 vdcw 56289 | D38559

A1C17, Al1C18 0180-0149 C: fxd Al elect 65 uF +100% -10% 60 vdew 56289 | (Type 30D) D36978

A1CRI1 thru 1901-0026 4 | Diode: Si 200 piv 04713 | SR 1358-8 obd

A1CR4

A1CR5 1902-0045 1 | Diode: breakdown 7.32 V +2% 400 mW glass | 07263 | obd

A1CR6, AICR7 1901-0025 10 | Diode: Si 100 mA at +1V 100 piv 12 pF 03877 | SG 917 obd

A1CR8, AICR9 1901-0027 2 | Diode: Si 1N4392 1 pF 10 wiv 0.5 ns 73293 | obd

A1CR10, 1901-0025 Diode: Si 100 mA at +1V 100 piv 12 pF 03877 | SG 817 obd

A1CRI11

Al1Q1 Not assigned

A1Q2 1850-0107 2 | TSTR: Ge PNP 2N398A 04713 | 2N398A

A1Q3 1853-0036 3 | TSTR: Si PNP 2N3906 04713 | 2N3906

Al1Q4 Not assigned

A1Q5 1850-0107 TSTR: Ge PNP 2N398A 04713 | 2N398A

A1Q6, A1QT7 1853-0036 TSTR: Si PNP 2N3906 04713 | 2N3906

A1Q8 1854-0218 2 | TSTR: Si NPN 2N3393 24446 | 2N3393

Al1Q9 1854-0042 3 | TSTR: Si NPN SM1570 04713 | SM1570

AlR1 0683-3925 4 | R: fxd comp 3900Q +5% 1/4 W 01121 | CB3925

A1R2 0686-7525 1| R: fxd comp 75009 +5% 1/2 W 01121 | EB7525

A1R3 0687-3921 1| R: fxd comp 39009 £10% 1/2 W 01121 | EB3921

Al1R4 2100-0090 1 | R: var comp lin 2002 +30% 0.15 W 71450 | UPM-TORE (-hp-)

obd

A1R5* 0683-7525 1| R: fxd comp 750002 +5% 1/4 W 01121 | CBT7525

A1R6 0683-3025 1| R: fxd comp 300092 5% 1/4 W 01121 | CB3025

AIRT 0683-3925 R: fxd comp 39000 +5% 1/4 W 01121 | CB3925

A1RS8 0687-1531 1| R: fxd comp 15 KQ £10% 1/2 W 01121 | EBI1531

A1R9 0689-0915 2 | R: fxd comp carbon 9100Q +5% 1 W 01121 | GB91G5

A1R10 0683-8215 1 | R: fxd comp 82092 +5% 1/4 W 01121 | CB8215

Al1R11 0683-4335 2| R: fxd comp 43 KQ 5% 1/4 W 01121 | CB4335

AlR12 0757-0039 1| R: fxd met flm 50309 +1% 1/2 W 75042 | CEC T-O obd

A1R13* 0683-3915 2| R: fxd comp 3909 +5% 1/4 W 01121 | CB3915

AlR14 0757-1013 1| R: fxd met flm 60009 +1% 1/2 W 75042 | CEC T-O obd

A1R15 0689-0915 R: fxd comp carbon 91009 +5% 1 W 01121 | GB91G5

AlR16 Not assigned

A1R17 0684-1001 1| R: fxd comp 102 £10% 1/4 W 01121 | CB1001

A1R18, A1R19 0683-2025 3| R: fxd comp 20000 +5% 1/4 W 01121 | CB2025

A1R20 0683-3935 2 | R: fxd comp 39 KQ +5% 1/4 W 01121 | CB3935

Al1R21

Not assigned

-4

01810-1



Model 651B Section VII
Table 7-1. Replaceable Parts (Cont'd)
REFERENCE -hp- .
DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
A1R22* 0683-1025 4 R: fxd comp 10002 +5% 1/4 W 01121 CB1025
A1R23 2100-0282 1 | R: var ww 20009 +20% 1-1/2 W 11236 | 110 obd
AlR24 0687-1031 1 R: fxd comp 10 KQ £10%1/2 W 01121 EB1031 obd
Al1R25 0684-1011 2 | R: fxd comp 1002 +10% 1/4 W 01121 CB1011
A1R26 0683-1535 1 R: fxd comp 15 KQ +5% 1/4 W 01121 CB1535
Al1R27 0698-0026 1 | R: fxd met flm 16902 +1% 1/2 W 19701 | MF7C T-O  obd
Al1R28 0683-5115 1 R: fxd comp 510Q +5% 1/4 W 01121 CB5115
AlR29, 0683-3925 R: fxd comp 39009 +5% 1/4 W 01121 CB3925
A1R30
A2 00652-66501 1 | Pc board: oscillator amplifier 28480 | 00652-66501
A2C1 0180-0061 C: fxd Al elect 100 uF +75% -10% 15 vdew 56289 30D107G015DC2-
DSM
A2C2 0180-0284 C: fxd Al elect 200 uF +75% -10% 30 vdcw 56289 | D38559
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 puF +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 vdcw 56289 | 30D307G006DF2-
DSM
A2C9 0180-0076 1 C: fxd elect 20 uF 25 vdew 56289 | 40D206G025DC6-
DST
A2C10 0150-0084 C: fxd cer 0.1 puF +80% -20% 50 vdew 56289 | 33C41 obd
A2C11 0180-0060 1 C: fxd Al elect 200 uF +75% -10% 3 vdew 56289 | 30D207G003CC2-
DSM
A2C12 0180-0063 1 C: fxd Al elect 500 uF +75% -10% 3 vdcw 56289 | 30D507G003DF2-
DSM
A2C13 0180-0039 1 C: fxd Al elect 100 uF +75% -10% 12 vdew 56289 | 30D107G012CC2-
DSM
A2C14 0121-0127 C: var air 1.7to 14.1 pF 74970 189-505-5
A2C15 0180-0062 C: fxd Al elect 300 uF +75% -10% 6 vdcw 56289 | 30D307G006DF2-
DSM
A2C16, 0180-0101 4 | C: fxd Ta 1.8 puF +10% 35 vdew 56289 150D185X9035B2
A2C17
A2C18 0180-0306 1 C: fxd Al elect 300 uF +100% -10% 15 vdew 56289 | 34D307THO15FJ4
A2C19 0180-0307 1 C: fxd Al elect 500 uF +100% -10% 15 vdcw 56289 | 34D50THO15FJ4
A2C20 0180-0101 C: fxd Ta 1.8 uF +10% 35 vdew 56289 150D185X9035B2
A2C21* 0150-0042 1 C: fxd TiOg 4.7 pF +5% 500 vdew 78488 | Type GA obd
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% 500 vdew 78488 | Type GA obd
A2CR1 1902-0046 1 | Diode: breakdown 7.15V £10% 400 mW 04713 10939-139 obd
A2CR2 thru 1901-0025 Diode: Si 100 mA at +1V 100 piv 12 pF 03877 | SG-817
A2CR4
A2CR5 1901-0778 1 Diode: breakdown 7.87V +2% 07910 | obd
A2CRS6, 1910-0016 3 | Diode: Ge 60 wiv 03877 | S3185G obd
A2CR"7
A2CRS, 1901-0040 2 | Diode: Si 03877 | SG-5050
A2CR9
A2L1*, A2L2* 9170-0016 b | Bead: shielding 02114 56-590-65/3B
A2Q1 1855-0004 1 TSTR: P FET channel 17856 U112 obd
A2Q2 1854-0042 TSTR: Si NPN SM1570 04713 SM1570
A2Q3 1853-0046 1 TSTR: Si PNP 2N3250 04713 2N3250
A2Q4, A2Q5 1854-0053 4 | TSTR: Si NPN 2N2218 04713 | 2N2218
A2Q6 1853-0012 2 | TSTR: Si PNP 2N2904A 04713 2N2904A
A2Q17 1854-0218 TSTR: Si NPN 2N3393 24446 2N3393
A2Q8 1854-0042 TSTR: Si NPN SM1570 04713 SM1570
A2Q9 . 1853-0007 1 TSTR: Si PNP 2N3251 04713 2N3251
A2Q10, A2Q11 1854-0053 TSTR: Si NPN 2N2218 04713 | 2N2218
01810-1 7-5
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Section VII Model 651B

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

REFERENCE -hp-

DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
A2Q12 1853-0012 TSTR: Si PNP 2N2904A 04713 2N2904A
A2R1 0687-1021 1 | R: fxd comp 10002 +10% 1/2 W 01121 | EB1021
A2R2 0683-6225 1 R: fxd comp 62002 +5%1/4W 01121 CB6225
A2R3 0683-4335 R: fxd comp 43 KQ 5% 1/4 W 01121 CB4335
A2R4 0683-1025 R: fxd comp 10009 +5%1/4 W 01121 | CB1025
A2R5 0684-1221 1 R: fxd comp 12009 +10%1/4 W 01121 CB1221
A2R6 0683-9105 1 R: fxd comp 91Q 5% 1/4 W 01121 | CB9105
A2RT* 0683-2005 1 | R: fxd comp 2092 +5% 1/4 W 01121 CB2005
A2R8, A2R9 0686-1025 2 | R: fxd comp 10009 +5%1/2W 01121 EB1025
A2R10 0693-8211 1 | R: fxd comp carbon 8209 +10% 2 W 01121 | HB8211
A2R11, A2R12 0686-1305 3 R: fxd comp 139 +5%1/2W 01121 EB1305
A2R13 0687-1001 2 | R: fxd comp 102 +10% 1/2 w 01121 | EB1001
A2R14 0757-0739 2 | R: fxd met flm 2000Q +1% 1/4 W 19701 | MF6C T-O obd
A2R15 0757-0736 1 | R: fxd met flm 150092 +1% 1/4 W 19701 | MF6C T-O obd
A2R16* 0757-1090 1 | R: fxd met flm 261Q +1%1/2 W 75042 | CEC T-O obd
A2R17 2100-0108 1 R: var comp lin 1009 +30%0.15 W 71450 | UPM-65CV  obd
A2R18* 0684-1011 R: fxd comp 10092 +10% 1/4 W 01121 | CB1011
A2R19 0683-2035 1 | R: fxd comp 20 KQ 5% 1/4 W 01121 CB2035
A2R20 0683-0275 5 | R: fxd comp 2.7Q +5%1/4 W 01121 CB27G5
A2R21 0684-1031 4 | R: fxd comp 10 KQ +10%1/4W 01121 | CB1031
A2R22 0757-0739 R: fxd met flm 2000Q +1%1/4 W 19701 | MF6C T-O obd
A2R23 0683-4705 1 | R: fxd comp 472 +5% 1/4 W 01121 | CB4705
A2R24* 0683-1025 R: fxd comp 10009 +5%1/4 W 01121 | CB1025
A2R25 0757-0757 2 | R: fxd met flm 15 KQ +1%1/4 W 19701 | MF6C T-O obd
A2R26 0687-1001 R: fxd comp 10Q +10% 1/2 W 01121 | EB1001
A2R27 0683-0275 R: fxd comp 2.7Q +5% 1/4 W 01121 | CB27G5
A2R28 0757-0500 R: fxd comp 30.1Q +1%91/4 W 19701 | MF6C T-O obd
A2R29* 0684-1511 1 | R: fxd comp 1509 +10% 1/4W 01121 | CB1511
A2R30 0683-3935 R: fxd comp 39 KQ +5% 1/4 W 01121 | CB3935
A2R31 0683-8235 1 | R: fxd comp 82 KQ +5% 1/4 W 01121 | CB8235
A2R32 Not assigned
A2R33 0684-1521 2 | R: fxd comp 15009 +10% 1/4 W 01121 | CB1521
A2R34 0686-2025 1 | R: fxd comp 20002 +5% 1/2 W 01121 | EB2025
A2R35 0689-4315 1 | R: fxd comp carbon 430Q +5% 1 W 01121 | GB4315
A2R36 0693-6811 1 | R: fxd comp carbon 680Q +10% 2 W 01121 | HB6811
A2R37,

A2R38 0683-0275 R: 't'xd comp 2.7Q +5%1/4 W 01121 | CB27G5
A2R39,

A2R40 0757-1012 2 | R: fxd met flm 1002 +0.25%1/2 W 75042 | CEC T-O obd
A2R41 0683-3615 1 | R: fxd comp 3602 +5% 1/4 W 01121 | CB3615
A2R42, 0683-1025 R: fxd comp 10009 +5%1/4 W 01121 CB1025

A2R43
A2R44 0683-0275 R: fxd comp 2.7Q +5% 1/4 W 01121 | CB27G5
A2R45 0757-0500 1 | R: fxd met flm 30.1Q2 +1%1/4 W 75042 | CEB T-O obd
C1A thru C1C 0121-0018 1 | C: var air 3-sect 14. 75 pF to 617.75 pF 28480 | 0121-0018
Cc2 0150-0014 2 | C: fxd cer 0.005 uF 500 vdew 04222 | D1-4 obd
C3, C4 0150-0005 2 | ¢: fxd cer 1000 pF +20% 500 vdew 04222 | Type CFS-1 obd
C5, C6 0180-0047 2 | C: fxd Al elect 500 pF 75 vdew 56289 | D32443 obd
(2 | 0150-0014 C: fxd cer 0.005 pF 500 vdew 04222 | D1-4 obd
DS1 2140-0015 1 | Lamp: neon T-2 bulb NE2H 24446 | obd

5040-0234 1 | Pilot light: jewel 28480 | 5040-0234
5040-0235 1 | Pilot light: base 28480 | 5040-0235

Fl 2110-0019 1 | Fuse: 0.4 A slow-blow 125 V 75915 | 313.400 obd
L1 thru L4 9140-0029 4 | Coil: radio frequency 100 pH 99848 | 3100-15-101
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Model 651B

Section VII

Table 7-1. Replaceable Parts (Cont'd)
gggﬁ%ﬁ’}%ﬁ pAR}? NO. TQ DESCRIPTION MFR. | MFR. PART NO.
M1 (Std. )inst. 1120-0924 1 Meter 55026 | 1332 obd
only
M1 (Opt.0lonly) 1120-0925 1 Meter 55026 | 1332 obd
M1 (Opt.02o0nly) 1120-0926 1 Meter 55026 | 1332 obd
MP1 1500-0002 2 Yoke: flexible coupler 76487 | Single yoke portion
of 39006 coupler
MP2 5040-0212 1 Insulator: flexible coupling 28480 | 5040-0212
MP3 5060-0021 1 Gear assembly 28480 | 5060-0021
MP4 5000-0637 1 Spring: thrust 28480 | 5000-0637
MP5 5060-0020 1 Gear assembly 28480 | 5060-0020
MP6 5020-0233 1 Collar 28480 | 5020-0233
MP7 5020-0348 1 Shaft 28480 | 5020-0348
MP8 5020-0641 1 Shaft: spur gear 28480 | 5020-0641
MP9 5020-0639 1 Casting: Capacitor drive assembly 28480 | 5020-0639
MP10 5020-0630 1 Hub: dial 28480 | 5020-0630
MP11 5040-0607 1 Disc assembly: vernier drive 28480 | 5040-0607
MP12 00651-00102 1 Plate: capacitor 28480 | 00651-00102
MP13 5040-0631 2 Bracket: capacitor mount 28480 | 5040-0631
MP14 1200-0043 2 Insulator: TSTR mounting 000LB| 293011 obd
MP15 1400-0084 1 Holder: fuse extractor post type for single | 75915 | 342014 obd
3 AG cartridge fuse
MP16 00651-05503 1 Shield: filter 28480 | 00651-05503
MP17 00652-05506 1 Shield: separates board 28480 | 00652-05506
MP18 1205-0008 6 Body: heat sink 13103 | 1101-24-2
MP19 00652-04101 1 Plate: cover over A2 board 28480 | 00652-04101
MP20 00651-05501 1 Shield: power over switch 28480 | 00651-05501
MP21 0370-0025 1 Knob: round black vernier 28480 | 0370-0025
MP22 0370-0026 2 Knob: round black 28480 | 0370-0026
MP23 00651-05504 1 Shield: outer cover 28480 | 00651-05504
MP24 5040-0685 1 Bezel: meter window 28480 | 5040-0685
MP25 0370-0112 2 Knob: bar skirted black 28480 | 0370-0112
MP26 61B-40D-4 1 Plate: frequency dial 28480 | 61B-40D-4
MP27 0370-0160 1 Knob: round black dial 28480 | 0370-0160
MP28 5040-0642 1 Indicator: dial 28480 | 5040-0642
MP29 00651-04001 1 Dial 28480 | 00651-04401
MP30 5060-0739 1 Cover assembly: top 11" long 28480 | 5060-0739
Attaching
Hardware: 2370-0013 2 Screw: machine 73076 | obd
0510-0075 2 Nut: sheet metal 78553 | C11351-632-24B
MP31 00651-00202 1 Panel: rear 28480 | 00651-00202
MP32 5060-0731 2 Frame assembly: 5 x 11 full module 28480 | 5060-0731
MP33 5060-0766 2 Retainer: handle 5' high 28480 | 5060-0766
Attaching ‘
Hardware: 2515-0017 2 Screw: machine 77250 | obd
MP34 5000-0732 2 Cover: side rear 5 x 11 full module 28480 | 5000-0732
Attaching
Hardware: 2370-0016 2 Screw: machine 80120 | obd
MP35 5000-0733 2 Cover: side front 5 x 11 full module 28480 | 5000-0733
Attaching
Hardware: 2370-0016 2 Screw: machine 80120 | obd
MP36 5060-0222 2 Handle assembly: 5" high side 28480 | 5060-0222
MP37 5000-0051 2 Cabinet trim 28480 | 5000-0051
MP38 1490-0030 1 Stand: tilt stainless steel rod 91260 | obd
MP39 5060-0767 5 Foot assembly: full module 28480 | 5060-0767
MP40 5060-0751 1 Cover assembly: bottom 11" long 28480 | 5060-0751
Attaching
Hardware: 2370-0013 2 Screw: machine 73076 | obd
0510-0075 2 Nut: sheet metal 78553 | C11351-632-24B
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Section VII Model 651B
Table 7-1. Replaceable Parts (Cont'd)

REFERENCE -hp-

DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.

MP41 (Std. inst. | 00651-00205 1§ Panel: front 28480 | 00651-00205
only)

MP41 (Opt. 01 00651-00206 1 Panel: front 28480 | 00651-00206
only)

MP41 (Opt. 02 00651-00207 1 Panel: front 28480 | 00651-00207
only)

Q1, Q2 1850-0098 2 TSTR: Ge PNP* 28480 | 1850-0098

R1 0684-3331 1 R: fxd comp 33 KQ +10% 1/4 W 01121 | CB3331

R2 2100-0732 1 R: var lin comp 5009 2-1/4 W 01121 | Type J obd

R3 2100-0079 1 R: var lin comp 240Q +10% 2-1/4 W 01121 | Typed obd

R4 0766-0029 1 R: fxd met oxide 10Q +2% 3 W 07115 | LPI-3 obd

S1 00651-61901 1 Switch assembly: range 28480 | 00651-61901

S1C1 0140-0040 1 C: fxd mica 75 pF 5% 04062 | RCM 15E 750J

s1c2 0130-0006 3 C: var cer 5 to 20 pF 72982 | 503 000 B2PO28R

S1C3 0140-0032 1 C: fxd mica 47 pF +10% 04062 | RCM 15F 470K

s1c4 0130-0001 1 C: var cer 7 to 45 pF 72982 | 503-000-D2PO-33R

S1C5 0130-0006 C: var cer 5 to 20 pF 72982 | 503 000 B2PO28R

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

S1C8 0140-0001 1 C: fxd mica 5 pF +20% 04062 | RCM15C050M

S1C9, S1C10 0130-0003 2 C: var cer 1.5to 7 pF 72982 | 503-000 COPO-10R

S1C11 0150-0046 1 C: fxd 0.68 pF +5% 500 vdew 78488 | Type GA obd

S1C12 0150-0029 1 C: fxd 1 pF £10% 500 vdew 78488 | Type GA obd

S1C13 0150-0031 1 C: fxd 2 pF 5% 500 vdew 78488 | Type GA obd

S1IR1* 0686-5645 1 R: fxd comp 560 KQ +5% 1/2 W 01121 | EB5645

S1R2 0730-0145 1 R: fxd carbon flm 12 MQ +1% 1 W 91637 | DC-1 obd

S1R3* 0686-3935 1 R: fxd comp 39 KQ +5% 1/2 W 01121 | EB3935

S1R4 0757-0983 1 R: fxd met flm 1.23 MQ 1% 1/2 W 75042 | CEC T-O obd

S1IR5* 0686-3925 1 R: fxd comp 39009 +5% 1/2 W 01121 | EB3925

S1R6 0757-0981 1 R: fxd met flm 123 KQ +1% 1/2 W 75042 | CEC T-O obd

SIRT* 0686-4315 1 R: fxd comp 4309 +5% 1/2 W 01121 | EB4315

SIR8 0757-0042 1 R: fxd met flm 12.3 KQ +1% 1/2 W 75042 | CEC T-O obd

SIR9* 0686-1305 R: fxd comp 13Q +5% 1/2 W 01121 | EB1305

S1R10 0757-0821 1 R: fxd met flm 12100 +1% 1/2 W 75042 | CEC T-O obd

SIR11* 0686-2005 1 R: fxd comp 209 +5% 1/2 W 01121 | EB2005

S1R12 0757-0198 1 R: fxd met flm 100Q +1% 1/2 W 19701 | MF7C T-O obd

S1R13 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 | EBI1855

S1R15 0757-1017 1 R: fxd met flm 2.45 MQ 1% 1/2 W 75042 | CEC T-O obd

S1IR16* 0686-1245 1 R: fxd comp 120 KQ +5% 1/2 W 01121 | EB1245

S1R17 0757-0982 1 R: fxd met flm 245 KQ +1% 1/2 W 75042 | CEC T-O obd

S1R18* 0686-1235 1 R: fxd comp 12 KQ 5% 1/2 W 01121 | EBI1235

S1R19 0757-1014 1 R: fxd met flm 24.5 KQ +1% 1/2 W 75042 | CEC T-O obd

S1R20* 0686-1125 1 R: fxd comp 11009 +5% 1/2 W 01121 | EB1125

S1R21 0757-0038 1 R: fxd met flm 25109 +1% 1/2 W 75042 | CEC T-O obd

S1R22* 0686-1115 1 R: fxd comp 1109 +5% 1/2 W 01121 | EBI1115

S1R23 0757-0980 1 R: fxd met flm 225Q +1% 1/2 W 75042 | CEC T-O obd

S1R24* 0686-3005 1 R: fxd comp 309 +5% 1/2 W 01121 | EB3005

S2 (Std. inst. 00651-63401 1 Attenuator Assembly for standard instru- 28480 | 00651-63401

and Opt. 01 ment and Opt. 01 only, includes R1
only) through R13. )
S2 (Opt. 02 only)| 00651-63402 Attenuator Assembly for Opt. 02 only, 28480 | 00651-63402
includes R1 through R14.
S2R1, S2R2 0757-1009 2 R: fxd met flm 790Q £0.25% 1/2 W 75042 | CEC T-O obd
S2R3 0757-1008 1 R: fxd met flm 247.5Q +0.25% 1/2 W 75042 | CEC T-O obd
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Model 651B

Section VII

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

REFERENCE -hp-

DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
S2R4 0757-1006 1 R: fxd met flm 71. 159 20.25% 1/2 W 75042 | CEC T-O obd
S2R5 thru 0757-1004 1 R: fxd met flm 53.27Q £0.25% 1/2 W 75042 | CEC T-O obd

S2R8

S2R9, S2R10 0757-1005 2 R: fxd met flm 61.11Q £0.25% 1/2 W 75042 | CEC T-O obd
S2R11, S2R12 0757-1007 2 R: fxd met flm 96.25Q +0.25% 1/2 W 75042 | CEC T-O obd
S2R13 0757-1016 1 R: fxd met flm 5509 £0.25% 1/2 W 75042 | CEC T-O obd
S2R14 (Opt. 02 0757-1025 1 R: fxd prec met flm 25.0Q +1% 1/4 W 19701 | MF6CT-O  obd

only)

S3 3101-0036 1 Switch: toggle power SPST 88140 | 8928K61
S4 3101-0033 1 Switch: slide DPDT 115/230 V 79727 | G:-326 obd
T1 9100-0294 1 Transformer 28480 | 9100-0294
w1 00651-61603 1 Cable: main 28480 | 00651-61603
w2 00651-61604 1 Cable: power 28480 | 00651-61604
w3 00651-61602 1 Cable assembly: attenuator input 28480 | 00651-61602
W4, W5 00651-61601 2 Cable assembly: attenuator output 28480 | 00651-61601

MISCELLANEOUS
8120-0078 1 Cord: power 7.5 feet 70903 | KH-4147 obd
00651-90004 1 Manual: operating and service 28480 | 00651-90004
01810-1 7-9



Appendix A

APPENDIX
CODE LIST OF MANUFACTURERS (Sheet 1 of 2)

Model 651B

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code)
and H4-2 (Code to Name) and their latest sup:lemen‘h. The date of revision and the date of the supplements used appear at

the bottom of each page. Alphabetical codes

00136
00213
003
00335
00373

00634
00773
oo
00815

00853

00891
ozl
01288
o281
01298

o138
01561

un

2
w73
um

L
0480

4

05347
05593
05616

05624
osne

05728

08783
05020
05004
1)
05402
%478
06540

06555
06751

06812
cioss

Monufocturer Address

Any supplier of U.S.
Moent Holly Springs, Pa.

U.S.A. Commen
NcCoy Electronics
Sage Electronics Corp.
Humidail Co.
Westres Corp.
Garlock Packing Co.,
Electronic Products Div.
Aerovex Corp. 5 3
Amp, Inc, Harrisberg, Pa.
Ancraft Radio Corp. Bosaton, N.J.
Northern Engineering Laboratocies, Inc.

New Bedford

Burlingten, Wis,
Sangamo Electric Company,

Ordill Divisien (Capaciters) Marion, 11,
Goe Engimeering Co. Los Angeles, Calil,
Catl E, Holmes Corp. Los Angeles, Calif,
Allen Bradiey Co. Vilwackee, Wis.
Litton Indestries, Inc. Beverly Hills, Calif,
TRY Semiconductors lnc. Lawndale, Calif.
Tenas lostruments, Inc.

Transister Products Div. Daltas, Texas
The Alliaace Wiy, Co. Alliasce, Ohie
Chassi-Teak Corp. Indiasapelis, Ind.
Pacitic Relays, lnc, Van Neys, Calit,
Amerock Corp Rocktord, 111,
Pulse Engineering Co. Sasta Clara, Calit,
Ferroxcube Corp. of America  Saugerties, N.Y.
Cole Nfg. Co. Palo Alto, Calif,
Anghesol-Borg Electronics Corp, Chicage, IIl,

Racio Corp. of America, Semiconductor

nd Matenals Div. Somerville, N.J.
Yocaline Co. of America, lac.
01¢ Saybreak, Cona.
Hoghing Engineeriag Co, San Fernando, Calif.
G.E. Semiconductor Products Depl. Syracuse, N.Y.

Apex Machine & Tool Co. Daytoa, Obio
Eldema Corp. El Moate, Calif,
Transitroe Electronic Corp. Wakelield, Mass,
Pytofilm Resistor Co. Mortistown, N.J.
Alr Marine Moters, Inc. Los Angeles, Calif,
Artow, Mart and Hegeman Elect, Co.
Hartford, Comn,
Taurus Catp. Lanbertville, N. ).
Elmenco Products Co. New York, MY,
Hi-Q Division of Aerovox Myitle Beach, 5.C.
Elgn Natieaal Watch Co,
Electronics Division Burbaak, Calit,
Precision Paper Tube Co. Chicago, NI,

Dymec Division of Hewlett-Packard Co.
Palo Alte, Calit,
Sylvania Electric Prods., Inc.
Electronic Tobe Div.  Mowetain View, Calif.
Moterola, Inc., Semiconducter Prod. Div.
Phoenix, Arizona
Filtron Ca., Inc., Westetn Div. Calver City, Calif,

Astomatic Electric Co. Northlake, 11
Astomatic Electric Sales Corp. Northlake, 111,
Sequoia Wire & Cable Co.  Redwoed City, Calif,
Precision Coil Spring Co, El Monte, Calit,
P. M. Moter Company Chicago &4, IIl,
Tweatieth Centery Plastics, Inc.

Los Angeles, Calif,
Westingnouse Electric Corp.,

Semi-Conductor Dest. Youngwood, Pa.
Ultronin, Inc. San Mateo, Calif,
Illgmitronic Engineering Co. Sennyvale, Calil,
Cosmo Plastic
(¢ ¢ Etectrical Spec. Co.) Cleveland, Odio
Barter Colman Co. Rockferd, I1l,
Tiftea Optical Co.

Roslyn Meights, Loag lslang, N.Y.
Metropolitan Telecommanications Coep.

Metre Cap. Divigien Brookiyn, N.Y,
Stewart Exgineenng Co. Seata Cruz, Calif,
Waielield Engineering inc, Wakefield, Mass,
The Bassick Co. Bridgepart, Coon,
Bausch and Lomd Optical Co.  Rochester, N.Y.
E.T.A. Products Co. of America  Chicago, 11l

leglewood, Calil.

Hardware Co. Inc. New Rochelle, N. Y.
Beede Electrical Instrament Co., Iac.

Penacook, NN,
U. 5. Seacor Dimision of Neclear Corp.

of Ametica Phoeniz, Arizeea
Tomagton Mfg. Co., West Div. Van Nuys, Calif.
Kelwe Electue Co Van Nuys. Calil.

Code
No.  Menufeciurer Address
07115 Coening Glass Works
Electionic Componeats Dept.  Bradlord, Pa.
07126 Digitran Co. Pasatena, Calil,
07137 Teansister Electronics Corp.  Minneapolis, Wina,
07138 Westingbouse Electric Corp.
Electronic Tude Div. Emina, N.Y.
07145 Filmohn Corp. New York, N Y.
07233 Cinch-Graghik Co. City of Industry, Calif,
07261 Aweet Corp. Los Angeles, Calif,
07263 Fauchild Semicoaductor Corp,
Moustain View, Calif.
07322 Missesota Rubdder Co, Minneapolis, Mian,
07387 Tne Birtcher Corp. Les Angeles, Calif,
07700 Techaical Wire Prodects Springlield, N.J.
07910 Costinenta! Device Corp. Hawthore, Calif,
07931 Rheem Semiconductor Corp. Mowntain View, Calif.
07966 Shockley Semi-Conductor
Laboratories Palo Alto, Calif,
07980 Boonton Radio Corp. Bocaton, N.J.
08145 U.S. Engineering Co, Los Angeles, Calif.
08288 Blian, Delbert, Co. Pomena, Calif.
08358 Bergess Battery Co.
Nagara Falis, Ostatic, Canada.
08717 Sioss Company Burbank, Calif,
08718 Casnco Electric Co..Phoesix Div.  Phoenix, Ariz.
08792 CBS Electronics Semiconductor
Operations Div.of C.B.5. lnc. Lowell, Mass.
08984 Mel-Raim Indianapolis, Ind.
09026 Babcock Relays, Inc, Costa Mesa, Calit.
03134 Tesas Capaciter Co. Houston, Texas
09145  Atohm Electromics Sen Valley, Calit,
09250 Electro Assemblies, Inc, Chicage, Il
09565 Maliory Battery Co, of
Camada, Lie. Teronto, Ontario, Canade
09664  The Bristal Co. Waterdaty, Coan.
10214 Gereral Transistor Westers Corp.
Los Angeles, Calil,
10411 Ti-Tal, lec, Berkeley, Calif.
10646 Carborungum Co. Niagara Falls, N.Y.
11238 CTS of Berme, lnc. Berme, Ind.
11237 Chicago Telephene of California, lnc.
So. Pasadena, Calif,
11312 Microwave Electronics Corp. Palo Alto, Calit.
1153¢  Duecan Electronic, Inc. Santa Ana, Calif.
1711 Geseral lastrument Corporation
Semiconductor Division Newark, N.J.
11717 lmperial Elecironic, lac, Boena Park, Calit,
11870 Melads, fec. Pale Alte, Calif.
12136 Philadeiphia Handie Co, Canden, N. ).
12697 Clarostat Mfg. Co. Dover, N.H.
12859 Nippon Electric Co., Lid. Tokyo, Japen
12930 Delta Semiconductor lac.  Newport Beach, Calif.
13100 Thermolley LDatlas, Texas
133% Telefunkes (G.M.B.H.) JHasaover, Germany
13835 Midtand Mfg. Co. Kansas City, Kensas
14099 Sem-Tech Newdury Park, Calif,
14193 Calt, Resistor Corp. Santa Monica, Calif,
14298 American Compenents, Inc.  Conshohscken, Pa.
14655 Coroell Dubilies Elec. Corp. So. Plainfield, N.J.
14960 Williams Wfg. Cs. San Jose, Calif,
15203 Webster Electronics Co, Inc, 3
15291 Adjustadle Bushing Ca.
15722 Tweatiets Contaty
Coil Spring Co. Saata Clara, Calit,
15905 The Davea Co. Liviegstoa, N.J,
16037 Sprece Pine Mica Co. Sorece Pise, N. C.
16352 Computer Diode Corp, Lodi, N, J.
16688 De Jur-Amsco Corporation
Long Istand City |, N.Y.
16758 Delco Radio Div. of C.M. Corp.  Kohomo, Ind.
17108 Thermonetics fec. Cancga Park, Calit,
17474 Trasex Company Mountain View, Calif,
10486 Radio Industries Des Plaines, 111,
18583 Cortis Instromeat Inc. Mt Kisco, N.Y.
10873 E.1. DoPont and Co., Inc. Wilmington, Del,
19315 Eclipse Picaeer, Div, of
Bendix Aviation Corp, Teterdeco, N.J.
19500 Thomas A. Edison Industries,
Oiv. of McGraw-Edison Co. West Orange, N. ).
19701 Electra Manutacturing Co. Kansas City, Mo,
20183 Electroare Tude Corp. Prilaceiohia. Pa,
21226 Execstive, Inc. New York, N.Y,
21520 Fanstee! Metallsrgical Corp.  No. Chicage, Il
21335 The Fatas Beaiing Co. New Britain, Cona,
21964 Fed. Telephone and Radic Carp.  Clifton, N.J.
2445 Gesera) Electric Co. Scheaectady, N.Y.
20455 G.E.. Lamp Division Nela Park. Cleveland. Obio
00015-39

Revised. February, 1965

Code
No.  Meaufocturer Address
24655 Geseral Radio Co, West Concoed, Mass.
26365 Gries Reprodecer Corp. New Rochelle, N.Y.
26462 Grodet File Co. of America, Inc. Caristadt, N.J.
26952 Mamilton Walch Co. Lancaster, Pa.
28450 Hewlett-Packand Co. Paio Alte, Calif,
33173 G.E. Receiving Tude Dept. Oweasbore, Ky.
35434 Lectroba inc. Chicage, I,
%1% Stawyck Corp. Hawkesbery, Ontario, Conada
31%Q P.R. Mallory & Co., Isc. Indianapolis, Ind.
39543 Mechanical Industries Prod. Co. Akson, Ohie
40520 Mwmiature Precision Bearings, Inc, Keese, N.H.
42190 Muter Co. Chicage, 11,
439% C.A. Norgrea Co. Englewocd, Colo.
44655 Onaite Mrg. Co. Skokie, 111,
47904 Polarosd Corp. Cambridge, Mass.
48620 Precision Thermoneter and
Inst. Co. Philaceiphia, Pa.
495% Raytheos Company Lexington, Mass,
52090 Rowan Controller Co. Baltimore, M4,
63743 Ward Lessard Electric ML Vemsos, N.Y.
$4294  Swallcross Mfg. Co, Seima, N.C.
$5026 Simpson Electric Co, Chicage, Il
$5933  Seactone Corp. Elmsford, N.Y.
55538 Soreascs & Co., lec, So. Norwalk, Cona,
$6137 Spauiding Fidre Co., Inc. Tonawanda, N.Y.
$6209 Speague Electric Co. North Adams, Mass,
$3045  Telex, lac. St. Pagl, Mina,
$9730 Thomas & Betts Co. Elizadeth 1, N.J.
60741 Tripplett Electrical lnc. Blufiton, Obio
61775 Usion Switch and Signal, Div, of
Westinghouse Air Brake Co.  Swissvale, Pa,
62113 Universal Electric Co, Owosso, Mich,
63743 Ward-Leonard Electric Co. ML Vernon, N.Y.
64959 Western Electric Co., Inc. New York, N.Y.
65092 Wesloa last. Div. of Daystrom, lac. Newark, N.J.
66295  Wittek Manufacturing Co. Chicage 23, 11,
66345 Wollensak Optical Co. Rochester, N.Y.
10276 Alles Mig. Co. Hartford, Cona,
70309 Allied Control Co. . hac. New York, N.Y.
70319 Alimetal Screw Prod. Inc.
Garden City, N.Y.
70485 Atiantic India Rubber Works, Inc, .
70563 Amperite Co., Inc. New York, N.Y
70503 Beides Mfg. Co. Chicage, I,
70958 Bird Electronic Corp. Cleveland, Ohic
71062 Bimbach Radie Co. New York, N.Y.
71041 Beston Gear Werks Div. of
Worray Co. of Tenas Quincy, Mass,
71218 Bed Radio inc. Cleveiand, Obio
71286 Camiloc Fasteser Corp. Paamus, N.J.
71313 Allea D. Cardwell Electronic
Prod. Corp. Plainville, Conn,
71400 Bessmana Fese Div, of McGraw-
Edisea Co. St. Louls, Me,
71436  Chicage Condenser Corp. Chicags, IIl.
71450 CTS Corp. Elkhart, lnd.
71468 Casaon Electric Co. Los Angeles, Calif,
71471 Cinena Engineering Co. Burbaok, Calif,
71482 C.P, Clare & Co. Chicago, Il
71590 Ceatralad Div. of Glode Union inc.
Vilwaukee, Wis.
71616 Commercial Plastics Co. Chicags, NI,
71700 The Coenish Wire Co. New York, N.Y.
71784 Chicago Miniatere Lamp Works Chicage, 111,
71753 A.O. Smith Corp,, Crowiey Div,
West Orange, N.)
71785 Cinch Mig. Corp. Chicage, Il
71984 Dow Coening Corp. Midiand, Mich,
72092 Eitel-McCullough, Inc. San Bruso, Calit.
7213  Electro Motive Mfg. Co., Inc.
Willimaatic, Conn.
11707 Cote Coil Co., lac. Providence, R.1.
72354 Joda E. Fast & Co. Chicage, 111,
72613 Dialight Corp. Brooklyn, N.Y.
726% General Ceramics Corp. Keasbey, N.).
72699 General Instrument Corp.,
Semiconductor Div, Newark, N, J.
72158 Gitard-Hophins Oakland, Calif,
72765 Drake Wi, Co. Chicage, Il
72825 Hugh H. Eby lnc Philadelphia, Pa.
12528 Gudeman Co. Chicage, 1.
72964 Robert M. Madiey Co. Los Angeles, Calif,
72982 Erie Resistor Corp. Enie, Pa,
73061 Hansen Mfg. Co., Inc. Princeton, Ind.
73076 M.M. Marper Ca. Chicage, 111,
73138 Helipet Div. of Beckman
instruments, Inc. Fullerton, Calit,

ave been arbitrarily assigned to suppliers not appearing in the H4 handbooks.

Code
Ne. Monufacturer Address
73293 MHeghes Prodacts Divisios of
Hugdes Aucratt Co.  Newport Beach, Calit.
73445 Ampetes Electronic Co., Div. of North
American Phillips Co, Inc.  Micksville, N.Y.
73430 Beckmas Helipot Corp. $o. Pasadema, Calit.
73506 Bradley Semicosductor Corp. Hamden, Cona.
73559 Carling Electric, Inc. Hartford, Cona,
78 K. Gaerett Co,, Iec. Philadelphia, Pa.
73734 Fedena! Screw Prod. Co. Chicage, L
73743 Fischer Special Mfg. Co. Cincinsati, Ohie
73193 The Geseral Industries Co. Elyria, Okio
73846 Coshen Stamping & Tool Co, Goshen, Ind.
73839 JFD Electronics Corp, Brookiyn, N. Y.
73905 Jennings Radio Mg, Co, San Jose, Calit,
74276 Signalite Inc. Neptune, N.J.
74455 J.H. Winas, and Soas Winchester, Mass.
74861 Industrial Cosdenser Corp. Chicago, M1,
74868 R.F, Products Division of Amphenol-
Borg Electronics Corp. Dasdury, Coan.
74970 E.F. Johnsos Co. Waseca, Minn,
15042 Co. F Pa.
75173 Jooes, Howard B., Divisica
of Cinch Mfg. Corp. Chicage, 1.
75378 James Knights Co. Sandwich, 11l
75382 Kulka Electric Corporation Mt Vemos,
75818 Leaz Electric Mig. Co. Chicago,
75315 Littiefese Inc. Des Plaines, NI,
76005 Lord Mig. Co. Erie, Pa.
76210 C.W. Marwedel! San Francisco, Calif.
76433 Micamol Electromic Mfg. Corp.  Brookiyn, N.Y.
76437 James Millen Mig. Co., Inc. Malden, Mass.
76493 J.W. Miller Co. Los Angeles, Calit,
76530 Monadnock Mills $an Leandro, Calit,
76545  Mueller Electric Co. Cleveland, Ohio.
76854 Oak Masufactuting Co. Crystal Lake, 1l
77068 Bendix Pacific Division of
Beadix Corp. Neo. Hollywood, Calif.
77005 Pacific Metals Co. Sas Francisco, Calif,
77221 Phacstan Instrument and
Electronic Co. South Pasadena, Calif,
77250 Phoell Mig. Co. Chicage, III.
77252 Puilaceiphia Steel and Wire Corp.
Philadeiphia, Pa.
77342 Potter 20d Bromtield, Div. of Ameticas
Machine ad Foundry Princetos, Ind,
77630 Radio Condenser Co. Canden, N.J.
77638 Radio Recepter Co., lac. Brocklys, N.Y.
77764 Resistance Products Co. Harrisbarg, Pa.
77%9 Rebbercraft Corp, of Calit, Torrance, Calif.
78189 Shakeproof Division of llmais
Tool Works Elgia, 111
78283 Signal Indicater Corp. New York, N.Y,
78290 Struthers-Duna Inc, Pitean, N.J,
78452 Thompsoa-Bremer & Co. Chicage, 11l
78471 Tilley Wig. Ca. San Francisco, Calit.
78488 Stac Carbon Ce. St Marys, Pa.
78433 Standard Thomson Corp, Walthanm, Mass,
78553 Tineerman Products, Inc. Cleveland, Ohie
18750 Translomer Engineers Pasadena, Calif.
78547 Ucinite Co. Newtosville, Mass.
79142 Veeder Root, lac. Hartiord, Comn,
79251 Wenco Mfg. Co. Chicage, Il
79727 Contineatal-Wirt Electronics Corp.
Philadelphia, Pa.
79963 Zierick Mig. Corp. New Rochelle, N.Y.
80031 Mepco Division of Sessions
Clock Co, Morristows, N.J,
80120 Schaitzer Alicy Products Elizabety, N.J.
80130 Times Facsimile Corp. New York, MY,
80131 Electronic Industries Association. Asy brand
tube meeting EIA standards Washington, 0.C.
80207 Usimax Switch, Div. of
W.L. Maxson Corp. Wallingford, Cona.
80223 United Transformer Corp. New York, N.Y.
80248 Oxford Electric Corp. Chicago, NI,
80234 Bourns Ladoratories, Inc. Riverside, Calif,
80411 Acro Div. of Robertshaw
Fulton Coatrols Co. Columbus 16, Ohie
80485 Al Star Products Inc. Defiance, Ohio
80503 Avery Adnesive Label Corp. Monrovia, Calif,
80583 Hammeriund Co., Inc. New York, N.Y.
80640 Stevens, Arncid, Co., loc. Beston, Mass.
81030 Internaticaal lnstruments, Inc.
New Havea, Comn,
81073 Geayhill Co. LaGrange, 111
81085 Triad Transtormer Corp. Veaice, Calif.
81312 Wiachester Electionics Co., Inc. Norwalk, Conn.
From: FSC. Handbook Supplements
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Manutecturer Address
Miltary Specification ...,
Wilkor Products, Inc. Cleveland, Ohio

Raytheon Mig. Co., Industrial Composents
Div.. Industr. Tube Operations Newton, Mass.

Internationa! Rectifier Corp.  EI Seguado, Calif.
The Airpax Products Co. Canbridge, Mass.
Barry Coatrols, Inc. Watertown, Mass.
Carter Parts Co. Skokie, NI
Jetfers Electronics Divisien of

Speer Cardon Ce, De Bois, Pa.
Allen B. DuMont Lads, Inc. Clifton, N.J.
Maguire Iadustries, lnc, Greeawich, Coan,
Sylvania Electric Prod, Inc.

Electronic Tude Div. Emporien, Pa,
Astron Co, East Newark, N ).
Switchenalt, loc, Chicage, NI

Metals aad Controls, Inc., Div. of
Texas Instruments, Inc.,

Spencer Prods. Attiedoro, Mass.
Research Prodects Corp, Madison, Wis,
Retron Ce., lnc. NY.
Vector Electrenic Co. Gleadale, Calif,
Western Washer Mir, Co, Los Angeles, Calif.
Cart Fastener Co, Cambridge, Mass,
New Hampshire Ball Beariag, Inc,

Peterdorough, N M,
Pyranid Electric Co. Darlington, $.C.
Electro Cerds Co. Los Angeles, Calit,
Victory Engineering Corp. Springfield, N.J.
Bendix Corp., Red Bank Div. Red Bank, N.J.
Hebbel! Corp. Meadelein, lIL
Saith, Hermas M., lac. Brooklys, N.Y,
Ceatral Screw Co. Chicags, 1L
Gavitt Wice and Cadle Co.,

Div. of Amerace Corp. Brookfield, Mass.
Burroughs Corp.,

Electronic Tude Div. Plaisfield, N.J.
Eveready Battery New York, N.Y.
Made! Eng. and Wiy, lac. Hustington, Ind.
Leoyd Scruggs Co. Festus, Mo,
Arco Electronis, Inc New York, N.Y.
A.J. Glesener Co., Inc.  Sam Francisce, Calif,
Good All Electric Mfg. Co. Ogaliata, Neb,
Sarkes Tarzian, Inc. Bloomington, Ind.
Beenton Woldiag Conpany Bosaton, N.J.
A.8. Boyd Co. San Francisco, Calif,

APPENDIX

Code
Ne. Monufacturer Address
8547¢ R.M. Bracamonte 8 Co.  San Francisco, Calif,
85660 Kotled Kords, lnc. New Haven, Conn.
85911 Seamless Rubber Co. Chicago, 11l
86197 Clifton Precision Products  Clifton Heights, Pa,
86579 Precision Rubder Products Corp. Daytos, Ohie
86684 Radio Corp. of America, RCA
Electron Tude Div. Harrison, N.J.
87216 Philco Corporation (Lansdale
Division) Lassdale, Pa.
87472 Western Fidroes Glass Prodects Co.
San Francisco, Calit,
87664 Vas Waters & Rogers lac. Seattle, Wash
87930 Tower Mfg. Comp Provideace, R. |
88140 Cutler-Hammer, Inc. Lincoln, 111,
88220 Gosld-National Batteries, lec. St Paul, Misn
83658 Genera! Mills, Inc. Beftalo, N. Y.
89231 Graybar Electric Co. Oakland, Calif
09462 Waldes Kohinoor, Inc. Cambridge, Mass,
33473 General Electric Distriduting Corp.
Schemectady, N.Y.
89636 Carter Pasts Div. of Economy Baler Co.
Chicage, Il
89665 United Traastormer Co. Chicago, Il
90178 U.S. Rubber Co., Mechanical
Goods Div. Passaic, N.J.
90970 Bearing Engineering Co, San Francisco, Calif.
91260 Commor Spring Mig. Co. San Francisco, Calif,
91345 Miller Dial & Nameplate Co. El Moate, Calit,
SI41E  Radio Materials Co. Chicage, 1L
91506 Augat Brothers', lac. Attleboro, Mass,
91637 Dale Electronics, Inc, Colembus, Nebr.
91662 Eico Corp. Priladeichia, Pa,
91737 Gremar Mig. Co., Inc. Wakefield, Mass.
91827 X F Development Co, Redwood City, Calif,
91929 Misseapolis-Hoseywell Regulator Co.,
Microswiteh Div. Freaport, i1,
91961 Nahm-Bros. Sprieg Co. Oskland, Calif,
82180 Tru-Connector Corp. Peadody, Mass,
9219  Universal Metal Prod., Inc. Bassett Pueate, Calil,
92367 Elgeet Optical Co., lac. Rochester, N.Y,
92607 Tiasolite lasulated Wire Co. Tarrytown, N.Y.
93337 Syhania Electric Prod, Inc.,
Semiconducter Div. Woburn, Mass.
93363 Robbins and Myers, Inc. New Yok, K.Y,
93410 Stevens Mfg. Co., Inc. Mansfield, Ohio
93788 Moward J. Smim Inc. Port Monmeuth, N. J.
00015-39

Revised: February, 19%5
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Monufocturer Address
G. V. Coatrols Livingston, N. J,
Insgline-Van Notman ind, , lac,

Electronic Divisica Manchester, N. M,
General Cable Corp. Bayoone, N.J.

Raythecs Mig. Co., Industrial Componeats
Div., Receiving Tebe Operatice Quincy, Mass.
Raytheos Mig. Co., Semiconductor Div. .,

California Street Plant Newlon, Mass.
Sceeatific Radio Products, lac.

Loveland, Colo,
Teag-Sol Electric, inc. Newark, N.J.
Curtiss-Wright Cerp.,

Electronics Div, East Paterson, N.J,
Sosthco Div, of 5. Caester Corp, Lester, Pa.
Tre Ohm Prod. Div. of Mode!

Engineering and Mg, Co. Chicago, Il
Wire Cloth Products inc. Chicage, IIl.
Worcester Pressed Aluminen Corp.

Worcester, Mass,
Prildeick Researchers, lac. Boston, Mass.
Allies Products Corp. Viami, Fla.
Coatinental Cosnector Corp, Woodside, N.Y.,

Leecraft Mfg, Co., lsc. New York,

Lerco Electronics, Inc, Burdank, A
Natienal Cail Ce. Sheridan, Wyo.
Vitramos, Inc, Bridgeport, Conn,
Goedas Corp. Biooafield, N.J.
Methode Mfg, Co. Chicage, i
Dage Electric Co., hac. Frasklin, Ind.
Weckesser Co. Chicago, 11,
Heggins Ladoratories Sennyvale, Calif,
HiQ Division of Aerovox Olean, N.Y,
Theedarsen-Meissaer Div, of

Maguire Indusiries, Inc, Mt, Carmel, 111,
Solar Manufactering Co. Los Angeles, Calil,
Cariton Screw Co. Chicage, 11,
L] A Inc. & Mass,
Excel Transformer Co. Oakland, Calif,
Indestrial Retaining Ring Ca. Irvinglon, N.J.
Automatic and Precision Mfg. Co.

Yonkers, N.Y.
CBS Electronics,

Div. of C.B.S., Inc. Danvers, Mass.
Rece Resistor Corp. Yonkers, N.Y.
Axel Brothers inc. Jamaica, N.Y,
Robber Teck, lac, Gardena, Calif,

Appendix A
M“.m Address
Francis L. Mosley Pasadena, Calif.
Microdot, Inc. So. Pasadesa, Calit,
Sealectro Corp, Mamaroseck, N.Y,
Canad Corp. Redwood City, Calif.
Geseral Mills Winneapolis, Mian,
North Hills Electric Co. Miseola, N.Y.
Clevite Transistor Prod
Div. of Clevite Corp, Waltham, Mass.
Intersational Electrosic
Research Corp. Burdank, Calif,

Columbdia Techsical Corp. New York, WY,
Varan Associates Palo Alto, Calif,
Marshall industries, Electron

Products Division Pasa¢ena, Calif,
Coatrol Switch Divisiea, Coatrols Co,

of America El Sequndo, Calif,
Delevar Electronics Corp. East Awora, XY,
Wilco Corporatica lsdianapelis, lnd.
Renbranét, Inc. Boston, Mass.
Hoffman Semicoaducter Div. of

Hottman Electronics Corp. Evansicn, Il

Technology Instrumest Corp

of Calt. Newbury Park, Calif,

THE FOLLOWING H-P VENDORS HAVE NO NUM-
BER ASSIGNED IN THE LATEST SUPPLEMENT TO
THE FEDERAL SUPPLY CODE FOR MANUFAC-
TURERS HANDBOOK.

10000

Winchester Electronics, Inc.

Santa Monica, Calif,

Malko Tool and Die Los Angeles, Calif,
Western Coil Div. of Astomatic

Ind,, lnc, Redwood City, Calif,

Ty-Car Mfg. Co., lac, Hollisten, Mass.

Wiliow Leather Products Corp. Newark, N.J,
British Radio Eiectronics Ltd. Washington, D.C.

000AB ETA England
Q00AC Indiana Geseral Corp., Elect. Div. Indiama
00088 Precision Instrament Composents Co,

Vaa Nuys, Calif.
000MM Rubdder Eng. & Development Hayward, Calif,
QOONN A “N' D Manufacturing Co.  Sam Jese 27, Calit,
000QQ Cosltron Oakland, Calif,
000SS Contrel of Eigin Watch Co, Burbask, Calif,
0O0WW California Easters Lad. Burlingane, Calif,
000YY S.K. Smith Co. Los Aageles 45, Caiet.

From:

FSC.  Handbeok Supplements
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UNITED STATES and CANADA
ALABAMA HAWAII NEW MEXICO TEXAS
Huntsville, 35802 North Hollywood, Calif. 91604 Albuguerque, 87108 Dallas, 75209
2003 Byrd Spring Rd. S.W. 3939 Lankershim Blvd. 6501 Lomas Bivd., N.E. P.0 B.ox 7166, 3605 Inwood Rd
(205) 881-4591 (213) 877-1282 (505) 255-5586 s v ;
TWX: 510-579-2204 TWX: 910-499-2170 TWX: 910-989-1655 (214) 357-1881
TWX: 910-861-408]
ALASKA oIS TIe S Watt suee
ILLINOI 4 S. Water Street
B Skokie, 60076 (305) 526-2486 ’;ogs';:i 7272!1)32173 4242 Richmond Ave
11656 N.E. 8th Street 5500 Howard Street TWX: 910-983-0550 e J s
(206) 454-3971 (312) 677-0400 (713) 667-2407
TWX: 910-443-2303 TWX: 910-223-3613 TWX: 713-571-1353
R YO,
ew York,
ARIZONA i INDIANA 2% E;;; 7 Street UTAH
3 Indianapolis, 46205 (212) 879-2023 i
3009 No. Scottsdale Rd. 3919 Meadows Dr. TWX: 710-581-4376 filalZL:;;c;:y 84115
(602) 945-7601 (317) 546-4891 -
TWX: 502'9490”1 TWX: 3”_635_43m (801) ‘86'81“
® ROCMS‘C‘. "623 TWX: 801-521-2604
Tucson, 85716 3?1&5‘3’3533“ ;
232 So. Tucson Bivd. v
e Qe e NG ik VIRGINIA
: (504) 522-4359 : Richmond, 23230
Poughkeepsie, 12601 2112 Spencer Road
82 Washington Street
CALIFORNIA MARYLAND (914) 4547330 (703) 282-5451
North Hollywood, 91604 Baltimore. 21207 TWX: 914-452-7425 TWX: 710-956-0157
3939 Lankershim Blvd. 6660 Security Blvd
(213) 877-1282 and 766-3811 (0D s v Ao S
THA: DRl TWX: 710-862-0850 5658 East Molloy Rd. WASHINGTON
Sacramento, 95821 (315) 454-2486 Bellevue, 98004
2591 Carlsbad Ave. Rockville, 20852 TWX: 710-541-0482 11656 N.E. 8th St.
(316) 482-1463 (‘323{’)3‘72;’_';&3‘* Plowy. (206) 454-3971
THX: S16-444-8683 ! ; Endicott, 13764 TWX: 910-443-2303
TWX: 710-828-9684 ]
. 1219 Campville Rd.
1085 Svier Stee (607 7540050
¢ MASSACHUSETTS TWX: 510-252-08%0 GOVERNMENT
() Burlinglon, 01803 CONTRACTING OFFICE

TWX: 714-276-4263

Palo Alto, 94303
1101 Embarcadero Rd.
(415) 327-6500

TwX: 910-373-1280

COLORADO
Englewood, 80110
7965 East Prentice
(303) 771-3455
TWX: 910-935-0705

CONNECTICUT
Middletown, 06457
589 Saybrook Rd.
(203) 346-6611
TWX: 710-428-2036

FLORIDA
Miami, 33125
2907 Northwest 7th St.
(305) 635-6461

Orlando, 32803

621 Commonwealth Ave.
(305) 425-5541

TWX: 305-841-2568

St. Petersburg, 33708
410-150th Ave., Madeira Beach
(813) 391-0211 and 391-1829
TWX: 813-391-0666

GEORGIA
Atlanta, 30305
3110 Maple Drive, N.E.
(404) 233-1141
TWX: 810-751-3283

Middlesex Turnpike
(617) 272-9000
TWX: 710-332-0382

MICHIGAN
Southfield, 48076
24315 Northwestern Hwy.
(313) 353-9100
TWX: 313-357-4425

MINNESOTA
St. Paul, 55114
2459 University Ave.
(612) 646-7881
TWX: 910-563-3734

MISSOURI
Kansas City, 64114
9208 Wyoming Place
(816) 333-2445
TwX: 910-771-2087

St. Louis, 63144

2812 South Brentwood Bivd.
(314) 644-0220

TWX: 910-760-1670

NEW JERSEY
Eatontown, 07724
(201) 747-1060

Englewood, 07631
391 Grand Avenue
(201) 567-3933
TWX: 510-230-9709

NORTH CAROLINA
High Point, 27262
1923 N. Main Street
(919) 882-6873
TWX: 510-926-1516

OHIO
Cleveland, 44129
5579 Pearl Road
(216) 884-9209
TWX: 216-888-0715

Dayton, 45409

1250 W. Dorothy Lane
(513) 298-0351

TWX: 513-944-0090

OKLAHOMA
Oklahoma City
(405) 235-7062

PENNSYLVANIA
Camp Hill
(717) 737-6791

West Conshohocken, 19428
144 Elizabeth Street

(215) 248-1600 and 828-6200
TWX: 518-660-8715

Monroeville, 15146
Monroe Complex
Building 2

Suite 2

Moss Side Bivd.
(412) 271-5227
TWX: 710-797-3650

San Antonio, Texas 78226
Hewlett-Packard

Contract Marketing Division
225 Billy Mitchell Road
(512) 434-4171

TWX: 512-571-0955

CANADA
Montreal, Quebec
Hewlett-Packard (Canada) Ltd.
8270 Mayrand Street
(514) 7352273
TWX: 610-421-3484
Telex: 01-2819

Ottawa, Ontario
Hewlett-Packard (Canada) Ltd.
1762 Carling Avenue

(613) 722-4223

TWX: 610-562-1952

Toronto, Ontario
Hewlett-Packard (Canada) Ltd.
1415 Lawrence Avenue West
(416) 249-9196

TWX: 610-492-2382

Vancouver, B.C.
Hewlett-Packard (Canada) Ltd.
2184 W. Broadway

(604) 738-7520

TWX: 610-922-5059

s/6e




Model 651B

Appendix B

SALES AND SERVICE OFFICES

INTERNATIONAL -

Electronic Equipment

Buenos Aires

Tel. (30-6312) (34-9087)
wsgrﬂoctmm (Vic) Pty., Ltd.

9-11 Cremorne Street

Richmond E.1, Victoria
Tel. 42-4757

Glebe, New South Wales
Tel. 63-6338

AUSTRIA
Unilabor H.m.b.H.
Wissenschaftliche Instrumente
Rummelhardtgasse 6/3
. P.0. Box 33, Vienna IX/71
Tel. 426 181
BELGIUM
Hewlett-Packard Benelux S.A.
20-24 rue de |"Hopital
Brussels
Tel. 112220
BRAZIL _
Ciental | ¢ Comercio Ltda.
Rua des Eliseu Guilherme, 62
Sao Paulo 8
Tel. 70-2318
CHILE g N
Casilla 13947
Santiago
Tel. 6.!2.25
DENMARK
Tage Ols-lA/s
0
Tel. 2948 00
FINLAND
IN

TO 0/Y
Meritullinkatu 11
P.0. Box 153

Helsinki

Tel.61133

Paris 13

Tel. 707 97 19
Hewlett-Packard France
2 rue Tete d'Or

Lyon, 6 - Rhone

Tel. 523566

GERMANY
Hewlett-Packard v;uimc-m

Tel. 495121
Hewlett-Packard Vertriebs-GmbH
%/28

Beim “i““
Tel. 24 05 51

Sample Electronics (N.S.W.) Pty, Ltd.
4 Grose Street

Hewlett-Packard Vertriebs-GmbH
(Technisches Buro)
Herrenberger Strasse 110
Bablingen, Wurttemberg

Tel. 6971

Hewlett-Packard Vertriebs-GmbH
Lietzenburger Strasse 30

1 Berlin W 30

Tel. 24 86 36

Hewlett-Packard Vertriebs-GmbH
Achenbachstrasse 15

4 Dusseldorf 1,

Tel. 68 52 58

GREECE
K. Karayannis
Klaftmonos Square
Athens 124
Tel. 230 301

INDIA

The Scientific Instrument Co., Ld.

6, Tej Bahadur Sapru Road
Allahabad 1
Tel. 2451

The Scientific Instrument Co., Ld.

240, Dr. Dadabhai Naoroji Road
Bombay 1
Tel. 26-2642

The Scientific Instrument Co., Ld.

11 Esplanade East, Calcutta |
Tel. 2341288

The Scientific Instrument Co., Ld.

30 Mount Road, Madras 1
Tel. 86339

The Scientific Instrument Co., Ld.

B-7, Ajmeri Gate Extn.
New Delhi 1
Tel. 271053

Telecom, Ltd.
P.0. Box 1812
Teheran

Tel. 43850, 48111

ISRAEL W
Electronics & Engineering Ltd.
Division of Motorola Israel Ltd.
16, Kremenetski Street, Tel-Aviv
Tel. 35021

ITALY

L
Hewlett- Packard Italiana S.p.A.
Viale Lunigiana 46, Milan
Tel. 69 15 84

Hewlett-Packard Italiana S.p.A.
Palazzo Italia

Piazza Marconi 25, Rome-Eur
Tel. 591 2544

JAPAN

Yokogawa-Hewlett-Packard Ltd.
# 59, 1-chome

Yoyogi

Shibuya-ku

Tokyo,

Tel. 370-2281

Yokogawa-Hewlett-Packard Lid.
# 8, Umeda

Kita-ku, Osaka City

Tel. 313-0091

Yokogawa-Hewlett-Packard Ltd.

# 4, 3-chome

Himeikedori

Chigusa-ku, Nagoya City
Tel. 751-8545

KOREA

American Trading Co., Korea, Ltd.

SeoulPo BoxlI(B

!
Tel. 3.7049, 3.7613

LEBANON
Constantin E. Macridis
Clemenceau Street
Clemenceau Center
Beirut
Tel. 220846

NETHERLANDS
Hewlett-Packard Benelux, N.V.
23 Burg, Roellstraat
Amsterdam, W.

Tel. (020) 13 28 98

NEW ZEALAN
Sample Elactwmcs (N.Z.) L\d.
8 Matipo Street
Onehunga S.E. 5, Auckland
Tel. 565-361

NORWAY

Morgenstieme & Co. A/S
Ingeniofirma

6 Wessels Gate, Oslo
Tel. 2016 35

PAKISTAN
Mushko & Company, Ltd.
Oosman Chambers
Victoria Road
Karachi 3, West Pakistan
Tel. 54601

Mushko & Company, Ltd.
Zirat Chambers

31, Jinnah Avenue
Dacca, East Pakistan
Tel. 80058

PANAMA
Electronico Balboa, S.A.
P.0. Box 4929
Panama City
Tel. 3-0833

PERU
Fernando Ezeta B
Av. Petit Thouars 4719
Mira Flores, Lima
Tel. 5-034%

PORTUGAL
Telectra
Rua Rodrigo da Fonseca 103
P.0. Box 2531, Lisbon 1
Tel. 68 60 72
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