
o
\t
0-
I

aavxovdil trs,r*sH
:

lUNNUNICTAUIS 0NU 0NlrUUrd0

/-t-7Iftz€ A/g

,f ?-//-L -Z brz l/J-

u1ItlitI10,\
11nN C0
-tV/ut Jt



=

EWLETT LPAPACKARD
-

C E R T I F I C A T I O N

The Hewlett-Packard Cornpany 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 f urther certiftes that its calibration rneasurements

are traceqble to th,e f,/. S. National Bureau of Standards to the extent

allowed by the Bureau's calibration f acility.

WARRANTY AN D ASSISTANC E

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 wilt 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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Figure 1-1. Model 413A/AR DC Null Voltmeter
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Section III
Figure 3-1

Model 413A

U

1. Power switch. Turns instrument ON.

2. Pilot Light. Lights when instrument is ON.

3. RANGE (VOLTS) switch. For selecting voltage
range desired.

4. AMPLIFIER OUTPUT terminals (rear of in-
strument, not shown). Provides an output
voltage proportional to meter deflection.

5 . ZEERO control. Used to adjust electrj.cal zero
sett ing of meter.

NORMAL-EXPANDED switch. Provides a
choice of EXPANDED (+ end scale) or a NOR-
MAL (xL\Vo end scale) range of zeroadjustmcnt.

INPUT connectors. Apply voltage to be mca-
sured here (413A input is fully floating).

Ful ly clockwise posit ion, indicated by a dot,
is used for bias adjustment.

6 .

t .

B .

3 - 0

Figure 3-1.  Operat ing Controls
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Section III
Paragraph 3-9

e. Connect the voltage to be measured to the input
connectors.

3-9. OPERATION WIfiI A RECORDER. To obtain
permanent records of 413A readings, connect a re-
corder to the dc amplifier output connector, and
operate the 413A as directed in paragraph 3-?. The

Model 413A

output of the 413A amplifier is l-volt end scale; if
necessary, externally attenuate the 413A output to
match it with recorder sensitivity. Maximum rated
load current from the 413A is 1 ma. A load resis-
tance of less than 1000 ohms may cause the load cur-
rent to exceed 1 ma and thus cause errors in meter
indication and amplifier gain.

l
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Section IV
Figure 4-1

CHOPPER ASSEMBLY
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Figure 4-1. Model 413A Block Diagram
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Section IV
Paragraphs 4-9 to 4-L2

4-9 .  DC OUTPUT CIRCU|TS.

4-10. The output from the demodulator is filtered by
CII4-116 and R114-118 and fed to cathode follower
V1028. Cathode follower bias issetbyadjusting Rl16
Bias Adjust. The output of V1028 is used for the
following purposes:

a. For meter deflection. R123 is used to adjusr
the meter current to the correct value.

b. To provide a dc output voltage proportional to
meter deflection. This voltage is available at the dc
amplifier output terminals.

c. For feedback to the modulator assembly A102,
and the filter network. The negative feedback, adjusted
with R119 Gain Cal., stabil izes the dc gain of the

Model 413A

modulator-amplifier-demodulator system to a value
of 1111, thereby providing an output of I volt for an
input of 0.9 millivolts.

4- l l .  PowER suPP[Y.

4-I2, The 413A power supply is a conventional full-
wave rectifier with resistors Rl, R2, and zener diode
CRl in the power transformer center tap to develop
the -6 to -7 volts for the cathode follower bias. Re-
sistor R8, ZERO, adjusts meter zero by changing the
dc bias of the modulator-amplifier-demodulator net-
work. Switch 52 changes Tl primary circuit for
230-volt operation. A fuse of different ratingmust be
used in case of 230-volt operation (see Table of
Replaceable Parts).

4 - 2 0 1 1 3 8 - 1
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Section V
Paragraphs 5-10 to 5-15

front panel indications. A good merhod is to follow
the performance verification procedure (paragraph
5-40) until the trouble manifests itself as a reading
that is out of the listed specificarions. For example,
if the instrument operates properly on all voltage
ranges but .003, only R82, R84 or associated switch
contacts and wiring can be faulty. A bad reading on
all ranges indicates trouble in the modulator-ampli-
fier-demodulator system, or in the power supply.

Note

The 413A is a sensit ive instrument. I f  i t
gives unexpected readings on its lowestvolt-
age ranges, it may be measuring thermo-
electric voltages, etc., in addition to the
expected voltage (see paragraph 3-3).

5-10.  AMPLIFIER-POWER SUPPLY.

5-11. Amplif ier and power supply operarion is best
checked by voltage readings and tube substitution. If
tube substitution does not correct the difficulty, return
the original tube to the instrument. If tubes are
changed, refer to table 5-2 for any necessary adjust-
ments. Voltages are indicated at various points on
the schematic diagrams (figure 5-15); these are typi-
cal voltages and may vary somewhat from instrument
to instrument.

5-I2.  CHOPPER ASSEMBLY.

5-13. Before the modulator or demodulator can be
checked, it must be ascertained that the chopper
assembly, A103, is functioning properly. Refer to
figure 5-1 for location of parts in the following steps.
Proceed as follows:

Model 413A

a. Remove cabinet (paragraph 5-5).

b. Check all four lamps (DS101-104) to make sure
they glow when power is applied.

c. Check the l ight interrupterinthecutawayportion
of the chopper assembly to see if the chopper blades
are rotating.

d. If the chopper blades are not turning, look at the
motor operation indicator in the back of motor 8101.
If 8101 is operating, the chopper blade is loose on irs
shaft. If not, check the 6.3 volt circuit to the motor,

5-14. MODULATOR.

5-15. To check modulator operation, proceed as
follows:

a. Unplug the 413A from the power source, and
remove the cabinet (paragraph 5-5).

b. Remove V101 and reconnect the 413A to the
power source.

c. Connecta clip lead from the 4134, red input ter-
minal to the center arm of R116, Bias Adjust Poten-
tiometer.

d. Set RANGE (VOLTS) to .001.

e. Set oscilloscope input to DC.

f.. Connect one lead of an 8. 2-megohm resistor (-hp-
Part No. 0684-8251) to oscil loscope signal connector
(or probe). Using a jumper wire, connect the other
resistor lead to the junction of R85) andS101D(point
A in figure 5-5). Connect oscil loscope common lead
to 413A common connector.

g. Observe amplitude of the dc voltage at point A.

h. Move oscil loscope probe (with resistor) to point
B in figure 5-3.

i. Waveform should be similar to that shown in
figure 5-2, and should have a peak-to-peak amplitude
approximately equal ro the deflection found in srep g.
Signal frequency should be 5/6line frequency.

L D - S  -  4 5 1

Figure 5-2. Approximate Chopper Waveform
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Figure 5-1. 4103, Chopper Assembly
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Section V
Paragraphs 5-18 to 5-28

5 - I 8 .  R E P A I R  A N D  R E P I A C E ' N E N T .

5- 19. GENERAL.

5-20, This paragraph is intended to simplify repair
problems in the 4134. Tube replacement information
is given, as well as repair procedures for the mod-
ulator, demodulator and RANGE (VOLTS) switch.
Repair procedures should be followed carefully to
assure correct operation of replacement parts. Re-
placing components on etched circuit boards requires
extra care (see figure 5-11). After component re-
placement in the following paragraphs, refer to para-
graph 5-29 (adjustments).

CAUTION

Do not lubricate the RANGE (VOLTS) switch
or touch the switch wafers with the fingers
in the following procedures. Wear a pair of
light cotton gloves when handling the switch,
since skin oils and acids can contaminate
the switch wafers and degrade instrument
performance.

5-21. MODULATOR REPLACEMENT.

5-22, Figure 5-3 shows necessary disassembly for
modulator replacement. Proceed as follows:

a. Unplug the 413A from the power source.

b. Remove the cabinet (paragraph 5-5).

c. Disconnect all wires from the top of A101 as
shown in figure 5-3.

d. Remove chopper assembly, A103, and slide the
light rods out of A101.

Note

In the 413AR rack mount unit, it is not nec-
essary to remove the chopper assembly.
Perform step e and slide A101 away from
the light rods.

e. Remove the four screws holding the input circuit
assembly (A101) to the main chassis. When replacing
this assembly, be sure to reseat the insulated washers
(figure 5-3) in their proper positions.

f. Disconnect the green lead at 4101.

g. Carefully unsolder the shielded cable (figure 5-3)
from the amplifier circuit board (pin 2 and 3 of
V101A). (A length of cable is normally supplied with
the input circuit assembly. However, if it is more
convenient, and the cable is known to be good, it
may be disconnected at the input assembly circuit
board.) In any case, avoid undue heat that might
damage the inner conductor insulating material in
the coax.

h. Reverse the above procedure to install the re-
placement assembly.

5 -4

Model 413A

5-23. DEMODULATOR REPLACEMENT.

5-24. To replace demodulator assembly, A104, pro-
ceed as follows:

a. Turn the 413A off.

b. Remove the three leads connected to the demod-
ulator.

c. Remove the two nuts from the demodulator
mounting screws and remove the demodulator from
the instrument. If i t is necessary to get at the screw
heads to remove the nuts, remove the four mounting
screws from the chopper assembly and let the assem-
bly hang by its leads.

d. Reverse the above procedure to install replace-
ment assembly. Wire connection differs for the
413A cabinet mount and the 413AR rack mount. See
figure 5-4 f.or wiring detail.

Figure 5-4. Cabinet/Rack Demodulator Differences

5-25. RANGE (VOLTS) SWITCH REPLACEMENT.

5-26. Figure 5-5 shows the location of all parts
and wire destinations for the replacement of the
RANGE (VOLTS) switch. The Model 413A should be
checked for correct calibration after replacing this
switch.

CAUTION

Make solder connections as quickly as pos-
sible when replacing components on the
RANGE (VOLTS) switch. AVOID EXCES-
SIVE HEAT. Excessive heat will damage
the switch wafers. Observe handling pre-
cautions described in paragraph 5-20.

5-27. TUBE REPLACEMENT.

5-28. If tubes are suspected of being defective, check
them by substitution and replace only those which
are defective. Table 5-2 gives any adjustments
necessary after tube replacement.

$ l

3 l

P  N K / O  R N

B R N / O R
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Section V
Paragraphs 5-29 to 5-3?

Table 5-2. Tube Replacement

Ref. Desig. Tube Type Adjustment Para. Ref.

v101
v102
v103
v104
v105

12AX?

6AU8

6X4

oA2
oB2

Hum Balance

Bias Adjust

None

5-33

5-35

5 - 2 9 .  A D J U S T ' N E N T S  A N D  C A T I B R A T T O N .

5-30. The following is a complete adjustment proce-
dure ard should be made only if it has been definitely
determined that the 413A is out of adjustment. After
adjustment, refer to paragraph 5-40 to check instm-
ment operation.

5-3 1. MECIIANICAL ZERO ADJUSTMENT.

5-32. Whenthemeter is properly zero-set the pointer
rests over the zero calibration mark on the meter
scale when the instnrment is 1) at normal operating
temperature, 2) in its normal operating position, and
3) turned off. Zero-set as follows to obtain best ac-
curacy and mechanical stability:

a. Allow the instrument to operate for at least 20
minutes; this allows meter movement to reach normal
operating temperature.

b. Turn instrument off and allow 30 seconds for all
capacitors to discharge.

c. Rotate mechanical zero-adjustment screw clock-
wise until the meter pointer is to the left of zero and
moving to the right toward zero.

d. Continue to rotate adjustment screw cloclnvise;
stop when the pointer is right on zero. If the pointer
overshoots zero, repeat steps c and d.

e. When the pointer is exactly on zero rotate the
adjustment screw approximately 15 degrees counter-
clockwise. This is enough to free the adjffi?if
screw6m the meter suspension. If the pointer moves
during this step, you must repeat steps c through e.

5-33. HUM BALANCE.

a. Turn instrument on and allow a few minutes
warm-up.

b. Set RANGE (VOLTS) selector to 1.

c. Connect oscilloscope to the dc amplifier output
connector as shown in figure 5-6.

d. Adjust Hum Bal. (R3), for minimum (Iess than
5 mv peak-to-peak) 10-cps signal as seen on oscillo-
scope. (If power-line frequency is 50 cps, adjust for
minimum 8-L/3 cps signat. ) See figure 5-13 for loca-
tion of R3.

5-34. BIAS ADJUST.

a. Set RANGE (VOLTS) switch full cloclnvise --
one step beyond 1000.

b. AdjustBiasAdj. (R116), to set meter pointer to
zerox}}Voof endscale. R116 is located on instrument
rear. This adjustment is not critlcal, since any devia-
tion from zero is reduced more than 300 times when
the RANGE (VOLTS) switch is onany operatingposition.

5 - 6

Model 413A

Figure 5-6. Hum Balance Test Setup

5-35. AI\{PLIFIER GAIN CALIBRATION.

5-36. The following procedure uses a voltmeter cali-
brator as a calibration standard and a digital voltmeter
as an amplifier output monitor.

a. SettheModel4lSARAI.IGE (VOLTS) to l and the
NORMAL/EXPANDED switch to NORMAL"

b. Connectthedigital voltmeter to the DC AIVIPLI-
FIER OUTPUT terminals, and set the digital voltmeter
rangeswitchto 1000mv. A change of 10 counts in the
digitalvoltmeterreadout represents a change of 0. LVo
in the amplifier output. (See figure 5-7. )

c. Adjust the ZERO control for a digital voltmeter
indication that is as close to 000.0 as possible.

d. Set the voltmeter calibrator function to off, and
connect its ortput to the Model 413A INPUT.

e. Set the voltmeter calibrator output to +1.0 vdc.

f. The digital voltmeter display should be between
015.0 OVERRANGE and 985.0. Adjust R119 for a
digital voltmeter display as close to 000.0 OVER-
RAI.IGE (1000.0 mv) as possible.

5-37. METER CALIBRATION.

a. After the Model 413A amplifier has been cali-
brated according to the procedure in paragraph 5-36,
apply an input of + 1. 0 volt f rom the voltmeter calibrator.

b. Adjust R123 for a meter indication of end scale
t1 minor scale division (*z%o\.

c. Change the input to -1.0 v and verify that the
negative deflection is within r1 minor scale division
of end scale (*2Vo).

d. If the negative and positive meter deflections are
not exactly equal, adjust R123 slightly to balance the
difference.

RANGE
OIGITALVOLTMETER SELECTOR

lrp re ssl hp vata

TO
DC AMPLIFIER

OUTPUT

Figure 5-7. Amplifier Gain Calibration
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Section V
Figure 5- 9

Model 4134
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S E R Y I C I N G  E T C H E D  C I R C U I T  B O A R D S

Excessive heat or pressure can lift the copper strip from the board. Avoid damage by using a low power
soldering iron (50 watts maximum) and following these instrucdons. Copper that lifts off the board should
be cemented in place with a quick drying acetate base cement having good electrical insulating properties.

A break in the coppershouldberepairedby soldering a short length of tinned copper wire across the break.

Use only high quality rosin core solder when repairing etched circuit boards. NEVER USE PASTE FLUX.
After soldering, clean off any excess flux and coat the repaired area with a high quality electrical varnish
or lacquer.

When replacing components with multiple mounting pins such as tube sockets, electrolytic capacitors, and
potentiometers, it will be necessary to lift each pin slightly, working around the components several times
until i t is free.

WARNING: If the specific instructions outlined in the steps below regarding etched circuit boards without
eyelets are not followed, extensive damage to the etched circuit board will result.

1. Apply heat sparingly to lead of component ro be
replaced. If lead of component passes through
an eyelet in the circuit board, apply heat on com-
ponent side of board. If lead of component does
not pass through an eyelet, apply heat to con-
ffitor side of board.

2. Reheat solder in vacant eyelet and quickly in-
sert a small awl to clean inside of hole. If hole
does not have an eyelet, insert awl or a #57
eliiTrom conductor side of board.

4 .3 . Bend clean
ful ly insert

tinned leads on new
through eyelets or

part and care-
holes in board.

C O N D U C T O R
S  I D E

Hold part against board (avoid overheating) and
solder leads. Apply heatto component leads on
correct side of board as explained in step 1.

@

In the event that either the circuit board has been damaged or the conventional method is irnpractical, use
method shown below. This is especially applicable for circuit boards without eyelets

l.  Cl ip lead as shown below. 2. Bend protruding leads upward. Bend lead of
new componenr around protruding lead. Apply
solder using a pair of long nose pliers as a
heat sink.

APPLY
SOL DER

I F

This procedure is used in the field only as an alternate means of repair. It is not used within the factorv.

5 - 8

Figure 5- I . Servicing Etched Circuit Boards
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Section V
Figure 5-11

Model 413A
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CIRCUIT
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Figure 5-11.  Model  413A Lef t  S ide View
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Model 413A
Section VI
Table 6-1

Table 6-1. Reference Designation Index

Circuit
Reference @ Stock No. Description # Note

A1 thru A100

4101

4102

A103

A104

A105

A106

81 thru B100

8101

ctL/B

c2

c3A/B

c4

Cb thn: C98

c99

c100

C101 thru
c103

c104

c105

c106

c10?

c108,  109

c110

c111

c112

c113

412A-30A

412A-58C
412A-95A

4254-97 A

4t2A-238

413A-19A

4134-198

3140-0013

0150-0119

0180-0086

0180-0054

01?0-0019

0160-2641

01?0-0029

0140-01 51

0180-0033

0150-0012

0180 -0033

0160-0015

01 50 -0024

0150-0012

Not assigned

Assy, input circuit, includes:
^{102 R101 thru R105
C101 thru C104 R119
c106
c10?

Rl20

Assy, input circuit (without modulator)
Assy, modulator

Assy, chopper: includes

Assy,

Assy,

Assy,

B 101, DS101 thru DS104

demodulator

ralrge switch: includes
C99, R?6 thru R95, R121, RL21, S101

switch, zeroi includes
RG thru R9, R125, R126' S102

Not assigned

Motor: 6. 3 VAC

C: fxd, cer, 0.01 uf/sect,*20V0, 250 vdcw

Not assigned

C: fxd, elect, 2 sect, 20 uf/sect, 450 vdcw

C: fxd, elect, 1500 uf' 10 vdcw

Not assigned

C: fxd, my, 0. 1 uf + 57c, 200 vdcw

Not assigned

C: fxd, poly, 0. 1 uf xL\Vo, 50 vdcw

C: fxd, poly, 0.01 uf + 107c, 50 vdcw

Not assigned

C: fxd, mica, 820 pt *2Vo

C: fxd, elect, 50 uf, 6 vdcw

C: fxd, cer, 0.01 uf +20Vc, 1000 vdcw

C: fxd, elect, 50 uf, 6 vdcw

C: fxd, paper, 0.4? uf * t}Vc, 200 vdcw

C: fxd, cer, 0.02 uf +80Vc, -20Vc, 600 vdcw

C: fxd, cer, 0.01 uf +20Vc, 1000 vdcw

6-2

# See introduction to this section
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Model 413A
Section VI
Table 6-1

Table 6-1. Reference Designation lndex (Cont'd)

6 - 4

Description#

R: var, ww, lin, 500 ohms *.301s, 3/10W

Not assigned

R: fxd, dep c, 333K ohms + t07c, t/2 W

R: fxd, dep c, 3K ohms *!Vc, t/zW

nsr; part of 5102

R: fxd, dep c, 13.?K ohms * l%c, l/zW

R: fxd, ww, 2.8K ohms + LIVc, 5W

Not assigned

R: fxd, dep c, ! M + t%c, l/2 W

R: fxd, dep c, ?0M t t/2vc, 2W

R: fxd, dep c, 50M t t/27c, lW

R: fxd, dep c, 28,1M * t/2vc, 1W

R: fxd, dep c, 8.1M + L/ZVc, 1W

R: fxd, dep c, 6. 155M + L/ZVc, 1W

R: fxd, dep c, 900K ohms x t/Z%c, t/zW

R: fxd, dep c, 2.845M x L/ZVc, 1w

R: fxd, dep c, 9M + t/2%c, 1W

R: fxd, dep c, 46.3K ohms * t/Z%c, t/zW

R: fxd, dep c, 284K ohms * t/ZVc, L/zW

R: fxd, dep c, 389.5K ohms + L/27c, t/zW

R: fxd, dep c, 123K ohms * lf ZVc, t/zW

R: fxd, dep c, 38.95K ohms + t/2%c, L/ZW

R: fxd, dep c, 12.3K ohms x L/2Vc, L/zW

R: fxd, dep c, 3895 ohms + t/Z%c, L/ZW

R: fxd, dep c, 1230 ohms x L/27c, t/zW

R: fxd, dep c, 389 ohms + L/2Vc, L/zW

R: fxd, dep c, 180 ohms + t/27c, t/zw

Not assigned

R: fxd, comp, 4?0K ohms + l:l%c, t/zW

R: fxd, comp, 100K ohms x|Vo, L/zW

2100-0078

0727-0233

0721-0t24

0?2?-0167

0813-0018

0727-0274

0?33 -0014

0?30-0150

0?30 -0149

0?30-0134

0?30-0128

0727-0262

0730-011?

0730-0139

072'�1-0L92

0727-023t

0721 -0239

0127-02t5

0?2?-0188

0?2?-0164

0?2?-0130

0?2?-0106

0?2?-00?0

0?2? -00 51

068?-4?41

0686 -  1045

R3

R4

R5

R6, R7

R8

R9

R10

R11 thru R75

R?6

R??

R78, 79

R80

R81

R82

R83

R84

R85

R86

R8?

R88

R89

R90

R91

R92

R93

R94

R95

R96 thru R100

R101

R102

# See introduction to this section
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Model 413^{

Table 6-1. Reference Designation Index (Contrd)

Section VI
Table 6-1

Circuit
Reference @ Stock No. Description # Note

T1

V1 thru V100

v101

v102

v103

v104

v105

xDsl

xF1

XVl thru
xv 100

xv101

xv102

XV103 thru
xv105

9100-0238

1932 -0030

1933-000?

1930-0016

1940-0004

1940-000?

1450-0022

1450-0043

1400-0084

1200-0048

1200-0059

1200-0009

03?0-0029

0370-0035

0370-0061

412A-3?A

412A-3?B

412A-65A

412A-65A-1

Transformer, power

Not assigned

Tube, electroh: 12AXT

T\rbe, electron: 6AU8

Tube, electron: 6X4

T\rbe, electron: 0A2

T\rbe, electron: 082

Lampholder (rmo)

Lampholds (cmo)

Fuseholder

Not assigned

Socket, tube: 9 pin

Socket, tube: 9 pin, minat

Socket, tube: ? pin, minat

MISCELLANEOUS

Knob, black: 1 in. ZERO CONTROL

Knob, bar w/arrow RANGE (volts) SWITCH

Knob, red: 3/q in. bar w/arcoru NORMAL E)PAND
S\MITCH

Light rod: modulator (cmo)

Light rod: modulator (rmo)

Assy, arnplifier includes:

C108 thru C110
cltz
c113
R106 thru R109

Circuit board

R111 thru R114
v101
v102

6-6

# See introduction to this section
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Table 6-2
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Model 4134

Table 6-2. Replaceable Parts (Cont'd)

@ srocK No. DESCRIPTION MFR MFR PART NO. TQ

0690 -lzLL
0 6 9 0 - 5 6 1 1

072? -0051
072? -0070
072? -0100
0727 -0106

0727 -0124
0727 -0130
0727 -0t42
0727 -0L64

0727 -0L67
0?2?-0188
0727 -0192
0727 -0208

0727 -0209
0727 -0215
0727 -0231
0727 -0233

0727 -0239
0727 -0262
0727 -0278
0727 -0283

0?30 -0 1 1?
0?30 -0 128
0730 -0 134
0730 -0 139

0730 -0 149
0?30 -0 1 50

0733 -0014

0?57 -0178

0813 -0018

1 120 -03 18

1200-0009
1200 -0048
1200-0059

1400-0084

L450-0022
1450 -0043

1902 -0137
1902 -0206

1930 -0016

1932 -0030

1933 -000?

R: fxd
R: fxd
R: fxd
R: fxd

R: fxd
R: fxd
R: fxd
R: fxd

R: fxd,  comp, 120 ohms +L\Vo, 1w
R: fxd,  comp, 560 ohms t !0V0, 1w

R: fxd, dep c, 180 ohms , L/2 yt
R: fxd, dep c, 389 ohms tl/2%0, 1/2 w
R: fxd, dep c, 1 K ohm +!Vo, L/2 w
R:  fxd ,  dep c ,  1 .23  K ohms * t /270,  t /2w

dep c,  3 K ohms +!Vo, \ /Z *
dep c,  3895 ohms *L/2V0, L/2 w
dep c,  6.2 K ohms +LVo, \12 *
dep c ,  12 .3  K  ohms + l /2V0,  t /2w

dep c,  13.  7 ohms x.LVo, L/2 w
dep c ,  38 ,950 ohms x l%o,  t /2  w
dep c,  46.3 K ohms x7/2V0, t /2 w
dep c,  100 K ohms xLVo, t /2 w

dep c,  108 K ohms t l%o, - t /2 w
dep c,  123 K ohms +t/2V0, 7/2 w
dep c , 284 K ohms x1/2V0, t/2 w
dep c,  333 K ohms t l%o, t /2 w

dep c,  389. 5 K ohms xL/2V0, l /2 w
dep c, 900 K ohms +1/2V0, t/2 w
dep c,  1.  13 M +!Vo, t /2 w
dep c ,  1 .  66  M xLVo,  7 /2  w

f x d ,  d e p  c ,  2 . 8 4 5  M  * . L V o ,  1 w
fxd ,  dep c ,  6 .  155 M xLVo,  1w
fxd, dep c,  8.1 M t  t /2V0, 1 w
f x d ,  d e p c ,  g M t L / 2 V o ,  1 w

fxd, dep c, 28. 1 M xt/2%0, 1 w
fxd, dep c,  50 M *1/2V0, 1w

fxd, dep c,  ?0 M tLVo, 2 w

fxd
fxd
fxd
fxd

fxd
fxd
fxd
fxd

R:
R:
R:
R:

R:
R:
R:
R:

R:
R:
R:
R:

R:
R:

R:

R: fxd,  met f lm 100 ohms xlvo,  t /4w

R: fxd,  ww, 2.8 K ohms +l \Vo, 5 w

Meter, calibrated

Socket, tube: 7 pin,
Socket, tube: 9 pin
Socket, tube: 9 pin,

Fuseholder

Lampholder (rmo)
Lampholder (rmo)

Diode: breakdown
Diode: breakdown

Tube. electron: 6X4

miniature

miniature

Tube, electron: 12AX7

Tube, electron: 6AU8

0 1 1 2 1
0 1 1 2 1

19?01
19?01
19?01
19?01

19?01
1 9 7 0 1
19?01
19?0 1

19?01
19701
19?01
19?01

19?01
1 9 ? 0 1
19?0 1
19?01

19?01
19701
19701
19701

19701
19701
19701
19701

OSBBB
O3BBB

03888

19701

35434

28480

I 1662
91662
? 1 ? 8 5

7  5 9 1 5

72765
000Ortv

28480
28480

B 0 1 3 1

8 0 1 3  1

8013 1

GB 1211
GB 5611

DCL/2AR'
DCL/2AP"'
DCl/2CP.,'
DC 1/2AR5

DCt/2CR5
DCt/2AP"l
DCL/?AP"1
DCt/2AR'

DCL/2CR5
DCr/2AP"1
DCr/2CR5
DCL/2CR5

DCr/2AP"l
DCL/2ARl
DC 1/2AR5
DCI/2AR1

DCL/2ARl
DCL/2AP"l
DCr/2CR5
DC 1/2AR5

"ra-l
obd#l
obd#l
obd#l

"bd#l
obd#l
obd#l
ona+l

obd#l
obd#l
obd#l
oua+l
obd#l
obd#l
obd#l
obd#l

obd#l
obd#l
obd#l
obd#l

DCIR5 obd#l
DC1R5 obd#l
DC1R5 obd#l
DC1R5 obd#]

PT1000 obd#
PT1000 obd#

PT2000 obd#

MF6C T-O obd#

c -5 -2800

1 120 -03 18

316PH-3?02
3908 -2 -4
LzL-5L-11-082

342014

2020-AE

1902 -013?
1902 -0206

6X4

L2Ax^?

6AUB

1
1

1
1
1
1

2
1
1
1

1
1
1
1

1 l
1 l

I
1 l
1 l
1
1

1
2

1

1

1

1

3
1
1

1

L

1
1

1

1

1

I

6 - 8

# See introduction to this section

0 1 1 3 8 - 3
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APPENDIX
CODE LIST OF MANUFACTURERS (Sheef I ot 2l

The following code numbers are from lhe Federal Supply Code for Manufaclurers Cataloging H_andbooks H4-1 (Name to Code)

and H4-2 liode to Namel and lheir lalest supplementi. the date of revision and the daie of ihe supplemen'fs used appear at

the bottom of each page. Alphabetical codej have been arbitrari ly assigned to suppliers not appearing in the H4 handbooks.

Appendix A

cod' code

Xo. Monufocturt Addrrrr No' l{oulcciurrr Addrorr

00000  U .S .A .  Common  Any  supp l i e r  o l  U .S .  07115  Co tn ing  G lass  lYo rks

00136 Mccoy Electronics t lo0nt Holly Springs, Pa. Eleckonic Components Dept. Bradford' Pa,

00213  Sage  E lec t ron i cs  Co rp .  Roches te r ,  f i .  Y .  07126  D ig i t r an  Co .  Pasadena ,  Ca l i f .

00331  Humida i l  Co .  Co l t on ,  Ca l i f .  07137  T rans i s to r  E lec t ron i cs  Co tp .  U inneapo l i s ,  M inn .

00335  l l es t rex  Co rp ,  t t ew  Yo rk ,  l { .Y .  07138  Wes t i nghouse  E lec t l i c  Co tp .

00373  Gar l ock  Pack ing  C0 . ,  E lec t ron i c  Tube  D i v .  E lm i t a ,  N .Y '

E lec t ron i c  P r0duc l s  D i v ,  Camden ,  11 . J .  07149  F i lmohm Corp .  New Yo tk ,  t l '  Y '

00655 Aergvgr Corp. l{ew Bedford, Mass. 07233 Cinch'Graphik C0. City 0f Industry, Cali f .

00779  Amp ,  I nc .  Ha r t i sbu rg ,  Pa .  07261  Avne t  Co tp .  Los  Ange les ,  Ca l i f .

00781  A i r c ra f t  Rad io  Co tp .  Boon ton ,  l { . J .  07253  Fa i l ch i l d  Semiconduc to t  Co tp .

00815  No r the rn  Eng inee t i ng  Labo la to f i es ,  I nc .  M0uo ta in  V iew .  Ca l i f '

Burl ington, I l is. 07322 Minnesota Rubber Co. l l inneapolis, l r inn.

00853 SanSamo Electr ic company, 07387 The Birtcher corp. Los AnSeles, Cali f .

o rd i l l  D i v i s i on  (Capac i t o r s )  l { a r i on ,  l l l .  07700  Techn i ca l  t l i r e  P roduc t s  Sp t i ng f i e l d ,  i l . J .

00866  Goe  En8 inee r i ns  Co .  Los  Ange los ,  Ca l i f .  07910  Con t i nen ta l  Dey i ce  Co rp .  Hav r tho tne ,  Ca l i f .

00891  Ca r l  E .  Ho lmes  Co rp .  Los  Ange les ,  Ca l i f ,  07933  Rheem Semiconduc to r  Co rp .  Moun ta in  V iew ,  Ca l i f .

0 l  l z l  A l l en  B rad ley  Co .  i l i lwaukee ,  I l i s .  07966  Shock lev  Semi 'Conduc to r

01255  L i t t on  I ndus t r i es ,  I nc .  Beve r t y  H i l l s ,  Ca l i f .  Labo ra to r i es  Pa lo  A l t o ,  Ca l i f .

01281  TR I I  Semiconduc to rs  I nc .  Lawnda le ,  Ca l i f .  07980  Boon ton  Rad io  Co rp .  Boon ton ,  l { . J .

01295  Te ras  I ns t rumen ts ,  I nc ,  08145  U .S .  Eng inee l i ng  Co .  Los  An8e les ,  Ca l i f .

T rans i s to r  P roduc t s  D i v .  Da l l as ,  Texas  08289  8 l i nn ,  Oe lbe r t ,  Co .  Pomona ,  Ca l i f '

013 {9  The  A l l i ance  M l8 .  Co .  A l l i ance ,  0h io  08358  Bu rgess  Ba t te r y  Co .

01561  Chass i -T rak  Co rp .  I nd ianapo l i s ,  I nd .  l l i aga ra  Fa l l s ,  on ta l i o ,  Canada .

01589  Pac i f i c  Re lays ,  I nc .  Va f l  Nuys ,  Ca l i f .  08717  S loan  Company  Eu rbank ,  Ca l i f .

01930  Amerock  Co rp  Rock fo rd ,  l l l .  08 i18  Cannon  E lec t r i c  Co . ,Phoen i x  D i v .  Phoen i x ,  A r i z .

01961  Pu l se  Eng inee r i ng  Co .  San la  C la ta ,  Ca l i f .  08792  CBs  E lechon i cs  sem iconduc to r

02114  Fe (oxcube  Co tp .  o f  Ame t i ca  Sauge t t i es ,  11 .Y .  ope ta t i ons ,D i v .o f  C 'B .S . , l nc .  Lowe l l ,  Mass .

02286  Co le  M l8 .  Co .  Pa lo  A l t o ,  ca l i f .  08984  Me l 'Ra in  I nd ianapo l i s ,  I nd '

02660  Ampheno l .Bo rS  E lec t ron i cs  Co tp .  Ch i ca80 ,  l l l ,  090?6  Babcock  Re lays ,  I nc .  Cos ta  Mesa ,  Ca l i f .

02735  Rad io  Co rD .  o t  Amer i ca ,  Semiconduc to .  09134  Te las  Capac i t o r  Co .  Hous ton ,  Te las

and  Ma te r i a l s  D i v .  Somen i l l e ,  l l . J .  m l45  A tohm E lec t ron i cs  Sun  Va l l ey '  Ca l i f .

02 i i l  Voca l i ne  Co .  o f  Amer i ca ,  I nc ,  09250  E lec t ro  Assemb l i es ,  I nc .  Ch i ca8o ,  l l l .

old saybrook, Conn. 09569 Malloty Battery Co. of

02 i77  Hopk ins  Eng inee r i ng  Co .  San  Fe tnando ,  Ca l i f .  Canada ,  L l d .  To ron lo ,  on ta r i o ,  Canada

03508  G .E .  Semiconduc to rP toduc t sDep t .  Sy racuse ,  ? { .Y ,  09664  The  E r i s to l  C0 .  l f a te tbu ry ,  Conn .

03705  Apex  Mach ine  &  To0 l  Co .  oay ton ,  0h io  10214  Gene ta l  T tans i s to r  l l es te rn  co rp '

03797  E ldema  CorD .  E l  Mon te ,  Ca l i f ,  Los  An le les ,  Ca l i f .

03877  T rans i t r on  E lec t t on i c  Co rp ,  Wake f i e l d ,  t l ass ,  l 0 { l l  T i ' Ta l ,  I nc .  Ee rke lev ,  Ca l i f .

03888  Py ro l i lm  Res i s to r  Co .  Mo t r i s t own ,  l l .  J .  10516  Ca rbo rundum Co .  l { i aSa ra  Fa l l s ,  l l ' Y .

03951  A i r  l l a r i ne  Mo lo rs ,  I nc .  Los  Ange les ,  Ca l i f .  11236  CTS o f  Be rne ,  I nc .  Be rne ,  I nd .

0 {009  A r row ,  Ha r t  and  HeSeman  E lec t ,  Co .  11237  Ch i caSo  Te lephone  o l  Ca l i t o rn ia ,  l nc .

Ha r t f o rd ,  Conn .  S0 .  Pasadena ,  Ca l i f .

01013  Tau rus  Co rp .  Lamber t v i l l e ,  l l .  . , .  l l 312  l l i c rowave  E leckon i cs  Co rp .  Pa lo  A l t o ,  Ca l i f .

0 {062  E lmenco  P roduc t s  Co .  l l ew  Yo rk ,  t l .Y .  11534  Duncan  E lec t ron i c ,  I nc .  San ta  Ana ,  Ca l i f .

04222  H i -Q  o i v i s i on  o f  Ae rovox  t y l t l e  Beach ,  S .  C ,  l l T l l  Gene ta l  I nskumen t  Co rpo ra t i on

0 l2gg  E lg in  l l a t i ona l  ua t ch  co ,  ,  sem iconduc to r  o i v i s i on  l { ewark ,  l { .  J .

E lec t ron i cs  o i v i s i on  Bu rban t ,  Ca l i f ,  l l 717  lmpe t i a l  E leckon i c ,  I nc .  Euena  Pa rk ,  Ca l i f .

01351  P rec i s i on  Pape r  Tube  Co .  Ch i cago ,  l l l .  11870  Me labs ,  I nc .  Pa lo  A l t o ,  Ca l i t .

04401  0ymec  D i v i s i on  o f  Hew le t t .Packa rd  Co .  12135  Ph i l ade lph ia  Hand le  Co .  Camden '  N '  J .

Pa lo  A l t o ,  Ca l i f .  12697  C la ros ta t  M fg .  Co .  Dove r ,  N .H .

01651  Sy l van ia  E lec t r i c  P rods . ,  I nc .  12859  l { i ppon  E lec t t i c  Co ' ,  L td .  Tokvo ,  Japan

E lec t ron i c  Tube  D i v ,  Moun ta in  V iew ,  Ca l i f ,  12930  De l t a  Semiconduc to r  I nc .  l { eY rpo r t  Beach ,  Ca l i f .

04113  Mo to ro la ,  I nc . ,  Sem icgnduc to r  p rod .  D i v .  13103  The tmo l l oy  Da l l as ,  Texas

Phoen i x ,  A r i z0na  13396  Te le funken  (G .M.B .H . )  Hannove r ,  Ge rmany

01732  F i l t r on  C0 , ,  l nc . ,  Ues te rn  0 i v .  Cu l ve r  C i t y ,  Ca l i f .  13835  M id land  M f8 .  Co .  Kansas  C i t y ,  Kansas

01773  Au toma t i c  E tec t r i c  Co ,  No r th l ake ,  l l l .  14099  Sem-Tech  Newburv  Pa tk ,  Ca l i f '

01777  Au toma t i c  E lec t r i c  Sa les  Co ro .  No r th l ake .  l l l ,  14193  Ca l i f .  Res i s to r  C0 Ip .  San ta  Mon i ca ,  Ca l i t .

01796  Sequo ia  I l i r e  &  Cab le  Co .  Redwood  C i t y ,  Ca l i t .  14298  Amer i can  C0mponen ts ,  I nc .  Conshohocken ,  Pa '

0 {8 l l  P rec i s i on  C0 i t  Sp r i ng  Co .  E l  Mon te ,  Ca l i f .  14555  Co rne l l  Dub i l i e r  E lec .  Co lp .  So .  P la i n f i e l d ,  t l . J .

01870  P .  M .  Mo to r  C0mpany  Ch i cago  44 ,  l l l .  11960  l l i l l i ams  Mfg .  Co .  San  Jose ,  Ca l i f .

05005  Twen t i e th  Ce f , t u r y  P las t i cs ,  I nc .  15203  l t ebs te l  E lec t ron i cs  Co .  I nc .  B rook l yn ,  l { .  Y .

Los  AnSe les ,  Ca l i f .  15291  Ad jus tab le  Bush ing  Co .  11 .  Ho l l vwood ,  Ca l i f .

05277  l ves t i nghouse  E lec t r i c  Co rp , ,  15772  Twen t i e th  Cen tu t y

Semi -Conduc to r  Dep t .  Young tood ,  Pa .  Co i l  Sp l i ng  Co .  San ta  C la ta ,  Ca l i f ,

0534 I  t l l t r on i r ,  l nc .  San  i l a teo ,  Ca l i f .  15909  The  Daven  Co .  L i v i n f l s t on ,  N .J .

05593  l l l um i t r on i c  Eng inee r i ng  Co .  Sunnyva le ,  Ca l i f .  16037  Sp ruce  P ine  M ica  Co .  Sp ruce  P ine ,  N '  C .

05615  C0sm0  P las t r c  16352  Compu te t  O iode  Co rp .  Lod i ,  t { ,  j .

( c ' 0  E lec l r i ca l  Spec .  C0 . )  C leve land ,  0h io  15688  De  Ju r -Amsco  Co rpo ra t i on

05624  Ba rbe r  Co lman  Co .  Rock to rd ,  l l l .  Long  l s l and  C i t y  I ,  N .Y .

05728  T i f f en  0o t i ca l  Co .  16758  De l co  Rad io  D i v .  o f  G .M.  Co tp ,  Kokomo ,  I nd .

R0s l yn  He igh t s ,  Long  l s l and ,  l t .  Y .  17109  The rmone t i cs  I nc .  canoga  Pa Ik ,  ca l i f .

05729  Me t ropo l i t an  Te lecommun ica t i 0ns  Co rp . ,  17474  T tane r  Company  Moun ta in  V iew ,  Ca l i f '

Me t ro  Cap ,  0 i v i s i on  B rook l yn ,  l l .Y .  18486  Rad io  I ndus t r i es  Des  P la ines ,  l l l .

05783  S tewar t  EnS inee r i ng  Co .  San ta  C ruz ,  Ca l i f .  18583  Cu r t i s  l ns t rumen t  I nc .  i l | .  K i sco ,  N .Y .

05820  l l ake l i e l d  Eng inee r i ng  I nc .  l t ake f i e l d ,  Mass .  18873  E .  L  DuPon t  and  Co . ,  I nc .  U i lm ing ton ,  De l .

06004  The  Eass rck  Co .  E r i dgep0 r t ,  Conn .  19315  Ec l i pse  P ionee t ,  I ) i v .  o f

06175  Bausch  and  Lomb  0p t i ca l  Co .  Roches te r ,  N .Y .  Bend i x  Av ia t i on  C0 rp .  Te te tbo to ,  l l . J .

06402  E .T .A .  P roduc t s  Co .  o l  Amer i ca  Ch i caSo ,  l l l .  19500  Thomas  A .  Ed i son  I ndus t t i es ,

6175  wes te rn  oev i ces ,  I nc .  I ng lewood ,  Ca l i f .  D i v .  o f  McGraw 'Ed i son  Co .  l l es t  0 range ,  N .J '

06510  Ama tom E lec t ron i c  l 9 i 0 l  E lecka  Manu fac tu r i ng  Co .  Kansas  C i t y ,  l l o .

Ha rdware  Co .  I nc .  l t ew  Roche l l e .  N .  Y .  20183  E lec t ron i c  Tube  Co rp .  Ph i l ade lph ia ,  Pa .

06555  B€ede  E lec t r i ca l  l ns t rumen t  C0 . ,  I nc .  212?5  E recu t i ve ,  I nc .  New Yo tk ,  N .Y .

Penacook ,  N .  H .  21520  Fans tee l  Me ta l l u rg i ca l  Co rp .  l i o .  Ch i cago ,  l l l .

06751  U .  S .  Semcor  D i v i s i on  0 f  Nuc lea r  Co rp .  21335  The  Fa ln i r  Bea r rng  Co .  New B r i t a i n ,  Conn .

o f  Amer rca  Phoen i r ,  A r i r ona  21964  Fed .  Te lephone  and  Rad io  Co rp .  C l i f t on ,  N .J .

06812  To r r i nS ton  M fg .  Co . ,  I l es t  0 r v .  Van  Nuys ,  Ca l i f .  21146  Gene ra l  E lec t r i c  Co .  Schenec tady ,  N .Y .

0 i 0 8 8  X e l v r n  E l e c l r r c  C o .  V a n  l , i u y s ,  C a l i f .  2 1 1 5 5  G .  E . ,  L a n p  D i v i s r o n  N e l a  P a r k ,  C l e v e l a n d .  0 h i o

00015-39
Revised: February, 1965

Mqnufocturer Addrerr

ceneral Radio C0. lvest Concord, l lass,

Gr i es  Rep roduce r  Co rp .  l i ew  Roche l l e ,  l { .Y .

Grobe t  F i l e  Co .  o f  Amer i ca ,  I nc .  Ca t l s t ad t ,  N . J .

Hami l t on  l va t ch  C0 ,  Lancas te r ,  Pa .

Hew le t t -Packa rd  Co .  Pa lo  A l t o ,  Ca l i f .

G .  E .  Rece i v i n !  Tube  Dep t .  ouensbo ro ,  Ky ,

Lechohm Inc .  Ch i caSo ,  l l l .

S tanwyck  C i l p .  Hav {kesbu ry ,  0n ta r i o ,  Canada

P .R .  Ma l l o r y  &  Co . ,  I nc .  l nd ianepo l i s ,  l nd .

Mechan i ca l  I ndus t t i es  P rod .  Co ,  Ak ron ,  0h io

M in ia tu re  P rec i s i on  Bea r i ngs ,  I nc ,  Keene ,  t { .H .

l luter Co.
C,A.  l lorgren Co.
ohmite Mfg. Co.

Ch icaBo ,  l l l .

Englewood, Colo,

Skok ie ,  l l l .

Polaroid Co;p. Cambridge, l{ass,

P rec i s i on  The rmomete r  and

Ins t .  Co ,  Ph i l ade loh ia ,  Pa .

Raytheon Company Lexington, l{ass.

Rowan  Con t ro l l e r  Co .  Ba l t imo te ,  l { d .

Y la rd  Leona rd  E lec t r i c  M t .  Ve rnon ,  l l .Y .

Sha l l c ross  l l f g .  Co .  Se lma ,  N .C .

S impson  E lec t r i c  Co .  Ch i cago ,  l l l .

Sono tone  Co rp .  E lms fo rd ,  l { .Y .

So renson  &  Co . ,  I nc .  So ,  No tv ra l k ,  Conn ,

Spau ld ing  F ib re  Co . ,  I nc .  Tona rv tnda ,  l i .Y .

Sprague Electr ic Co. l{orth Adans, l i lass.

Te le r ,  l nc .  S l .  Pau l ,  l { i nn .

Thomas  &  Be t t s  Co .  E l i zabe th  l ,  t { . J .

T r iDo le t t  E lec t r i ca l  I nc .  B lu f f t on ,  oh io

Un ion  Sw i t ch  and  S iSna l ,  D i v .  o f

I test inghouse Air Brake Co. Svrissvale, Pa,

Un i ve rsa l  E lec t r i c  Co .  owosso ,  M ich .

l lard-Leonard Electr ic Co. i l l .  Vernon, l l ,Y.

f l es te rn  E lech i c  Co , ,  I nc .  l { ew  Yo tk ,  11 .Y .

l feston Inst. 0iv. ol Daystrom, Inc. l i€v{ark, N.J.

I l i t t ek  Manu fac tu r i ng  C0 .  Ch i caSo  23 ,  l l l .

I l o l l ensak  oD t i ca l  Co .  Roches te r ,  l l .Y .

A l l en  M fg .  Co .  Ha r t f o rd ,  Conn .

A l l i ed  Conk0 l  Co . ,  I nc .  t l ew  Yo rk ,  N .Y .

A l lme ta l  Sc rew  P rod .  Co . ,  l nc .

Garden Ci ty ,  N.Y.
70185 At lant ic  Ind ia Rubber l lorks,  Inc.  ChicaSo,  l l l .
70563 Amper i te  Co. ,  Inc.  New Yotk,  l { .Y.
70903 Belden Mf8.  Co.  ChicaSo,  l l l .
70998 Ei rd Elect ronic  Corp.  c leveland,  ohio
71002 Ei rnbach Radio Co.  New York,  t { ,Y,
71041 Boston GeaI llotks Div, of

Murray Co. of Teras Quincy, l,lass.
71218 Bud Radio Inc.  Cleveland,  ohio
71285 Camloc Fastenel  Corp.  Paramus,  N.J.
71313 Al len 0.  Cardwel l  E lect r0nic

Ptod.  Cotp.  Pla inv i l le ,  Conn.
71400 Bussmann Fuse Div,  o f  Mccraw-

Edison Co.  St ,  Louis ,  Mo,
7 l {36 Chicago Condenset  Corp.  ChicaSo,  l l l .
7 l {50 cTS corp.  Elkhaf t ,  Ind.
71468 Cannor Elect r ic  Co.  Los Angeles,  Cal i f ,
71471 Cinema Engineer ing C0.  Burbank,  Cal i f ,
71182 C.P.  Clare & Co.  ChicaSo,  l l l .
71590 Centra lab Div.  o f  Globe lJn ion Inc.

l l i lwaukee.  t is .
71616 Commercia l  P last ics Co.  Chicago,  l l l .
71700 The Cornish f l i te  Co.  l {en Yotk,  l { .Y.
717{4 Chicago Min iature Lamp Works ChicaSo,  l l l .
71753 A.0.  Smith Cotp. ,  Crowley Div.

lYest orange, l{.J.
71785 Cinch Mtg.  Corp.  Chicago,  l l l .
71984 Dow Corning Corp.  i l id land,  Mich.
72092 Ei te l -McCul lough,  Inc.  San Bruno,  Cal i l .
72136 Elect to i lo t ive Mfg.  Co. ,  Inc

l l i l l iman t i c ,  Conn .

Co to  Co i l  Co . ,  I nc .  P tov idence ,  R ,  l .

. John  E .  Fas t  &  Co .  Ch i cago ,  l l l ,

D ia l i gh t  Co rp .  B rook l yn ,  N .Y .

Gene ra l  Ce ram ics  Co rp .  Keasbey ,  N .J .

Gene ra l  I ns t rumen t  Co rp . ,

Semiconduc to r  D i v .  Newa tk ,  l l . J .

G i ra rd -Hopk ins  0ak land ,  Ca l i f .

D ra le  M fg .  Co .  Ch i cago ,  l l l .

Hugh  H .  Eby  I nc .  Ph i l ade lph ia ,  Pa .

Gudenan  Co .  Ch i caSo ,  l l l .

Robe r t  M .  f l ad ley  Co .  Los  AnSe les ,  Ca l i f .

E r i e  Res i s to r  Co rp .  E r i e ,  Pa .

Hansen  Mtg .  C0 . ,  I nc .  P l i t l ce ton ,  I nd .

H .x .  Ha rpe r  Co .  Ch i cago ,  l l l .

He l i po t  D i v .  o f  Beckman
Ins t rumen ts ,  I nc .  Fu l l e r t on ,  Ca l i f .

Model 413^{
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Hughes Products Division of

Hughes  A i r c ra l t  Co .  Newpor t  8each ,  Ca l i f .

AmDerex  E lec t ron i c  Co . .  D i v .  o f  l i o t t i

Amer i can  Ph i l l iDs  Co .  l nc .  H i cksv i l l e ,  t . | .Y .

Beckman  He l i po t  Co rp .  So .  Pasadena ,  Ca l i f .

Eradley Semiconductor Corp. Hamden, Conn.

Ca r l i ng  E lec t r i c ,  I nc . Ha r t f o rd ,  Conn .

George K.  Garret t  Co. ,  Inc,  Phi ladelphia,  Pa.
Federal Screil Prod. Co, ChicaSo, ll l.
F ischer  Specia l  l l fg .  Co.  Cinc innat i ,  0h io
The General  Industr ies Co.  Ely t ia ,  0h io
Goshen Stamping & T0ol C0. Goshen, Ind.
JFD Elecronics Corp.  Erooklyn,  l l .  Y.
Jennings Radio l l f8 .  Co.  San Jose,  Cal i f ,
S igna  l i t e  I nc . Nep tune ,  l { .  J .

J . t l .  I l i nns ,  and  Sons  l l i nches te r ,  Mass .

I ndus t r i a l  Cond rnse r  Co tp .  Ch i cago ,  l l l .

R .F .  P roduc t s  0 i v i s i 0n  o f  Ampheno l -

Borg Electronics Corp. Danbury, Conn,

E, F, Johnson Co, f laseca, l l inn.

I n te rna t i ona lRes i s tanceCo .  Ph i l ade lph ia ,  Pe .

Jones .  l l ona rd  8 . .  0 i v i s i on

o f  C inch  U fg ,  Co rp .  Ch i caSo ,  l l l .

James  Kn i8h t s  Co .  Sandw ich ,  l l l ,

Ku l ka  E lec t t i c  Co rDo la t i on  M t .  Ve rnon ,  l l .Y .

Lenz  E lec t r i c  M fg .  Co .  Ch i caeo ,  l l l .

L i t t l e f use  I nc ,  Des  P la ines ,  l l l .

Lord Mfg, Co, Erie, Pa.

C.l t .  l larwedel San Francisco, Cali f ,

l l ican0ld Electronic l l l8. Corp. Brooklyn, l{ .Y.

James l l i l len i l f8. Co,, Inc. l lalden, l lass.

J . t .  i l i l l e r  Co . Los Angeles, Calif.
l l onadnock  M i l l s  San  Leand ro ,  Ca l i f .

l l ue l l e r  E lec t r i c  Co .  C leve land ,  0h i0 .

oak  Manu fac tu r i ng  Co ,  C tys ta l  Lake ,  l l l ,

Bend i r  Pac i f i c  0 i v i s i on  o f

Bend i x  Co rp .  t l o ,  i l o l l ywod ,  Ca l i f .
Pac i f i c  Me ta l s  Co ,  San  F ranc i sco ,  Ca l i f .

Phaostran lnstrument and

E lec t ron i c  Co .  Sou th  Pasadena ,  Ca l i f ,

Phoe l l  l l f 8 .  Co .  Ch i caSo ,  l l l .

Phi ladelphia Steel and l l i re Corp.
Ph i l ade loh ia .  Pa .

Potler and Brumfield, 0iy. ol Ametican

Mach ine  and  Found ry  P l i nce ton ,  I nd ,

Rad io  Condense r  Co .  Camden ,  N .J .

Rad io  Receo to r  Co . ,  I nc .  B took l yn ,  l { .Y .

Resistance Products Co. Harrisbutg, Pa,
Rubbe rc ra l t  Co rp .  o f  Ca l i f .  T0 r tance ,  Ca l i f .

ShakeDroo f  D i v i s i on  o l  l l l i no i s

Too l  l o r ks  E lg i n ,  l l l .

S i gna t  I nd i ca to r  Co rp .  l { ew  Yo rk ,  l { ,Y .

S t ru the rs -Dunn  Inc .  P i tman ,  N ,  J .

Thompson -B remer  &  Co .  Ch i cago ,  l l l .

T i l l €y  i l f g .  Co .  San  F ranc i sco ,  Ca l i t ,

Stackpole Carbon Co. St. l larys, Pa,

Standard Thomson Corp. lal tham, Mass.

T inne rman  P roduc t s ,  I nc .  C leve land ,  0h io

Transformer Engineers Pasadena, Cali f ,

Ucinite Co. l lentonvi l le, Mass.

Veeder Root, Inc, Hartfotd, Conn.

l l enco  M f8 .  Co .  Ch i caSo ,  l l l .

Continental-Uirt  Electronics Cotp.
Ph i l ade loh ia ,  Pa .

Z ie r i ck  M lg .  Co rp .  l { ew  Roche l l e ,  l l .Y .

i leoco Division of Sessions

Clock Co, l lor is tovrn,  l { .J .
Schnitzer Al loy Products El izabelh, i l .  J.

T imes  Facs im i l e  Co rD .  l { e r v  Yo rk ,  l i .Y .

Eleclronic Industr ies Associat ion, Any brand

tube meeting EIA standards l lashinglon, D. C.

Un imar  Sw i t ch ,  D i v .  o f

I l . L .  Maxson  Co rp .  t a l l i ng fo rd ,  Conn .

Uniled Transformer C0r0, l{erv Y0rk, i l .Y.

ox lo rd  E lec t r i c  Co rp .  Ch i cago ,  l l l .

Bourns Laboralories, Inc. Riverside, Cali f .

Acro Div. of Robertshavr

Fu l t 0n  Conko l s  C0 .  Co lumbus  15 ,  Oh io

A l l  S ta r  P roduc t s  I nc ,  De f i ance ,  0h io
Avcry Adhesive Label Corp. l lonrovia, Cali f .

Hammer lund  Co . .  I nc .  l l ew  Yo tk ,  N .Y ,

S tevens ,  A rno ld ,  C0 . ,  I nc .  Bos ton ,  l { ass ,
l n te rna t i ona l  l ns t rumen ts .  I nc .

l l ew  Haven ,  Conn .

Grayh i l l  Co .  Lac range ,  l l l .

T r i ad  T rans lo rmer  Co rp .  Ven i ce ,  Ca l i f .

f i nches te r  E lec l r on i cs  Co . ,  I nc .  l l o rwa l k ,  Conn .

Handbook $pplements
Dated DECEIIBER 1954
Dated I|ARCH 1962

Codr

Xo.

73293

73{45

73490
73506
73559
73682
7373{
737{3
73793
738{6
73899
73905
14216
71455
74861
71868

74970
75012
7 5173

753i8
75382
i58l  8
75915
76005
76210
76433
76{87
76193
76530
76545
76851
77068

77075
17221

n250
11252

773t2

i7630
n638
77764
i i969
i8 l  89

78283
78290
78t52
78471
78488
78493
78553
78i90
78917
79142
79251
79727

79$3
80031

801 20
80130
80131

80207

80?23
802{8
80294
80{l I

80186
80509
80583
806{0
81030

81073
8l  095
8 l 3 l  ?

6dr
No.

24655
26365
26462
26992
28480
3 3 1 7 3
35{34
361 96
37942
39543
10920
42190
43990
{4655
47901
{8620

19956
52090
63743
51294
55026
55933
55938
56137
56289
59446
59730
60741
6 1 7 7 5

621 19
63713
61959
65092
66295
66346
10276
70309
7031 9

7t701
i2354
72619
72656
72699

12158
12765
12825
12928
7?964
72982
7306 I
73076
73138
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Appendix B Model 413A

SALES AND SERVICE OFFICES
UNITED STATES and CANADA

ALABAMA
Huntsvi l le,35802
2003 Byrd Spting Rd. S.W.
(20s) 881-4s91
TWX: 510-579-2204

ALASKA
Bellevue, Wash.98004
11656 N.E. 8th Street
( 206) 454-397 I
TWX: 910-443-2303

ARIZONA
Scottsdale, 8525 I
3009 No. Scottsdale Rd.
(502) 945-7601
TWX: 502-949-0l l l

Tucson,85716
232 So. Tucson Blvd.
(602) 523-2564
TWX: 602-792-2759

CALIFORNIA
North Hollywood, 91604
3939 Lankershim Blvd.
(213) 87 7 -1282 and 765-38 I I
TlllX: 910-499-2170

Sacramento,9582l
2591 Carlsbad Ave.
(9 15) 482-r463
TItlX: 916-444-8683

San Diego, 92106
1055 Shafter Street
(714) 223-8103
TWX: 714-2i5-4263

Palo Alto, 94303
ll0l Embarcadero Rd.
(415) 327-6500
TWX: 910-373-1280

COLORADO
Englewood,80l l0
7965 East Prentice
(303) 77 r-34ss
TWX: 9 l0-935-0705

CONNECTICUT
Middletown, 06457
589 Saybrook Rd.
(203) 346-661r
TWX: 710-428-2036

FLORIDA
Miam i ,33125
2907 Northwest 7th St.
(305) 635-646 I

0rlando, 32803
521 Commonwealth Ave.
(305) 425-5541
TWX: 305-841-2568

St. Petersburg,33708
410-l50th Ave., Madeira Beach
(813)  391-0211 and 391-1829
TWX: 313-391-0666

GEORGIA
Atlanta,30305
3l l0  Maple Dr ive,  N.E.
(404) 233-l l4l
TillX: 810-751-3283

HAWAII
North Hollywood, Cali f .  91604
3939 Lankershim Blvd.
(213) 877-1282
TIVX: 910-499-2170

tLLrN0rs
Skokie, 60076
5500 Howard Street
(312) 677-0400
TWX: 910-223-3613

INDIANA
Indianapol is ,46205
3919 Meadows Dr.
(3l i)  546-4891
TWX: 317-635-4300

LOUISIANA
New 0rleans
(s04) 522-4359

ITARYLAND
Balt imore, 21207
6660 Security Blvd.
(30r) 944-5100
TWX: 710-862-0850

Rockvi! le, 20852
12303 Twinbrook Pkwy.
(30r) 427-7560
TWX: 710-828-9684

MASSACHUSETTS
Bur l ington,01803
Middlesex Turnpike
(617) 2i2-9000
TWX: 710-332-0382

MICHIGAN
Southfield,48076
24315 Northwestern Hwy.
(3r3) 353-9loo
TWX: 313-357-4425

MINNESOTA
St. Paul, 55114
2459 University Ave.
(612) 646-7881
TWX: 9 l0-563-3734

MtssouRl
Kansas Ci ty ,64114
9208 Wyoming Place
(8r6) 333-244s
TWX: 910-771-2087

St, Louis, 63144
2812 South Brentwood Blvd.
(3r4) 544-0220
TWX:910-760-1670

NEt{  JERSEY
Eatontown,07724
(201 ) 747-i060

Englewood,0763l
391 Grand Avenue
(201) 567-3933
TWX: 510-230-9709

NEW MEXICO
Albuquerque, 87 108
6501 Lomas Blvd., N.E.
(s05) 255-5586
TWX: 910-989-1655

Las Cruces, 88001
ll4 S. Water Street
(s05) s26-2486
TWX: 9 l0-983-0550

NElv YORK
New York, 10021
236 East 75th Street
(212) 8t9-2023
TillX: 710-581-4376

Rochester, 14623
39 Saginaw Drive
(7 16) 473-9s00
TWX: 510-253-5981

Poughkeepsie, l260l
82 lVashington Street
(914) 4s4-7330
TWX: 914-452-7425

Syracuse, 13211
5858 East Molloy Rd.
(3 15) 454-2486
TWX: 710-541-0482

Endicott,13764
1219 Campvil le Rd.
(607) 754-0050
TWX: 510-252-0890

NORTH CAROLINA
High Point, 27262
1923 N. Main Street
(9 19) 882-6873
T$lX: 510-926-1516

0Ht0
Cleve land,44129
5579 Pearl Road
(2 16) 884-9209
TWX: 216-888-0715

Dayton,45409
1250 W. Dorothy Lane
(513) 298-0351
TWX: 513-944-0090

OKLAHOMA
Oklahoma City
(405) 235-7062

PENNSYLVANIA
Camp Hi l l
(717) 737-6791

lllest Conshohocken, 19428
144 Elizabeth Street
(215) 248-1600 and 828-6200
TWX: 518-660-8715

Monroev i l le ,15146
Monroe Complex
Bui ldrng 2
Surte 2
Moss Srde Blvd.
(412\ ?7r-5227
TWX: 7 I0-79i-3650

TEXAS
Dal las,75209
P.0. Box 7166, 3605 Inwood Rd.
(2r4) 357-r881
TWX: 9l&861-4081

Houston,77027
P.0. Box 22813,4242 Richmond Ave.
(713) 657-2407
TIVX: 713-571-1353

UTAH
Sal t  Lake Ci ty ,94115
1482 Major St.
(80r) 486-8166
TWX: 801-521-2604

V IRGIN IA
Richmond, 23230
2112 Spencer Road
(703) 282-545r
TWX: 710-956-0157

WASHINGTON
Bellevue, 9800&
11656 N.E. 8th St.
(206) 454-3971
TWX: 91G443-2303

GOVERNi{ENT
CONTRACTING OFFICE

San Antonio, Texas i8226
Hewlett-Packard
Contract Marketing Division
225 Billy Mitchell Road
(512) 434-4171
T$/X: 512-571-0955

CANADA
Montreal, Quebec
Hewlett-Packard (Canada) Ltd.
8270 Mayrand Street
(514) 735-2273
TWX: 610-421-3484
Telex:01-2819

Ottawa, ontario
Hewlett-Packard (Canada) Ltd.
1752 Carling Avenue
(613) 722-42?3
TWX: 610-562-1952

Toronto,Ontario
Hewlett-Packard (Canada) Ltd.
l4l5 Lawrence Avenue lt/est
(416) 249-9196
TIVX: 610492-2382

Vancouver, B.C.
Hewlett-Packard (Canada) Ltd.
2184 Ul. &oadway
(504) 738.7520
TWX: 610-922-5059

5  / 6 6
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Appendix C Model 413A

@ MANUAL BAcKDATtilG cHAltGEs
MODEL 413A

DC NULL VOLTMETER

Manual Serial Prefixed: 315-
Mamal Printed: NOV 1966

To adapt this manual to irstruments witJr other seria.l prefixes, make changea 6ho\r'n in tables.

NOTE

This backalating manual change sheet makes thls manual applicable to the earlier
instruments, Instrument-component values tlat differ from those in the manual,
yet are not listed in tlle backdaung sheet, should be replaced using the stock
number given in the manual.

Instrument Seria.l Prefix Make Manual Changes Instrument gerial Prefix Make Mamal ClEnges

1  3q - 2

Below 315-02311 2

CHANGE 1 Table 6-1, Reference Designation Index,

Change T1 to @ Stoct< No. 9100-0021

Figure 5-16, Power Supply,

Change schematic diagram as shown:

6:3VAC TO DSIOI ETC.

6.3VAC TO R3 ETC.

C}IANGE 2 Table 6-1 and 6-2,

A101 (-hp- Part No. 412A-58A): ff trouble is isolated to this board, the
entire board should be replaced with -hp- Part No. 412A-58C. -hp-
Service Note 4L2A-2 gives replacement instructions.

TO PIN I  OF VIO3

TO PIN 6 OF VIO3
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