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CERTIFICATION

The Hewlett-Packard Company certifies that this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measurements
are traceable to the U.S. National Bureau of Standards to the extent
allowed by the Bureaw’s calibration facility.

WARRANTY AND ASSISTANCE

All Hewlett-Packard products are warranted against defects in
materials and workmanship. This warranty applies for one year from
the date of delivery, or, in the case of certain major components listed
in the operating manual, for the specified period. We will repair or
replace products which prove to be defective during the warranty
period. No other warranty is expressed or implied. We are not liable

for consequential damages.

For any assistance contact your nearest Hewlett-Packard Sales and
Service Office. Addresses are provided at the back of this manual.
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Section I Model 465A

Figure 1-1 and Table 1-1

4654 AMPUIFIER
[/ WEWLETT. PACKARD

Figure 1~1. Hewlett~-Packard Model 465A Amplifier

Table 1-1, Specifications

Voltage Gain: 20 db (X10) or 40 db({X100), open Digtortion: 1%, 5 cps to 100 ke; 2%, 100 ke to
circuit. 1 Me.

Gain Accuracy: +0.1 db (£1%) at 1000 cps. Input Impedance: 10 megohms shunted by < 20 pf.

Output Impedance: 50 ohms

Frequency Response: 0.1 db, 100 cps to 50 kc
less than 2 db down, 5 cps to 1 Mc. i Noise: not greater than 256 v rms referred to

' input {with 1 megohm across input).

Qutput: greater than 9 volts rms into 50 chms
(1/2 watt}; greater than 10 volts rms open circuit. Weight: 3 Ihs, 12 oz.

1-0 01775-1




Model 465A

Section I
Paragraphs 1-1 to 1-5

SCOPE

This manual contains the information necessary for operating
and servicing the standard Model 465A Amplifier and the Model
465A /Option 01 Amplifier (rear input connectors in parallel

with front panel connectors).

SECTION |

GENERAL

1-1. DESCRIPTION.

1-2. The -hp- Model 4654 is a general-purpose
amplifier, andan idealimpedance converter (10 meg~
ohms to 50 ohms). Thisamplifier has extremely stable
20 db or 40 db gain over a continuous frequency range
of 5 cps to 1 megacycle, Either gain maybe selected
quickly with a switch on the front panel. The output
stage provides low ouiput impedanceand wide dynamic
range. The ~hp- 465A is a three-terminal device
isolated from chassis and may be floated up to 500
volis dc above chagsis ground.

1-3. INSTRUMENT IDENTIFICATION.

01775-1

INFORMATION

1-4, Hewlett-Packardusesatwo-gection, 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 titlepage of this manual, change sheets
supplied with the manual will define differences
between your instrument andthe Model 465A described
in this manual,

i~5. I the first three digits of the two-section,
eight-digit serial number are prefixed withan E or
G, your instrument was produced in Europe. An
E000-00000 serial number indicates that the instru-
ment was manufactured in England; a G000~00000
serial number indicates that the instrument was
manufactured in Germany,




Model 465A

Section II
Paragraphs 2-1 {0 2-17

SECTION U
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains informationand instructions
necessary for the installation and shipping of the
Model 465A Amplifier. Includedare initial inspection
procedures, power and grounding requirements,
installation information, and instructions for repack-
aging for shipment.

2-3. INITIAL INSPECTION.

2-4, This instrument was carefully inspected both
mechanically and electrically before shipment, Ii
should be physicallyfree of mars or scratches and be
in perfect electrical order upon receipt. To confirm
this, the instrument should be inspected for physical
damage in transit, Also check for suppliedaccessories,
and test the electrical performance of the instrument
using the procedure outlined in Paragraph 5-5. 1If
there is damage or deficiency, see the warranty on
the inside front cover of this manual.

2-5. POWER REQUIREMENTS.

2-6, TheModel 465A Amplifier canbe operated rom
any source of 115 or 230 volts (x10%), B50-1000 cps.
With the instrument disconnected from the ac power
source, 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) recom-
mends that the instrument panel and cabinet be
grounded. AllHewlett-Packardinstruments are equip-
ped with a three-pronged conductor cable which, when
plugged into an appropriate receptacle, grounds the
instrument. The offset pin on the power cable three-
prong connector is the ground wire.

01775-1

2-9. To preserve the protection feature when
operating the instruments from a two-contact outlet,
use a three-prong adapter and connect the green pig-
tail 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 be operated where the ambient temperature
exceeds 55°C (131°F).

2-12. BENCH MOUNTING.

2-13. The Model 4654 is shipped with plastic feet
and tilt stand in place, ready for use as a bench
instrument. '

2-14. RACK MOUNTING,

2-15. The Model 465A may be rack mounted by
using an adapter frame (~hp~ Part No. 5060-0797).
The adapter frame is a rack frame that accepts any
combination of submodular units. It can be rack
mounted only. For additional information, address
inguiries to your -hp- Sales and Service Office (see
Appendix B for office locations).

2-16. COMBINATION MOUNTING,.

2-17. TheModel 465A may be mounted in combination
with other submodular units by using a Combining

Case (-hp- Model 110514, 11052A, or both, deponding
on depth). The Combining Case is a full-module unit
which accepts various combinations of submodular

units, Being a full-module unit, it can be bench or

rack mounted and is analogous to any full-module

instrument.

2-1




Section HOI Model 465A
Figure 3-1

FRONT REAR
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& % o %
@ LINE ON: switches powervoitage on; indicator front panel. (Option 01 only)
lows when line voltage is on.
& & @ OQUTPUT (rear panel): BNC conneciors connected
inparallel with the OUTPUT terminals on the
(2) GAIN: selects 20 or 40 db gain. front panel. (Opiion 01 only)
@ FUSE: contains a fuse which provides pro-
@ INPUT (front panel): banana-type connector tection for the primary circuit of the instru-
that provides signal input and circuit common ment transformer. The fuse is used for both
for the instrument. 115 and 230 voli operation.
@ QUTPUT (front panel): banana-type connectors .
that provide signal output circuit commor and AC POWER: accepts a 3-wire power cable
chassis ground for the instrument. The ground with safety ground.
strap between {=r) and 77permits floating dc
operation.
@ INPUT (rear panel): BNC connectors connected @ LINE VOLTAGE: a two-position slide switch;
in parallel with the INPUT terminals on the sets the 465A for 115 or 230 volt operation,

Figure 3-1. ¥Froni and Rear Panel Controls, Indicators and Connectors
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Model 46BA Section TII
Paragraphs 3-1 to 3-4

SECTION 111
OPERATING [INSTRUCTIONS

3-1. GENERAL. fler, {4) impedance converter (5 x 108 power gain)
and (5} in-system amplifier unit.

. 3-3. DESCRIPTION OF CONTROLS.
3-2. The Model 465A Amplifier can be operated as:

(1) a general purpose amplifier/preamplifier, (2) 3-4. TFigure 3-1 gives a description of the front
oscilloscope preamplifier, {3; oscillator powex ampli- panel and rear panel controls for the 465A.
-CAUTION
Ensure that transients greater than 200 Ensure that common { ) terminals are
vde or +£25 vde are not applied to the connected before INPUT or OUTPUT
input or output terminalg, respectively. terminals. Otherwise damage to the
Otherwise damage to the Model 465A may Model 46BA may result due to tran-
result, sients,

01775-1 3-1



Section IV
Figure 4-1

Model 465A
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Model 465A

Section IV
Paragraphs 4-1 to 4-16

SECTION 1V

THEORY OF

4.1. INTRODUCTION.

4-2. The -hp- Model 465A Amplifier comprises

an amplifier section and a power supply section,
The amplifier section coniains two amplifier stages,
two emitter followers and a complementarysymmetry
pair. The power supply is the geries regulated type.

4-3. GENERAL CIRCUIT DESCRIPTION.

4-4_ Figure 4-1 shows the block diagram for the
465A Amplifier. Each amplifier stage (Q1 and Q3) is
followed by an emitter follower (Q2 and Q4) to prevent
loading of the amplifiers. The complementary
gymmetrypalr (Q5andQ6) provide power gain and low
output impedance. Overall feedback, taken from the
cutpuf and applied differentially to the initial amplifi-
cation stage decreases distortionand increases gain
accuracy. Resistive voltage divider (R4, R5, and R§)
changes the amount of feedback to obtain 20 or 40 db
gain as selected by the GAIN switch on the froni
panel. The regulated power supply provides a con-
stant 45 volts to the amplifier circuitry.

4-5. DETAILED CIRCUIT DESCRIPTION.

4-6. Refer to Figure 5-8 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 @2 provides isolation while driving
the second amplification stage. @2 also bootstraps
@1 load resistor R10. This permits the field effect
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 R12 stabilize
the overall gain. R13 and C8 allow Q2 to operate
asan emitter follower with reduced operating voltage
to lower the power dissipationand the noise generation.
R2 and RYT set the gate voltage for Q1;Q2 bypasses any
ac on the supply, preventing hum injection into Q1.

4-9. SECOND AMPLIFICATICN STAGE,

4-10. The second amplification stage consists of
amplifier Q3 and emitter follower Q4. Amplifier Q3
is a common emitier stage. When the GAIN switch is
on 20 DB, Q3 has 20 db of gain. Q1 and Q3 together
give a total of 60 db gain, of which 40 db is used as
feedback and 20 db is retained as the closed loop
gain, When the GAIN switchis on 40 DB, C11 shunts
R22, giving Q3 40 db of gain.The 40 db'of feedback is
stillused, which allows the same gain shaping to be

01775~1

. 4-11,

OPERATION

uged inboth GAIN switch positions (20 DB and 40 DB).
R19 maintaing a charge on C11 {in the 20 DB position)
to eliminate switching transients while changing gain.
R15, R1§, R17and CRI1form thebias voltage divider for
Q3, Rl5provides bias adjustmentand CR1 provides
temperature compensation. Emitter follower Q4
isolates and drives the complementary symmetry pair
Q5 and Q6.

OUTPUT CIRCUITRY.

4-12. Q5 and Q6 operateas complementarysymmetry
emitter followers, CR2 and CR3 forward blas Q5 and
Q6 to prevent cross-over distortion. RBE4 and R25
determine the idling current flowing through Q5 and
Q6. A true 50-ohm output impedance for a proper
mateh io the 50-chm cable or instrument is provided
by R26. C15 is the dc blocking capacitor for output;
R27 keeps the outpuf voltage at zero voits dc.

4-13. FEEDBACK CIRCUITRY.

4-14. The feedback circuitry controls the amplifier
gain by selecting the amount of voltage division by
voltage divider R4, RS and R6. Chprovidesphase lead
to improve the phase margin around 1 Me, C4and
C14 eliminate transients during GAIN switching by
preventing de voltages from being appliedto the divider
stick. Negative feedback is applied to field effect

trangistor @1 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 circuit, formed
by Li, 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
CRS6 sets a reference voltage for the emitter circuit
of @7. This reference voltage is compared io the
power sapply outpuf by Q7, which amplifies the error
signal to drive Q8. Transistor QB, acting as a
current amplifier, drives series regulator Q9 Q8
also improves the gain by isolating@7. C19 and R35
provide gain shaping for high frequency stability of
the power supply amplifier. CI8 bootstraps R33 by
driving it from the ouiput 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 dec voltage pro-
portional to the de outputand close to the reference
voltage provided by CR6. This gives Q7 its bias and
reference signal, which controls the series regulator,
C17 couples all ac output to Q7 to provide better
ripple reduction.

4-1



Section V Model 465A
Table 5-1

Table 5-1. Test Equipment Required

Instrument Critical Specifications Use Recommended Model
DC Voltmeter - Accuracy: +29% Performance Checks -hp~ Model 3440A /34454
Voltage Range: 50 v full scale AC-DC Digital Voltmeter
Test Oscillator F 1 neoney Range: 10 cps £0 | o formance Checks | -hp- Model 651A Test
Voltage Outputl: 1 v Oscillator
Oscilloscope Frequency: 2 kc Troubleshooting =hp-~ Mpdel 130C
Vertical Sensitivity: 10 v/cm © Oscilloscope
AC Voltmeter Accuracy: +1%, 100 cps to Performance Checks -hp- Model 3440A/3445A
50 ke AC-DC Digital Voltmeter
+2%, 10 cps to =hp- Model 331A
1 Me Distortion Analyzer

Voltage Range: 10 v
Fi‘el\c’[téency Range: 10cpsto

Variable Voltage Line Vogaéges %ange: 103.5 to Performance Checks Superior Electric Co.

Transformer Output Power: 10 watts Type 3PN-116

Ohmmeter Ohms Range: 10 M ohms Troubleshooting ~hp- Model 3440A/3445A
Multi~Function Unit

Frequency Response Frequency: 10 c¢ps to 1 Mc Performance Checks -hp~- Model T39AR Fre-

Test Set with external oscillator quency Response Test

Voltage Output: 10 v Set

Distortion Analyzer Frequency; 10 cps to 500 ke Performance Checks ~hp- Model 331A
Sensitivity: 1% full scale Distortion Analyzer

DC Power Supply Voltage Output: +45 v Troubleshooting ~hp- Model 723A DC
Current Limit: 75 ma Power Supply

Resistor 1M ohm, 1%, 1/2w Performance Checks -hp- PartNo. 07570059
50 ohms, 1%, 1w ~hp=- Part No. 0757-0024
1M ohm, shielded load See Figure 5-3

5-0 01775-1



Model 465A Section V
Paragraphs 5-1 to 5-8

Figure 5-1
SECTION V
MAINTENANCE

5-1. INTRODUCTION. 5-7. ACCURACY AND GAIN CHECK.

5-2. This section contains information necessary for a. A Test Oscillator (-hp- Model 651A) and an
- the proper malntenance of the -hp- Model 465A AC Voltmeter {(~hp- Model 3440A /3445A) will be

Amplifier. Thisgectionprovidesthe necessary Per- required for this test.

formance Checks, Adjustment and Calibration Pro-

cedures, and Troubleshooting Techniques required to b, Set Model 465A fo 20 db.

accomplish the above objective, "

c. Connect test oscillator OUTPUT to Model

5.3, TEST EQUIPMENT REQUIRED. 465A INPUT. Set oscillator, frequency to 1 ke;
adjust amplitude for 1,00 v rms output (verify
with ac voltmeter).

d. Connect ac voltmeter to Model 465A OUT-
PUT. Voltmeter should read between 9,90 and
10.1 v. I correct, adjust oscillator output
amplitude for ac voltmeter rehding of 1.0 v as
measured at oufput of 465A. This corresponds
to an input of 100 mv,

5-4, The test equipment required to perform the
operations outlined inthis section is listedin Table 5-1.
This table describes the type of instrument required,
critical specifications, type of operation to be con-
ducted and the recommended model, If the specific
model recommended is not available, equipment
which meets or exceeds the critical specifications . .
listed may be substituted. e. Switch Model 465A to 40 db. AC voltmeter
should read between 9. 90 and 10,1 v,

5-8, FREQUENCY RESPONSE CHECK, ’
a. Figure 5-1 describes the test arrangement

5-5. PERFORMANCE CHECKS.

¥

5~8. The Performance Checks presented in this recommended. A Tesi Oscillator {~-hp- Model
section are front panel procedures designed to com= 851A), a Frequency Response Test Set-(-hp-
pare the Model 465A withits published specifications. Model T39AR) andan AC Volimeter {-hp- Model
These operations may be incorporafed in periodic 331A and 3440A/3445A) will be required. -hp-
maintenance, post-repair, or incoming quality control Model 3440A/3445A will be used for frequencies
checks. These operations should be conducted before - from 50 cps to 100 ke; ~hp- Model 331A will be
any attempt is made to adjust or calibrate the instru- used at all other frequencies.
ment. During these operations, the Model 465A. ; . _
power linevoltage should be periodically varied+10%. gét %‘ﬁﬁ?ﬁg%g“ss‘&* as shown in Figure 5-1.
A fifteen minute warm~up period should be allowed )
prior to conducting these checks, ¢. Set ac voltmeter RANGE to 10 V.
FREQ“?;SI §:§P°NSE & 465A AC VOLTMETER
AMPLIFIER 3440A /3445A
& T39AR ) @
@
o . oL Tlzme
O 50~ OHM
FEED- THRY eee @ o
o TERMINATION
HI048B =
%0 90 O Sl /L )
& 1 O 9 8
TEST OSCILLATOR
& 651A
Ll—‘65l-‘-8-ozi!l

Figure 5-1. Frequency Response Check

01775-1 5-1



Section V Model 465A

Paragraphs 5-9 {o 5~11

Table 5-2

Table 5-2. Frequency Response Test
Oscillator F.R.T,8. AC Voltmeter
-hp- Model 4654 ~-hp- Model 651A -hp~ Model T39AR -hp- Model 3440A /34454 or 3314

GAIN Range Frequency Output Range Readings
(db) {cps) Attennator
20 1K 1 1.0 16 9.0v
20 10 1 1.0 10 08.1t009.9v
20 160 1 1.0 10 08.9t009.1v
20 10K i) 1.0 10 08.9tc09.1v
20 1M T 1.0 10 7.2t0 10.8 v
40 1K 1 .1 10 8.0v
40 10 1 .1 10 08.1¢009.%v
49 100 1 .1 10 08.9t009. 1 v
49 10 K 5 N 10 08.9t009. 1 v
40 IM 1 .1 10 7.2t015.8v

5-8.

d. Set frequency response test set to
EXTERNAL; OUTPUT ATTENUATOR to 1.0 ,

e. Setoscillator frequency to 1 ke; adjust output
amplitude to provide ac voltmeter reading of
9.0v,

{. Adjust frequency response test set METER
SET to convenient SET LEVEL.

g. Resetoscillator frequency to 10 ¢ps. Adjust
oscillator amplitude to re-establish SET LEVEL,
if required. AC voltmeter should read between
8.1and 8.9 v.

h. Repeat step g above for oscillator frequencies

listed in Table 5-2. AC voltmeter should read
within limits specified.

j. When going from 20 db to 40 db, re-adjust
oscillator output for ac voltmeter reading of
8.0 vat1ke. Reset frequency response test
set METER SET for SET LEVEL. Repeat above
test using frequency setttings provided in Table
5-2.

INPUT IMPEDANCE CHECK,

a, A Test Oscillator (~hp- Model 651A), an
AC Voltmeter (-hp- Model 3440A/3445A) and a
1 M ohm £1%, 1/2 watt resistor (~hp- Part No.
0757-0059) will be required.

b. Set Model 465A GAIN to 20 db.

¢. Connect ac voltmeter to Model 465A OUT-
PUT. Set RANGEto 10V,

d. Connect oscillator QUTPUT to Model 465A
INPUT. Set oscillator frequency to 100 cps;
adjust output amplitude for ac voltmeter reading
of 10 v.

e, Insert 1 M ohm resistor in series with osci~-

llator and Model 465A INPUT {resistor must be
connected directly to Model 465A INPUT with
nothing else across input terminals). AC
voltmeter should read approximately 8.1 v
(£0.4v). This verifies a Model 485A input
resistance of 10 M ohms,

f. Resetoscillator frequency to 10 ke, Insure
that oscillator output is still 1.0 v. AC volt-
meter should read more than 6.0v. This verifies
& Model 465A input impedance of 10 M chms,
shunted by 20 pf.

5-~10. QUTPUT IMPEDANCE CHECK.

5-11.

a. A Test Oscillator {-hp- Model 651A), an
AC Voltmeter (~hp- Model 331A) and a 50 ohm
+1%, 1 watt resistor (~hp- Part No. 0727-0024)
will be required for this test.

b, Bet Model 465A GAIN to 20 db,

¢. Conmnect ac voltmeter to Model 4654 OUT-
PUT; set RANGE to 10 V.,

d. Connect oscillator OUTPUT to Model 465A
INPUT. Set frequency to 1 ke; adjust output
for ac voltmeter reading of 10 v,

e. Place 50 ohm resistor across Model 465A
OQUTPUT. AC voltmeter reading should drop
to 5.0 v. This verifies Model 465A output
impedance of 50 ohms.

DISTORTION CHECK.

a. Figure 5-2 describes the test arrangement
recommended. A Test Oscillator (~hp- Model
651A), a Distortion Analyzer (-hp~- Model 3314)
and a Frequency Response Test Set (~hp~ Model
739AR) will be required.

b. ConnectModel 465A as shown in Figure 5-2.
01775-1
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Section V
Figure 5-2 and Table 5-3

L

FREQUENCY RESPONSE
TEST SET
&) T39AR

&) 465A
AMPLIFIER

DISTORTION ANALYZER

TEST OSCILLATOR
@ 651A

4E5A-~B-OREG

#331A

s/~ o9
e \O
20 © @ L7 /e

Figure 5-2. Distortion Check

¢. Set Model 465A GAIN to 20 DB.

d. Set distortion analyzer to METER,

e, Set oscillator {requency to 1 ke; adjust
oscillator output to provide distortion analyzer
(voltmeter) reading of 5 v.

f. Adjust frequency response test set METER
SET control to desired S8ET LEVEL,

g. Switch distortion analyzer FUNCTION to
SET LEVEL;METER RANGE to SET LEVEL
and SENSITIVITY for upscale meter deflection,
Adjust VERNIER for full scale reading of 1
{100%).

h. Rotate FUNCTION switch to DISTORTION,
Null out fundamental of signal by alternately
reducing METER RANGE and adjusting
BALANCE and frequency control knob for
null.

j. Final null will indicate amount of distortion
(%) present in Model 463A outpuf signal. At 1
ke, distortion should be less than 1%.

k. Repeat the above test for oscillator fre-
quencies listed in Table 5-3. Entire test
should be repeated with Model 465A GAIN set
to 40 db. Refer to Table 5-3 for oscillator fre-
quencies and distortion tolerances. Monifor
frequency response test set SET LEVEL to
insure constant oscillator output amplitude,

Table 5-3. Distortion Check
~hp~- Model 465A Oscillator Distortion Analyzer

Gain ~-hp- Model 651A ~hp- Model 331A
{db) Frequency Output Frequency Maximum Disposition

20 1 ke 1.0v 1 ke 1%

20 50 ke 1.0v 50 ke 1%

20 500 ke 1.0v 500 ke 2%

20 10 cps 1.0v 10 cps 1%

40 1 ke 0.1v 1 ke 1%

40 50 ke 0.1v 50 ke 1%

40 500 ke 0.1v 500 ke 2%,

40 10 eps 0.1v 10 cps 1%

01775-1
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Section V Modei 465A
Paragraphs 5-12 to 5-17
Figure 5-3
%} No. Description ~hp- Part No.
1 Connector, male 1251-0174
2 Connector, male, w/insulator 1251-0175
3 Lug, terminal, 90° 0360-0042
4 Resistor, 1M &, 1/2w, 1% 0757-0059
metal film
5 Washer, int. lock 2190-0007
6 Spacer, 6-32 threaded 03800058
7 Shield 1251-0173
STR8ncoss 8 Screw, bind. head, 6-32 x 2470-0001
1/4 inches

Figure 3-3. Shielded Load for Residual Noise Check

5-12. NOISE CHECK.

a. An AC Voltmeter {-hp~ Model 331A) and a
1 megohm shielded resistor {refer to Figure
5-3) will be required for this test.

b, Connect ac voltmeter to Model 4865A OUT-
PUT; RANGE to . 003 V.

¢. Set Model 465A GAIN to 40 db.

d. Connect 1 megohm shielded resistor across
Modei 465A INPUT.

e. AC voltmeter must read less than 2.5 mv
{or 25 microvolts referred to input).

5-13. ADJUSTMENT AND CALIBRATION
PROCEDURE.

5-14. The following is a complete Adjustment and
Calibration Procedure for the -hp- Model 4654
Amplifier. These operations should be conducted
only if it has previously been established by the
Performance Checks, Paragraph 5-5, that the Model
465A is out of adjustment. Indescriminate adjustment
of the internal controls to "refine' readings may
actually cause more difficuliy. TIf the procedures
outlined below do not reciify any discrepancies
which may exist, and all connections and settings have
been rechecked, refer to Paragraph 5-21, Trouble-
ghooting Techniques, for possible cause and recom-
mended corrective action,

§5-15. POWER SUPPLY ADJUST (+45 V).

a. A DC Voltmeter (-hp- Model 3440A /3445A)
will be required for this test.

b. Set volimeter FUNCTION to DC; RANGE
to 100.

5~4

c. Connect positive lead to + side of C20;
common lead to common. DC voltmeter
should read +45 v (+1 v).

d. I not, adjust R32 for proper reading.

5-16. BIAS ADJUST (R15),

a. A DC Voltmeter (-hp- Model 34404 /34454)
will be required for this test.

b, Set de voltmeter FUNCTION to DC; RANGE
to 100 V.

¢. Comnnect positive lead to + side of C15;
common lead to common. DC voltmeter
should read +23 v (0.5 v),

d. If not, adjust R15 to obtain proper reading.

5-17. 1 MC ADJUST (C5).

a. A Test Oscillator (-hp- Model 651A) and
an AC Voltmeter {(-hp- Model 331A) will be
required for this test.

b, Set Model 465A GAIN to 20 db.

¢. Connect oscillator QUTPUT to Model 465A
INPUT. Set oscillator freguency to 1 Mc;
adjust output to 1.0 v rms {use ac voltmeter to
verify).

d. Connect ac voltmeter to Model 465A OUT-
PUT.
e. AdjustCbfor ac voltmeter readingof 8.5 v,

5-18. SERVICING ETCHED CIRCUIT BOARD.

5.19. The -hp- Model 465A has one etched circuit
board. Use caution when removing it to avoid
damaging mounted compoenents, The -hp~ part
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Model 4654

number for the assembly is silk screened on the
exterior of the circuit board to identify it. Referto
Section VI for parts replacement and -hp- part
number information.

5-20. The etched circuif board is a plated-through
type. The electrical connection between sides of the
board is made by a layer of metalplated 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. Circuit components can be removed by
placing the soldering iron on the component
lead on either side of the board, and pulling up

on lead. If a component is obviously damaged,

ciip leads as close to components as possible
and then remove. Excessive heat can cause
the circuit and board to separate, or cause
damage to the component,

¢. Component lead hole should be cleaned
with a toothpick or cther appropriate device
beifore inserting new lead.

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

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

5-21. TROUBLESHOOTING TECHNIQUE,

5-22. This section contains procedures designed to
assist in the isolation of malfunctions. These pro-
cedures are based on a systematic analysis of the
instrument circuitry. These operations should be

Section V
Paragraphs 5-20 to 5-27
Table 5-4
undertaken only after it has been established that
the difficulty can not be eliminated by the Adjustment
and Calibration Procedures, Paragraph 5-13. An
investigation should also be made to insure that the
trouble 1s not a result of conditions external to the
Model 465A.

5-23. Conduct a visual check of the Model 465A for
possibie burned or loose components, loose con-
nections, or any other obvious conditions which
might suggest a source of irouble.

5-24. Table 5-4 contains a summary of the froni-
panel symptoms that may be encountered. It should
be used in initizl efforts to select a starting poini
for troubleshooting operations.

5-25, Table 5~5, in conjunction with Figure 5-4,
containg procedures which may be used as a guide in
isolating malfunctions. The steps in Table 5~5 desa-
cribe the normal conditions which should be encountered
during the checks (circled numbers } in Figure
5-4,

5.26, The checks outlined in Table 5-5 are not
designed to measure all circuit parameters, rather,
only to localize the malfunction. Therefore, it is
quite possible that additional measurements may be
required to completely isolate the problem. Com-
ponent values may vary slightly between instruments;
therefore, it should nof be necessary to precisely
duplicate voltage values described,

5-27. The conditions discussed in Table 5-5 and
Figure 5-4 are based on the following criteria:
{1) the + side of C14 is removed from circuit,
opening the feedback loop; {(2) Model 465A GAINsetto
40 db; and (3} 1 mv, 2 ke signal applied to Model
465A INPUT,

Table 5-4, ¥Front Panel Troubleshooting

Front Panel Symptoms

Possible Cause

Line Lamp not glowing

Functions property on 20 db
position only

Functions properly on 40 db
position only

Check fuse F1, L1, L2,851, R28,82 or T1

Check R3, R4, R5, R6 and Bias Voliages

Check Bias Voltages and @1, Q2.

01775~1
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Section V
Figure 5-4 and Table 5-5

Model 465A

4E5A-B- 0218

Figure 5-4, Troubleshooting Tree

Table 5-5,

Troubleshooting

Remove the + side of Cl4 from the circuit
board. Set Model 465A GAIN fo 40 db.
Apply a 1.0 mv, 2 ke input signal.

Measure the de voltage at the + side of C20,
Should be +45 v {21 v). If correct, proceed to
; if incorrect, go directly to@ .

Observe the ac waveform at the Model 4654
OUTPUT. Should be a sine wave with peak
voltage of approximately 12,7 v (9 v rms). If
incorrect, proceed to é .

Observe the ac waveform at the base of Q4.
Should be a sine wave with peak voltage of
approximately 12.7 v {8 v rms). If correct,
proceed to ; i incorrect, go directly to

Observe the ac waveform at the junction of R24
and R25, Should be 2 sine wave with peak
voitage approximately 12,7 v (9 v rms). If
correct, proceed to é ; i incorrect, go directly
to .

(6) Check R26, R27 and CI5.

®

@

Check Q4, Q5 and Q8. Refer to Figure 5-8
for typical dc voltage levels.

Check @1, Q2 and Q3. Refer to Figure 5-8
for typical dec voltage levels.

Disconnect jumper wire at the + side of C20,
removing power supply from circuit. Measure
de voltage at the + side of C20. Should be
+45 vixl v}, If correct, proceed to i if
incorrect, go directly to @ .

Connect a DC Power Supply (~hp- Model T23A)
to the collectors of @5 and Q6. Connect the
high side to the collector of Q3; the low side
to the collector of Q6. Adjust the power
supply output to +45 v; set current limit {o
75 ma. I power supply indicates current
limit, check Q4, Q5, Q6 and CR2-3 for short.,

Check Model 465A power supply to include T1
secondary, Q7, CR6, QB and Q9. Refer to
Figure 5-8 for typical dec voltage levels.

5-8
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Figure 5-5
o T
Ci5
465A-B- 0219

Figure 5-5. Top View
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Section V Model 4654
Figure 5-6

465A-A-0220

Figure 5-6. Prinied Circuit Board, Parts Location
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Model 465A

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

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

Section VI

Paragraphs 6-1 to 6-7

6-3. Miscellaneous parts are listed at the end of
Table 6-1.

6-4.

6-5

ORDERING INFORMATION.

. To obtain replacement parts, address order or
inquiry to your local Hewleti-Packard Field Office
{see lists at rear of this manual for addresses). Iden-
tify parts by their Hewlett-Packard part numbers.

ke

nonm

Bowonon

i

Bl 1

it

To obtain a part that is not listed, include:

vacuum tube, neon
bulb, photocell, ete,
cable

socket

fuseholder
lampholder
network

rotary
root-mean-square
rack mount oniy

siow~blow
sefenium
section(s)
silicon
silver
slide

time delay
titanium dioxide

toggle

teierance

trimmer

traveling wave fube

variable
with

watts
wirewound
without

cptimum value
selected at factory,
average value
shown {part may
be omitted)

6-6. NON-LISTED PARTS.
a. Description of the part(see list of abbreviations
below). 6-1.
b. Typical manufacturer of the part ina five~digit a. Instrument model number.
code (see list of manufacturers in Appendix).
b. Instrument serial number.
¢, Manufacturer's part number.
¢. Description of the part.
d. Total quantity used in the instrument (TQ col-
umn). d. Function and location of the part.
REFERENCE DESIGNATORS
A = assembly F = fuse P = plug v
B = motor FL = filter Q = transistor W
C = capacitor J = jack - ;
CR = diode K = relay RT - ::Slst?’t X
DL = delay line L = inductor R = thermistor XF
D8 = device signaling (lamp} M = meter 8 = switch XDs
E = misc electronic part MP = mechanical part T = transformer Z
ABBREVIATIONS
a = gmperes elect = glectrolytic mtg = mounting rot
encap = encapsulated my = mylar rms
bp = bandpass o
bwo = backward wave H = farads NC = normally closed s-b
osciliator fxd = fixed Ne = neon Se
c = carbon NO = normally open sect
cer = ceramic Ge = germanium NPQO = negative positive Si
¢mo = cabinet mount oaly rd = ground (ed) zerc (zero temp- sil
coef = coefficient & g ature coefficient) sl
com = COmmon h = henries nsr = not separately
comp = composition Hg = mercury replaceable td
conn = connection Ti()2
crt = cathode-ray tube impg = impregnated obd = grder by de-
incd = incandescent scription tog
dep = deposited ing = insulation (ed} tol
P = peak trim
EIA = Tubes or transistors K = kilo = 1000 pe = printed ¢ircuit twt
meeting Electronic board var
Industries’ Associa- lin = linegr taper pf = picofarads = w/
;i(;;:n?;;r;di;gil:vgi log = logarithmic taper 10‘12 tarads W
instrument operating m  =milli= 1073 PP = peak to peak ww
o o piv = peak inverse w/o
within specifications; M = megohms voltage
tubes ‘and tranststors ma = m;lllazzzpergés pos = position (s) *
selected for best m = micro = 10 ol = polystyrens
performance will be minat = miniature p ty _ poty g "
supplied if ordered migt = metal film on glass o = potemlometer
by & stock numbers, mir = mamiiacturer rect = rectifier
01775-1
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Section VI Model 4654
Table 6-1
Table 6 -1. Reference Designation Index
REFERENCE NOTE
DESIGNATION | ~hp- PART NO. DESCRIPTION
Al 00465-66501 Board Etched Circuit Ass'y Power Supply-Amplifier,
includes:
C1 thru C24 Q1 thru Q8
CR1 thru CR6 R1 thru R37
A1CT 0170-00860 C: Ixd, my die, .047 mf +10%, 400 vdew
A1C2 0180-0105 C: fxd, alum elect, 50 uf -10% +100%, 25 vdew
AIC3 0180-0161 C: fxd, tanta elect +20%
AlC4 0180-0284 C: fxd, alum elect -10% +75%
A1CH 0130-001% C: wvar, ceramic, 8-B0 pf
A1CSE 0140-0014 C: fxd, molded mica, 56 pf +10%
AL1CTY Not Assigned
Al1CS 0180-0111 C: fxd, alum elect, 2 uf, 25 vdew
A1CH 0180-0089 C: fxd, eleet, 10 uf -10% +100%, 25 vdew
AIC10 0150-0084 C: Ixd, ceramic die, . pf +80% -20%, 50 vdew
AlCI1 0180-0305 C: fxd, alum elect -10% +100%
Al1C12 0180-0064 C: fxd, elect, 35 uf -10% +100%, 8 vdew
Al1C13 0150-0084 C: fxd, ceramic die, .1 pf +80% -20%, 50 vdcw
Al1C14 0180-0284 C: #xd, alum elect -10% +75%
AlC15 Not Assigned
AlCis 0180-0110 C: fxd, alum elect, 80 uf, B vdew
AICLT 0180-0050 C: fxd, alum elect, 40 pf -15% +100%, 50 vdew
AlC1s 01806-0061 C: fxd, elect, 100 uf +100% -10%, 150 vdew
Al1C19 0150~0084 C: ixd, ceramic die, .1 pf +80% -20%, 50 vdew
A1C20 01800149 C: fxd, alum elect ~-10% +100%
A1C21 0170-0022 C: fxd, my die, 0.1 uf +20%, 600 vdew
Al1C22 and Not A551gned
AIC23
AlC24 0150-0097 C: fxd, ceramic, .0068 yuf +2%, 1000 vdew
A1CR1 thru 1901-0025 Dicde: Si
A1CR3 _
A1CR4 and 1901-0026 Diode: 8i, 200 PIV
A1ICRSH
AICRS 1902-0040 Diode: breakdown, 400 mw
Al1Q1 1855-0004 Transistor: P channel
Al1Q2 1854-0033 Transistor: Si, NPN, 2N33%81
AlQ3 1854-0070 Transistor: 8i, NPN
Al1Q4 and 1854-0038 Transistor: Si, NPN, 2N3053
AlQL
AlIQ6 1853-0017 Transistor: 8i, PNP
Al1QT7 and 1850-0128 Transistor: germanium, PNP, 2N398RB
AlQ8
AlR1 0687-4721 R: fxd, comp, 4700 ohms +10%, 1/2 w
AIR2 0687~1031 R: fxd, comp, 10 K ohms x10%, 1/2 w
Al1R3 Not Agsigned
AlR4 0757-0992 R: fxd, met fim, 22.1 ohms +1%, 1/2 w
A1R5 0698-3186 R: fxd, 200 ohms x1/2 %
A1RS 0698~3187 R: fxd, 2 K ohms x1/2 %
# Bee introduction to this secticn
62 01775-1



Model 465A

Section VI
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
REFERENCE
...,l DESIGNATION -hp- PART NO. DESCRIPTION NOTE
A1RT 0687-1081 R: fxd, comp, 10 K chms 210%, 1/2 w
A1RS 0687-1061 R: fxd, comp, 10 M chms =10%, 1/2w
A1RS 0687-2231 R: fxd, comp, 22 K chms +10%, 1/2w
A1R10 and 0687-3921 R: fxd, comp, 3300 ohms +10%, 1/2 w
AlRL1
AlR12 06876821 R: fxd, comp, 6800 ohms £10%, 1/2 w
A1R13 0687-1531 R: fsd, comp, 15 K ohms £10%, 1/2 w
Al1R14 0687-4721 R: fxd, comp, 4700 ohms £10%, 1/2 w
Al1R1S 2100-0094 R: var, comp, Mntaper, 50 K ohms +30%, 0.10 w
A1R16 0666-8235 R: fxd, comp, 82 K ohms 5%, 1/2 w
AlR17 0687-5621 R: fxd, comp, 5600 ohms x10%, 1/2 w
Al1R18 0688-0001 R: fxd, comp, 4.7 ohms 5%, 1/2w
A1R1S and 0687-3321 R: fxd, comp, 3300 ohms x10%, 1/2 w
A1R20
A1R21 0686-3305 R: fxd, comp, 33 chms +£5%, 1/2 w
AlR22 0686-3015 R: £5¢, comp, 300 ohms 5%, 1/2 w
Al1R23 0687-1021 R: fxd, comp, 1000 ohms %10%, 1/2w
AlR24 and 06580-0003 R: fxd, comp, 8.2 ohms 210%, 1/2w
AIR25
A1R26 0757-0672 R: fxd, 49.9 ohms x1%
A1RZ7 and Not Assigned
A1R28
. A1R29 0687-1231 R: fxd, comp, 12 K ohms £10%, 1/2 w
AIR30 0757-0885 R: fxd, 6.81 K ohms 1%
AlR31 0757-0841 R: fxd, 12.1 K ohms £1%
A1R32 2100-0091 R: var, comp, lintaper, 5 K ohms £30%, 0,15 w
A1R33 and 0687-3921 R: fxd, comp, 3300 ohms £10%, 1/2 w
AlR34
A1R35 0687-1511 R: fxd, comp, 150 ohms £10%, 1/2 w
A1R36 0687-1831 R: fxd, comp, 15 K ohms x10%, 1/2 w
A1R37 0687-1001 R: fxd, comp, 10 ohms £10%, 1/2 w
C1 thru C14 Not Assigned
Ci15 0180-0378 C: fxd, alum elect -10% +100%
C16 thru C21 Not Assigned
C22 and €23 0150~0097 C: fxd, ceramic, .00688 uf +2%, 1000 vdew
Ds1 2140-0015 Lamp, glow
1 2110-0017 Fuse: cartridge, 0.15 amp
L1 and L2 9140-0029 Coit - R, F.
Q1 thru Q8 Not Assigned
Q9 1850-0098 Transistor: germanium, PNP
R1 thru R26 Not Assigned
Rr27 0687-4721 R: fxd, comp, 4700 ochme x10%, 1/2 w
R28 0684-3331 R: fxd, comp, 33 K ohms x10%, 1/4 w
S

01775-1
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Section VI

Model 465A
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
REFERENCE | .. pART NO
DESIGNATION P . DESCRIPTION NOTE
81 3101-0037 Switch: toggle, SPST, 3 amp
82 3101-0033 Switch: slide, DPDT
83 3101-0038 Switch: toggle, DPDT, 3 amp
T1 9100-0343 Transformer: power
W1 8120-0078 Cable Ass'y, Power: black, extra limp, 7.5 ft. long
MISCELLANEQUS
0340-0099 Insulator: grey, plastic
0340-0100 Insulator: grey, plastic
1200-0043 Insulator
1200-0081 Insulator
1205-0050 Heat » sink
>1250-0252 Connector: R, F,
1251-1009 Connector: power
1400-0084 Holder - fuse
1490~6031 Stand - tilt
1510-0010 Binding Post - red
1510-0011 Binding Post - black
5600.0700 Cover - side
5000-0711 Cover - bottom
5020-0700 Spacer - CAB
50400234 Jewel - pilot light
5040-0235 Bage - pilof light
5040-0700 Hinge
5060~0700 Frame Ass'y
50600709 Cover - top
50680-0727 Foot - Ass'y
5060-4916 Terminal - ground, black
0046500101 Plate - right
00465-~00102 Plate - left
00465-00201 Panel - front
0046500202 Panel - rear
00465-01201 Bracket - transistor
00465-30000 Manual - Operating and Service
> Qption 01 only
# See introduction o this section
6-4
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Model 4654 Section VI
Table 6-2
Table 6-2. Replaceable Parts
~hp« PART NO. DESCRIPTION MFR MFR PART NO. Ta
0136-0017 C: wvar, ceramic, 8-50 pf 72982 557-019-U2P0-34 1
R
0146-0014 C: fxd, molded mica, 56 pf +10% 04062 RCMI15E 560K 1
0150-0084 C: fxd, ceramic, die, .1 uf +80% -20%, 50 vdecw 56289 | 33C41 3
0150-008%7 C: fxd, ceramic, .0068 uf +2%, 1000 vdew 91418 | B 2
0170-0022 C: fxd, my die, 0.1 pf £20%, 600 vdew 01281 | HEW-17 1
0170-0060 C: fxd, my die, .047 mf +10%, 400 vdew 01281 | Type 663UW 1
0180-0050 C: fxd, alum elect, 40 puf -15% +100%, 50 vdew 56289 | D32538 1
0180-0059 C: fxd, elect, 10 uf -10% +100%, 25 vdew 56289 30D106G025BEB4 1
01800061 C: ixd, elect, 100 pf +100% ~10%, 15 vdew 56289 30D107G01EDD4 i
0180-0064 C: ixd, eleet, 35 pf -10% +100%, 6 vdew 56288 | 30D156GO0EBR4 1
0180-0105 C: fxd, alum elect, 50 uf ~10%, +100%, 25 vdew 56289 | D34114 1
0180-0110 C: fxd, alum elect, 80 uf, 75 vdew 56289 | 41D D33191 1
0180-0111 C: fxd, alum elect, 2 uf, 25 vdew 56289 | 40D 173A2 1
0180-0149 C: fxd, alum elect, -10% +100% 56289 | Type 30D 1
0180-0161 C: fxd, tanta elect, +20% 56288 1500335 X 0035 1
B2
0180~-0284 C: fxd, alum elect -10% +75% 56289 | D38559 2
0180-0305 C: fxd, alum elect -10% +100% 56289 | 34D10BH2R5FJ4 1
0180-0378 C: fxd, alum elect, -10% +100% 56288 | 34D108H030JP4 1
0340-0099 Insulator; grey, plastic 28480 | 0340-0099 1
0340-0100 Insulator: grey, plastic 28480 | 0340-0100 1
0684-3331 R: fxd, comp, 33 K ohms #10%, 1/4 w 01121 | CB 3331 1
0686-3015 R: fxd, comp, 300 ohms +5%, 1/2 w 01121 | EB 3015 1
0686-3305 R: fxd, comp, 33 ohms £5%, 1/2 w 01121 | EB 3305 1
0686-8235 R: ixd, comp, 82 K ohms 5%, 1/2 w 01121 | EB 8235 1
0687-1001 R: ixd, comp, 10 ohms +10%, 1/2 w 01121 | EB 1001 1
0687-1021 R: fxd, comp, 1000 chms +10%, 1/2 w 061121 | EB 1021 1
0687-1031 R: fxd, comp, 10 K ohms %10%, /2w 01121 EB 1031 2
068%-1061 R: fxd, comp, 10 M ohms £10%, 1/2 w 01121 EB 1061 1
0687-1231 R: fxd, comp, 12 K ohms £10%, 1/2 w 01121 | EB 1231 1
0687-1511 R: fxd, comp, 150 ohms +10%, 1/2 w 01121 | EB 1511 1
0687-1531 R: fxd, comp, 15 K ohms £10%, 1/2 w 01121 | EB 1531 2
0687-2231 R: fxd, comp, 22 K ohms 310%, 1/2 w 01121 | EB 2231 1
0687-3321 R: fxd, comp, 3300 ohms #10%, 1/2 w 01121 | EB 3321 i
0687-3921 R: fxd, comp, 3.9 K ohms z10%, 1/2 w 01121 | EB 3921 2
0687-4721 R: ixd, comp, 4700 ohms +10%, 1/2 w 01121 | EB 4721 3
0687-5621 R: fxd, comp, 5600 ohms +10%, 1/2 w 01121 EB 5621 1
0687-6821 R: fxé, comp, 6800 ohms 210%, 1/2 w 01121 | EB 6821 1
0698-0001 R: fxd, comp, 4.7 ohms 5%, 1/2 w 01121 | EB47G5 1
0698-3186 R: fxd, 200 ohms =1/2% 19701 CEC T-O 1
0698-3187 R: fxd, 2 K £1/2% 19701 | MF7C T-O 1
0699-0003 R: fxd, comp, 8.2 ohms +10%, 1/2 w 01121 | EB 82G1 1
0757-0072 R: fxd, 49.9 ohms 1% 19701 | MF7C T-O 1
0757-0835 R; fxd, 6,81 K ohms +1% 19701 | MF7C T-0 1
0757-0841 R: fxd, 12.1 K ohms +1% 19701 | MF7C T-O i
0757-0992 R: fxd, met flm, 22.1 ohms 1%, 1/2 w 18701 | MF7C T-0 i
# See introduction to this section
01775~1 6-5



Section VI Model 465A
Table 6-2
Table 6-2. Replaceable Parts (Cont'd}

-hp- PART NO. DESCRIPTION MFR | MFR PART NO. TQ
1200-0043 Insulator 71785 | 293011 1
1200-0081 Insulator: bushing, nylon 26365 | 974 1
1205-0050 Heat - sink 21506 | 9017-1G1 1

>1250-0252 Connector: R, F, 08140 | 30288-1 2
1251-1009 Connector: ac power cord receptacle 82388 | AC-2 1
1400-0084 Holder - fuse 78915 | 342014 1
1490-0031 Stand -~ tilt 91260 | obd # 1
1510-0010 Binding Post - red 28480 | 1510-0010 2
1510-0011 Binding Post - black 28480 | 1510-0011 2
1850-0098 Transistor: germanium, PNP 77068 | B~1493 1
1850-0128 Transistor: germanium, PNP, 2N338B 86684 | 2N398B 1
1853-0017 Transistor: §i, PNP 04713 | obd # 1
18564-0033 Transistor: 8i, NPN, 2N3391 24446 | 2N3391 1
1854-0039 Transisior: Si, NPN, 2N3053 86684 | 2N3053 1
1854-0070 Transistor: Si, NPN 24448 | obd # 1
1855-0004 Transistor: P channel 17856 | Ui12 1
19010025 Diode: 8i 93332 | D3072 1
1901-0626 Diode: 8i, 200 PIV 11711 | obd # 1
1902-0040 Diode: breakdown, 400 mw 04713 | S710939-224 1
2100-0091 R: var, comp, lin taper, 5 K ohms +£30%, 0.15w | 71450 | UPE TORE 1
2100-0094 R: var, comp, lin taper, 50 K chms +30%, 0.10 w | 71450 | UPK TORE 1
2110-0017 Fuse - cartridge, 0.15 amp 98097 | 3AG-TL-15/100 1
2140-0015 Lamp, glow 24455 | obd # 1
3101-0033 Switch ~ slide, DPDT 79727 | G-326 1
31010037 Switch - toggle, SPST, 3 amp 04009 | 83050-A 1
3101-0038 Switch - toggle, DPDT, 3 amp 04009 | 83054-B 1
5000-0700 Cover - side 28480 | BOOO-0700 1
5000-0711 Cover - bottom 28480 | H000-0711 1
5020-0700 Spacer - CAB 28480 | 5020-0700 1
5040-0234 Jewel - pilot light 28480 | 5040-0234 1
5040-0235 Base - pilot light 28480 | 5040-0235 1
5040-0700 Hinge 28480 | 5040-0700 1
5060-0760 Frame Ass'y 28480 | 5060-0700 1
50600709 Cover - top 28480 | 5060-070% 1

| 5080-0727 Foot Ags'y 28480 | 5060-0727 1
5060-4916 Terminal - ground, black 28480 | 5060-4916 1
8120-0078 Cable Ass'y, power: black, extra limp, 7.5 ft. 70903 | KH~4147 1

long

9100-0343 Transformer, power 28480 | 9100-0343 1
91400029 Coil - R. F, 99848 { 3100-15-101 2
(00465-00101 Plate - right 28480 | 00465-00101 1
00465-00102 Plate - left 28480 | 00465-00102 1
00465-00201 Panel - front 28480 | 00465-00201 1
00485-00202 Panel - rear 28480 | 00465-00202 1
00465-01201 Bracket - transistor 28480 | 00465-01201 1
00465-66501 Board Etched Circuit Ass'y Power Supply - 28480 | 00465-68501 1

Amplifier
00465~90000 Manual, Operating and Service 28480 | 00465-90000 1

6~6

> Option 01 only

# See introduction {o this section
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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 supplements. The date of revision and the date of the supplements used appear at
the bottom of each page. Alphabetical codes have been arbitrarily assigned Yo suppliers not appearing in the H4 handbooks.

Code
Ko.

00900
09338
Hets
00334
FUIkEL]
0373

085
iy
ngrat
00815

10853

20866
95891
allz1
01238
G128i
91245

01348
1561
01383
01430
01561
0114
02286
Ji669
81735

8ir71

27
91568
B
6379z
53577
83888
53354
L]

84613
Geesz
Ga222
(4298

64354
G304

(553
G113

1137
L4773
o7
4795
an811
28870
05058

[6377

D53a}
%isd
05614

2624
[

257179

LEERS
G566
5H
6173
WB407
%475
96545

6935
9731

5812
A58

Manufaoturer Address

W5 A, Comman

Hcloy Electronics

Sage Electronizs Sorp,

Huiicail Ce,

Wostrex Lo

Garlock Packing To,,
Electronis Piodacts Div,

Aerovox o,

Aay seppliss of U8,
weuat Holly Sarings, Pa.
Rochesier, B, Y.
Colian, {alid,

How Yok, K.Y,

Gamden, %. 1.
How Bedfosd, Mass,
ABp, Tee. Harispurg, Pa.
Adrcrait Ratio Sorp, Boonion, ¥, 2.
Northern Engineering Ladorataties, Me.
Huzlingtor, Wis,

Sanpako Fiociic Campany,
Crdit Bivision (Capacitors)

Goe Eepinsering Go,

Cart £, Boimes Larp.

Marios, .
Lgs Angeles, Calil.
Los Angeles, Calil,

Hilwaukee, His,
Bewerly Hills, Caiif.
TRY Semitenductors Ing., tawndalz, Calif,
Texas instiuments, fee.

Trassistor Preducts Div,
Tra piiance Mig, Ce,
Chassi-Tiak Corp,
Pzgilic Retays, Inc.
Ametock Carp
Pslse Eagiseeriag Co.
Farrgreuts Carp, of America
Cale 813 Co. Palo Adto, Cadif,
Amphersl-Borg £lactronics Sory, Chicegn, 1L
Racio Cosp. of Amarica, Semiconducler

and Malsrizfs Div, Semervitie, N.J.
Vseaiipe Co. of Americe, Inc.

Gld Szybrook, Sown.

Hopking Enginezring So. 3an Fernando, Cetif,
G.E. Semicongucior Products Dept. Syracuse, §,Y.
Agex Machize & Toot £i0. Daytea, Ghio
Eldema Gosp, El Maetz, Galif,
Transition Electropic Cotp. Wakefield, Mass.
Pyrofilm Resistor Cg, Morsistewn, H.J.
Alr Marine #atoes, [me, Les Angefes, Calil.
Auow, Hart and Hegeman Elect, Ge.

Harlford, Cona,
Lamberlviife, ¥. 1

How Yok, K.Y,
#yctle Beach, §5.C.

[tailas, Texas
Alliance, Chin
Indiazapoiis, ind.
Van Mays, Cafil,
Rackford, .
Sznta Clate, Cadif.
Saugerties, N.Y.

Tagrus Carp.
£lrencs Praduzis Co,
Hi-G Givisisn of deravex
Elgin ¥ational Watch Geo.,
Electranizs Divisian Burbask, Celif,
Preeigizn Papes Tube Go. Chicaga, i1
Dytrac Divisien of Hewlett-Packard Ca,
Paig Alts, Calif.
Sybvania §lectsie Prods. | fne,
Elegtronic Tube B, Wountain View, Galif,
Motorela, inc., Seaiconductsr Prod. Div,
Fhoenis, Atizena
Fiitron So., Ing., Western Div. Culesr ily, Calif.
Autamatic Electric Co. Northlaze, 11l
Artengtic Electric Sakes Corp Naréhlake, 11
Sequoia Wire & Lesle Ce.  Redwood Zity, Calil,
Precigien Goil Spring o, Ei Monte, Galif,
P. 3. Mator Cempany Chicage 44, 11l
Twesiisth Contury Plastizs, Inc.
Los Angeles, Calil.
Westinphouse Rreciis Carp.,
SemiCanducto: Dept.
@ix, gt
Isfgmitronic Lagingnring La,
Tosmo Plastic
ic'n Electieeal Spec, Cot
Basder Calman Lo,
Tiffen Optical Go.
Roslyn Baighis, Long Istand, N.Y.
Melropotilan Felcommenications Corp, |
#otre Cap. Division Begoklyn, N Y.
Stewart Eagineeting Ca, Sarla Cruz, Calif,
Wakef:e|d Engineeriag |ag, Wakelieid, Mass,
Tre Bassick Co. Bridgeport, fonn.
Bayschn aad Lomd Gphizat Co, Rochester, N.Y.
E. 7.5 Pipdacts Lo, of Amdiica {hiczgo, B,
Westesn Devices, e, feglewned, Cafif,
Amztom Electrosic
Hergware So. e, New Rochelis, M. Y,
Besde Eleciical festrument Co. | lnc,
Penalodk, N.H.
#. 5, Semcos Division of Nutleat Corp,
of Amerisa Phoenix, Arizong
Tominglen Mig. $o,, Wast Div,  Wan Neys Cafif,
Kelvir Electsic Co, Wan Nuys, Galif,

Youngwaad, Pa,
San saten, Calif,
Suenyvale, Salit,

Cleveland, Dhig
Racxierd, il

Cade
Ho.  Manufactures Address
47115 Casming Glass Horks
Flectresic Comaenests Bagt, Beadfod, Pa,
GIg  Digitras Lo, Pasadesa, Calil,
Gr137 Tuassister Dlectronics Corp,  Misseagolis, ¥ina.
(7130 Westinghouse Efzctric Corp.
Electronic Tube Div. Eimira, N.Y.
G732 Filmahm Gorp. New Yook, f. Y.
07233 Cinen-Graphik Co. Gity of ndustyy, Calif.
(7268 Awaet Cerp. 1.08 Anpeles, Caiif,
(7263 Fauchild Semiconductor Sorp,
Mouniaia Visw, Ca¥i
07322 isaesola Rusder Qo rrdapotis, M.
0738 The Bitehar Corp. Loy Angeles, Calif,
(P78 Technieal Wite Prodscls Spingtizid, N. .
G79:¢  Costinentai Device Gorp. Hawlhoee, Catil
17933 Rheem Semiconductor Corp. Mosatain View, Cakif,
(7966 Skoexiey Semi-Conductor
Lahorateries Palo Adto, Caf:f,
(798¢ Boonton Radio Carg, Booztee, N.J,
Geigh 4.5, Enginessing Co. Los Asgeles, Jatif
(8289 Biina, Dalsert, Ga. Pomona, Galifl
(8350 Buegess Battery Jo.
Miagara Falls, Ontatio, Casada.
GB?37 Stoan Cempany Brrbank, Calif,
L6 Cannon Eleckric o, PRosais Div.  Phoeniz, Atiz,
G792 CEY Electrénics Semiconductor
Cperalioas Divaf C.B.8. 3sc.  Lowsll, Mass,
(8984 Mei-Rain indiagapoiis, ind.
(9926 Babcack Rslays, Inc. Tosta Mesz, Salif,
093¢ Tezas Gapacitor Sa, Houston, Texas
03345 Atehm Elscitaics Sent Vattey, Cafil
(923G Eisciro Assemblies, fac. Chicsge, 111,
G9369 Mailory Baitery Se. of
Canada, Li¢ Torontg, Getarig, Dazads
29464 The Briste! Co. Waterbury, Sonn,
162te Gensrad Transisior Western Corp.
Los Angeles, Catif.
1641 Ti-Tat, Inc. Betkeley, Celif,
10646 Carborundum Co. Riagare Falls, ¥.Y.
13236 €T3 of Beme, ine. Beme, lod,
11237 Chicage Tekphane of Gatifornia, Ing.
$o. Pasadena, Cakf,
1182 Meerowave Elscironics Corp. Palg Atto, Catif.
11834 Duncan Electronic, fac. Santas Ana, Cakf.
13051 Geneval Instrament Corgoration
Semiconductar Division Howark, .4,
1177 lmperial Elgetronie, lzc, Buna Park, $alif.
11876 Meiabs, lac, Paln Alte, Calif,
17338 Paifadeiphia Hasdle $o, Camden, N, J.
12697 Ciarostat Miz. Os. Dyver, H.H.
12859 MNippom Electric C=,, Lid, Tokys, Japan
12830 Deda Semiconguctsr the.  Newpart Beach, Calif,
13F33  Thesmalloy Izllas, Texas
133%6  Telefenken (G.M.B.H,) Hanngye:, Jermany
13835 Migtand Mig. Co. Kansas Clly, Kansas
146399 Sem-Tech Hewbury Park, Sz
14393 Caisf, Resisios Sarp. Sania Mepdca, Calif.
14235 Amesican Somponents, fne.  Conshohosken, Pz,
14555  Comett Debliter Else. Corp, $o. Plasndeld, ¥, 3.
14950 Wiltiams Mg, Ce. Sen Jose, Gafif,
15203 #ebster Elecieanits Co. ne, Brooklys, N. Y.
15281 Adjusiabie Bushisg Co, R. Hellywsod Calif,
19M1? Twestiets: Sentusy
Gail Sering Go. Santa Otara, Calif,
15969 Tse Daven Lo. Livisgston, H. 4.
IBBET Spruce Pine Miza Do, Sgtsce Ping, N, .
16352 Computer Ciode Corp, Legd, N
16585 De Jes-Ansco Cetparation
Lonp isiasd Cily 3, MUY,
16758 Delen Radio Div. of G.¥. Cop. Kokomo, ind.
17389 Thermonetics ing, Canuge Park, Lalif.
17674 Trazex Compazy Mountaiz View, Szlif,
18486 Radic Industiies Des Plaines, il
18583 Custis lnsiiument lnc. #t Kisco, B.Y.
18873 E.% DuPoniang Ce., er. Witmiapton, Bel,
19515 Estipse Pioager, Giv, of
Bendix Aviation Sarp, Tetethoco, M. J.
19560 Thomas A, Edison indesties,
Div. of Melsaw-Edison Co. West Crange, N, 5,
P5I01 Electia Menufaciwring Co, Haasas Cily, Mo,
20153 Elestronic Tube Corg, Phifadziphsa, Pa.
2476 Execstive, lsg, New York, N.Y.
21570 Fassteed Metallurgical Carg, No. Chicagn, Hi
71335 Yhe Fzfnir Bearing Ce. Mew Brilais, Conn,
29984 Fed. Yelephone asmd Radin Corp. Cliftes, N_ .
24445 Generai Electiic Do Schanastady, MY,
26455 G.E., Lamp Bivision Mela Pazk, Cieveland, Uhig
G001.5--39

Ravised: Fabreary, 19635

Code
ba.

24855
25365
a1
2907
2hEBO
317
35434
1%
37942
39543
4page
§2140
43950
#4655
47904
48524

49556
52499
£3743
54284
55036
55433
53638
58337
66284
58448
34
65741
81775

62118
63743
64359
§3842
66295
66348
g
79303
k)

0435
T0553
1033
1398
noez
T4t

e
Tiees
1383

TLA00

11438
71486
Trégd
TN
Tragz
7550

11516
g
71744
PRYEx]

e
7158
T8
7213

T
12354
1%
12656
17659

123158
7265
12528
72928
11964
12552
13061
Tl
7343

Manufacturer Address
Gensral Radig Co. West Concord, Mass.
Biios Reprodugar Corp. New Rochetle, #.Y.
Grohet Fife o, of America, Ine, Darlstadd, X5
Hamiiton Wateh Co. l.ancaster, Pa.
Hew lett-Packard Co, Pals Atto, Calif
G.E. Receivisg Tube Dept. Owenshaora, Ry,
Lecirghm inc. Chicago, B,
Staawyck Somp. Hawkesbury, Oatarie, Canada
P.R. Mallery 3 Co., lac. Il iasa pofis, Ind.
Mechanicz| ladustries Prad. Go. Rkion, Ohip
Miniziure Precision Bearings, In¢, Keems, R.H.
Muer a. Caigage, Hl
£.A, Kargres Co, Englewood, Colo.
Ohmite Mfg, Co. Shokie, §
Falarsid Serp. Camizidpe, Hass.
Prezision Thermemeter aad

Inst, Gs, Prifadelpsia, Pa,
Rayiheon Company Laxiagton, Mass.
Ruwan Controller Co. Baltimore, .
Wa:d Leonard £iectsic i, Vemaon, ¥.Y.
Swattoross Mip. Co. S¢ime, N.C,
Simpsos Eischiic o, {aicagn, B
Sonctons Corp. Efmsforg, N.Y.
Sorenson & Co., mc. S0, Horwalk, Cong.
Spavlding Fibre Co., bse. Torawanda, N.Y.
Spragee Electiie Ca, Rorth Adzms, Hass,
Teisx, ine, St Paul, Mine,
Thomas & Betls Co, Elizapeth 1, N. .
Trippiatt Edectriczl Inc. Bluftan, Ohlo
Unios Switch and Sigaad, Div. of

Westinghouse Air Beake Co.  Swissvele, Pa,
Universal £1ectric So, Owasso, Mich,
Waso-Legzard Eleckric Co. M, Vernan, .Y,
Yestern Elecitic Qo., inc. Beow ¥ork, N.Y,
Weston [nst. TDiv. of Daystrom, inc, Nawark, H.J.
Wiltek Masufasturing Co. Chieage 2%, 11,
Woilensak Ogptical Co. Rochester, ¥.Y,
Allen Hig, To. Hartfard, Soan,
Aftieg Contrel o, Bc. Teew York, B.¥.
Allmetat Serew Peod. Co. | dne

Gargen City, N.Y,
Atlaetic India Rubber Works, e, Chicags, M1,
Amgerita Co, | tng, Bew Yok, H.Y,
Belden Mip. Co. Caicaga, 1.
Birg Electrenic Gap, Clevéland, Dhis
Birmback Radia Sa, New York, ¥.Y.
Besten Geat Works Biv, of

Murray $a. of Texss Quincy, ¥ass.
Bud Radia Ine. Cleveland, Ohis
Camtac Fastener Carp. Paramus, ¥.1.
Allen G, Cardwelf Electronic

Prad. Corp, Flaiavilie, Cona,
Pussmawn Fuse Div. of ¥chraw-

Edisen Co. St Losis, Mo,
¢hicage Condesser Corp, {hicage, 11,
LTS Corp. Fikhait, lnd,
Lannsn £legtsic Lo, Los Aageles, Caiil.
{inema Ingiszerig Jo. Burbank, Calif.
{.P. Cize & Qa. Chicago, lit,
Centralzh Clv. of Slube Untan tac,

Mhwauken, Wis.

Gommerciaf Pizstics Co. Chicage, HE
Tae Comish Wire Co. New York, M.Y.
{hicago Miniature Lamp Works Chicage, Hi.
A, 0. Smith Serp., Srawiey Oiv,

Wast Qigngs, M. L
Linch Mfz. Carp, Chicage, 115,
[taw Cornizp Casp. Mzt land, Mich.
Eitel-MeZultaugh, ine, San Brung, Calil,
Eleztra Mative Mig. Co., tee.

Kittimaniic, Oore.
Cote Coil €g., Inc, Providence, .1,
Jokn £, Fast & Co. Chicags, 11l
Diajigat Carp. Brooklyn, §.Y,
Genaal Car s Jatp. Heasboy, N.J.
Genetal las Corg.

Semiconducing Hewas, 8.J,
Girasg-Hapking Qakland, Cakif.
Brake Mig. Ca, Chicago, It
Hugs Ho Eby lnc. Philgdeipiia, Pa.
Gudenian Co. Shicage, 1L
#obert M. Hadiey Co. {os Angeles, Cafif,
fris Resisles Corp, Erie, Pa.
dansen ¥y, Co., e, Princeton, kg,
H.W. Harser So. &hicaga, Hil
Heifpo! Dév. of Beckman

instroments, Inc. Fullestos, Gaiif,

Galtey 3. Hewlelt Packord Gode List

Cada
Na.

75293
73445

11850
73506
13659
73582
13734
iy
5743
134
13844
73405
aer
74855
13861
TABSE

14470
Th0A2
T

15374
75382
RG]
75845
i
irH
76433
feear
75493
75338
18545
T6EG4
17368

=

T
H

17250
by

Mg

77638
17638
17764
17989
19188

283
8296
8452
a7
8488
73283
78552
18740
Tasay
754z
74281
181

19961
#8331

]
808139
89131

Boze?

E223
2t
80294
B4t

BO4ES
3040%
BO5B3
0640
81030

E1073
BIosh
§1312

Froay

Menufacturer Addeesn
Hyghes Products Division of

Haughes Arcrafl So. Hewpost Seach, Calif,
Ampessx Eletitonic Co., Div. of Norta

American Phidlips Co, imc.  Hizksville, ¥.¥,
Backman Helinot Cop. S, Pasadera, Cafif.

fey Semivondsrior Corp. Ramdes, Sons
Casling Electsfe, tnc. Hartferd, Conn.
George K. Gasett £o., fac. Phifadeiphia, Pa.
Federsi Screw Prod. Cn. Chizage, b
Fischer Special Mig. Ca. Cincinnati, Ghis
Eadustries Co. Elyria, Ohiz
ng & Fool Co. Gosaen, fed.
JFD Eleciegniss Carg, Brockiye, N, ¥,
Jeunitgs Retis Mip. o, San fose, Calif,
Signalite e, Neptene, %.J.
1.H. Wiens, anc Sons Winchesler, Mass.
tncustrial Gontenser Gosp. Gricago, B,
R.F. Produsts Bivision of Amphenot-

Borg-Electronics Corp. Dantury, Coni.
EF. Jodwtm Do, Waseea, Minn,
hileraationat Resistance Co,  Pritadslphia, Pa.
Jomes, Howszrt B, Bivision

of Cinth Mg, Coup.
James Keights Ga,
Kutka Electric Sorpatation
tenr Electiic Mfa. Lo,
Littlatuse Inc.

Chicago, IH
Sandwich, 1l
R Vemen, 8.V,
Ghicago, 1F,
Bes Plaines, {5
Lorg Mfg, s, Ecs, Pa.
$.0. Marwedaf San Francisco, Sadif,
Hicameld Electionic ¥ig, Corp.  Brosklya, K.Y,
James Mitten Mg, Co., ine. Malden, Mass,
1 W Mdler Go. Los Angesas, Dalif,
Manedneck Mills San Leangen, Cakif.
tuglier Licicic Co. Cleveiand, Ohio,
fizk Menufactiring Co, Crysta Lake, HH.
Bengix Pacitic Division of
Bendix Gerp.
Pacitic Matais Co.
Phaasizn Instrument asg
Electronic Ge.
Phosii Mig. Co.
Phitzdelghia Steet and Wire Corp,
Phitadeipzia, Pa.
Pettar and Brumisld, Hiv. of American
Maghing aid Foundry Princeton, ind.
Radic Candenser Co. Camden, N1,
Radic Recepior Co., ac. Breskiya, H.Y.
Resistance Praducts So, stateishurg, Pa,

Ne. Hellywoog, Gatil.
San Francisce, Szlil.

South Pzsadeza, Cabif,
Cricaga, I,

Rabbercratt Somp. of Cal. Tonance, Califl.
Shakepeoof Division of 1llingis

Taal Harks Eigia, HL
signal Indicater Codp, teew Yoik, N.Y.
Slhiathers- Inc. Fitman, N J.
Thompsor- Bremer & Co. Lhicago, 1L

Tilley Mfp. Cs,
Stackpole Cathan Jo.
Stenderd Thomson Sorp,
Tianesman Pradects, Inc,
Ttansformar Engineers
icinite Cs,
Veeder Roat, lac.
VWieazo Mg, Ca,
Contineatal-Hitt Eeclronics Corp.

rilagelphia, Pa,
New Rochelie, N.Y.

San Francisce, Calil.
5t Marys, Pa.
Hiziiram, Mass,
Clevelznt, Ohis

Pasadens, Calil,
Hewtomville, Mass.
HatFord, Conn,
Chicago, lIk

Zieritk Mfg, Coep,
Mesco Divisien of Sessions
{lack Co, Hestistown, N5
Sotnitzor Alley Products Elizaheth, H.J.
Times Facsiaile Sosp. New York, N_Y,
Electmnic indestries Association, Any brand
lute mestiag EfA stancards  Washinglen, B.C.
Uszimax Switzh, Div, of
%.L. Maxson Coip.
Usitad Ttasstormar Corp,
Cxford Eleckic Casp.
Bousss Lanoratories, Inc.
At Div. of Robertshaw
Fuitoz Coateels Co.
AL Star Produels ke,
Aveey hchesive Ladel Carg.
Hammeriund Co, | tag,
Stevens, Atrni, Co., nc,
international insfrumestls, Inc.
How Haves, Jenn.
Lalasnge, i,
Venive, Calil.
Horwatk, Gona,

Waitingford, Song.
New York, &Y,
Chicago, 1L
Riverside, Salif.

Cobairbas 16, Dhia
Gefianca, Okio
somravia, Cafif,
New York, ¥.Y.
Boston, Mass.

Grayhil Co.
Triad Transformer Sorp.
Wiinckester Eiectronits Co., Ing.

FSE.  Hendbook Supplements
H41l  Dated DECEMBER 1964
Ha-z  Dated MARCH 1962
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Codu Gods Code Code
Ha.  Monofoctore: Addresy Na.  Mansfocturer Address Mo.  Manufacturer Addrass Ho.  Monufacturer Address
BL349  Military Specificatien ... 83415 R.W. Bracamonte & Co, San Fraaciseo, Calil, 43879 £ V. Cantrels Livingsten, ¥. L 8220 Franeis L, Mosley Pasadena, falif,
B1415 Wilker Products, the. Clevelend, Ohio 15660 Kodled Kords, beo. Kew Haven, Conn. 83953 Insuline-Vas Korman ing., fc. 38278 Micradet, lac. Sa, Pasacena, Calil,
81453 Raythesn Wiz, Co., Frdssieal Companents’ B39ii Sezmfess Rubber o, Chicago, i, Electeosic Division Manchaster, 8 H, 38281 Sezlecirs Corp. Mamasoreck, Y.
Siv., Indkslr. Tube Opesations Newton, Mass. Bela? cmn_m_ Precision Products  Glifton Heights, Pa. 94137 Geporal Cable Qarp. Bayapnz, N.J. 28405 Cered Cozp. Redlwood City, Calif,
8483 laternational Rectifier Corp,  EF Segunds, Caiil, 88579 Precision Rubber Preducts Corp,  Dayton. Ghis 34344 Raytheon ¥fg. Co., Industrial Compossets 9331 Generzi Mills Minsespells, Hian.
§154%  The Adtpax Products €a. Cambeidge, Mass. 56684 Radio Gorp. of America, RCA Biv., Receiving Tube Oparation Juincy, Mass. $8821 North #itis Efsetric O3, Mineela, ®.¥.
B1BEG Bamy Conlrals, iec. Wateriown, Hass, Electron Tube Biv. Harrisen, %4, 94145 Rayiheon Mfg, Co., Semicenductor Oiv., 90975 Cieviie Transistsr Prod.
B2042 Carter Paris Ca. Skokie, 111, §72i6  Phikca Corporation {Lansdale Catifornia Stree! Piant Hewloa, Hass. Div. of Clavite Sorp, Wakthem, Mass.
82147 Jelffers Elecionics Divishon of Bivisien} Lunsdate, Pa. D4148 Scienfilic Radio Produsts, fnc. §8378 international £lectronic

B2t
82309
gza1s

Speer Catboa Co.
Alen B. DuMent Lahs, dnc.
Haguite Iadusiies, Inc.
Sylvania Eleckiic Preg. g,
£ lecitonic Tabe Div.

Du Buis, Pa.
Ctiften, M. 1
Greenwich, Conp.

Empatiam, Pa,

74T

A7564
a9
88340

Viestern Fibrous Gass Preducts Co,
Seh Frangiseo, Calil,
Seatile, Wash.
Providence, R, i
Eingoiz, i1l

Van Walers & Rogess ing.
Towar g, Cop
Catles-Hammes, Inc,

94144
6307

e

Loveiand, Cols.

Tung-Sel £lectriz, ing. Newach, N.J.
Curtiss-fisight Sasp. |

Electonics Div. East Paterson, N1

Seeihco Div. of §. Chesier Coup, Lester, Pa.

54108
48313
25515

Reseateh Carp
Culimbia Technical Corp,
Variaz Associaies
Matshalt baguste

Produsts Siw

Hurgank, Gaiif,
Hew York, XY,
Pale Alte, Dalif
Elschion

Pasadena, Calif,

B2376  Astren Co. East Newark, N_I. BA229 Gould-Nafional Batteriss, lae, St Paui, Miga, S43:0 Trr Ohm Prod, Div. of Modet 83707 Contral Switch Divisisn, Contrals Co.
B2289 Swiicherahl, lne, Shicage, 1 8808 Genesaf Mills, tac, Bultala, N.Y. Engineering and Wiz, Go. Chicago, Iif. of America Ef Sogunds, Cadif.
BI647 Metals and Coalruls, e, , Div. of 2923L  Geayhar Elecitic Co. Dakland, Calif, C4358 Wite Diath Producis ke, Chicagn, i 59800 Delevan Eiectianics Corp. Fast Awrora, §.Y.

Tenss Inshsments, oo,

Badgz

Watdes HKohinoor, lzc. Camzridge, Mass,

kil k)

Worcester Pressed Aluminum Corp,

$3348

Wilca Cotporatian Iagiznapclis, iad,

Ssencer Prods. Attlebaro, Mass, 89473 General Elechiic Distribetieg Corp. Worcester, Mass. 42330 Reabrasdt, iec. Baston, Mass.
B2858 Research Frodecs Corp, Medisos, Wis, Schensclady, K.Y, 85923 Philseick Resaarchers, fnc. Bostoa, Mass, 95942 Hofiman Sspiconducier Div. of
$2897 Retron Manafackiing Co., Inc.  Woodstock, M.Y. 3636 Caries Parts Biv. of Ecenomy Bader Co, 9523 Allias Products Corg. #Hiami, Fla, #offmas Eiectrenics Corp, Evanston, i,
B2893  Vecler Electraeic Co. Blzndale, Calit, Chicage, |F. 95238 Contirental Conzecior Sofg. Woodside, N.Y. 83857 Techaology instrument Caip
B3053 Wesinrn Washer Mir. Ca. £ a5 Angeies, Calil, 63663 Upited Transioimer Go. Chiczge, I, 95261 Leeceaft Mig. Go., Inc. New York, N.Y. af Caiif. Newbuty Pazk, Calif,
B3058  Camr Faslener Co, Crlabridge, Mass. 3017% U.3. Ruhbbet Co., Hschanical 85264 t.eree Eleclomics, inc. Bushak, Casif,
BIDEE Mew Hompshite Ball Beatimg, bac, Goods Div, Passaic, §.4. B5765  Naticaai Colf Co. Sheridaz, %vo. THE #OLLOWING ¥-P VENDORS HAVE NO NUM-
Paterherosgh, N.H, 96370 8earing Engineertng Ge. San Franeisce, Cabif. 9571h  Vitramon, Ing, Bridpesnt, Conn. BER ASSIGNED N THE LATEST SUPPLENENT TO
83125 Pyramid Elvciric Co, Darlington, 8.6, 1760 Coneeor Speisp Miz. o, San Franciscy, {alif, 95348 Gordas Corp, Bloomkeid, N.J. THE FEDERAL SUPPLY COBDE FOR MANUFAG
B3148 Elecits Jonds Ca, tos Angsies, Calit, 91345 Miller Diel & Namepizte Co. t1 Monte, Lalif, 99355 HMethede Wig. Co. Chicago, i, TURERS HANDBOOK.
S35 Victety Enginesring Corp. Sprizghield, M. E 91418 Radio Materiais £a, Chicapo, Hi $5717 Dage Electsic Co,, g Frartlia, Ind.
83289 Bendix Corp., Red Bank Div. ked Bank, N.5. 91508 Augat Brofhers’, Inc. Attiebors, Mass. 95587 Weckesser Ga. Shicago, 1, JO0Y  Winchester £iecironies, lec.
B335 Hubbelt Corp Mundeiein, i, 41637 Pele Eiechronics, fac. Columbus, %ebr. S6067 Hupplas Laboratoties Sunmyvais, Calif, Santa Mozica, Daiif.
B3330 Smith, Resman H,, luc. Brookive, N.Y¥. 9662 Eice Gorg, Phifagelshia, Pa. 96095 Hi-Q Bivision of Asrovox Qleaz, H.Y, GIees Malco Tood ang Dig 1.0s Angeles, Calif,
52385 Cantgl Serew £, Chicago, it G137 Gezmaz Mig, Co,, lag. Wakefien | #lass, 9256 Fhordarson-beissaer [Hy, of GIG0M  Westess Coit Div, of Antomatic
B35G:  Davitt Wit and Cable Su., 91827 K F Developnent Ge. Redwood City, Calit. Magsire [zdustiies, inc. M. Ceimed, fiL Iad., inc. Redwood City, Salif.
Biv. of Amerace Cerp, Brackiieid, Mass, 41229 inneapelis-Honeywell Regefate: Co,, 8629 Solzr Manufatturing Go. Los Azgeles, Calif, BOGGP Ty-Car Mig. Co,, lac, Hatéiston, Mass,
83594 Berrdughs orp., Mizroswites Div, Freeaort, |1 86330 Eariton Screw Ca. Chicags, HE BOGEZ  Witiow Leather Fraducts Corp. Howark, #.1,
Eretronic Tabe Div. Plainfieid, 91861 Msha-Bres. Spring Co, Oakland, Cafif. 86340 Hi i e, Bl , Mass, ULGAA Brilish Redic £lecteonics Lte, Washiopios, 0.{.
BATdL  Everssdy Batlely feaw York, 92180 Tru-Consester Carp. Peshody, #ass. 96504 Excel Teansformer {o. Gaklang, Canif, A06AS ETA £ngland
83777 Maode! Eng. and Hfg., inc. Huatizgton, Ind. 32196 Universal Mela: Prac., Inc. Bassell Paente, Catit. 97464 fnduslriat Reteising Ring So. tvieglen, H.J. GIBAC Indiaea Geeeral $erp., Elect. Div. Indizna
83477 Loyé Screggs Lo, Festes, #o. §2367  #igaet Optical Co., loe. Racnester, K.Y, §538 Automalic ang Precision Mig, Co. G088 Presision Insitwment Comgonenis Co,
B4TI Arco Efechonis, e, New Yoik, B.Y. 92607 Tiasstile insuinted Hite Co.  Tawytows, K.Y Yonkers, H.Y. van Nuys, Ceidt,
B4396 A.J. Glesener Ca,, lnc,  San Frangisco, Cali, 93337 Sylvania Elechiic Prod. Inc,, 37956 GBS Eleclronics, GOCMY Rubber E£ng. & Devaiopmost Hayward, Calif,
Batty  Goof AfE Electiic Nig, Do, Ogalisis, Neb. Semicendactor v, Wobarn, Mass. Div. of C.B.S., ke, Danvers, Mass. GRGMN A “N™ D Manufattstizg 0o, San jose 27, {alif,
B43¥0 Sarkes Tamian, e, Bleamingtos, Ind. 53389 Robains and Myers, Inc. Hew York, N.Y. G7373  Reen Resistor Corp. Yonkers, N, ¥, G00GE Cooitron Daklsnd, Calif,
B545¢  Poonton Molding Company Heontoa, %.J, 93419 Slevess Mfz. Ce., Inc. Mazsfield, Chio 44141 Axat Brothess Inc, Jamaies, 1Y, COGSS  Cosbrel of Elgis Watez Co, Barhank, Cafif.
BS4TI A.B. Byt Ca. Sen Francises, Catif. 83788 Howard L Sk lac. Post Benmouth, N 5 483159 Rubbesr Feck, Inc. Gasgena, Calif. CeOWY Caiiforniz Eastern Lab. Burkingzme, Calif,

CEOYY S.X. Smits Go,

Los Agpelos 45, Celif.

From: FSC. Handbook Supplements
4001539 Ha-1  Dated DECEMBER 1964
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Model 465A

SALES AND SERVICE OFFICES IN THE US.

ALABAMA
Hunisville, 35801
Hewlett-Packard
Southern Sales Division
Haliday Dffice Cir, Suite 18
(205) 881-4591
TWX: 510-579-2204

ARIZONA
Scoitsdale, §5251
Hewlett-Packard
Neely Sales Division
3009 No. Scottsdale Rd.
(602} 945-7601
TWX: 602-949.0111
Tueson, 85716
Hewlett-Packard
Neely Sales Division
232 Sc. Tucsor Bivd,
(602} 623-2564
TWX: 602.792-2759

CALIFORNIA

Les Angeles Area
Hewlett-Packard

Neely Sales Division

3939 Lankershim Bivd.

North Hollywood 1604

(213) 877.1282 and 766-3811
TWX: 910-499-2170

Sacramenio, 95821
Hewlett-Packard
Neely Sales Division
2591 Carlshad Ave,
{916} 482-1463
TWX: 916-444-8583
San Diege, 52106
Hewlett-Packard
Neely Sates Division
1055 Shafter Street
{714) 2238103
TWX-714-276-4263
San Francisco Area
Hewietl-Packard
Neety Sales Division -
501 Laurel Street
San Carlos 94073
{415} 551-7661
TWX: 510-376-4390

COILORADC
Englewocd, 80110
Hewlett-Packard
Lahana Sales Diviston
7965 East Prentice
(383 771-3455
TWY: 303-771-385%6

CONNECTICUT
Widdletown, 06458
Hewlett-Packard
Yewell Sales Division
589 Saybrook Rd,
(203) 3456611
TWX: 203-346.7433

FLORIBA
Miami, 33128
Hewlett-Packard
Florida Sales Division
2907 Northwest 7th St
(305) 635-6461]
Griando, 32803
Hewlett-Packard
Florida Sales Division
621 Commonwealth Ave.
(305} 425-5541
TWX: 305-275-1234

§t. Petershurg, 33708
Hewlett-Packard

Florida Sales Division
410-150¢h Ave., Madeira Beach
813 3910211
TWX: 813-391-0666

GECRGIA

Aflanta, 30305
Hewlett-Packard
Southern Sales Division
3110 Maple Drive, N, £
(404} 233-1141

TWX: 810-751-3283

fLLINCIS
Chicago, 60645
Hewleti-Packard
Crassiey Sales Division
2501 West Peterson Ave,
{312) 2751800
TWX: §10-221.0277

INDIANA
Indianapolis, 46205
Hewleti-Packard
Crossley Sales Division
3919 Meadows Dr,
1317} 546-4891
TWX: 317-635-4300

KENTUCKY
Louisviile, 40218
Hewiett-Packard
Southern Sales Division
Suite 4, 3411 Bardstown Rd.
502 459-4140
TWX: 810-535-3128

MARYLAND
Baitimore, 21207
Hewlett-Packard
Horman Sales Division
6660 Security Blvd,
{361} 944-5400

Washington, D. C. Arez
Hewlett-Packard
Horman Sates Division
941 Roliins Avenue
Rockviile 20852

{301) 427-7560

TWX: 710-878-9684

MASSACHUSETTS
Bosten Area
Hewlett-Packard
Yewell Sales Division
Middiesex Turnpike
Burlirgton 01804
617 272-8000
TWX: 710-332-6382

MICHIGAN
Detroit, 48235
Hewlett-Packard
Crossley Sales Division
14425 West Eight Mite Read
(313} 342-5700
TWX: 313-342-0702

MINNESOTA
St Paui, 55114
Hewlett-Packard
Crossley Sales Division
842 Raymond Avenue
(612) 646-7881
TWX: 612-551.0055

RMISSOUR]
Kansas Gity, 54131
Harris-Hansen Cempany
7816 Faseq Strest
{816} 444-9484
TWX: 816-556-2423
§t. Louis, 83144
Harris-Hanson Company
2814 South Breniwoad Blvd.
{314) 647-4350
TWX: 314-962-3933

NEW JERSEY
Ashury Park Area
Hewlett-Packard
Robinson Sates Division
Shrewsbury

{201) 747-1060

Englewood, 07631
Hewlett-Packard
RMC Sales Division
391 Grand Avenue
(201} 567-3933

NEW MEXICO

Albuguergue, 87108
Hewlett-Packard

Neety Saies Division
6501 Lomas Bivd., M. E,
{505) 255-5586

TWX: 505-243-8314

Lag Cruces, 88001
Hewlett-Packard
Neely Sales Division
114 3. Water Street
{505) 526-2486
TWX: 505-524-2671

NEW YORK

Hew York, 16021
Hewlett-Packard

RMC Sales Division
236 East 75th Streat
(212) 879-2023

TWX: 710-581-4376
Rechester, 14828
Hewlett-Packard
Syracuse Sates Division
800 Linden Avenue
{716) 381-4120

TWX: 716-221.1514
Poughkeepsie, 12601
Hewlett-Packard
Syracuse Sales Division
82 Washington St.
(914} 454-7330

TWX: §14-452.7425
Syracuse, 13211
Hewlett-Packard
Syracuse Sales Division
Pickard Bldg., E Maollsy Rd.
{315) 454.2486

TWX: 315-477-1375

HMORTH CAROCLINA

High Point, 27282
Hewlett-Packard
Southern Saies Bivision
1923 N, Main Street
(319) 882-6873

TWX: 510-926-1516

OHIO

Cleveland, 44129
Hewlett-Packard
Crossley Sales Division
5579 Peart Road

(216} 884-G209

TWX: 216-888-0715
Jayton, 45409
Hewietl-Packarg
Crossley Sales Division
1250 W, Dorothy Lane
(513) 299.3594

TWX: 513-944-009G

PENNSYLVANIA
Camp Hill
Hewlett-Packard

Robinson Sales Division
{717} 737-6791

Appendix B

AND CANADA

Philadelphia Area
Hewlztt-Packard

Robinson Sales Division

144 tlizabeth Strget

West Conshohocken 13428
(215) 248-1600 and 828-6200
TWX: 215-828-3847

Pittshurgh Area
Hewieit-Packard
Crossiey Sales Divisien
2545 Moss Side Blvd.
Monroevilie 15146
(412} 271-5227

TWX: 710-797-3650

TEXAS

DBallas, 75209

Hewlatt-Packard

Seuthwest Sales Division

P.0. Box 7166, 3605 inwoed Rd.
(2147 357-1881 and 332-6667
TWX: 910-861-4081

Houston, 77027

Hewlett-Packard

Southwest Sales Division

P.0. Box 22813, 4242 Richmond Ave.
(713} 667-2447

TWX: 713-571-1353

UTAH

Salf Lake City, 84115
Hewlett-Packard
Lahana Sales Division
1482 Major St.

{801) 486-8166

TWX: 801-521-2604

VIRGIMIA

Richmord, 23230
Hewlett-Packard
Southera Sales Division
2112 Spencer Road
(793} 282-5451

TWX. 703-282-9986

WASHINGTON

Seattle Arsa
Hewiett-Packard
Neely Saies Division
11656 . E, 8th St
Believue 98004
{206) GL4.3971
TWX: $10-443-2303

CANADA

Mentreal, Quebec
Hewlett-Packard {Canada) Lid,
8270 Mayrand Street

(514) 735.2273

TWX: 610-421-3484

Bttawa, Ontaric
Hewlett-Packard (Capada) Lid,
1762 Carting Avenue

613) 7224223

TWX: 610-562-1952

Toronte, Ontaric
Hewlett-Pachard (Canada} Lid.
1415 Lawrence Avenue, West
{416} 249-9196

TWX: 610-482-2382

HEWLETT

hp, PACKARD
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INTERNATIONAL SALES AND SERVICE OFFICES

ARGENTINA
Mauricio A. Saurez
Telecommunicacicnes
{atlos Lalve 224, Buenos Aires
Tei: 30-6312
AUSTRALIA
Sampie Electronics (Vic.) Pty, Lid.
9.11 {remorne Street
Richmend £, 1, Victoria
Yel: 42-4757 {3 lines)
Sample Electronics (N.S.W.) Ply. Ltd.
4 Grose Streef, Glebe, Sydney
New South Wales
Tel: 69-6338 (6 lines
AUSTRIA
Unitabor G.m.b.H.
Rummethardtgasse 6/3
Vienna
Tei: 426,181
BELGIUM
Hewlett-Packard Benelux S.A,
20-24 Rue de I'Hopital, Brussels
Tel: 11.22.20
BRAZIL

Cientat importacas E Comercio Lida,

Rua Cons. Crispiniano, 69, 8, © And.,
Conj. 81, Sao Paulo
Tef: 324332
CANADA
Hewlett-Packard (Canada) Lid.
827G Mayrand Street
Mantreal, Guebec
(514} 735-2273
Hewlett-Packard {Canada) Ltd.
1762 Carling Avenue
Ottawa, Ontario
(613} 722-8182
Hewlett-Packard {Canada} Ltd.
1415 Lawrence Avenue W,
Toronte, Ontarig
(416} 249-9196
CHILE
Hector Calcagni
Casiila 13947
Santiago
Tel: 6.42.26
DENMARK
Tage Gisen A/S
Ronnegade 1
Copenhagen
Tel: 29.43.5
FINLAND
INTO O/Y
P. 0. Box 153
Merituilinkatu 11, Helsinki
Tet: 66.39.09 and 35.125
FRANCE .
Hewlett-Packard france
150 Boulevard Massena
Paris 13e
Tei: 707.97.1%
GERMANY
Hewlett-Packard V.m.bH.
Steindamm 35, Hamburg
Tel: 24.0551
Hewleit-Packard V.m.b.H,
Kurhessensirasse 95
Frankfurt am Main
Tel: 52.00.36

Hewlett-Packard V.mb.H.
Reginfriedstrasse 13
Murich &
Tel: 49.51.21,/22
Hewlett-Packard Vm.b.H.
Technisches Biiro
Herrenbergersirasse 110
703 Béslingen, Wiritemberg
Tel: 6571

GREECE
K. Karayannis

Klaftmonos Scuare, Athens 124
Tel: 230.301 (5 fines)

INDIA

The Scientific Instrument Company, Ld.

6, Tej Bahadur Sapry Road, Allahabad 1
Tel: 2451

The Scientific Instrument Comgpany, L4,
240, Dr. Badabhai Naoroji Road,
Bomi}ay 1

Tel: 26-2642

The Scientific instrument Compaay, Ld.
11, Esplanade Zast, Caleutta 1

Tel: 234129

The Scieatific Instrument Company, Ld.

30, Mount Road, Madras 2
Tel: 86339
The Scientific fnstrument Comgpany, Ld.
B-7, Ajmeri Gate Extn,, New Delhi 1
Tel: 271053

{RAN

Telecom itd.
P. C. Box 1812, Tehran
Tel: 43858, 48111
ISRAEL
Electronics & Enginzering Ltd.
16 Kremenetski St., Tel Aviv
b 35021 13 fines)
ITALY

Hewlett-Packard Itatiana S.p.A.
Vzale Luniglana 46, Milan

i 69.15.84/5/6
Hewlatt Packard ltaiiana S.p.A.
Piazza Marceni, 25
Roma-Ear
Tel: 59.25.44/5

JAPAN

Yokogawa-Hewlett-Packard Lid.
227G Ishinawa-cho
Hachiofi, Tokyo
Tel: Hachicji 0426-3-1231 419 fines}
Yohogawa-Hewlett-Packard Lid.
No. 3, 6-chome, Anyama Kitamachi
Ai(asaka Minato- ku, Tokyo
Tel: 403.0073, 403 (674, 403-0075
Yokogawa-Hewiett-Packard Lid.
No. 8, Umeda, Kita-ku, Osaka City
Tel: 3613084 341.2095
Yokogawa-Hewlett-Packard Ltd,
Ne. 4, 3-chome, Himeikedori,
Chfgusa ku, Hagoya City
Tel: 75-8545

KOREA

American Trading Company, Korea, Ltd.

112-35 Sokong-Dong
Seout P, 0. Box 1103
Seoul

Tel: 3-7049, 3-7613

NETHERLANDS
Hewlett-Packard Beneiux K.V,
23 Burg Roelisiraat, Amsterdam W.
Tel: (320} 13.28.98 and 13.54.99
NEW ZEALAND
Sample Electronics (N. 2} Lid.
8 Matipe Street
Onshunga 8. £. 5 Auckland
Tel: 565-361
NORWAY
Morgenstierne & Co. A/S
Ingenigrfirma
& Wessels Gate, Oslo
Tek: 20 16 35
PORTUGAL
Tetectra
Rua Rodrigo da Fonseca 163
P. 9. Box 2531
Lisbon 1
Tel: 68 6072 ané 68 60 73 and 68 60 74
PUERTO RICO & VIRGIN ISLANDS
San Juan Electronics, inc,
150 Ponce de Leon, Stop 3
P. 0. Box 5167
Pta. de Tierra Sta., San Juan 00906
Tel 722-3342, 724-4486
SPAIN
ATAID, Ingenieros
A. Agullera No. 8, Mad
Tek: 223.27.42, 223.41, 71 and 224.84.97
SOUTH AFRICA
F. H. Flanter & Co. (Ply), Ltd.
Rosella House
Bmtesncgagle Street, Cape Town
SWEDEN
H-P Instrument AB
Centraivagen 28, Solna Centrum
Tei: 08-83.08.30 and 10-83.08.30
SWITZERLAND
Max Pual Frey
Wankdorffeldstrasse 66, Bern
Tel: 031) 42.00.78
TAIWAN (FORMOSA)
Hwa Sheng Electronic Co., Ltd,
21 Nanking West Road, Taipei
Tel: 4-6076, 4-5936
TURKEY
TELEKOM Engineering Bureau
PG, Box 376—Galata, Istanbul
Tel: 48.40.40
UNITED KINGDOM
Hewlett-Packarg Ltd,
Dalias Road
Bedferd, England
Tel: Bedford 68052
VENEZUELA
Citec, C. A
Edif. Arisan-Of #4
Avda, Francisco de Miranda-Chacaito
Apartado del Este 10.837, Caracas
Tel: 71.88.05
YUGOCSLAVIA
Belram S.A.
83 Av. des Mimosas
Brusseis 15, Belgium
Tel: 35.29.58

For Sales and Service Assistance in Areas Not Listed Contact:

IN EUROPE
Hewlett-Packard, S, A,
54 Route des Acaclas
Geneva, Switzerland
Telephone: (022) 42.81.50
Telex: 2.24.86
Cable: HEWPACKSA

185

IN LATIN AMERICA
Hewlett-Packard Inter-Americas
1501 Page Mill Road
Palo Alta, Califarnia 94304, U.SA,
Telephone: (415) 3726-7000
TWX: §10-373-1267
Telex: 033811 Cable: HEWPACK

Ei SEWHERE
Hewlett-Packard
International Marketing Department
1601 Page Mill Road
Palo Alte, California 94304, US.A
Telephene (415} 326.7000
TWX: 910-373-1267
Telex: 033811 Cable: HEWPACK






