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Section I Model 465A

Figure 1-1. Hewlett-Packard Model 4654 Amplifier

Table 1-1, Specifications

‘ Voltage Gain: 20 dB {X10) or 40 dB (¥100), open Oltput Impedance; 50 ohms.
: circult, /
! ‘ Noise: <25 pV rms referred to input {with
Gain Accuracy: +0.1 dB {1%) at 1000 Hz. 1 M% source resistance),
{
Frequency Response;’ £0.1dB, 100 Hz to 50 kHz Temperature Range: 0 to Ei>0° C.

< 2 dB down at 5 Hz and 1 MHz.

Power: 115 or 230 V +10%, 50 to 400 Iz,
Qutput; > 10 volts rms open cireuit; > 5 volts 10 watts at full load.
rms into 50 ohms (1/2 W),

Weight: Net: 4 1bs. (1, 8 kg) Shipping: 6 lbs.
Distortion: < 1%, 10 Hz to 100 kHz, < 2%, 5 Hz {2,7kg.} i
to 10 Hz and 100 kHz to 1 MHz.

:
Dimensions: 1/3 module, ! 5-1/8" wide, 3-14/32¢
Input Impedance: 10 M& shunted by < 20 pF, high, 11" deep (130x87x 279 min. ).

1-0
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Section I

SECTION 1

GENERAL

1-1. DESCRIPTION,

1-2. The Hewlett-Packard Model 465A Amplifier is
a general purpose amplifier and impedance converter
(10 megohms to 50 ohms). This amplifier has select-
able gain of 20 dB or 40 dB stable over a continuous
frequency range of 5 Hz to 1 MHz.

1-3. The Model 465A Amplifier provides three-
terminal input and output operation for isolation from
the chassis, Theinput and output may beused infloat-
ing operation to =500V DC with respset to chassis
ground,

1-4. The solid staté, low noise design of the 465A
allows operation over a wide veoltage range for appli-

INFORMATION

cation as both a preamplifier and amplifier, The
compact, solid state construction allows operation in
a variety of environments.

1-5. IDENTIFICATION.

1-8. Hewlett-Packard uses atwo-section, eight-digit
serial number (000-00000), If the first three digitsof
the gerial 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 ingtrument and the Model 46BA described
in this manual

1-7. ¥ a letter prefixes the serial number, the in-
strument was mamdfactured cutside the United States,

1-1
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SECTION NI
INSTALLATION

2-1. INTRODUCTION.

2-2, This section contains information and instrue-

tions necessaryfor the installation and shipping of the
Model 465A Amplifier. Included are initial inspection

procedures, power and grounding requirements, in-

stallation information, and instructionsfor repackaging
for shipment.

2-3, INITIAL INSPECTION.

2-4. This instrument was carefully inspected both
mechanically and electrieally before shipment. It

should be physically free of mars or seratches andbe
in perfect electrical order upon receipt. To confirm
thig, the instrument should be inspected for physical
damage in transit. Also check for supplied access-
ories, and test the electrical performance of the in-

strument, using the procedure outlined in Paragraph b-6.

If there ig damage or deficiency, see the warranty on
the inside front cover of this manual,

2-5. POWER REQUIREMENTS.

2-6, The Model 465A Amplifier canbe operated from
any source of 115 or 230 volis (+10%), 50-1000 Hz.
With the instrument disconnected from the ae power
gource, move the slide switch (located on the rear
panel) until desired line voltage appears. Power .
dissipation is 10 watts maximum,

2-7. GROUNDING REQUIREMENTS.

2-8. To protect operating personnel, the National
Electrical Manufacturers' Association (NEMA) re-

commends that the instrument panel and cabinet be
grounded. All Hewlett-Packard -instruments are

equipped with athree-pronged conductor cable which,
when plugged into an appropriate receptacle, grounds
the instrument, The offset pin on the power cable
three-prong connector ig the ground wire,

2.9, To preserve the protection feature when oper-
ating the instruments from a two-contact outlet, use
a three-prong adapter and connectthe green pigtail
on the adapter to ground.

2-10. INSTALLATION.

2-11. The Model 465A is fully transistorized. No
special cooling is required; however, the instrument
should not he operated where the ambient temperature
exceeds 550C (1319F). The Model 465A is shipped
with plastic feet and tilt stand in place, ready for use
as a bench instrument.

2-12." RACK MOUNTING.

2-.13. TheModel 465A may be rack mounted by using
an adapter frame {-hp- Part No. 5060-0797). The

adapter frame c¢an be rack mounted only and accepts
any combination of submodular units.

2-14. COMBINATION MOUNTING.

2-15. Combination mountingfor the Model 465A may
be done byusing a Combining Case ~hp-Model 1051A
or 1052A° depending on depth, The Combining Case
is a full-module unit which accepts a combination of
submodular units,

2-16. REPACKAGING FOR SHIPMENT.

2-17. The following paragraphs contain a general
guidefor repackaging of the instrument for shipment.
Refer to Paragraph 2-18 if the original container is
to be used; 2-19 if it isnot. Xf you have any questions,
contact your local -hp-~ Sales and Service Office.

NOTE

If the instrument is to be . shipped to
Hewlett-Packard for service or repalr,
attach a tag to the instrument identify-
ing the owner and indleating the service
or repair to be accomplished; include the
model number and full serial number of
the instrument. In any correspondencs,
identify the instrument by model number,
gerial number, and serial number prefix.

2-18. If original container is to be used, proceed
as follows:

a. Place instrument in original container with
appropriate packing material if available. A
container and packing material can be pur-
chased from your nearest -hp- Sales and
Service Office,

b. Ensure that the container is well sealed with
strong tape or metal bands.

2-19, IHoriginal container is not to be used, proceed
as follows:

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

b, Place packing material around all sides of
instrument and protect panel face with card-
bhoard strips.

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

d. Mark shipping container with "DELICATE
INSTRUMENT, "FRAGILE" etc.

2-1
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4654 AMPLIFIER
HEWLET T PACKARD

40 DB Ohy,
GAIN LINE

20 DB
INPUT

pi .
[Ll-*\i fLU

5 d

465A=B=0204A

LINE ON: switches power voltage on;
indicator glows when line voltage is on,

GAIN: selects 20 or 40 dB gain,

INPUT: banana-type connectors provide
gignal input and circuit common for the
4B5A,

OUTPUT: banana-type connectors provide
signal output, circuit common, and chassis
ground for the 465A. Removyal of the ground
strap between ( == ) and (/7 ) permits
floating dc operation.

INPUT {rear panel}); BNC connector in par-
alle} with front panel INPUT terminals ig
available on special basis,

OUTPUT {rear pancl): BNC connector in par-
allel with front panel OUTPUT terminals is
available on special basis,

FUSHE: a,15 amp provides instrument pro-
tection for 115 volt operation. An optional
, 06 amp fuse provides protection for 230
volt operation,

AC POWER: accepts a 3-wire power cable
with safety ground.

LINE VOLTAGE: a two-position slide
switch selects 115 or 230 volt
operation.

o e b AT RS AT

- 3-0-

Figure 3-1, Froni and Rear Panel Controls, Indicators and Connectors
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SECTION 1l

OPERATING

3-1. GENERAL.

3-2. The Model 465A operation is accomplished by
applying the signal to be amplified to the INPUT
connectors. An input impedance of 10 M shunted by
< 20 pF minimizes circuit loading. A maximum input
signal of 100 mV rms can be applied for 40 dB (X100}
GAIN and 1.0 V rms can be applied for 20 dB (X10)
GAIN. Therequiredgain (204dB or 40dB) is selected
by the front panel GAIN switch.

ENSURE THAT TRANSIENTS GREATER
THAN 200 VDC OR £25 VDC ARE NOT
APPLIED TO THE INPUT OR OUTPUT
TERMINALS, RESPECTIVELY, OTHER-
WISE DAMAGE TO THE MODEL 465A
MAY RESULT.

INSTRUCTIONS

8-3. A maximum output of 10 V rms can be obtained
across the QUTPUT connectors which have 50 ohm
impedance, Floating operation to 500 Vde can be
done by removing the sirap between eircnit common
and chassis ground,

3-4. DESCRIPTION OF CONTROLS.

3.5, TFipure 3-1 describes the front and rear panel
controls for the 4G5A.

ENSURE THAT COMMON {/77)
TERMINALS ARE CONNECTED BE-
FORE INPUT OR OUTPUT TERMI-
NALS. OTHERWISE DAMAGE TO
THE MODEL 465A MAY RESULT DUE
TQ TRANSIENTS.

3-1
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Section IV

SECTION 1V

THEORY OF

4-1. INTRODUCTION.

4-2, The -hp- Modsl 4656A Amplifter comprises
an amplifier section and a power supply section,
The-amplifier section contains two amplifier stages,
two emitter followersand a complementary symmetry
pair. The power supply is the series regulated type.

4-3. GENERAL CIRCUIT DESCRIPTION.

4-4, Figure 4-1 shows the block diagram for the
4656A Amplifier. Each amplifier stage (Q1 and Q3) is
followed by an emitier follower (Q2and Q4) toprevent
loading of the amplifiers. The complementary
symmetry pair (Q5andQ6) provide power gain and low
oufput impedance. Overall feedback, taken from the
output and applied differentially to the initial amplifi-
cation stage. decreases distortionand increases gain
accuracy. Redistive voliage divider (R4, RS, andR6}
changes the amount of feedback to obtain 20 or 40 dB
gain as selected by the GAIN switch on the front
panel. The regulated power supply provides a con-
stant 45 volts to all amplifier eireunits,

4-5. DETAILED CIRCUIT DESCRIPTION.

4-6. Refer to Figure §-5 for the schematic diagram
of the Model 465A Amplifier.

4-7, FIRST AMPLIFICATION STAGE.

4-8, The first amplification stage comprises field
effect transistor Q1 and emitter follower Q2, Q1
provides high input impedance and low input noise.
Emitter follower Q2 provides isolatlon while driving
the second amplification stage, Q2 also bootstraps
Q1 load resistor R10. ‘This permits the field offect
transistor to have a gain of approximately 40 dB
while operating at an optimum current (for noise}
from a 45 volt power supply. C6 and Ri2 stabilize
the overall gain. R13 and C9 allow Q2 to operate
asan emitter follower with reduced operating voltage
to lower the power dissipationandthe noise generation,
R2 and RY set thegate voltage for Q1; C2 bypassesany
ac on the supply, preventing hum injection into Q1.

4-9. SECOND AMPLIFICATION STAGE,

4-10. The second amplifieation stage consists of
amplifier @3 and emitter follower Q4. Amplifier Q3
is a common emitter stage, When the GAIN switch is
on 20 DB, Q3 has 20dB of gain. Q! and Q3 together
glive a total of 60 dB gain, of which 40dB is used as
feedback and 20dB is retained as the closed loop
gain, When the GAIN switchison 40 DB, C11 shunts
R22, giving Q3 40dB of gain, The 40dB of feedbackis
stillused, which allows the same gain shaping to be

OPERATION

usedinboth GAIN switchpositions (20 DB and 40 DE).
R19 maintainsa charge on C11 (in the 20 DB position)
to sliminate switching transients while changing gain,
R15, R16, RI7and CRI1form the bias voltage divider for
Q3, Rl15provides bias adjustmentand CR1 provides
temperature compensation. Emitter follower Q4
isolatesand drives the complementary symmetry pair
Q5 and Q6.

4-11, OUTPUT CIRCUITRY.

4-12. Qb and Q6 operateas complementary symmetry
emitter followers. CR2 and CR3 forward bias Q5 and
Q6 to prevent cross-over distortion. R24 and R25
determine the idling current flowing through @5 and
Q8, A true 50-ohm output impedance for a proper
match to the 50-ohm cable or instrument is provided
by R28. C15 is the de blocking capacitor for output,
R27 keeps the oufput voltage 4t zero volis de.

4-13. FEEDBACK CIRCUITRY.

4-14, The feedback eirculiry controls the amplifier
gain by selecting the amount of voliage division by
voltage divider R4, RS and R6, CGprovides phase lead
to improve the phase margin around 1MHz., C4 and
C14 eliminate transients during GAIN switching by
preventing de voltages from being appliedtothe divider
stick. Negative feedback is applied to field effect

transistor Q1 and differentially compared with the
input, which provides improved signal reproduction.

4-15, REGULATED POWER SUPPLY,

4-16, The regulated power supply provides the +45
volts used by the amplifier, A filter circuif, formed
by L1, L2, C22 and C23 prevents any interference
from being fed into the instrument power line. Ti,
CR4, CR5 and C16 form a full-wave rectifier. Diode
CR6 sets a reference voltage for the emitier cireuit
of Q7. This reference voltage is compared to the
power supply output by Q7, which amplifies the error
signal to drive QB. Transistor Q8, acting as a
current amplifier, drives series regulator Q9. Q8
2lso improvesthe gain by igolatingQ7, C19 and R35
provide gain shaping for high frequency stability of
the power supply amplifier. C18 bootstraps R33 by
driving it from the ocuiput of the regulator. This
increases the voltage gain of Q7, which improves
voltage regulation of the power supply. Resistors
R30, R31 and R32 provide a divided de voltage pro-
portional to the d¢ outputand close to the reference
voltage provided by CR6. This gives Q7 its bias and
reference signal, which controls the series rsgulator.
C20 provides additional filtering for the + 45 volt
supply.

4-1




Section V

Table 5-1. Test Equipment Regquired

Model 485A

50%, 1%, 1/2 W
1 M, Shielded Load

INSTRUMENT CRIT{CAL SPECIFICATIONS USE RECOMMENDED MODEL
DC Voltmeter Accuracy: = 1% Calibration -hp- Model 3440A/3445A
Voltage Range: 50 V {ull scale Digital Voltmeter
AC Voltmeter Accuracy: +0.1% Performance ~hp-~ Model 3440A/3445A
Frequency Range: 100 Hz - 50 kHz Checks Digital Voltmeter
Accuracy: 2 -hp~ Model 331A
Frequency Range: 10 Hz - 1 MHz Distortion Analyzer
Voltage Range: 0.008 - 10V
Test Oscillator Frequency Range; 10 Hz - 1 MHz Performance ~hp- Model 8524
Voltage Output: 1.0V Checks Test Oscillator
Frequency Response Accuracy: x0.25% :
Oscillator Frequency Range: 5 Hz - 600 kHz Performance -hp- Model 200 CD
Voltage Output: 1.0 V at 0. 5% Distortion Checks Oscillator
Digtortion Frequency Range: 5 Hz - 600 kHz Performance -hp- Model 331A
Analyzer Sensitivity: 0.1% Distortion Checks Distortion Analyzer
Variable Voltage Voltage Range: 103.5 - 126.5 V rms Performance Superior Elecirie
Line Transformer| Output Power: 10 watt Checks Company Typs UCIMB
AC Differential Accuracy: =+ 0.2% at I volt Range Caltbration -hp- Model 741B
Voltmeter Frequency: 1kHz AC A Volimeter
Oscilloscope Fregquency: 2 kHz Troubleshooting | ~hp- Model 130C
Vertleal Sensitivity: 10 mV/em Oseillogcope
DC Power Supply | Voltage Output: + 45V Troubleshootihg | -hp- Model 6220B
Current Limit; 756 mA DC Power Supply
Chmmeter Ohms Range: 10 M{ Troubleshooting | -hp~- Model 427A
Mulii-Function Meter
Resistor 502 Feed Thru - Termination Performance ~hp- 11048B
imMe 1% 1/2W Checks ~hp- Part No. 0757-0059

~hp- Part No. 0727-0023
See Figure 5-3

5-0
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Model 465A

SECTION V
MAINTENANCE

i

5.1, INTRODUCTION.

5-2. This section contains information necessary for
the proper maintenance of the -hp~ Model 465A
Amptlifier. This gectionprovidesthe necessary Per-
formance Checks, Adjustment and Calibration Pro-
cedures, and Troubleshooting Techniguesrequired to
accomplishthe above objective. Page 5-4aigincluded
.to record the results of the Performance Checks.

5-3. TEST EQUIPMENT REQUIRED,

B-4, The test equil')ment required to perform the
operations outlined inthis sectionislisted in‘Fable 5-1.
This table describes the fype of instrument required,
eritical specifications, type of operation to be con-
ducted and the recommended modél. - If the specific
model recommended is not available, equipment
which meots or exceeds the eritical specifications
listed may be substituted.

5-5. PERFORMANCE CHECKS.

5-8. The Performance Checks presented in this
section arefront panel procedures designed to compare
the Model 465A with its published specifications. These
operations may be incorporated in periodic mainten-
ance, post-repair, or incoming quality controt checks,
These operations should be conducted before any attempt
is made to adjust or calibrate the instrument. During
these operations, the Model 465A power line voltage
should be periodically varied £10%. A fifteen minute
warm-up period should be allowed prior to conducting
these checks.

Seetion V

B-7. ACCURACY AND GAIN CHECK.

5-8.

a,

e,

d

Figure 5-1 describes the recommended test
arrangement. A Test Ogeillator (-hp- Model
652A) and an AC Digital Voltmeter (~hp-
Model 3440A/3445A} will be required for
this check.

Set oscillator frequency to 1 kHz and adjust
amplitude for 1.00V rms output. Verify
with AC Volimeter.

Set Model 465A GAIN fo 20 dB. The AC
Voltmeter shouldread 10,0 £0. 1 V atthe 465A
OUTPUT. If correct, adjust oscillator amp-
litude for a 1,0 V reading at the 465A OUT-
PUT,

Switch the 465A GAIN to 40 d4B. The AC
Voltmeter should read 10,0 2 0.1 V.,

If the 485A does not meet this check perform
the adjustments described in Paragraph 5-17.

FREQUENCY RESPONSE CHECK.

a.

Figure B-1 describes the recommended test
arrangement. The -hp- 3440A/3445A oper-
ates only between 50 Hz and 100 kHz so an
additional AC Voltmeter (-hp~ Model 331A)
is recommended for the 10 Hz and 1 MHz
checks,

TEST OSCILLATOR

hpesaa AMPLIFIER
Q @ . o
@ Q=8 @6 p egeq
FEED-THRU
TERMINATION
hpliodsen
T PRI ﬂm

AC/DC
DIGITAL VOLTMETER RANGE UNIT
hp34404A hpa445A
®
ol 1|:e
0@ © o T )

Figure 5-1. Freguency Response Check .

B-1
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Section V Model 465A
Table 2. Frequency Response Test
Oscillator
~hp- Model 465A -hp- Model 652A AC Voltmeter
Gain Frequency Amplitude Reading
(dB) (Hz) {volis) ~hp~ Model {volis}
20 iK 1.0 3440A 8.0
20 10 1.0 331A 9.0+.9
20 . 100 1.6 3440A 9.0£.1
20 50X 1.0 3440A 9.0%.1
20 iM 1.0 331A 9.0x1.8
40 : X .1 3440A 9,0
40 10 W1 331A 9.0£.9
40 100 .1 3440A 9.0x.1
40 50K .1 3440A 9.0x.1
40 iM .1 331A 9.0+1.8

T At ieard

i T

C.

Set the 465A GAIN to 20 dB and adjust the
oscillator to 1 kHz with the amplitude getfor
9.0 voits at the 465A OUTPUT,

Switch the oseillator to EXPAND function
andl set the meter to 0% withthe REFERENCE
controls.

_ Change the oseillator frequency to 100 Hz

and adjust the amplitude controls for 0% in
the EXPAND function. The voltmeter should
read 9.0 0,1V, .

Repeat step dior oscillator frequencies listed
in Table §-2. Use the ~hp~ 331A for the 10
Hz and 1 MHz checks,

Reset oscillator frequency to 1 kHz and amp-
litude to 9.0 V when switching GAINto404B.

Adjust veferenceto 0% with the REFERENCE

.controls. Repeat the above cheeks for the
frequencies listed in Table 5-2,

§-9, INPUT IMPEDANCE CHECK.

,.5-2

a.

.

d.

Use the test arrangement gshown in Figure
§-1: Set the 465A GAIN to 20 dB.

Set the oscillator frequency to 100 Hz and
adjust the amplitude for 10V at the 466A
OUTPUT. .

Place a 1 M resistor (-hp- Part No.
0757-0059) in series with the 485A INPUT
and the oscillator, The OUTPUT should
read 9.1+ 0.4V, This verifies an input
jmpedance of 10 M,

Set oscillator frequency to 10 kHz and check
oseillator output for 1.0 V amplitude. The
465A OUTPUT should read greater than$.0V.
This verifies an input impedance of 10 MR
shunted by < 20 pF.

§-10. OUTPUT IMPEDANCE CHECK.

a,

Use the test arrangement shown in Figure
5-1, Set the 465A GAIN to 20 dB.

St the oscillator frequeney to 1kHz and
adjust the amplitude for 10. 0V at the 465A
OUTPUT.

Place a 50 ohm resistor (-hp- Part No.
0767-0023) across the 4654 OUTPUT termi-
nals. The AC voltmeter should read 5.0 %
0.3 V. This verifies an output impedance
of 60 ohms.

5-il. DISTORTION CHECK.

&,

f,

g

Figure 52 deseribes the yecommended test
arrangement. Set the 465A GAIN to 20 dB.

Set the oscillator frequency fo 1 kHz and
adjustthe amplitudefor 5 V'with the Digtortion
analyzer In the VOLTMETER mods,.

Switch the distortion analyzer FUNCTION to
SET LEVEL and adjust SENSITIVITY and
VERNIER for full scale reading of 1.

Change FUNCTION switch to DISTORTION
and mill the fundamental irequency with the
BALANCE and FREQUENCY controls.

Final nuil will indieate the distortion present.
Table 5-3 states distortion < 1% at 1 kHz.

Repeat the above test at the frequencies

ligted in Table 5-3. Adjust the oscillator

amplitude to obtain a set 1evel of 1 for each
frequency setting, The digtortion limits are
listed in Table 5-3.

Switehthe 465A GAIN {o 40 dBand adjust the
ogeillator amplitude for setlevel of 1. Repeat

this test for the frequencies listed inTable B-3.

d :

Log
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WIDE RANGE
OSCILLATOR
hp200CD

[
@

AMPLIFIER

@
Ea—

o

4550-0-1156

DISTORTION ANALYZER
hp33ia

&

L

@@@@

®
L)

Figure 5-2. Distortion Check

5-12. NOISE CHECK. Table 5-3. Distortion Check
465A Ogcillator ~hp- Model
Gain -hp-~ Model 200CD 331A
a. An AC Volitmeter {-hp- Model 331A) and a .
1 M shielded resistor (refer to Figure 5-3) (@) Frequency Output Distortion
will be required for this check, 20 5 Hz 1.0V <2%
20 10 Hz 1.0v <1%
b, Set the 465A GAIN to 40 dB and the voltmeter 20 1)z Loy <1h
RANGE {0 0.003 V 20 100 kHz 1.OV <1%
’ : 20 600 kHz 1.0V <2%
40 bHz 0.1V . <%
¢, = Connsct the 1 MQ shielded resistor across 40 10 Hz 0.1V <1%
the 465A INPUT. The voltmeter should read 40 1kHz 0.1V <1%
less than 2.5 mV (< 25 microvolts referred 40 100 kHz 0.1V <1%
to the input). 40 600 kHz 0.1V <2%
No. Deseription ~hp- Part No.
1 Connector, male 12561-0174
2 Connector, male, w/insulator 1251-0175
3 Lug, terminal, 90° 0360-0042
4 Resistor, 1 M&, 1/2 w, 1% 0757-0059
metal film
5 Washer, int. lock 2190-0007
6 Spacer, 6-32 thréaded 0380-0058
ki Shield 1251-0173
s10-5-0088 8 Screw, bind. head, 6-32 x 24706-0001
1/4 inches

Figure 5-3, Shielded Load for Residual Noise Check
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Section V

5-13. ADJUSTMENT AND CALIBRAT{ON
PROCEDURE.

5.14. The following is a complete Adjustment and

Calibration Procedure for the ~hp- Model 468A Amp-
lifier, These operations should be conducted only if
it has previously been astablished by the Performance
Checks, Paragraph 5-5, that the Model 46DA is outof
adjustment, Indiscriminate adjustment of the internal
controls to ''refine" readings may aciually cause more
difficulty. If the procedures outlined below do not

rectify any discrepancies which may exist, and all
connections and settings have been rechecked, refer
to Paragraph 522, Troubleshooting Techniques, for
possible ¢ause and recommended corrective action.

5.15. +45 V ADJUSTMENT (R32).

o ADC Voltmeter (-hp- Model 3440A/34454)
will be required for this adjustment. Set
voltmeter RANGE te 100.

b, Connect the positive lead to + aide of C20
and the common lead fo eircuit ground. DC
Voltmeter should read + 43. = iv.

c. If not, adjust R32 for proper reading.

5-16. BIAS ADJUSTMENT {R18).

a. Use a DC Voltmeter (-hp- Model 3440A/
3445A) for this adjustmentand set the RANGE

{o 100.

b, Connect the positive lead to + gide of C15
and the common lead to circult growl, DC
Volimeter should read + 23.0 2 0.5V,

e, If not, adjust R16 for proper reading.

§5-17. 1KH7 GAIN ADJUST (R3* and R3BH).

a. ThelkHz gain is adjusted by gelecting afixed
value for resistors R3 and RS as outlined in

the following steps.

Component Value
low normal high
R3 68082 1XQ 2Ka
R38 6.8 KQ 10 K 20 X

L. Conneet Test Oscillator {~hp~ Madel 652A)
to 465A INPUT using a80Qfeed thry tormi-
nation (-hp- Model 110488},

Adjust oscillator output for 1 volt at 1 kHz
using the ~hp~ Model 741B Differential Volt-
weter and set 465A to 20 dB position.

Commect AC Digital Voltmeter (-hp- Model
3440A/34454) to 465A OUTPUT and select

5-4

5-18. 1 MHz ADJUST (CB).

a a value of R38 for 10,00 (+0.05 volig) indid
cation on Digital Voltmeter. ;

e. Adjust oseiliator output for 0. 1 voit at 1 kH
kHz using the Model 741B and set 4654 to 4

dB position.

£. Select a value of R3 for 10,00 (20, 05 volt);
indication on Digiial Voltmeter, B
1

a. Use a Test Oscillator {~hp- Model 6624 and

an AC Voltmeter (-hp- Model 3314) for this 3=

adjustment. Set the 4654 GAIN to 20 dB.

b. Set the escillator FREQUENCY to 1 MHz and
adjust outputfor 1, 0V {verify with voltmeter).

¢. Adjust C5 for a reading of B. 5V at the 465A
OUTPUT.

5-10. SERVICING ETCHED CIRCUIT BOARD,

5-20. The -hp- Model 4656A has one etched circuit
board. Use caition when removing it to avoid
damaging mounted eomponents, The -hp- part number
for the assembly is silk screened ot the exterior of
the circuit board to identify it. Refer to Section VI
for parts replacement and ~hp~ Part number infor-

mation.

5-21. The etched circult board is a plated-through
type, The electrical connection between sides of the
board is made by a layer of metal plated through the
component holes. When working on these boards,
observe the following general rules,

a. Use a low-heat (25 to 30 watts) small-tip
soldering iron, and a small diameter rosin
core solder.

b. Cireuit components can be removed by
placing the soldering iron on the component
1ead on either side of the board, and pulling
uponlead, Ha component ig obviously dam-
aged, clip leads as close to componentis as
possible and then remove. Excessive heat
can cause the cireuit and board to geparate,
or cauge damage to the component.

c. Component lead hole should be cleaned with
a toothpick or other appropriate device be-
fore Inserting new lead.

d. To replace components, shape new leads
and insert them in holes. Reheat with iron,
and add solder as required fo insure a good
electrical connection.

e. Clean excess flux from the connection and
adjoining area.

)
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Hewlett-Packard Model 465A

PERFORMANCE CHECK TEST CARD

Tegts performed by

e

Amplifier ) Date
Instrument Serial No,
Desecription Check
PERFORMANCE CHECKS TEST LIMITS
1. ACCURACY AND GAIN CHECK: MIN. ACTUAL MAX,
20 B 9.9V 10.1V
40 dB 9.9V 10,1V
2. FREQUENCY RESPONSE:
Gain (dB} Freq,
20 1 kHz 9.0V
20 10 Hz 7.2V 10.8V
20 100 Hz 8.0V 9.1V
20 B0 kHz 8.9V 2.1V
20 1 Miz .2V 10.8V
40 1 kHz 9.0V
40 10 Hz eV 10.8V
40 100 Hz 8.0V 0,1V
40 50 kHz 8.9V 01V
40 ' 1 MHz 7.2V 10.8V
3, INPUT IMPEDANCE:
Impedance at 100 Hz 8.7V 8.5V
Impedance at 10 kHz >6,0V
4, OUTPUT IMPEDANCE: 4.7V ] 5.3V
5. DISTORTION:
Gain (dB) Freq.
20 1 kHy <1%
20 5 Hz <2%
20 10 Hz <%
20 100 kHz < 2%
20 600 kHz < 2%
40 1 kHz <1%
40 5 Hz < 2%
40 10 Hz < 1%
40 100 kHz <1%
40 600 kHz < 2%
6. NOQISE CHECK: <2.5mV

T LR AT
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Model 46DA

5.22, TROUBLESHOOTING TECHNIQUE,

5-23. ‘This section contains procedures designed to
assist in the isolation of malfunctions. These pro-
cedures are based on a gystemstic analysis of the
instrument cireultry. These operations ghould be
undertaken only after it has been established that the
difficulty cannot be eliminated by the Adjustment and
Calibration Procedures, Paragraph5-13. Aninvesti-
gation should also be made to insure that the troubls
is not a resultof conditions externalto the Model 465A.

§-94. Conduct a visual cheek of the Model 465A for
possible burned or Joosge components, loose connect~
jons, or any other obvious conditions which might
suggest a source of trouble,

§-26. Table 5-4 contains procedures which may be
used as a guide in isolating malfunctions, The steps

Seetion V

in Pable 6-4 describe the normal conditions which
should be encountered during the checks.

5.96. The checks outlined in Table 6-4 are not
designed to measure all eircuit parameters, rather,
only to localize the malfunction. Therefore, it is
quite possible that additional measurements may be
required to completely isolate the problem, Compo-
nent values may vary slightly between instruments;
therefore, it should not be necessary to precisely
duplicate voltage values described.

5.27. The conditions discussed in Table b-4 are
pased on the following criteria: (1) the + side of Cl4
ig removed from circuit, opening the feedback loop;
(2) Model 465A GAIN set to 40 dB; and (3) 1mV, 2kHz
signal applied to Model 465A INPUT.

Table 5-4. 'Troubleshooting

Remove the + side of €14 from the cireuit
board. Set Model 465A GAIN to 40 db.
Applya 1,0 mV 2kHz input signal.

Measure the dc voltage at the + gide of C2Z0.
Should be +45 v (¢1 v}, I correct, proceed to
(3 ; if incorrect, go directly to .

Observe the ac waveform at the Model 465A
OUTPUT., Should be a sine wave with peak
voltage of approximatel 12,7 v (9 v rms), If
incorrect, proceed to (%') .

Observe the ac waveform at the base of Q4.
Should be a sine wave with peak voltage of
approximatsly 12.7 v (6 v rmg), If correct,
proceed to @ ; if incorrect, go directly to

Observe the ac waveform at the junction of R24
and R26, Should be a sine wave with peak
voltage approxtmately 12.7v (9 v rma). I
correct, proceed to (8) ; if incorrect, go directly
te .

Check R26, R2T and CI6.

Check Q4, QF and Q6, Refer to Figure §-5
for typical de voltage levels.

Check @1, Q2 and Q3.
for typleal de voltage levels.

Refer to Figure 5-5

@ Disconnect jumper wire at the + side of C20,
removing power supply from circuit, Measure
dc voltage at the + side of €20, Shoyld be
+45 v(+1 v). If correct, proceed to 19 ; it
ineorrect, go directly to .

Connect 2 DC Power Supply (~hp- Model £220B)
to the collectors of @b and Q6. Connect the
high side to the collector of Q5; the low side
to the collector of Q6. Adjust the power
supply output to 145 v; get current limit to
75 ma. If power supply indicates current
limit, check @4, Q5, Q6 and CR2-3 for short,

Check Model 465A power supply to {nclude T1
gecondary, QT, CR6, Q8 and Q9. Refer fo
Figure 5-5 for typical dc voltage levels,
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SCHEMATIC NOTES

1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWH, PREFIX
WiTH ASSEMBLY OR AUBASSEMBLY DESIGNATION(S} OR BOTH
FOR COMPLETE DESIGNATION,

WISE NOTED.
RESISTARCE IN OHMS
CAPACITANCE B MICROFARADS
INDUCTANCE IN MICROHENRYS

3. -l DEvoTES CHASHS GROUND,

2. COMPOKENT VALUEY ARE SHOWN AS FOLLOWSE UNLESS OTHER-

Al | AMPLIFIER - POWER SHPPLY ASSEMBLY (00485-58501)

COPYRIGHT i965 BY HEWLETT -PACKARD COMPARY

+45v
£} DENOTES CIRCUIT COMMON a2
- DENOTES ASSEMBLY. oK
DENOTES MAIN SIONAL PATH, $any
DENGTES FEEDPACK PATH. cadt 1ps "o
5. [ DENOTES FRONT PANEL MARKING. s0°[" 0K 22KE o0y
[ _}DENOTES REAR PANEL MARKING.
2 " 21 AmpL
7P DENOTES SCREWBRIVER ADJUST, S o al
8. % AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT 047 4700 o 3:37
FACTORY,
CE o
7. WW?W/% DENOTES COMPONENTS KOT MOUNTED ON BE&PF -
ASSEMBLY.
Ri2 RIQ
8. 824, DENOTES WIRE COLOW: COLOR CODE SAME AS RESISTOR 6800F 3800 + (+IFB
COLOR CODE. FIRST NUMBER IDENTIFIES BASE COLOR, P =
SECOMD HUMBER IDENTIFIES WIDER STRIP, THIRD AllE ¢3 Ri4
NUMBER IDENTTFIES NARROWER STRIP, 3900 3.3 avoc
{o-g. 924, = WHITE, RED, YELLOW,}
Fiy 77
{ousa sm/IEY |
101064 5B/230V)
FI 1
Y] o R35
-?/‘F i - 180
t | 2R3
! | oR 10K
Wi psi 1 i » Lois
A ; | i
1 |
[ 52 3 SV
i {;\ o r2g il i | L ceq +4
P EEDS [LEN \ ‘T w0088 M
k H T I
i i ' $Fra3
i ! » £ 3200 3
X L | CRE a8 5
R34 il
-i- 3900 555 7
Y Ml
R37 30V =
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Model 465A
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Model 465A

6-1.

INTRODUCTION.

SECTION VI
REPLACEABLE PARTS

Section VI

6-3, Miscellaneous parts are listed at the end of

Table 6-1.

6-2, This section containg information for ordering
replacement parts. Table 6-1 lists parts in alpha-
numerical order of thelr reference designators and
indicates the description, -hp- part number of each
part, together with any applicable notes, and provides
the following:

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

b. Description of the part. (See Hst of abbrev-
iations below).

c. Typical manufacturer of the part in a five

digit code.

{See Appendix A for list of

6-4. ORDERING INFORMATION.

6-5. To obtain replacement parts, address order or
inguiry to your loeal Hewleit-Packard Field Ofilce
(see lists at rear of this manual for addresses), Iden-
tify parts by their Hewlett-Packard part numbers.

6-6. NON-LISTED PARTS.

6-7. To obtain a part that is not listed, include:
a. Instrumeni model number,

b. Instrument serial number,

manufacturers. )

d.  Manufdeturer's part number.

¢. Description of the part.

4, Function and location of the part.

DESIGNATORS

A = assetbly ¥ = fuga MP = mechanicat part TC = thermocoupla
B = motor FL = filter i = plug Y = vacuum tube, neon
BT = hattery HR = heatar Q = transistor bulb, photocell, elc,
[+ = capacttor ¢ = Integrated circuit QUR = transiator-diode w = gable
CR = dicde J = jack R = rgalstor X = socket
pL = delay ine X = rolay RT = thermistor XDS = lamphelder .
D3 =J]amp L = inductor 8 = gwiteh AF = fugghalder
B = mise glectronic part M = meler T = fransformer % = petwork
ABEREVIATIONS
Ag = aitver m = fastde diameter n3 = nanogescnad (a) = I.l'l'9 51 = gtide
Al = aluminum impg = impregrated seconds BPDT = single-pola doble-
A = ampere {8} ined = incandescent nar = nol agparately replace- throw .
Au =gold Ins = insulation (ed) abte 3PST = single-pole single-
throw
c = capacilor - - +3 -
cer  =ceramic ka =kl ) - i o aa - ::fineagggy deseription Ta = tanfalum
coef = coef{letent kHz = kilohertz = 107" heriz on = outside dia c! g ic = {emperature coefficient
com = comman ' - metel Ti0p = illantum dloxide
comp = composition L = inductor = peak
conn = gonnection Hn = Hnear lapst 2 — rinted eircult tog = toggle
tog = logarithmic faper pe =P tol = teleranca
Door = aette-pole double- -3 F =ploofarzd (g = 10712 him - irimmer
cubte-pola doubla m =millt = £0 ¥ = plcolarad & TSTR = transisler
DPST = double-pole single- mA = miltlampere (g} = 10‘3 Py = peak lnverse voltage v = veolt {8)
throw amperes 46 pfo = park of vacw  =alternaling current
MHz  =megakeriz = 107 heriz pos = position (g} working voltage
aleck = electrolytic MG = megohme(s) = 1076 ohms paty = polystyrena var = variable
encap  wentapsulated met flm = metal film pot = potentiomater vdew = direct current working
mfr = manufacturer Pp = peak-to-peak yoitaga
¥ = farad (s} mig = mounting 3 ppm = parts per milton
FET = flsld effect transistor mV = milkvolt {s} = $07" volts  prec = precision {temperature W =wald (a)
xd = fixed I = miero = 10~ 8 coefficient, long term w/ = with
Gahs = gallium arsenid uv = microvett (s} = 167 volts zgiléliet}y. and/er fot- z}\‘r) ::lothﬁ;l‘ig inverse voltage
GHz = gigaherts = 104 hertz my = Mylar © 0 W = wirewound
gd = guard (ed} B = rancampere {s) = 10~ R = resiator N
de, = germaniam amperes = rhodlom - ?t‘gm va]v:':::e;ted
grd = geound {ed) RNC = normally closed Tma = root-mean-square vatue s]g;, n (partgma
= = Y
Ne = neon rot = rolary e omitted)
H = henty (tes} HO = novmally open
He = mereury NPO = negative positlvs zero Se = gelentum hid = no standard type nam-
Hz = hertz (cycle (g) per {zero temperature co- sect = seciton (s} bor aasigned {selected
second) eitictent) 5 = giflcon or speclal type)

REVE
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Section VI

Table 6-1. Replaceable Parts (Cont'd)

REFERENCE T .
DESIGNATOR | PART NO. TQ DESCRIPTION MFR. [ MFR. PART N
Al 00465-66601 1 | Board Eiched Circuit Assembly Power ~hp~

Alct
AlC2
AiC3
Alcd
AlCSH

AlCS
ALCT
AlCB*
AlCo
Alcio

Alctl
Alci2
AlcC13
AlC14
AlCid

Alcls
AlcCHT
Alcis
AlC19
AlC20

Atcal
A1C22 thru
AlC24

AlCR1 thru
AICR3

AICR4,
AICRS

AICRSG

ALQL
A1Q2
AlQ3
A1Q4, A1Q5

AlQB
AlQt, AIQS

AlRY
AlR2
AlIR3*
AlR4
AIRG

AIRB
AlIRT
AIRS
AIRS
AIR10, AIR11

Alri12
AlR13
AlR14
AIR15
AIR16

0170-0060
0180-0105
-0180-0161
0180-0284
0130-0017

0140-0014

0180-0022
0130-0059
0150-0084

0180-1792
0180-0064
01500084
6180-0284
0180-0378

0140-0110

0180-0061
0160-0084
0180-0146

0170-0022
0160-0097

1901-0025
1001-01538
1002-0040

1855-0004
18640033
1854-0302

1554-0039

1853-0051
1850-6128

0887-4731
0687-1031
0686-1026
0757-0092
0698-3186

0698-3187
0687-1031
0687-1061
0687-2331
0687-3921

0687-6821
0687-1531
0687-4721
2100-0094
0686-8235

tor. pok DN b et

L N

[

W

R R L ek

[

Supply-Amplifier includes:

841
C:
C:
C
C:

C'

C:
C:
[+
C:
o}
C:
[
C:

¢

C1 thru €24
CR1 thru CR6

Q1 thru Q8
R1 thru R38

xd my dgie 0.047 pF £10% 400 vdew
fxd Al elect 50 pF +100% ~10% 25 vdew
ixd Ta élect 3.3 pF +20% 36 vdew

fxd Al elect +75% -10%

var cer 8-50 pF

fxd molded mica 58 pF +10%

N;Jt assigned

fxd'T2 elect 3.9 pF £10% 35 vdew
fxd eleet 10 pF +100% -16% 25 vdew
txd cer die 0.1 pF +80% ~20% 60 vdow

xd Al elect 2000 pF +76% ~10% 3 vdew
fxd elect 35 pF +100% -10% 6 vdew

#xd cer die 0. 1 uF +80% ~20% B0 vdew
fxd Al elect +76% -10%

fxd Al elect 1000 uF +100% -10% 30 vdew

fxd Al elect 80 p¥ 75 vdew

Not agsigned

C:
[3H
C:

G
&

fxd slect 100 pF +100% -10% 150 vdew
£xd cer dle 0. 1 pF +80% -20% 60 vdew
fxd Al elect +100% -10%

fxd my die 0.1 uF +20% 600 vdew
fxd cer 0.0088 pF 22% 1000 vdew

Diode: Si 100 wiv 12 pF 100 ma

Dicde: S1200.piv

Diode; breakdown 400 mW

TSTR: P channel
TSTR:. Si-NPN 2M3301
PSTR;- 81 NPN 2N3405

TSTR:

TSTR:
TSTR:

R:
R:
R:
R:
R

R:
R:
I iH
R:
R

R:
R:
R:

5t NPN 2N3053

51 PNP 2N4037
Ge PNP.2Ni08B

fxd comp 47008 +10% 1/2 W

fxd comp 10 K2 210% 1/2 W

£xd comp 10008 +5% 1/2 W

fxd prec met fim 22, 18 +1% 1/2 W
fxd prec met flm 2008 £1/2% 1/2 W

fxd prec met flm 20000 +1/2% 1/2 W
fxd comp 10 K@ +10% 1/2 W
fxd comp 10 M £10% 1/2 W
fxd comyp 22 KQ £10% 1/2 W
ixd comp 33008 +10% 1/2 W

fxd comp 68000 £10% 1/2 W

fxd comp 156 X0 £10% 1/2 W

fxd comp 47008 +10% 1/2 W

var comp Hn taper 50 K@ 230% 1/10 W
fxd comp B2 K& 5% 1/2 W

01281
56289
56289
56289
72082

04062

56288
56289
56289

56289
56289
56289
56280
56289

56298

56289
56289
56289

oi2s1
91418

93332
11711
04713

17856
24448
24446
86684

02735
86084

01121
01121
01121
19701
19701

19701
01121
01121
01121
01121

91121
01121
01121
71450
01121

Type 663 UW
D34114
150D335X0035 B2
D 38559
557-019-U2P0-34R

RCMIBESG0K

130D395X90356 B2
30D106G026BB4
33041

39D298G003GI4DSB

30D156G008BB4

33c41

D38559

{Type 34D) D40680-
DSB

411 D33191

30D107G015DD4
33041
Type 30D

HEW-17
B

D 3072
obd
8710930-224

Ui12
2N3391
ohd
2N2063

2N4037
2N398B

EB 4721
EB 1031
EB 1026
MFIC T-O obd
CEC T-0 obd

MFIC T-0 obd
EB 1031
EB 1061
EB 2231
EB 3821

EB 6821
EB 1§31
EB 4721

. UPE TORE

EB 8235

%
=z
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Model 485A

able 6~1, Replaceable Parts (Cont'd)

Section

VI

-hp_

MFR. PART NO.

C1 thru Ci4

Cib

16 thru C21
€22 and €23

DSl

F1

LI and L2
Q1 thru Q8
Q9

Rt thru R26
Rr27

R28
81

52

S3

T1

w1

0180-0378
0150-0007
2140-0015

2110-0017
2110-0040

9140-0028

1850-0098
0887-4721
0684-3331
3101-0037
3101-0033
3101-0038
$100-1324

8120-0078

0340-0099
0340-0100

0510-0888

1200-0043
1200-0081
1205-0811
§205-0050

bl o

e

Jargen

[

Not assigned

C: fzd Al elect 1000 pF +100% -10% 30 vdew
Not agsipned

C: fxd cer 0.0068 pF 2% 1000 vdew

Lamp glow

cartridge 0. 16 amp
0. 062A SB (for 230 V only)

Fuse:
Fuse;

Coilt R. F.
Not assigned
TSTR: Ge PNP
Not assigned
R: fxd comp 47008 +10% 1/2 W
R: fxd comp 33 K& +10% 1/4 W
Switch: toggle SPST 3 amp
Switch: slide DPDT
Switeh: toggle DPDT 3 amp
Transformer; power
Cable assembly power: black, extra limp,
7.5 ft. long
MISCI;LLANEOUS

Insulator: grey, plastic
Insulator; grey, plastic

Clamp: cradle

Insulator

Insulator: bushing nylon
Heat dissipator:- transistor
Heaf: sink

56289
91418
24455

98997
98997

99848

11068

01121
01121

04009
9727
04009

-hp-
70903

<hp-
-hp_

91506

71785
26365
98978
91506

RE

DE§i$§$g§ PART NO. TR . DESCRIPTION MFR.

AIRL1T 06875621 . 1 | R: fxd comp 58009 x10% 1/2 W 01121 | EB 5621

AIRiS * 0699-0001 1 | R: ixd comp 2.70 +10% 1/2 W o1121 | BB 27G1

AIR19, AIR26 0687-3321 1 | R: fxd comp 33008 +10% 1/2 W 01121 | EB 3321

AlR21 0686-3308 1 | R: fxd comp 33Q25% 1/2 W 01121 | EB 3305

AIR22 0886-3015 1 | B: fxd comp 300% 5% 1/2 W 01121 { EB 3015

AIR23 0687-1021 1 | R: fxd comp 10009 +20% 1/2 W gli21 | EB 1021

AIR24, AIR25 0699-0003 R: fxd comp 8,20 £10% 1/2 W 01121 | EB 0003

AlR26 07670012 1 | R: fxd 49.9 ohms £i% 19701 | MFTC T-O  obd
AIR2T 0687-4721 1 | R fxd comp 47008 £10% 1/2 W 01121 | EB 4721

AIR28 0684-3351 1 | r: fxd comp 32K 210% 1/4 W- p1i21 | CB 3331

AIR29 06871231 1 | R: fxd comp 12 K +10% 1/2 W 01121 | KB 1231

AIR30 0698-3341 1 | R txd prec met fim 191002 21% 1/2 W 75042 | CEC T-O  obd
AIR31 0698-3411 1 | Ry fxd pree met flm 34809 +1% 1/2 W 75042 | CEC T-0  obd
AlR32 2300-0090 1 | R: var comp lin 20008 £30% 1/3 W 71450 | UPM 70RE
AIR33, AIR24 0687-3921 : fxd comp 33008 £10% 1/2 W 01121 | EB 3821

AIR36 0687-1811 i | R: fxd comp 1808 £10% 1/2 W 01121 | EB 1811

AIRS36 0687-1031 i fxd comp 10 KG +10% 1/2 W 01121 | EB 1031

AIRST 0690-1001 1 | R: fxd comp 108 210% LW 0ti21 | GB 1001

AlIR38* 0686-1035 1 | R ixd comp 10 K2 25% 1/2 W 01121 | GB 1035

34D108H030JP41
B
ohd

3AG-TL~15/100
3AG-TL-~15/100

3100-15-101

B-1493

EB 4721
CB 3331

‘80350-A
G-326
83054-B

KH-4147

6214-1 AN

293011

974
TXBF-032-026B8
9017-1G1
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Section VI

Table 6-1. Replaceable Parts {Conttd)

REFERENCE -hp-
DESIGNATOR | PART NO, TQ DESCRIPTION MFR. | MFR. PART NO.
1251-0148 1 | Connector: ac power cord receptacie 82389 | AC-3
14000084 1 | Holder: fuse ' 75015 | 342014
1490-0031 1 | Stand: tilt 91260 | okd
1510-6010 2 | Binding post: red ~fip-
1510-0011 2 | Binding post: black ~hp-
5000-0700 1 | Cover: side ~hp-
5000-0711 1 | Cover: bottom -hp~
5020-0700 1 | Spacer: CAB ~hp-
5040-0234 1 | Jewel: pilot light ~hp-
5040-0235 1 | Base: pilot Hght ~hp-~
5040-0700 1 | Hinge ~hp-
7060-0700 1 | Frame assembly -hp-
5060-0700 1 | Cover: top =hp-
5060-07217 1 | Foot: assembly ~hp-
5060-4916 i { Terminal: ground black =hp-
00465-00101 1 | Plate: right ~hp-
00465-00102 1 i Plate: leit -hp-
00465-00201 1 § Panel: front -hp-
00465-00203 1 | Panel: rear =hp~
00465-01201 1 { Brackef: transistor -hp-
00465-90002 1 { Manual: Operating and Service -hp-
6-4
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The following code numnbors
(Name to Code) and H4-2 {Co

CODE LIST OF MANUFACTURERS

suppliers not appearing’in the H4 Handhooks.

Cod
No.  Monufocturer Addess
Q4000 U. 5. A, Comiten Any sopplles of 0.5,
! p0L36 McCoy Eleclronics Meont Holly Springs, Pa.
; 00213 $sge Electiosies Corp, Rochesfer, N. Y.
{0237 Cemco fnc. Raaleison, Conn.
00319 Humitial Gollon, Gallf,
£3348 Microlron Co., a6, Valley Steeam, .Y,
10313 Garleck tac. Cherry HilY, H. 1.
00655  Aerovexr Gatp. New Bedlord, Mass.
00213 Amp. fas. Hareisburg, Pa.
03781 Alecsalt Radlo Gelp. gooalen, H.J.
De3E5 Morlhen Engiseseing Laboratories, Iac.
Buttlagloe, Wis.
00§53 Sangano Electiic Go,, Plckens Dlv,
Plekens, $.C.
09866 Goe Engloeering €o. ity of Jadustry, €2l
60891 Catl E, Holmes Celp. Los Aageles, Calif,
01973 Miciclab lnc, Livingston, ¥.1.
01592 Gaaeial Electrlc $a,, Gapaciter Dopt,
- Hedsen Falls, N.Y.
01905 Alden Products G, Brockton, l2ass.
G121 Alten Bradley Ge, Milwanken, His,
01255 Littan Indusiiies, lac. saverty Kills, Callf.
01231 TRW Semiconductors, Lnc. tawndals, Casi.
£255 Texas tnstomenls, fee.,
Transistor Prodecls Biv, Dalias, Toxas
01349 The Alliance i, Co. Allfance, Oklo
$1549 Pacific Relays, [nc. - Yae Nuys, Callf,
81670 Gudsbrod Bros, Sk Co. New York, K.Y.
0133¢ Amerock Corp. Rocklozd, Ik
01361 Pulsé Enginesring Co. santa $lata, Gadid
92114 Feuwoxcube Corp. of Aperica Saugertles, N.Y.
4 02116 Wheslack Sigaals, Iac. Long Branch, ¥, ).
$2286 Cole Rubber aad Plastics tnc.  Suaryvale, Callf.
$2660 Amghenol-Borg Electroafes Corp.  Broaduiew, UL
02135 Redte Gorp. of Ameslca, Semlcondactot
aad Maleglals Div, Somerville, K. 5
8217t Vocallng Co. of Amerlca, Jas.
oid $aydrosk, Cean.
(211 Kopkins Enginsering €o. $an Femando, Gallf.
02875 Hudson Tool & D18 G4, Nawark, K.},
03506 G.E. Semicondutlor Prod. Depl.  Syracuse, M.V,
$3705 Apex Mackloe & Toel Co. Dayion, Okio
03747 Eldena Corp. Complon, Cath.
03518 Parker $eal Co. 103 Angates, Calif.
03877 Ti2estlcon Efechilc Cotp. Hakelleld, Hass,
03888 Pyiofilm Reslstor Co., fac,  Dedar Xnolls, H.J.
03954 Slnger o., DIehl Div,
Fiadezae Plast Sunervitle, N.J.
04009 Anow, Kartaad Hegenaa Elect, Co.
Hattford, Cena,
1013 Taotus Coip. Lambertyitie, M. J.
04662 Arco Electeoaie tac. Great Heck, H.Y.
04222 HI- Divislon of Aerovox Myttle Beach, S. €.
04356 Precision Papes Tude Co. ¥heallng, HL
04404 Dymec Divisioa of Hewlatl-Packard Co.
Palo Aklo, Calil.
04650 Sylvankz Etectric Products, Nicrowave
Device Div, Mountala ¥lew, Calil.
04673 Dakola Enge. [ac. Culvar City, Calil
04713 Motarola, 1sc,, Seaicondecler Prod. Div.
Phoenkx, Aflzona
04732 Fllbror Co., fac. Western Div.
Culver glly, Calid,
04773 Aulemalic Electie Co. Hortalake, M1
04795 Seqeela Wite Co. Redwaod Cily, Calil,
08811 Preclsion Coil Spring Co. Et Monte, Callk
04878 P.M. Hetar Gompany Waeslchester, 1.
04313 Component Mfg. Sarvice Co.
W. Bridgewater, Mass.
05006 Twentielh Gentury Plastics, lac.
Los Angeles, Salif,
0001547

Revised: Apsib, 1969

05245
o5

05347
03337

055
05693
05616

05624
05728

05723
05783
25820
Qg004

06430
06175
06402
25540

06535

05666
05751
06812

06980
01038
07126
s
07138

07148
07133
058
0775k
07263

01
07387
07397

07100
07829
0791
071333

07930

08145
03239
08358

08524
QB684
08717
0s7ig

08221
08792
28808
03434

43026
03k

Manufastvrer Addrass

Conposeats Gorp. Chlcaga, IH.

Hesliaghouse Electels Corp.
Seml-Conduclet Depd,

Ultronix, Int.

Union Carkide Gorp, . Elech Div.

Youngwood, Pa.
San Nateo, Calif.

New York, H.Y.
Canoga Park, Calll.
Sunnyvale, Calil,

Viking lnd. lac.
\cate Electre-Flastics lac.
Gosno Plastic
(/¢ Electrical Spec. Go.}
garber Coleaa Co.
Tiffen Oplical Co.
Roslyn Heights, Losg Istand, N.Y.
Helco-Tel Corp. Westbury, N.Y.
Stewart Enginzering Co. $anta Groz, Calif,
Hakeliald Englacering Inc. Waketiald, Mass.
Bassick Co., Div. of Stewarl Warnes Coip.
Bridgapest, Gone.
Redwood City, Callf,
gzpsch aad Lomb Gpkical Co. Rathester, H.Y.
E.T.A. Products Co. of Aaeslca Chicaga, 1L,
Agalon Electrols Rardware o, , Inc.
Kew Rochelle, N.Y.
Beeds Electrical fastrement Co., lac.
Peaasook, N.H.
Indiznapolls, tad.
Pheanix, Ariz.

Cleveland, Ohie
Rockford, Il

Raychem Cosp.

Geaesal Deviees €o., loc,
Camponeals fne., Ariz. DIv.
Tonlngion Hig. €o., West Div.
Van Ruys, CalH.
$an Gazlos, Calil
Van Huys, Qalif.
pasadenz, Calil
Mizngapolis, Wlnm,

Varian Asso¢. Elnac Div.

Kelvin Eleckiic Ceo,

Digitras Co.

Transisior Eleclronlcs Corg.

Westinghousa Elacitis Corp.
Elfectronic Tube Div,

FHsiohn Gorp.

Elmlta, N.Y.
Hew York, N.Y.

Cinch-Graphik Co. Clty of indusiry, Calil
Siticon Transister Gorp. Gaite Placa, K. Y.
Avnet Corp. Colves City, Caiif,

Falichils Gapera & bnsi. Corp.

Seatcondoctor Div. Mourtala View, Galif.
Minnesola Rebbet Co. Mlnozapelfs, Mis.
Bictcher Gorp, , The Woaterey Park, Calll.
$ylvania Elect. Prod, dnc,, Wb View Tpetations
Mountais View, Calil.

Cezaford, N. 5,
thiecago, HI.
Hawihorne, Caflf.

Techeical Wire Produels Inc.
Bedlng Etect. Co.
Goatlaental Device Gorp.
Raylhean Mg, Go.,
$eaicondactor Div. Hounkain View, Calif,
Kewtell-Packard Co., Beonton Radlo Div,
Rockaway, N.J,
Los Angeles, Callf.
Pomosa, Caiif,

0.5, Englageilsg Co.
Bliaa, Delbert Ca,
Baigess Batlery Co.
tilagara Falls, Ontarlo, Gasada
Deutsch Fasteaer Corp. Los Angeles, Calif.
Bristel Co., The Waterbury, Cong.
$loan Gompany Soa Valley, Galil.
VFT Cannon Electsic [ac,, Phoeaix DIv.
Phoealx, Arizena
Mationai Radio Lab. lac. Paranus, K. ).
¢B$ Etectrontcs Semlcandncter
Operallons, DIy of G, B.5. 8¢,
tawall, Mass,
General Efectric Co. Winiat, Lemp Depl.
Cleveland, Ohle
Indlanapolis, 1nd.
Cosla Yesz, Galll.
Houstos, Fexas

MelRain
Babeock Relays Div.
Texas Capacitor Ca,

ents, The date of revisi
tical codes have been arbitrarily assigaed to

Cade

09145
03250
09353
09569

09922
10214

10481
14646
[1236
L2

1142
11312
1314
11453
183
nnl

F1e2N)
11870
12018
12136
12361
12514

12647
12728
12859
[2geL
12830
12954
13103
13395
13835

14039
14132
14238
14433

14493
H4635
1574
14752
14950
15203
15287
15231
15558

13566
15631
15972

15801
15818
16037
16179
16352
[6585
16688

16758
17103
17174
17554
1615
4

Frea:

ara from the Federal Supply Code for Manufactirers Cataloging Handbooks H4-1
de to Wame} and thair latest supplem

supplements used appear at the bottom of each page. Alphabe

Appendix A
on and the date of the
Hanuiochurer Address
Tech. 1nd. fnc. Alohn Elect. Butdask, Galif

Chieago, 1M,
Mewlon, Mass,

Eleciro Assemblies, lac,
G & X Companeais e,
Waltary Ballery Co. of
Canadz, Lid.
Buiady Corp.
Geaeral Translstor Westera Corp.
Los Angefes, Galil,
Berkeley, Calil.
Hiagais Falls, K.Y,
Barne, Ind.

Toronls, Dntarlo, Canada
Norwalk, Cona.

Ti-¥al, lnc,
garhorwrdum Co.
CTS$ of Baras, fnc.
Chicago Telephona of Califorala, lnc.
0., Pasadeas, Galll,
Waltham, Mass.
Palo Alle, Calif,
Downey, Catif,
Peecislan Connector Betp. Jamales, K. Y.
Duncaa Electronles fac. Gosta Mesa, Calif.
Gezeral lastrumeat Corp., Semlconducior
Dlv., Prodocls Oromp Kewatk, N.l.
tapetial Eleclrante, [ne, Buena Park, Calif.
Kelabs, fae, Pala Alte, Calil.
Natiotal Semiconduclor Danbury, Coza.
Philadelphla Handle Go. Canden, K.J.
Grove Hfg. Ce., Inc. $hady Grove, Pa.
Gulton ta¢, lac, Data System Oiv.
Albuquesque, N.M.
Doves, N.H.
W. Kaves, Conn.
Tokyo, Japen
Claik, N.J.
Newpatk Beach, Calif.
Stolksdate, Arjzona

Ray State Efectiontcs Corp,
Toledyas Juc., Microwave Div,
faticnak Seat

Clarpstal itg. Ce.

Elmae Filfer Corp.

Klppos Electile Co., Lid.
Hetex Elecltanlcs Carp.
pella Semiconductor lnc.
Dicksas Etectranies Corp.
Theraalley Dajias, Texas
Telefunken {GmhH) Haaover, Gersany
widtagd-Haight Div. of Pacifle Indusliies, ac.
Kansas Elty, Kansas
Nawdury Park, Calll,
Calit, Resistor Cop. Saats Monica, CatH,
Ameslcar Components, las.  Gonshahotken, Pa.
ITT $emicondacisr, A Div. of Ink, Yelaphen?

& Telepraph Corp. vYest Paln Beach, Fla.
Rewletl-Packard Tompany tovaland, Cole,
Coraall Dublier Electiie Sorp, Heowask, N.J.
Coralng Glass Fotks Cornlag, K.Y.
Electto Cube Inc. $an Gabelal, Callf.
Willians Hlg, Co. San Jose, Calll
Webster Elacliontes Go. New York, N.Y.
Scionles Gorp. Keilhiidga, Callf,
Ad[ustable Bushing Go. N. Hallywood, Calil,
Sicron Efectionles

Gardea Gity, Long island, H.Y.
Amprobe lnst, Coip. pynbreok, N, ¥.
Catlatronits Cosia Masa, Eallf,
Twenliath Contury Coil Spilng Co.
Sanla Clara, Calif,
Fiaaingham, Mass.
ne, View, Qallf
Sptca Plng, N.C,
Faimington, Mich,
Lodi, N.J.
Pasadena, Calll,

Sen-Tech

Fenwal Elect, luc.

Ametco loc,

Sorace Plag Mica Co.

Qani-fpecta lnt.

Couputer Dlade Corp.

Bools Alreralt Hat Cozp.

{deal Prac, Meter Co., fag.
De Jor Meder Div, Brosklye, N.Y.

pelco Radio Div. of G.M. Corp. Kokoma, Mad,

Tharsonelies Inc, Canoga Park, CatH.

Tragex Company Mountaln ¥iew, Calif.

Componenls Tac, Slddalord, Ma.

Hamlir Metal Prodecis Corp. Akron, Ohle

Adgsteohm Prec. fut, Ho. Kollymaed, Calik

FSC.  Haandbook Suppleaents
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Appendix A

Code
o,

Hanufacturer

17820 MeGraw-Edisoa Co. Wanchester, M. H,
18042 Power Design Patific jac. Palo Aks, Calif.
§8083 Clevite Cotp., Sealconduelar Div.
Palo Alte, Calif
Soanyvale, Calit,
Hollistor, Mass.
Pes-Plalaes, 1N,
Mt Kisco, M. Y,
Malvesr, Pa,

18324 Sigaetics Comp,
18476 Ty-Ear Mig. Co,, Inc.
18486 TRY Elect, Gomp, Div,
18583 Cuilis Instrumeal, Inc.
18612 Yishay Insttanenls Inc,
13873 E.l. DuPort aad Cs., [lac, ¥ilaiaglea, Del.
E8311 Darant Mfz. Co. Miiwavkee, Wis.
19315 Tae Bendix Corp., Havigation & Coafrol Div.
Telerbore, H.J.
19500 Theras A. Edison Indusirles, Div, of
McGraw-Edisan Co, West Orange, H. 1.
19543 Coacos Baldwln Park, Calif.
13548 LRC Electioaes Horseheads, N.Y.
18701 Efectra Mfg, Co. Independence, Kansas
20183 Genetal Afionkes Corp, Palladelphia, fa.
21226 Execoltona, lat, Loag island City, K. Y.
21335 Fafals Bearing Co., The Naw Britain, Borm,
21520 Fansteel Melallurglcal Garp. N. Chicago, III
25042 Texscan Corp. {adianapalis, fad,
23783 Eiitish Radlo Electronics L1, Washinglon, D.C.
24455 G.E. Lanp Divislon
R Hela Park, Cleveland, Oblo
24655, General Radio Co. Yest Concosd, Mass.
24681 Memeoe Inc., Comp. Div. Huatinglea, lnd,
24795 Pareleo lac, San juan Gapistrane, Callf,
26355 Glies Repraducer Corp. Hew Rochelle, N.Y.
26462 Grodet Fide Co. of Amerlca, fec,
Cartstadt, W, J,
Hollistes, Calil,
Lancdstes, Pa.
$iratford, Cons,
Pala Alte, Calll
Keallwoih, H.J.

25851 Compac/Holtister Co.

26392 Hanillen Walck Go.

27251 Speclakities Hfg. Co., lac,

1843¢ Hewlett-Packard Co.

28520 Heymae Mlg Co.

30817 lastiument Specialtles €o,, lnc.

Little Falls, K. ),
Oweénsboto, Xy.

Chicage, 111

33173 G.E. Recelving Tube Deph
35434 Lechroha tag,
36196 Stanwyck Coif Products LI,
Hawkesbury, Ostasia, Canada
36287 Coealngham, W.H. & HUL L3d,
Toroate Ontarie, Cagada
Indlarapolls, tnd.
Akroa, Ohis
Keens, M. H,
Chicago; 11k
Englewood, Celo.

7942 £.R, Mallory & Go. Inc.
19543 Hechanical [adustries Prod, So.
40920 #inlatare Precision Bearings, inc.

42890 Moter Co.
43940 C.A. Norgres Co.
{4655 Obnite Mlg. Co. Skokle, .
45384 Penn Eng. & Mfg. Corp. Doylestowa, Pa,
47904 -Polareid Corp. Canbridge, Mass.
18620 Precision Thewmoneles & fash, Co. -
Southampien, Pa.
Waltham, Mass,
Westaiaster, Md.
Waltham, Mass.
Selma, H.C.

19956 Microwave & Power Tube Dlv,
52098 Rewan Contraller Go,

52983 Sanbom Coapany

54234 $hzlkcross Mfg. Ce.

55026 Simpson Eleciric Co. Chlcago, 111,
55933 Sonotone Corp. Etmslord, N.Y.
55938 Raythepn Co, Comnercial Apparates &

. Systens Div. S0, Nerwalk, Coan.
56137 Spawddiag Fibre Co., ins. Tenawanda, N.Y.
56289 Sprague Eleclric €o, Hozth Adams, Mass.
59446 TFelex Saip. Telsa, Okla.
$973¢ Thomas & Bells Co. Elizabeth, H. 1.
§0741 Tripfel? Elecirical 1asd, o, Bluifton, Qhlo
§177% Unfon Swilch and Signal, Div. of

H Weslinghoase Air Brake Co. Pitlsburgh, Pa.

0001547
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Address

CODE LIST OF MANUFACTURERS (Continved)

Code

MNo.  Monufactorer Addiess

Dwosse, Mich.
HE Vewos, N.Y.
Keow Yok, N.Y.

§2113 Universal Efeclitc £o.
63743 Ward-Leorad Eleclilc Co,
64359 Westers Eleclkdic Co., [ng.
65092 Weslon inst, fnc, Weston-Newark  Hewark, N.J.
66295 Wiltek Mig. Co. LChicago, Il
56346 Misnescia Mining & Mg, Go. Revere Mircon Div,
St. Paol, Wine,
Hartford, Conn.
New York, H.Y.

70276 Altea Hfg, Co,

10309 Altled Gonteol
10318 Afimetal Screw Prodect Co,, [nc,
Garden Cily, N.¥Y.
Detroit, Mich,
Chleage, fll.
Unlca City, N. 1.
Minneapalis, Wies,
Chicage, 1lI.
Cleveland, Ohlo
Hew Yark, N.Y.
Erie, Pa.

70417 Amplex, Div. of Crysler Cosp,
7485 Atlanlic India Rebber Works, lac,
76563 Amperite €o., Jac.
70674 ADC Products [ec.
70302 Belden Mig. Co,
70398 Bied Electionic Corp,
71002 Bienbach Radio Co.
71034 8Bllley Eteclrlc Co., lac.
71641 Boslon Gear Wosks Dlv, of Wumray Co.
of Texas Qelncy, tass.
71218 Bud Radle, Jnc. Willoughby, Ohio
71279 Canbridge Thermlories Cozp.  Cambridge, Mass,
71286 Canloc Fastenet Cozp. Parzaus, N.J.
71313 Cardwell Coadenser Gorp,
Lindenhurst L., MY,
71400 Bussmaen Hig. Biv. of MeGraw-Edison Eo,
Sk Louls, Mo
Ghicage, LI
Pico-Rivera, Calik
Elkhark, led,
Los Aagetes, Calil.
Barbank, Calit,
Chicage, 13,

71436 Chlcago Condenser Cotp.

71447 gallf, $pring CGe., Ine.

71450 €7S Corp.

71468 TT Gannon Efectric fac,

7H71 Cinsma, Div, Aerovox Guip,

11482 C.P. Clare & Co,

71590 Cealralab Div. of Globe Unfen [ac,

Wilwavkse, Wis,
Chlcago, (H.

Mew York, N.¥.

11586 Commercial Plastics Co,
11700 Cotnlsh ¥ite Go,, Fhe
15702 Celo Coit Co., lne. Providence, R,
N144 Chicago Minialere Laop ¥orks Chicage, IIL
71785 Glnch Mlg. Co., Howatd B. Jones Dlv.
Ghicage, 1ll.
71984 Dow Cotning Corp, Widtand, Hlch.
72136 Electro Molive Mfg. Co., f[ae, ¥liHmantle, Cono,
72613 Dialight Corp. Brooklyn, N.Y.
72656 Inclana Geaesa) Corp, . Eleclranlcs Div.
Kaasby, N. L
72699 Geaeral lostumen! Corp., Cap. Div.Nawark, N.J.
T2165 Drake Mfg. Co, Harwood Helghls, Nk
72325 Hogh H. Eby lac. Philadeiphia, Pa.
12%28 Budeman Go, Chicago, HE
Ti362 Elaslic Stop Het Cosp, Unlon, K. L
72584 Robert M. Hadiey Co. Los Angales, Calif.
12382 £rie Technological Products, Ire, Erie, Pa.
73061 Hansea Mig, Co., Iee, Princeton, [nd.
13076 H.W. Harper Co. Ghicago, 11l
13133 Helipot Div. of Beckaa fask., lac,
. Fulfestan, Calif,
T3193 Hughes Products Divislon of Hughes
Alrcratk o, Newport Beach, Callf
73445 Amperex Elect Co. Hicksvitte, L.L, ¥.Y.
13506 Bradley Semicoaduclor Corp.  New Haven, Cona.
73559 Carking Elecitic, fac, Hart{ord, Conz.
73536 circte F Mlfg. Co. Trankea, N. 1.
73682 Geoige K. Garrelt Co,, Dlv. MSL
. Iedusides [e. Philadefphia, Pa.
73734 Federal Sciew Pradocls lac, Chicags, IIL
73743 Flscher Special Mfg. Co, Clncinnati, Chlo
73733 Genersl Industiies Co., The Elyita, Okio
73346 Gosher Stamplag & Toa! Co. Goshen, lad.

. 75378 CTS Kaights las,

Cada
Mo.  Honufncturer

73893 JFD Electronles Garp.

13905 leanings Radio Mig. Corp,

13951 Gtooy-Pin Cosp.

12716 Sigaalile Ine.

74455 J.H. ¥ians, and Sons

14861 ladusiiial Condeasar Corp.

74868 R.F. Products Dlvislea of Ampheasl-Borg
Etectrontes Carp. Danbury, Gon

74310 E.F. Johnsen Go.

75642 faternattonal Reslstance Co.

15263 Keysloas Carbon Go., lac.

Brookiya, LY
S2n Jose,” Calit;
Ridgefleld, K.):
Neplane, K.§
Finchester, Mass

Philadelphia, Pa,;
SE. Harys, P
Sapdwich, I,
Mt Vereoa, H.Y.

Chicags, [E,

75382 Kulka Eleckiic Corporation
15816 Lenz Eleclrie ifg. Co,
75915 Liltleluse, Inc.
16005 Lord Mig. Ce,
76210 €. W. Marwedel
76433 Qeaeral [osltoment Gorp., Micanold Divisien
Rewark, N.J.
6487 James Willen Wlg. Co., e, Maides, Mass,
76493 J.W. Miller Co. Los Angefes, Calil.
76530 Gtnch-Menadnock, DIy, of United Canr
Faslener Guip,
76545 Mvellsr Eleclsic Go,
76703 Naltonal Union Newark, R, 5.
76854 Oak Mazufacturing Co, Crystal Lake, Il
17068 The Bendix Cofp., Eleclradyramies Div,
H, Hollyweed, Callf,

Erle, Pa.

11015 Paclffc Hetals Go.
11221 Phanoslraa fasirgment aed Efecltronic Co,
Jouth Pasadena, Calif.
77252 Philadelphia Steal and Wirs Corp.
Philadelphia, Pa,
172342 Anmesican Machine & Fomadry Co, Potler
& Brumfield Blv, Princelos, [ad.
77630 TRW¥ Eleclionic Comporeats Div.  Camden, H.J.
77638 Geszeral lostrament Cozp., Recilfier Div.
Brooklyn, H.Y¥.
71764 Resistzaca Products Co, Hanlsherg, Pa.
#7969 Rubbercraft Cora. of Callf. Yorasee, Calll.
78189 Shekepraot DIvisica of iiingls Tool Works
Elgin, {11,
S0, Bralattea, Mass.
New Yok, K.Y,
PHaan, N. )
Newark, H.1
Chicage, Hl.
San Fradelsco, Gatl,
St Marys, Pa,
Walthas, Hass,
Gtevefaad, Ohla
San Gabilel, Galif.
Hewlonville, Mass,
Long istaad Clty, H.¥.
Hartford, Cona.
Chicage, IH.

W Sigaa
18283 Sigoa! ladicater Corp.
78290 Sluthers-Denn tac,
18424 Speciatity Leather Prod, Co.
78452 Thempson-Bremer & Bo,
78571 Tiiley Mig. Co.
78488 Stackpole Carbon Go.
78492 Standard Thomson Cogp,
18593 Vioneraan Products, Inc.
18790 Tiansformer Epgineers
78847 Uclaite Co.
75135 Waldes Kohlnoor fae.
15142 Veeder Root, Iac,
15351 Weaco Mfg, Co.
13327 Continestal-Widd Electionles Cosp,
Philadeiphia, Pa.
19963 Zietick Mig. Cotp. New Rochekle, N.¥.
80031 Mepco Divislon of Sessions Clock Co.
Horrlstown, N.J.
80120 Schaitzer Allay Produets Co. Elizabelh, N.f.
2313t Efeclroaic [adustries Assoctalioe. Any draad
Tebe meeling ERA Standards-Washinglos, DC.
80207 Uninmax Switch, Div. Waxoen Elecironics Corp.
. ‘Wallisglord, Cons,
80223 United Teansforaer Caip. Naw Yoik, K.Y,
80248 Oxford Eleciric Gorp, Chicago, L.
80224 Bowras jae. Rivesside, Calil
40411 Acro Div. of Radbertshaw Cantrols Co.
Colombus, Ohio
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Ghicage, L

Wasecs, Misn. > 4

Des Plaiees, I, .

San Francisca, Callf, ¥

$en Leandro, Callf. |1
Gtevaiand, BRlo -

San Franeiscp, Galif, -
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Cods
1]

80503

83513

81541

82170

32768
32366

83014
83085

83315
83324

g3501
83594

83324
82342
84411
§5471

#5811
26174
85_197

qools

§0485

£0563
$0640

§1030
$1073
81035
8312

81349
§1433

81860

jaq42
82047

22118
B2142

82208
$2219

22376

82389
$2847

an
82893

83058

83125
83148

a31ee
§3293

83330
83132
83385

23740
83117
gi17d
84335

84970
85434

85474
§3660

36579

Appendix A

CODE L1ST OF MANUFACTURERS (Continued)

Manufoctorer Address

ALl Star Products Eng.
Avery Labet Co.
Hammatiuaé Co., Inc.
Steveas, Arold, Co., [ae.
Bines Gray Co.
Intermational Instivments 1a¢,
Grayhilt Co. tagGrange, 1.
Triad Transfoimer Coto. Veales, Cafif.
Winchesler £les. Div. tilles [nd., lac,

Gazkvilie, Conn.

Daflance, Ghio
Monrovia, Ealll.
Mars #iN, N. G,
Bostor, Mass.
Daytes, Oklo
Oszage, Conn,

Hiitzry Speci{icatlon e s
Internationat Reclifier Gorp.  EE Seguado, Galil.
Ajrpax Electronles, Iac. Catibridge, Warylaad
Barry Gostials, Div. Barry @right Cor.

Walertowa, Mass.
Catter Precisian Electrle So. Skekls, Ik
sperlt Faraday lnc,, Copper Hewsll

Electic Div, Heboken, R. ).
Etecliie Regulator Carp, Korwalk, Gean.
Jeffers Etettionies D1vislon of Speer

Carboa Ce. pu Bals, Pa.
Falrehtld Gamera & lost, Gorp, Space & Delense
System Div. paramus, N, 1.
taguire [adosiries, [ne. Giegawich, Codn.
Sylvagka Elecicic Prod, fac.

Eleclranic Tubs Divicien. Empotivm, Pa.
Aslea Corp. East Newaik, Hamisea, K, J,
Switcheralt, fnc. Caleago, 1H.
\1¢tals & Controls lac. Speacer Producks
Altieboro, Mass.

Joliet, 1E1

Magison, Wis,
Woodsleck, ¥.Y.
Glendale, Calli.

Paillips-Advazée Coalrak Co.
Resezrck Products Gorp.
fatron Bg. Co., [ne.
Yetlot Efectranic Co.
Hartwell Sap. t.os Angeles, Callf.
Carr Faslener Go, Canbridge, Mass.
Hew Hampshlre Ball Bearlag, fe.
pelerbateugh, N.H.
General tastment Gosp., Gapacitor DIy,
Dariagien, §,C.
tos Aageles, Galll.
springfleld, N, 1.
Red Baok, N.J.
Mundelein, 1,

{TT Wise and Cable Div.
Victpry Eng. Gorp.

Bendix Cop., Red Baak Div.
Hebbell Corp,

Rosan lac. Kemport Beach, Calif.
saith, Hermaa H., lat. Brooklya, H.Y.
Tock Labs Palisade's Patk, H. k.

Genlral Screw Go. Chicage, i),
Gavltl Wire and Gahle Go. i i
Dlv. of Ametace Gosp. Brookfield, Mass.
Buneaghs Gorp, Elechionic Tobe Biv.
Platafield, ¥.J.
Usion Garbide Corp. Consumer Piod. PIV.
Hew Yoik, N.Y.
Hnalisglon, Ind,
Festes, Mo.
Lodi, N.J.
Great Neck, N.Y.
Sap Frarcisco, Calif,
Qgallala, Heb.
Bloomlnglon, ind.
Boanion, N. 3.
$2a Fiznclseo, allf.
$an Fraacisco, Calif
Handen, Coan.

Hodel £ag. 2ad Kfg., 1ac.
Loyd Scruges Go.
Actopautical [ask. & Radio Coo
Arco Electronles 1ac.
A, k. Gleszasr o, loc.
TRY Gapacitor Dlv.
Sarkes Tarzize, lac.
Boonton Molding Company
A.B, Bayd Co.
Rk, 4. Bracamoata & Eo.
Koiled Kotds, fnc.
Seamless Rubber Bo, Chicago, 1H.
Fafnit Bearleg Co. Los Aagelss, Gallf,
Cliflon Precision Producis Co., lac,

Glifton Helghts, Pa,
Preciston Rubber Prodocls Gozp. Dayloa, Ohio
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Code
Mo,

866384

85928
87038
37218

1413

87664
47938
85140
§8220
89698
$9231
9573
89643
90030
9017%

90970
91146
91260
91345
91418
91506
91637
91662
E2YEY
91827
91386
51823

91461
92180
$2367
82507

42702
92366
33332

93389
43410

93632
93929
94137
94l42
445

ad1ds

94154
95197

94222
94330
94318
94682

94686
95023

95236
95238
95263
952465
95215
95348
85354

Manolactures T Address

Radie Gorp. of Amedlea, Eleclionlc

Camp. & Devices Div.
Seaslion Mfg. Co. Glendale, Calll,
Mareo Indosities Aaahelm, Galik

Philco Gorporztivn {Lansdale Division)
‘Laasdale, Fa.

Western Fibrous Glass Prodatls Go.

Saa Franclses, Callk
S2a Franclses, Galif,
piovideaca, R.b
Lincoln, SIE
St. Paul, Mlan,
Buffalo, #.Y.
Qaklaad, Calif.
Scheseclady, N.Y.

Hanisen, N. 3.

Ven Wateis & Rogars Inc,
Tower fg. Goip.
Coller-Haarer, Ing.
Gould-Kalional Batleries, [ac.
Generat Hills, tac.
Graybar Eleclric Co,
G. E. Distributing Gorp.
Uaiked Trensoraet Co. Ghlcage, 1.
Uniled Shoe Machinery Colp. Baverly, Mass.
S Rubber Co., Ceasumer [ad. & Plastics

Pred. Div. Passate, M. k.
Bearing Enginsering Co. San Francisco, Calif,
IFT canaca Elact, lac., Szlea Div. Safem, Hass.
Connor Spriag Mfz. Co. $an Franclsce, Calil.
Hilles Dlal & Hameplale Co. £1 Woale, Ealll.
Radlo Malerlals Go. Chicago, 13l
Asgal Inc. Aliteboto, Mass.

Dale Electrontes, dnc. Colnmbus, Nebr.
Eteo Corp. glllow Grave, Pa,
Grenar ¥fg. Go., lac. WakeHald, Mass.

Redwaod Clty, Calil.
Ghleago, 11l

X F Developnent Co,

Malco Mig. Co., inc,
Honeywell [nc., Mitro Swilch Div,

Freepod, {11,

Kahm-Bros. $pring Co, Q2kFaad, Galif,

Teu-Conaector Sorp, Peabedy, Yass,

£lgesl Oplical So, Irc. Rochestes, K.Y,
Teasolits lnsulated ¥ize Co., Iac,

Tatrytowa, H.Y.

Weshury Long Island, K, Y.

Keamey, N. 3.

MG Magaelics Corp.
Hudson Lasp Co.
$ylvania Elecliic Prod. lac.
Semteenductor Div. - Wobura, Mass.
Robbins & HMyars fac, Pallsades Paek, N.J.
Stemeo Conléols, Div. of Essex Wire Gorp.
Wanstield, Ohlo
Celver City, Calll.
Livingsten, N.J,
Bayoane, M. 3.
Yonkers, N.Y.

Walers Mg, €o.
G. Y. Gontrofs
Geseral Cable Corp.
Phalps Dodge
Raylheon Co.;, Comp. Biv., fod,
Coop. Operailans Quincy, Mass,
Scienllfic Efsctonies Prodacts, fac.
Lovakand, Colo,
Ragees Elect, Cotp., Tueg-Sof Biv. Newark, [N
Coiliss-¥ighi Gorp. Electronlcs Div.
East Patarson, N.
Chastes, Pa.
Beliwood, 1lL
Brooklys, K. Y.

Sounth Chester Gozp.
Wire Clolk Prodacts, lac,
Anlomalic Metal Froducts Co.
Wercester Pressed Atanloua Corp.
. Worcaster, WPass.
Magaectalt Eletlie Co. Chieago, 1.
Georgs A, Philbrick Researchers, inc. B
Boston, Mass,
Daalz, Fla.
Woodslda, N.Y.
tong Istand, M. ¥.
Sheridzn, Wyo.
Bridgepor!, Coma.
Bloomlield, K.,
Rolling Meadows, 1l

Alties Products Corp.,
Conkineatal Connecloy Gorp.
Legcraft Mig, Co., Ine.
National €l Co.

Yilramon, [ac.

Gotdos Corg.

Meikoda Mig.- Go.

Code

No.  Manofactures Address

93566 Afold Frginsering Co, Mareago, HE.
95712 Dags Elechic Co,, lat, Franktin, lad,
45484 $iemon Eig. Co. W¥ayne, (1.
45987 Weckesser Do, Chlcago, 11k
96667 Microwave Assoc., Westfoe,  Suomyvale, Gallk
96095 Hi-Q DIv. of Aeravox Colp. Dlean, ¥.Y.
96256 Thotdarson-Helssner [ac, ut. Gaemal, 11k
96236 Solar Maouizcturing Go. Los Angales, €alll,
96305 Mlcroswilch, Div. of Wise, —Honeywall
Freeport, 11k
96330 Garllon Screw Go, Chicago, 11k
95341 Mitrowave Assoclales, lac, Borlinglor, Mass.
96505 Excel Traasforaer Go. Gaklaed, Cablf.
55733 §20 Fewnande Elsch Wiz, Co.
$an Fespands, Cafif,
6688 Thomses Jnd. dnc. tongbs., N.Y.
97464 [fadusirial Retalalng Ring Co. Irviaglon, H.J.
§7539 Aulomatic'8 Precision Mlg. Euglewood, H. ),
$797% Rzom Reskslor Corp. Yonkers, N.Y.
97483 Litloa System lac., Adier-estiex
- Bormun, Div. New Rochella, H.Y.
95141 R-Teoncis, kac, Jamatea, H:Y.
9316 Rubber Teck, lac. Gardena, Calif.
93220 Hewlait-Packard Co., Koselay Div.
pasadeas, Gallk
95278 Micredel, (ac. So. Pasadenz, Calll
§8291 Sealeclro Coip. Manmareneck, N.Y.
93376 Zero Mfp. Co. Buribank, Galtf.
48410 £lc [nc. Clevelaad, Ohte
58731 Geasral Mills tag., Eleclionles Dlv,
Winneapalis, Hian.
53734 Paece Dlv. of Hewlell-Packard Go,
Pale Alto, Cailf,
98821 North Hilts Electronies, Inc. Glen Cove, H.Y.
92478 [sleraational Eleckicnic Rasearch Corp,
Busbaak, Calil.
98108 Coleabla Techaicat Gorp. Now York, K.Y,
99313 Vailan Associales Ppalo Alto, Talif,
35378 Atlee Golp, Wiacheslor, Mass.

93515 Marshalk tnd., Capacilor Div. Hoproviz, Calll.
99707 Control $wilch Divislos, Contiofs Co. .

of America El $egenda, Calif
Delevaa Elecironics Cotp. East Aurora, N.Y.
¥ilea Corporalion ndizazpoils, [ad.
Beaason Gorp, Bhippany, K.J.
Rextrandt, fac, Bostan, Mass,
Hoffman Eleclionics Corp.

Senfconductor Div. £ Honta, Calif.
Techaslogy Iastrameat Gorp, of Calil.

- Hewbuzy Park, Salll.

99808
99848
99523
99934
83942

99957

THE FOLLO®ING HP VENDORS HAVE NO HUNBER
ASSIGRED [N THE LATEST SUPPLEBENT YO THE
FEDERAL SUPPLY CODE FOR MANUFAGTURERS
KANDBDOK.

Halco Tool and Die

0000F Les Aogeles, Calif
00007  Willow Leather Preducts Corp,  Newark, H.J
B00AB  ETA Englasd
O0DBE  Precision Inslrumeal Componeats Co.

Vaa deys, gallt.
000CS Hewletl-packard Co., Colorade Springs
colotade Springs, Colatade

000MM  Rubher Ecg. & Development  Hayward, Callf.
H0ONN A VN B Mig. Co San Jose, Calif,
00090 Goodlron Qaktand, Calif.
00HE  Galiforala Eastere Lab, Builiagton, Calif.
060YY  S.K. $milh Co. Lot Asgales, Callf,
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