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specifications when it was shipped from the factory. The Hewlett-
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Figure 1-1
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Section I
Paragraphs 1-1 to 1-7

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. SCOPE. This manual supplies operation and
maintenance information for the ~hp- Model 413A DC
Null Voltmeter. A performance check that may be
used for verifying specifications during incoming in-
spection is given in paragraph 5-38.

1-3. INSTRUMENT AND MANUAL IDENTIFICA-
TION. Hewlett-Packard Company uses a two-section
eight-digit serial number (e. g. 000-00000). If the
first threedigits of the serial number on your instru-
ment do not agree with those on the title page of this
manual, yellow change sheets have been supplied with
the manual which define differences between your in-
strument and the model described in this manual. If
these change sheets are missing, your Hewlett-
Packard sales representative can supply you with this
information.

1-4. DESCRIPTION.

1-5. GENERAL. The Model 413A DC Null Voltmeter
is a zero-center dc voltmeter with end scale ranges
from 1 mv to 1000 volts in a 1-3-10 sequence. Input

Table 1-1.

impedance varies from 10 megohms to 200 megohms
depending onthe setting of the RANGE (VOLTS) switch.
The input terminals are isolated from the cabinet and
ground permitting operation from references up to
500 volts dc or 130 volts ac from ground potential.

1-6. INDICATORS. In addition to the conventional
meter, which has both a normal (+10% of full scale)
and expanded (+ full scale) range of zero adjustment,
the Model 413A has amplifier output connectors which
provide an output voltage proportional to meter de-
flection. This feature makes it possible to use the
Model 413A as a dc amplifier for use with thermo-
couples, etc., or to use it in conjunction with a re-
corder to obtain permanent records without the need
for constant monitoring.

1-7. USES. The Model 413A may be used for any
application that calls for a dc null voltmeter. High
input impedance of the instrument makes it especially
valuable for resistance bridge measurements. The
high voltage gain and the exceedingly low drift and
noise make the Model 413A an ideal instrument for
many control applications, particularly wherethe sys-
tem must be left unattended for long periods of time.

Specifications

VOLTMETER
Ranges: Positive and negative voltages from 1 mv
to 1000 volts end scale in 13 zero-center ranges.
Accuracy: +2% of end scale.

Limits of Zero Control: Approximately + end scale
on any range.

Input Resistance:
10 megohms on 1, 3, and 10 millivolt ranges
30 megohms on 30 mv range-
100 megohms on 100 mv range
200 megohms on 300 mv range and above

AC Rejection: A voltage at power line or twice
power line frequency 40 db greater than end scale
affects reading less than 1%. Peak voltage must
not exceed 1500 volts.

AMPLIFIER

Gain: 0.001 to 1000 in 13 steps.

Gain Accuracy: +1-1/2%.

Linearity: 0.2%.

Noise: Less than 2.0 pv rms (typically less than
15 uv p-p) referred to the input.

AMPLIFIER (Cont'd)

Output: 1 volt for end scale deflection, same polar-
ity as input signal. End scale corresponds to
1.0 on upper scale. Maximum load current is 1
milliampere.

Output Impedance: Less than 2 ohms at dc.

AC Rejection: Approximately 3 db at 1 cps, 80 db
at 50 and 60 cps.

GENERAL
Input Terminals: Binding post.

Input Isolation: Greater than 100 megohms shunted
by 0.1 uf to case (power line ground).

Common Signal Rejection: May be operated with up
to 500 volts dc or 130 volts ac above ground.

Power: 115 or 230 volts +10%, 50 to 60 cps, ap-
proximately 35 watts.

Dimensions:
Cabinet Mount: 11-1/2 inches high, 7-1/2 inches
wide, 10 inches deep.
Rack Mount: 5-7/32 inches high, 19 inches wide,
6-5/8" deep.

Weight: Cabinet Mount:
Net: 12 lbs,
Shipping: 17 lbs.

01138-2
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Model 413A

Section II
Paragraphs 2-1 to 2-13

SECTION 1I
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information and instruc-
tions necessary for the installation and shipping of the
Model 413A. Included are initial inspection proce-
dures, power and grounding requirements, and in-
structions for repackaging for shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both
mechanically and electrically before shipment. It
should be physically free of mars or scratches and in
perfect electrical order upon receipt. To confirm
this, the instrument should be inspected for physical
damage in transit. Also check for supplied acces-
sories, and test the electrical performance of the in-
strument using the procedure outlined in para-
graph 5-38. If there is damage or deficiency, see
the warranty onthe inside front cover of this manual.

2-5. POWER REQUIREMENTS.

2-6. The Model 413A can be operated from any
source of 115 or 230 volts at 50 to 1000 cycles or from
two 35 to 55 volt batteries connected tothe rear panel
BATTERY terminals. The 115/230 v slide switch on
the rear panel selects thedesired line voltage. Power
dissipation is 35 watts.

2-7. GROUNDING REQUIREMENTS.

2-8. To protect operating personnel, the National
Electrical Manufacturers' Association (NEMA) re-
commends that the instrument panel and cabihet be
grounded. All Hewlett-Packard instruments are
equipped with a three-conductor power 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.

2-9. Topreservethe protectionfeature when operat-
ing the instrument from a two-contact outlet, use a
three-prong to two-prong adapter and connect the
green pigtail on the adapter to ground.

01138-3

2-10. REPACKAGING FOR SHIPMENT.

2-11. The following paragraphs contain a general
guide for repackaging of the instrument for shipment.
Refer to paragraph 2-12 if the original container is
to be used; 2-13 if it is not. If you have any ques-
tions, contact your local -hp- Sales and Service Of-
fice. (See Appendix B for office locations. )

NOTE

If the instrument istobe shipped
to Hewlett-Packard for service
or repair, attach a tag tothe in-
strument identifying the owner
and indicating the service or re-
pair to be accomplished; include
the model number and full serial
number of the instrument. In
any correspondence, identify the
instrument by model number,
serial number, and serial num-
ber prefix.

2-12. I original container is to be used, proceed as
follows:

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

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

2-13, If original container is not to be used, proceed
as follows:

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

b. Place packing material around all sides of
instrument and protect panel face withcard-
board strips.

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

d. Mark shipping container with "DELICATE
INSTRUMENT, ' "FRAGILE" etc.
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Power switch. Turns instrument ON.

Pilot Light. Lights when instrument is ON.

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

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

MP-5-916

ZERO control. Used to adjust electrical zero
setting of meter.

NORMAL-EXPANDED switch. Provides a
choice of EXPANDED (+ end scale) or a NOR-
MAL (+10% end scale) range of zeroadjustment.

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

Fully clockwise position, indicated by a dot,
is used for bias adjustment.

Figure 3-1. Operating Controls
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Section III
Paragraphs 3-1 to 3-8

SECTION 111
OPERATING INSTRUCTIONS

3-1. INTRODUCTION.

3-2. GENERAL. This section explains the function
and use of all controls on the Model 413A DC Null
Voltmeter. If more theoretical information is de-
sired, refer to section IV, Principles of Operation.

3-3. LOW-LEVEL ELECTRICAL PHENOMENA.
Stray low-level electrical phenomena are present, in
one form or another, in nearly all electrical circuits,
The 413A does not distinguish between stray and sig-
nal voltages; it measures net voltage. Thus, when
using the lower voltage ranges, consider the possi-
bility of low-level electrical phenomena. Thermo-
couples (thermoelectric effect), flexing of coaxial
cables (triboelectric effect), apparent residual charges
on capacitors (dielectric absorption), battery action
of two terminals mounted on an imperfect insulator
(galvanic action) all can produce voltages within the
range of the 413A.

3-4. Whenever possible, use copper wire leads and
maintainthe points of connection at the same tempera-
ture, preferable ambient temperature. With theleads
so connected, any voltage indicated by the 413A is
developed within the circuit under test.

3-5. CONTROLS.

3-6. Figure 3-1 shows all operating controls and
gives a short description of their use. Numbers in
figure 3-1 are given to relate the text in figure 3-1
to the photograph, and do not necessarily indicate
operational procedure (see paragraph 3-7). More
detailed information related to these controls is
listed below:

a. RANGE (VOLTS) switch. The RANGE (VOLTS)
switch adjusts the input circuit so that any voltage
between .001 and 1000 volts may produce end scale
deflection on the meter. The last position, indicated
by a dot, is used to adjust the cathode follower bias
(see paragraph 5-34).

b. INPUT terminals. The voltage to be measured
should be connected to these terminals. Polarity is
not important insofar as413A operation is concerned.
However, to prevent ac loading of the circuit under
test, the low impedance line should be connected to
the right-hand terminal, since this terminal has the
higher capacitance to ground.

c. ZERO adjustment. The ZERO adjustment may
be used to adjust the electrical zero of the instrument
to the desired value. Meter calibration is correct
only when the meter needle is set to zero (amplifier
output voltage is always proportional to meter reading).

01138-2

d. NORMAL-EXPANDED switch. The NORMAL
position is used when zeroing the meter needle. In
the EXPANDED position, the range of the ZERO con-
trol is extended to + full scale on any range. This
allows the ZERO control to be used for relative volt-
age measurements without decreasing the sensitivity
of the instrument. For example, suppose the meter
reads +1.5 volts on the 3 volt scale. The 0-1 scale
gives better resolution than the 0-3 scale, and small
changes could be detected more accurately if the read-
ing were displayed on the0-1scale. Bydisconnecting
the input and setting the RANGE switch to 1 v, and
setting the EXPANDED-ZERO control for - full scale,
the Model 413A could be made to read +2 volts full
scale. Then, if the input were reconnected, the meter
would deflect from -1.0 to +. 5, indicating an input of
+1. 5 volts with greater resoltuion.

e. The EXPANDED-ZERO control can alsobe used
to offset known error signals for absolute readings.

f. Amplifier Output terminals. The amplifier out-
put terminals, (figure 2-1) located on the rear of the
413A cabinet mount, and on both the front and rear of
the 413AR rack mounted instrument, provide an output
voltage proportional to meter deflection. End scale
meter deflection produces 1 volt output with the same
polarity as the input signal.

3-7. OPERATING INSTRUCTIONS.

3-8. The following is a step-by-step procedure for
operating the 413A. When operatingthe 413A, be sure
that the ambient temperature is within the limits
specified in paragraph 2-10. Proceed as follows:

DO NOT OVERLOAD THIS IN-
STRUMENT. THE AMPLIFIER
INPUT IS NOT PROTECTED
FROM EXTREME OVERLOAD.
MOMENTARY OVERLOADS TEN
TIMES FULL SCALE WILLNOT
DAMAGE THE INSTRUMENT.

a. Turn the power switch ON and allow 5 minutes
for the instrument to stabilize.

b. Set NORMAL-EXPANDED switch tothe position
desired.

c. Turn the RANGE (VOLTS) switch tothe required
level.

d. Adjust the ZERO control to the desired setting.
(Zero offset, if any, remains constant regardless of
the range setting. )

3-1



Section III
Paragraph 3-9

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

3-9. OPERATION WITH 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 3-7. The

Model 413A

output of the 413A amplifier is 1-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.

01138-1




Section IV Model 413A
Figure 4-1

CHOPPER ASSEMBLY
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e O 05103
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Figure 4-1. Model 413A Block Diagram

4-0 01138-3




Model 413A

Section IV
Paragraphs 4-1 to 4-8

SECTION IV
THEORY OF OPERATION

4-1. GENERAL.

4-2, The 413A is a dc voltmeter which accomplishes
amplification of the dc input voltage without the usual
problems of dc drift etc., by first changing the dc to
ac, amplifying it and then changing it back to dc for
application to the meter circuit and amplifier output
connector. Refer to figure 4-1 (block diagram) and
to the schematic (figures 5-15 and 5-16) for the fol-
lowing discussion.

4-3. DC INPUT CIRCUITS.

4-4, The input voltage is first fed to range attenuator
S101AB where it is attenuated according to the setting
of the RANGE (VOLTS) control. The voltage is then
fed through a low pass filter made up of R101-103 and
C101-103 to a photoconductor modulator, A102, The
filter attenuates any ac components present in the
input voltage.

4-5. AC CIRCUITS.

4-6, MODULATOR. A synchronous motor, B101,
drives a lightinterrupter which controls the resistance
of the photoconductors (photosensitive resistors) in
A102 modulator and A104 demodulator units. In

DSI102 O,
/

Q DsI03
\

TO RIO4 TO RII6

413A-B-0595

Figure 4-2, Modulator/Demodulator
Operation (Phase One)

01138-1

order to simplify the following circuit explanation,
the modulator will be discussed alone. However, this
discussion applies to demodulator operation as well.

4-7. In figure 4-2, B101 has turned the light inter-
rupter, and allowed the light source (DS102)fo shine
on photoconductor V1, lowering its resistance to a
few thousand ohms, Since photoconductor V2 maintains
its ““‘dark’’ resistance of many megohms, the voltage
to the amplifier will be about the same as the dc
voltage applied to the modulator. In figure 4-3, how-
ever, B101 has turned the shutter assembly sufficiently
to turn off the light source to V1 and turn on the light
(DS101) to V2. Now the resistance of V1 will return
to its high ““dark’ resistance, whereas the resistance
of V2 will be very low. The voltage to the amplifier
will now be some very low voltage determined by the
ratio of the photoconductor resistances. This action
continues resulting in a square-wave signal of 5/6
line frequency.

4-8. AC AMPLIFIER. The ac amplifier, consisting
of V101AB and V1024, is a conventional circuit which
amplifies the modulator output about 500,000 times.
The output from V102A is fed to demodulator unit A104
which is synchronized with the modulator. The opera-
tion of the demodulator is similar to the modulator
but its action is essentially the reverse; e.g. to change
the square wave output from the amplifier back to dc.

TO RIO4 TO RII6

413A-B-0595

Figure 4-3. Modulator/Demodulator
Operation (Phase Two)
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Paragraphs 4-9 to 4-12

4-9. DC OUTPUT CIRCUVUITS.

4-10. The output from the demodulator is filtered by
C114-116 and R114-118 and fed to cathode follower
V102B. Cathode follower bias is set by adjusting R116
Bias Adjust. The output of V102B is used for the
following purposes:

a., For meter deflection. R123 is used to adjust
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. Thenegative feedback, adjusted
with R119 Gain Cal., stabilizes the dc gain of the

4-2

Model 413A

modulator-amplifier-demodulator system to a value
of 1111, thereby providing an output of 1 volt for an
input of 0.9 millivolts,

4-11. POWER SUPPLY.

4-12, The 413A power supply is a conventional full-
wave rectifier with resistors R1, R2, and zener diode
CR1 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 S2 changes T1 primary circuit for
230-volt operation. A fuse of different rating must be
used in case of 230-volt operation (see Table of
Replaceable Parts).

01138-1




Model 413A Section V
Paragraphs 5-1 to 5-9

SECTION V
MAINTENANCE
5-1. INTRODUCTION. b. Remove the two retaining screws on the rear
of the instrument (three screws for the rack mounted

5-2. This section contains test and maintenance in- 413AR).
formation for the Model 413A DC Null Voltmeter. A c. Slide the instrument chassis forward out of the
performance check is included (paragraph 5-40) that cabinet. Bezel ring remains attached to the front
may be usedto verify operation within published speci- panel.
fications. This check should be made withthe instru- ,
ment in its cabinet, and is a good test as part of :CAUTION
routine maintenance or as a part of incoming inspec- g
tion.

DO NOT LUBRICATE THE RANGE (VOLTS)
SWITCH OR TOUCH THE SWITCH WAFERS
WITH THE FINGERS IN THE FOLLOWING
PROCEDURES. WEAR A PAIR OF LIGHT

5-3. TEST INSTRUMENTS REQUIRED.

5-4. Table 5-1 lists the test equipment that is re- COTTON GLOVES WHEN HANDLING THE
quired to complete the maintenance instructions in SWITCH, SINCE SKIN OILS AND ACIDS CAN
this section. Instruments other than those recom- CONTAMINATE THE SWITCH WAFERS AND
mended may be used, provided their performance DEGRADE INSTRUMENT PERFORMANCE.

meets the basic requirements given in table 5-1.
5-7. TROUBLESHOOTING.

5-5. CABINET REMOVAL. 5-8. GENERAL.

5-6. To remove the 413A cabinet, proceed as follows: 5-9. The following paragraph gives information to
aid in the localization of troubles inthe 413A. Inmost
a. Unplug power cord from the power source. cases, a trouble may be localized to a section from

Table 5-1. Equipment Required

- . cps ps Recommended
Instrument Type Minimum Required Specifications Use Instruments
Voltmeter Cali- | Output Voltage Range: .001 to 300 413A Amplifier Cali- | -hp- Model 738BR Volt-
bration Gen- volts dc bration meter Calibrator
erator Accuracy: 0.25%
Low Frequency Sensitivity: 0.01 volt/cm minimum For 10 cps hum mea- | -hp- Model 120BR Os-
Oscilloscope Frequency Response: flat down at surements and mod- | cilloscope
least 10 cps ulator check
Digital Voltmeter | Input Resistance: 10 M @ Amplifier gain cali- -hp- Model 3439A Digital
Range: 0-1000 vdc bration Voltmeter with -hp-
Accuracy: 0.05% Model 3443A High Gain/
Auto Range Unit
Variable Power Variation: from at least 102 to 128 Power supply check General Radio W10MT3A
Transformer volts Metered Variac® Auto-
Current Capabilities: at least 1 transformer
ampere
Monitor Voltmeter: accurate to at
least +1 volt
Ohmmeter Accuracy: 5% Troubleshooting -hp- Model 410B or 412A
Ranges: to at least 10 megohms full Vacuum Tube Volt-
scale meters
Resistor 8.2 MQ Troubleshooting -hp- Part No. 0084-8251

01138-2 5-1



Section V
Paragraphs 5-10 to 5-15

front panel indications. A good method is to follow
the performance verification procedure (paragraph
5-40) until the trouble manifests itself as a reading
that is out of the listed specifications. 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 sensitive instrument, If it
gives unexpected readings on its lowest volt-
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, Amplifier and power supply operation 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.

5-12, CHOPPER ASSEMBLY,

5-13. Before the modulator or demodulator can be
checked, it must be ascertained that the chopper
assembly, Al03, is functioning properly. Refer to
figure 5-1 for location of parts in the following steps.
Proceed as follows:

DSI103 MOTOR DSI04 6.3VAC
(DS101-4I13AR) OPERATION (DSI02-4I34R)

INDICATOR

LD-S-a20

LIGHT DSlio2 BIOI DSIO|
INTERRUPTER (DSI04-413AR) (DSI03-413AR)

Figure 5-1. A103, Chopper Assembly

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 light interrupter in the cutaway portion
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 B101.
If B101 is operating, the chopper blade is loose on its
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 5-3).

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

c. Connecta clip lead from the 413A 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 oscilloscope signal connector
(or probe). Using a jumper wire, connect the other
resistor lead to the junction of R85) and S101D (point
A in figure 5-5). Connect oscilloscope common lead
to 413A common connector.

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

h, Move oscilloscope 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 to the deflection found in step g.
Signal frequency should be 5/6 line frequency.

LD-S-45I

Figure 5-2. Approximate Chopper Waveform
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Section V
Paragraphs 5-16 to 5-17

Al03 LUCITE RETAINING RI102
CHOPPER ASSEMBLY RODS  COLLARS

(B) cioe cio7 cioa  Ri9

LD-L-489/RO

RIO4

INSULATOR

\

COAX TO
PIN2 VIOIA

N

SHIELD
CONNECTION

N

COAX
CONNECTION

AMPLIFIER
ZERO RETAINING SCREW MODULATOR
CONTROL ASSEMBLY FOR AIO! SHIELD

Figure 5-3. Exploded View, Showing Disassembly for Modulator Replacement

5-16. DEMODULATOR,

5-17. The demodulator assembly (A104) is located
behind the meter between the main chassis and the
power transformer (see figures 5-4 and 5-13). Pro-
ceed as follows: ,

a. Unplug the 413A from the power source and re-
move the cabinet (see paragraph 5-3).

b. Remove V102,

¢. Remove DS103 (figure 5-1) from chopper assem-
bly A103.

d. Connect a 1 uf capacitor across the input ter-
minals of an ohmmeter,

e. Connect the ohmmeter common lead to the de-
modulator terminal which has the pink-orange lead
connected to it.

f. Connect the other ohmmeter lead to the terminal
which has the white-orange lead connected to it.

01138-3

g. Plug the 413A into the power source and turn
it ON.

h. Note resistance indicated on the ohmmeter.
Typical resistance is between 1 and 2 megohms.

i. Turn the 413A off and unplug it from the power
source,

J. Replace DS103 and remove DS104.

k. Connect the ohmmeter common lead to the de-
modulator terminal which has the brown-orange lead
connected to it.

m. Connect the other lead from the ohmmeter to
the terminal which has the white-orange lead con-
nected to it.

n, Plug the 413A into the power source, turn it ON
and note the resistance indicated on the ohmmeter.
Typical resistance is between 1 and 2 megohms.

p. Turn the 413A off and replace DS104 and V102,

5-3




Section V
Paragraphs 5-18 to 5-28

5-18. REPAIR AND REPLACEMENT.
5-19. GENERAL.,

5-20, This paragraph is intended to simplify repair
problems in the 413A. 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 A10l 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 Al10l 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 A101,

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 it 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 for wiring detail,

RACK MOUNT

BOTTOM CABINET MOUNT
-~

DEMODULATOR DETAIL

LD-5-449

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.

01138-2
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Figure 5-5

R77 R8O R8I

YEL TO
Jio2 & ViIo28B

PNK TO
RI25/R126

RI27

PNK/WHT
TO RI25

PNK/WHT
TO RI25

Q
Z

RI25/RI26

BLK TO GRN TO
A10} GND AIOI

LD-M-306

01138-1

Figure 5-5. S101 Range (Volts) Switch Detail
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Section V
Paragraphs 5-29 to 5-37

Table 5-2. Tube Replacement

Ref. Desig. | Tube Type | Adjustment | Para. Ref.
V101 12AX7 Hum Balance 5-33
V102 6AUS8 Bias Adjust 5-35
V103 6X4
V104 0OA2 None
V105 OB2

5-29. ADJUSTMENTS AND CALIBRATION.

5-30. The following is a complete adjustment proce-
dure and 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 instru-
ment operation.

5-31. MECHANICAL ZERO ADJUSTMENT,

5-32. When the meter is properly zero-set the pointer
rests over the zero calibration mark on the meter
scale when the instrument is 1) at normal operating
temperature, 2) inits 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 clockwise;
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 adjustment
screw from 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 (less than
5 mv peak-to-peak) 10-cps signal as seen on oscillo-
scope. (If power-line frequency is 50 cps, adjust for
minimum 8-1/3 cps signal. ) See figure 5-13 for loca-
tion of R3.

5-34. BIAS ADJUST.

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

b. AdjustBiasAdj. (R116), to set meter pointer to
zero+207 of endscale. R116 is located on instrument
rear. Thisadjustmentis not critical, since any devia-
tion from zero is reduced more than 300 times when
the RANGE (VOLTS) switch is on any operating position.

5-6
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hpaiza
DC NULL

HuMBAL__ VOLTMETER

450 KC
OSCILLOSCOPE

hpi2os
° P89
°© O = O
. O:O - Ou*
J

PR

Figure 5-6. Hum Balance Test Setup

5-35. AMPLIFIER 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. SettheModel 413A RANGE (VOLTS) to 1 and the
NORMAL/EXPANDED switch to NORMAL,

b. Connect the digital voltmeter to the DC AMPLI-
FIEROUTPUT terminals, and set the digital voltmeter
range switchto 1000 mv. A change of 10 counts in the
digital voltmeter readout represents a change of 0, 1%
in the amplifier output. (See figure 5-7.)

c. Adjustthe ZERO control for a digital voltmeter
indication that is as close to 000. 0 as possible.

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

e. Set the voltmeter calibrator output to +1. 0 vde.

f. Thedigital voltmeter display should be between
015.0 OVERRANGE and 985.0. Adjust R119 for a
digital voltmeter display as close to 000.0 OVER-
RANGE (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 from the voltmeter calibrator.

b. Adjust R123 for a meter indication of end scale
+1 minor scale division (+2%).

c. Change the input to -1.0 v and verify that the
negative deflection is within +1 minor scale division
of end scale (+2%).

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

hpaiza
DC NULL
VOLTMETER

VOLTMETER CALIBRATOR RANGE

hp7388R DIGITAL VOLTMETER  SELECTOR

R . hp 34394 hp 34434
s O (@) ol 1| e
i L wp o e °

T0
DC AMPLIFIER
QUTPUT

Figure 5-7. Amplifier Gain Calibration
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5-38. PERFORMANCE AND VERIFICATION.

5-39. The following procedure is to verify proper op-
eration and should be accomplished with the instrument
in its cabinet. This check may be made as a final test
for routine maintenance or asa part of incoming quali-
ty control inspection to verify published specifications.
If the instrument fails any of the following tests, refer
to paragraph 5-29, Adjustment and Calibration.

NOTE

The following procedures assume correct
mechanical zero on the 413A meter (para-
graph 5-31).

5-40. VOLTMETER,

a. Turnthe voltmeter calibrator on and allow a 20~
minute warmup.

b. Switch the voltmeter calibrator function switch
to OFF, and connect the output connectors to the 413A
INPUT as shown in figure 5-8.

c. Connect the 413A to the variable power source,
set line voltage to rated value (115 or 230 volts) and
turnthe 413A ON, Allow 15 minutes for the instrument
to warmup.

d. Turn 413A RANGE (VOLTS) switch fully clock-
wise to the dot position (one step past 1000), and ob-
serve the 413A meter.

e. Adjust R116, Bias Adjust, for a zero indication
+20% on the meter (see paragraph 5-34).

f. Switch 413A ZERO to NORMAL, and adjust the
ZERO control for an exact zero reading on the 413A
meter.

g. Switch413A RANGE (VOLTS)to 300 and set volt-
meter calibrator output to +300 volts dc.

hpaiza
DC_NULL
VOLTMETER

VOLTMETER CALIBRATOR
hp738BR

o@@ o
o .y 22 .08 o
1

Figure 5-8. Voltmeter Performance Verification
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Section V
Paragraphs 5-38 to 5-42

| WARNING '

THE 738BR VOLTMETER CALIBRATOR
OUTPUT IS A CONSTANT VOLTAGE
SOURCE AND CAN BE DANGEROUS; BE
CAREFULNOT TO TOUCH THE OUTPUT
LEADS WITHOUT FIRST TURNING OUT-
PUT SELECTOR TO OFF.

h. The 413A meter should read +300 volts +2% of
end scale.

i. Vary line voltage between 103 and 127 volts.
Meter readings should be unaffected.

j. Repeat steps h and i with a -300 volt input.

k. Check end scale readings for the remaining
ranges. Specifications are +2% of end scale.

NOTE

When checking the 413A on the . 003 and
. 001 volt ranges, set the voltmeter cali-
brator selector switch to OFF and reset
ZERO control for a meter reading of zero.

m. Switch413A RANGE (VOLTS) to 1; set voltmeter
calibrator range and function switches for 1 volt dc out.

n. Check meter tracking in 1/10 volt increments
for both plus and minus input voltages. Meter track-
ing should be correct within +2% of end scale.

5-41. AC REJECTION.

a. With 413A INPUT open, set 413A RANGE
(VOLTS) to .03. Set ZERO for a zero indication on
the 413A meter.

b. Connect a source of 6.3 volts ac (with no dc
level) across the 413A input. Any change in the 413A
meter readings should be less than 1%.

5-42. AMPLIFIER OUTPUT,

a. Connect voltmeter calibrator and digital volt-
meter to the 413A as shown in figure 5-7.

b. Set digital voltmeter range to 100 mv.

c. Set 413A RANGE (VOLTS) switch to 1.,

d. Switch voltmeter calibrator function and range
switches to +1 volt.

e. Digital voltmeter display should be between
015. 0 OVERRANGE and 985. 0.

f. Repeat steps a to d for -1 volt.

5-7



Section V Model 413A

Figure 5-9

SERVICING ETCHED CIRCUIT BOARDS

Excessive heat or pressure can lift the éopper strip from the board. Avoid damage by using a low power
soldering iron (50 watts maximum) and following these instructions. 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 copper should be repaired by 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 it 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,

replaced. If lead of component passes through
an eyelet inthecircuitboard, apply heat on com-
ponent side of board. If lead of component does
not pass through an eyelet, apply heat to con-
ductor side of board.

3. Bend clean tinned leads on new part and care-
fully insert through eyelets or holes in board.

1. Clip lead as shown below,

CLIP
/ HERE

AT

FIEEEEL: SSTEINESSE009508858. soCaETE,

1. Apply heat sparingly to lead of component to be 2, Reheat solder in vacant eyelet and quickly in-

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

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

sert a small awl to clean inside of hole. If hole
does not have an eyelet, insert awl or a #57
drill from conductor side of board.

CONDUCTOR
SIDE

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

2. Bend protruding leads upward. Bend lead of
new component around protruding lead. Apply
solder using a pair of long nose pliers as a
heat sink,

APPLY
SOLDER

VISSRIL, FEAASIAEFIIIIRIRSEID. IIEFIAS

Figure 5-9 , Servicing Etched Circuit Boards
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Model 413A Section V
Figure 5-10
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RANGE (VOLTS)
Figure 5-10. Model 413A Right Side View
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Section V Model 413A
Figure 5-11
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Figure 5-11. Model 413A Left Side View
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Figure 5-12
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Figure 5-12. Model 413A Bottom View
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Figure 5-13. Model 413A Schematic Diagram
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NOTES

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

RESISTANCE IN OHMS
CAPACITANCE IN MICROFARADS

- DENOTES ASSEMBLY.

DENOTES MAIN SIGNAL PATH.

DENOTES FEEDBACK PATH.

[ JDENOTES FRONT PANEL MARKING.

(i ]

Y O®

~ " DENOTES REAR PANEL MARKING.
DENOTES SCREWDRIVER ADJUST.
DENOTES FRONT PANEL CONTROL.
DENOTES FLOATING CHASSIS GROUND.
DENOTES CABINET GROUND.

VOLTAGES REFERENCED TO /717 WITH LINE VOLTAGES AT

115 V AND NO METER DEFLECTION.

SWITCHES ARE SHOWN FULLY COUNTERCLOCKWISE AND VIEWED
FROM FRONT PANEL.

% AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT

FACTORY.
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Section VI
Paragraphs 6-1 to 6-7

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 % stock number of each
part, together with any applicable notes. Table 6-2
lists parts in alpha-numerical order of their & stock
number and provides the following information on
each part:

a. Description of the part (see list of abbreviations
below).

b. Typical manufacturer of the part in afive-digit
code (see Appendix A for list of manufacturers).

c. Manufacturer's part number.

d. Total quantity used in the instrument (TQ col-

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

6-4. ORDERING INFORMATION.

6-5. To obtain replacement parts, address order or
inquiry to your local Hewlett-Packard Field Office
(see Appendix B for list of office locations), Iden-
tify parts by their Hewlett-Packard stock numbers.
6-6 . NON-LISTED PARTS.
6-7. To obtain a part that is not listed, include:

a. Instrument model number.

b. Instrument serial number.

¢. Description of the part.

umn). d. Function and location of the part.
DESIGNATORS
A = assembly F = fuse P = plug v = vacuum tube, neon
B = motor FL = filter Q = transistor bulb, photocell etc.
BT = battery HR = heater QCR = transistor-diode w - cable
C = capacitor J = jack R = resistor X - socket
CR = diode K = relay RT = the}‘mistor XDS - lampholder
DL = delay line L = inductor S = switch XF - fuseholder
DS = lamp M = meter T = transformer
E = misc electronic part MP = mechanical part TC = thermocouple Z = network
ABBREVIATIONS
Ag = silver 1D = inside diameter ns = nanosecond (s) = 10'9 SPDT = single-pole double-
Al = aluminum impg = impregnated nsr = not separately replace- throw
amp = ampere (s) incd = incandescent able SPST = single-pole single-
Au = gold ins = insulation (ed) throw
C = capacitor s PP obd = order by description Ta = tantalum
cer = ceramic K = kilohm {s) = 10 +3 oD = outside diameter TiO, = titanium dioxide
coef = coefficient Kc = kiloycycle (s) = 10 p - peak tog = toggle
com - common . pc = printed circuit tol = tolerance
comp = composition L = inductor .12 trim - trimmer
conn = connection lin = linear taper pf = picofarad (s) = 10 TSTR = transistor
cps = cycles per second log = logarithmic taper piv = peak inverse voltage
. %) = part of v = volt (s)
= deposited -3 p b
dep - epglsx e le doubl m = milli = 10 pos = position (s) vacw = alternating current
DPDT = double-pole double- - milli re (s) = 1073 poly = polystyrene working volt (s)
throw inel ma = milliampere B 6 pot = potentiometer var = variable
DPST = fll?uble—pole single- Mc = megacycle (s) = 10" p-p = peak-to-peak vdew = direct current working
Tow _ hm (s) = 10+6 prec = precision (temperature volt (s)
elect = electrolytic meg - megoam 15) = coefficient, long term
met flm = metal film P - watt (s)
encap = encapsulated _ stability, and/or tol- w = watt (s
mfr = manufacturer erance) w/ ~ with
f - f?.rad (s) : mig = mounting wiv = reverse working voltage
FET = f}eld effect transistor n - micro = 10-6 B . w/o _ without
fxd = fixed R = resistor ww - wirewound
GaAs = gallium arsenide my = Mylar Rh = rhodium
R ~10%9 na = nanoampere (s) = 107° rrrzs = ro;)t-mean-square * = optimum value selected
Ge = gigacycle (s) = 10 NC = normally closed ro = rotary at factory, average
gd = guard ((?d) Ne = neon value shown (part may
Ged c germ:znzu:in NO = normally open Se = selenium be omitted)
T = ground (ed) NPO = negative positive zero sect = section (s) ** = no standard type num-
h = henry (ies) (zero temperature co- Si = gilicon ber assigned (selected
Hg = mercury efficient) sl = glide or special type)
® Dupont de Nemours
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Section VI Model 413A
Table 6-1
Table 6-1. Reference Designation Index
Circuit ® Stock N Descripti # Not
Reference o. scription ote
Al thru A100 Not assigned
Al101 412A-30A Assy, input circuit, includes:
A102 R101 thru R105
C101 thru C104 RI119
C106 R120
C107
412A-58C Assy, input circuit (without modulator)
A102 412A-95A Assy, modulator
A103 425A-97A Assy, chopper: includes
B101, DS101 thru DS104
Al04 412A-23B Assy, demodulator
A105 413A-19A Assy, range switch: includes
C99, R76 thru R95, R121, R127, S101
A106 413A-19B Assy, switch, zero: includes
R6 thru R9, R125, R126, S102
B1 thru B100 Not assigned
B101 3140-0013 Motor: 6.3 VAC
Cl1A/B 0150-0119 C: fxd, cer, 0.01 uf/sect,+20%, 250 vdcw
C2 Not assigned
C3A/B 0180-0086 C: fxd, elect, 2 sect, 20 uf/sect, 450 vdcw
C4 0180-0054 C: fxd, elect, 1500 uf, 10 vdcw
C5 thru C98 Not assigned
C99 0170-0019 C: fxd, my, 0.1 uf = 5%, 200 vdcw
C100 Not assigned
C101 thru 0160-2641 C: fxd, poly, 0.1 uf +10%, 50 vdew
C103
C104 0170-0029 C: fxd, poly, 0.01 uf + 10%, 50 vdcw
C105 Not assigned
C106 0140-0151 C: fxd, mica, 820 pf +2%
c107 0180-0033 C: fxd, elect, 50 uf, 6 vdcw
C108, 109 0150-0012 C: fxd, cer, 0.01 uf + 20%, 1000 vdcw
C110 0180-0033 C: fxd, elect, 50 uf, 6 vdcw
Ci111 0160-0015 C: fxd, paper, 0.47 uf + 10%, 200 vdcw
C112 0150-0024 C: fxd, cer, 0.02 uf +80%, -20%, 600 vdcw
C113 0150-0012 C: fxd, cer, 0.01 uf + 20%, 1000 vdcw

# See introduction to this section
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Model 413A Section VI
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Rgfi:::rilf:e ¢ Stock No. Description # Note
C114 0170-0003 C: fxd, my, 0.051 uf + 10%, 200 vdew
C115, 116 0160-0015 C: fxd, paper, 0.47 uf £ 10%, 200 vdcw
C117 0180-0105 C: fxd, elect, 50 uf, 25 vdcw
c118 0170-0022 C: fxd, my, 0.1 uf £ 20%, 600 vdcw
CR1 1902-0206 Diode: breakdown
« DS1 2140-0012 Lamp, minat: 2 pin, no. 12
DS2 thru DS100 Not assigned
& DS101 thru DS104 | 2140-0012 Lamp, minat: 2 pin, no. 12
& F1 2110-0016 Fuse, cartridge: 0.6 amp, s-b (for 115V operation)
§ 2110-0019 Fuse, cartridge: 0.4 amp, s-b (for 230V operation)
| J1 thru J100 Not assigned
J101 5060-0632 Binding post: black
5060-0633 Binding post: red
0340-0086 Insulator: binding post, black, 2 hole
0340-0090 Insulator: binding post, black, 2 hole
J102 5060-0632 Binding post: black
5060-0632 Binding post: black
5060-0633 Binding post: red
0340-0087 Insulator: binding post, black, 3 hole
0340-0091 Insulator: binding post, black, 3 hole
J103 5060-0632 Binding post: black (rmo)
5060-0632 Binding post: black (rmo)
5060-0633 Binding post: red (rmo)
0340-0087 Insulator: binding post, black, 3 hole (rmo)
0340-0091 Insulator: binding post, black, 3 hole (rmo)
M1 thru M100 Not assigned
M101 1120-0318 Meter, calibrated
P1 8120-0050 Cord, power: w/NEMA plug
0690-5611 R: fxd, comp, 560 ohms + 10%, 1W
0690-1211 R: fxd, comp, 120 ohms + 10%, 1 W

e
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Section VI Model 413A
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
RCircuit @ Stock No, Description? Note
eference

R3 2100-0078 R: var, ww, lin, 500 ohms + 30%, 3/10W
R4 Not assigned
R5 0727-0233 R: fxd, dep c, 333K ohms = 10%, 1/2 W
R6, RT 0727-0124 R: fxd, dep c, 3K ohms = 1%, 1/2 W
R8 nsr; part of S102
R9 0727-01617 R: fxd, dep c, 13.7K ohms + 1%, 1/2 W
R10 0813-0018 R: fxd, ww, 2.8K ohms * 10%, 5W
R11 thru R75 Not assigned
R76 0727-0274 R: fxd, depc, 1 M= 1%, 1/2 W
RT7 0733-0014 R: fxd, dep c, T0M = 1/2%, 2W
R78, 9 0730-0150 R: fxd, dep c, 50M = 1/2%, 1W
R80 0730-0149 R: fxd, dep c, 28.1M = 1/2%, 1W
R81 0730-0134 R: fxd, dep ¢, 8.1M = 1/2%, 1W
R82 0730-0128 R: fxd, dep c, 6.155M = 1/2%, 1W
R83 0727-0262 R: fxd, dep c, 900K ohms # 1/2%, 1/2W
R84 0730-0117 R: fxd, dep c, 2.845M = 1/2%, 1W
R85 0730-0139 R: fxd, dep ¢, 9M = 1/2%, 1W
R86 0727-0192 R: fxd, dep c, 46.3K ohms + 1/2%, 1/2W
R8T 0727-0231 R: fxd, dep c, 284K ohms = 1/2%, 1/2W
R88 0727-0239 R: fxd, dep c, 389.5K ohms = 1/2%, 1/2W
R89 0727-0215 R: fxd, dep c, 123K ohms * 1/2%, 1/2W
R90 01727-0188 R: fxd, dep c, 38.95K ohms = 1/2%, 1/2W
RI1 0727-0164 R: fxd, dep c, 12.3K ohms = 1/2%, 1/2W
R92 0727-0130 R: fxd, dep ¢, 3895 ohms + 1/2%, 1/2W
R93 0727-0106 R: fxd, dep c, 1230 ohms + 1/2%, 1/2W
R94 0727-0070 R: fxd, dep c, 389 ohms = 1/2%, 1/2W
R95 0727-0051 R: fxd, dep ¢, 180 ohms + 1/2%, 1/2W
R96 thru R100 Not assigned
R101 0687-4741 R: fxd, comp, 470K ohms + 10%, 1/2wW
R102 0686-1045 R: fxd, comp, 100K ohms +5%, 1/2W

6-4
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Model 413A Section VI

Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Eﬂ Rgfi:::;f:e @ Stock No. Description # Note
R103 0687-1821 R: fxd, comp, 1.8K ohms + 10%, 1/2W
R104 0757-0178 R: fxd, met flm, 100 ochms +1%, 1/4W
R105 0687-4751 R: fxd, comp, 4.™ x 10%, 1/2W
R106 0687-1051 R: fxd, comp, 1M x 10%, 1/2W
: R107 0687-1031 R: fxd, comp, 10K ohms + 10%, 1/2W
R R108 0687-2261 R: fxd, comp, 22M + 10%, 1/2W
R109 0687-1051 R: fxd, comp, 1M z 10%, 1/2W
R110 0687-4731 R: fxd, comp, 47K ohms x 10%, 1/2W
R111 0687-2751 R: fxd, comp, 2.7M  10%, 1/2W
R112 0687-1021 R: fxd, comp, 1K ohms * 10%, 1/2W
R113 0687-1041 R: fxd, comp, 100K ohms = 10%, 1/2W
R114 0687-8241 R: fxd, comp, 820K ohms = 10%, 1/2W
R115 0687-3331 R: fxd, comp, 33K ohms + 10%, 1/2W
R116 2100-0009 R: var, comp, 25K ohms + 20%, 1/3W
R117 0687-2751 R: fxd, comp, 2.7 = 10%, 1/2W
R118 0687-1031 R: fxd, comp, 10K ohms + 10%, 1/2W
R119 2100-1436 R: var, comp, lin, 10K ohms +30%, 1/8 W
R120 0727-0209 R: fxd, dep c, 108K ohms + 1%, 1/2W
R121 0727-0142 R: fxd, dep c, 6.2K ohms = 10%, 1/2W
R122 0727-0100 R: fxd, dep ¢, 1K ohms + 1%, 1/2W
R123 2100-0022 R: var, ww, lin, 500 ohms + 20%, 1W
R124 0687-1821 R: fxd, comp, 1.8K ohms + 10%, 1/2 W
R125 0727-0208 R: fxd, dep ¢, 100K ohms + 1%, 1/2W
R126 0727-0278 R: fxd, dep ¢, 1.13M = 1%, 1/2W
R127 0727-0283 R: fxd, dep ¢, 1.66M + 1%, 1/2W
S1 3101-0001 Switch, tog: SPST
52 3101-0033 Switch, sl: DPDT
S3 thru S100 Not assigned
S101 nsr; part of range switch assy, A105
5102 3100-0290 Switch, rot: 1 sect, 2 pos, w/R8 var resistor

# See introduction to this section
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Section VI Model 413A
Table 6-1
Table 6-1. Reference Designation Index (Cont'd)
Circuit @ Stock No Description # Note
Reference -
T1 9100-0238 Transformer, power
V1 thru V100 Not assigned
V101 1932-0030 Tube, electron: 12AX7
V102 1933-0007 Tube, electron: 6AU8
V103 1930-0016 Tube, electron: 6X4
V104 1940-0004 Tube, electron: 0A2
V105 1940-0007 Tube, electron: 0B2
XDS1 1450-0022 Lampholder (rmo)
1450-0043 Lampholder (cmo)
XF1 1400-0084 Fuseholder
XV1 thru Not assigned
XV 100
XvVv1i01 1200-0048 Socket, tube: 9 pin
XV102 1200-0059 Socket, tube: 9 pin, minat
XV103 thru 1200-0009 Socket, tube: 7 pin, minat
XV105
MISCELLANEOUS
0370-0029 Knob, black: 1in, ZERO CONTROL
0370-0035 Knob, bar w/arrow RANGE (volts) SWITCH
0370-0061 Knob, red: 3/4 in. bar w/arrow NORMAL EXPAND
SWITCH
412A-37A Light rod: modulator (cmo)
412A-37B Light rod: modulator (rmo)
412A-65A Assy, amplifier includes:
C108 thru C110 R111 thru R114
C112 V101
C113 V102
R106 thru R109
412A-65A-1 Circuit boara
# See introduction to this section
.6-6 01138-3




Model 413A Section VI
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)

& STOCK NO. DESCRIPTION MFR MFR PART NO, TQ
412A-23B Assy, demodulator 28480 | 412A-23B 1
412A-30A Assy, input circuit, includes: 28480 | 412A-30A 1

A102 R101-R105

C101-C104 R119

C106 R120

Cc107 :
412A-58C Assy, input circuit, (without modulator) 28480 | 412A-58C 1
412A-95A Assy, modulator 28480 | 412A-95A 1
413A-19A Assy, switch, range, includes: 28480 | 413A-19A 1

Cc99 R127

R76-R95 S101

R121
413A-19B Assy, switch, zero, includes: 28480 | 413A-19B 1

R6 -R9 R126

R125 S102
425A-97A Assy, chopper, includes: 28480 | 425A-97A 1

B101 DS101 -DS104
0140-0151 C: fxd mica 820 pf +2% 04062 | RDM15F821G 1
0150-0012 C: fxd, cer 0.01 uf +20%, 1000 vdew 56289 | 29C214A3-H-1038 3
0150-0024 C: fxd, cer, 0.02 uf +80% -20%, 600 vdcw 91418 | B.02 GMV 1
0150-0119 C: fxd, cer, 2 sect, 0.01 uf/sect +20%, 250 vdew | 71590 | DA171CB 1
0160-0015 C: fxd, paper, 0.47 uf +10%, 200 vdew 56289 | 109P47492 3
0160-2641 C: fxd, poly, 0.1 uf +10%, 50 vdcw 56289 | 1049R5-PDP 275P 1
0170-0003 C: fxd, my, 0.051 uf +10%, 200 vdcw 00853 | 33M02151 1
0170-0019 C: fxd, my, 0.1 uf +5%, 200 vdcw 84411 | 620 S 1
0170-0022 C: fxd, my, 0.1 uf +20%, 600 vdcw 56289 | S92689 1
0170-0029 C: fxd, poly, 0.01 uf +10%, 50 vdew 56289 | 114P1039R5S2 1
0180-0033 C: fxd, elect, 50 uf, 6 vdcw 56289 | 30D133A1 2
0180-0054 C: fxd, elect 1500 pf, 10 vdew 56289 | D32495 1
0180-0086 C: fxd, elect 2 sect, 20 uf/sect, 450 vdcw 00853 | Type PL1 1
0180-0105 C: fxd, elect 50 uf, 25 vdew 56289 | S97441 1
0340-0086 Insulator: Binding post, black 2 hole 28480 | 0340-0086 1
0340-0087 Insulator: Binding post, black 3 hole 28480 | 0340-0087 1
0340-0090 Insulator: Binding post, black 2 hole 28480 | 0340-0090 1
0340-0091 Insulator: Binding post, black 3 hole 28480 | 0340-0091 1
0687-1021 R: fxd, comp, 1K ohms +10%, 1/2 w 01121 | EB1021 1
0687-1031 R: fxd, comp, 10 K ohms +10%, 1/2 w 01121 | EB1031 2
0687-1041 R: fxd, comp, 100 K ohms +10%, 1/2 w 01121 | EB1041 2
0687-1051 R: fxd, comp, 1 M £10%, 1/2 w 01121 | EB1051 2
0687-1821 R: fxd, comp, 1.8 K ohms +10%, 1/2 w 01121 | EB1821 2
0687-2261 R: fxd, comp, 22 M £10%, 1/2 w 01121 { EB2261 1
0687-2751 R: fxd, comp, 2.TM 210%, 1/2 w 01121 | EB2751 2
0687-3331 R: fxd, comp, 33 K ohms +10%, 1/2 w 01121 | EB3331 1
0687-4731 R: fxd, comp, 47 K ohms +10%, 1/2 w 01121 | EB4731 1
0687-4741 R: fxd, comp, 470 K ohms +10%, 1/2 w 01121 | EB4741 1
0687-4751 R: fxd, comp, 4.7TM +10%, 1/2 w 01121 EB4751 1
0687-8241 R: fxd, comp, 820 K ohms +10%, 1/2 w 01121 | EB8241 1

# See introduction to this section
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Section VI Model 413A
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)

¢ STOCK NO. DESCRIPTION MFR MFR PART NO. TQ
0690-1211 R: fxd, comp, 120 ohms +10%, 1w 01121 | GB1211 1
0690-5611 R: fxd, comp, 560 ohms +10%, 1w 01121 | GB5611 1
0727-0051 R: fxd, dep ¢, 180 ohms, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0070 R: fxd, dep ¢, 389 ohms +1/2%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0100 R: fxd, depc, 1K ohm £1%, 1/2 w 19701 | DC1/2CR5 obd# 1
0727-0106 R: fxd, depc, 1.23 K ohms +1/2%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0124 R: fxd, depc, 3 K ohms +1%, 1/2w 19701 | DC1/2CR5 obd# 2
0727-0130 R: fxd, dep ¢, 3895 ohms +1/2%, 1/2w 19701 | DC1/2AR5 obd# 1
0727-0142 R: fxd, depc, 6.2 K ohms 1%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0164 R: fxd, dep ¢, 12.3 K ohms +1/2%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0167 R: fxd, dep c, 13.7 ohms +1%, 1/2 w 19701 | DC1/2CR5 obd# 1
0727-0188 R: fxd, dep ¢, 38,950 ohms +1%, 1/2w 19701 | DC1/2AR5  obd# 1
0727-0192 R: fxd, dep ¢, 46.3 K ohms £1/2%, 1/2 w 19701 | DC1/2CR5 obd# 1
0727-0208 R: fxd, dep ¢, 100K ohms +1%, 1/2 w 19701 | DC1/2CR5 obd# 1
0727-0209 R: fxd, dep ¢, 108 K ohms +1%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0215 R: fxd, depc, 123 K ohms +1/2%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0231 R: fxd, dep ¢, 284 K ohms +1/2%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0233 R: fxd, dep ¢, 333 K ohms +1%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0239 R: fxd, depc, 389.5K ohms +1/2%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0262 R: fxd, dep ¢, 900 K ohms +1/2%, 1/2 w 19701 | DC1/2AR5 obd# 1
0727-0278 R: fxd, depc, 1.13M 1%, 1/2 w 19701 | DC1/2CR5 obd#| 1
0727-0283 R: fxd, depec, 1.66 M £1%, 1/2 w 19701 | DC1/2AR5 obd# 1
0730-0117 R: fxd, depec, 2.845M 1%, 1w 19701 { DC1R5 obd# 1
0730-0128 R: fxd, depec, 6.155M 1%, 1w 19701 | DC1R5 obd# 1
0730-0134 R: fxd, depc, 8.1 M £1/2%, 1w 19701 | DC1R5 obd#{ 1
0730-0139 R: fxd, depc, IM +1/2%, 1w 19701 | DCIR5 obd# 1
0730-0149 R: fxd, depec, 28.1M £1/2%, 1w 03888 | PT1000 obd# 1
0730-0150 R: fxd, depc, 50 M +1/2%, 1w 03888 PT1000 obd# 2
0733-0014 R: fxd, depc, TOM £1%, 2w 03888 | PT2000 obd#| 1
0757-0178 R: fxd, met flm 100 ohms +1%, 1/4 w 19701 MF6C T-O obd# 1
0813-0018 R: fxd, ww, 2.8 K ohms + 10%, 5w 35434 | C-5-2800 1
1120-0318 Meter, calibrated 28480 1120-0318 1
1200-0009 Socket, tube: 7 pin, miniature 91662 | 316PH-3702 3
1200-0048 Socket, tube: 9 pin 91662 3908-2-4 1
1200-0059 Socket, tube: 9 pin, miniature 71785 | 121-51-11-082 1
1400-0084 Fuseholder 75915 | 342014 1
1450-0022 Lampholder (rmo) 72765 | 2020-AE 1
1450-0043 Lampholder (rmo) 0000W
1902-0137 Diode: breakdown 28480 1902-0137 1
1902 -0206 Diode: breakdown 28480 1902-0206 1
1930-0016 Tube, electron: 6X4 80131 6X4 1
1932-0030 Tube, electron: 12AX7 80131 12AX7 1
1933-0007 Tube, electron: 6AUS8 80131 6AUS8 1

# See introduction to this section
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Model 413A Section VI
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)

& STOCK NO. DESCRIPTION MFR MFR PART NO. TQ
1940-0004 Tube, electron: QA2 80131 | OA2 1
1940-0007 Tube, electron: OB2 80131| OB2 1
2100-0009 R: var, comp, 25K ohms +20%, 1/3 w 11237 Type 45 obd# 1
2100-0022 R: var, ww, lin, 500 chms +20%, 1w 11236 | Type 112 obd# 1
2100-0078 R: var, ww, lin, 500 ohms +20%, 3/10 w 11237 170C3837 1
2100-1436 R: var, comp, lin, 10 K ohms +30%, 1/8 w 714501 QS 200 1
2110-0016 Fuse, cartridge: 0.4 amp, slow-blow 75915| 313-800 1

(for 115 volt operation)
2110-0019 Fuse, cartridge: 0.6 amp, slow-blow 71400 | MDL 1/4
{for 230 volt operation)
2140-0012 Lamp, miniature: 2 pin, #12 24455| No. 12 5
3100-0290 Switch, rot, 1 sect, 2 pos, w/R8 var resistor 76854 | 218429-K1P 1
3101-0001 Switch, tog: SPST 04009 | 80994-H 1
3101-0033 Switch, sl: DPDT 42190 | 4633 1
3140-0013 Motor: 6.3, VAC 73061 | ''Synchron" 1
Model 610
(6.3V)
5060-0632 Binding post: black (cmo) (rmo) 28480 | 5060-0632 8
5060-0633 Binding post: red (cmo) (rmo) 28480 | 5060-0633 5
8120-0050 Cord, power: w/NEMA plug 70903 | CS-0041/PH 1
151/7.5 ft.
9100-0021 Transformer, power 987341 4076 1
# See introduction to this section
01138-3 6-9



Appendix A

APPENDIX

CODE LIST OF MANUFACTURERS (Sheet 1 of 2)

Model 413A

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 to suppliers not appearing in the H4 handbooks.

Code
No.

00000
00136
00213
00334
00335
00373

00656
00779
00781
00815

00853

00866
00891
o1zl
01285
01281
01295

01349
01561
01589
01930
01861
02114
02286
02660
02735

02771

0
03508
03705
03797
03877
03888
03954
04009

04013
04062
04222
04298

04354
04404

04651
04713

04732
04773
()
04796
04811
04870
05006

05277

05347
05593
05616

05624
05728

05729

05783
05820
06004
06178
06402
06475
06540

06555

06751

06812
07088

Monufacturer Address
U.S.A. Common Any supplier of U.S.
McCoy Electronics Mount Holly Springs, Pa.

Sage Electronics Corp.

Humidail Co.

Westrex Corp,

Garlock Packing Co.,
Electronic Products Div.

Aerovox Corp.

Rochester, N. Y.
Colton, Calif.
New York, N.Y.

Camden, N.J.
New Bedford, Mass.
Amp, inc. Harrisburg, Pa.
Aircralt Radio Corp. Boonton, N, J.
Northern Engineering Laboratories, Inc.
Burlington, Wis.
Sangamo Electric Company,

Ordill Division (Capacitors) Marion, 1,
Goe Engineering Co. Los Angeles, Calif.
Carl E. Holmes Corp. Los Angeles, Calif.
Allen Bradiey Co. Milwaukee, Wis.
Litton Industries, Inc. Beverly Hills, Calif.
TRW Semiconductors Inc. Lawndale, Calif.
Texas Instruments, Inc.

Transistor Products Div.
The Alliance Mfg. Co,
Chassi-Trak Corp.

Pacific Relays, Inc.
Amerock Corp

Pulse Engineering Co.
Feroxcube Corp. of America
Cole Mfg. Co. Palo Alto, Calif,
Amphenol-Borg Electronics Corp, Chicago, IlI,
Radio Corp. of America, Semiconductor

and Materials Div. Somerville, N.J.

Vocaline Co. of America, Inc,

0ld Saybrook, Conn.
Hopkins Engineering Co. San Ferando, Calif.
G.E. Semiconductor Products Dept. Syracuse, N.Y.
Apex Machine & Toot Co. Dayton, Ohio
Eldema Corp. El Monte, Calif.
Transitron Electronic Corp. Wakefield, Mass.
Pyrofilm Resistor Co. Morristown, N.J.
Air Marine Motors, Inc. Los Angeles, Calif.
Arow, Hart and Hegeman Elect. Co.

Hartford, Conn,
Lambertville, N. J.

New York, N.Y.
Myrtle Beach, S.C.

Dallas, Texas
Alliance, Ohio
Indianapolis, ind.
Van Nuys, Calif.
Rockford, 11I.
Santa Clara, Calif.
Saugerties, N.Y.

Taurus Corp.

Eimenco Products Co.
Hi-Q Division of Aetovox
Elgin National Watch Co.,

Electronics Division Burbank, Calif.
Precision Paper Tube Co. Chicago, IlI.
Dymec Division of Hewlett-Packard Co.

Palo Alte, Calif.
Sylvania Electric Prods., Inc.
Electronic Tube Div.  Mountain View, Calif,
Motorola, Inc., Semiconductor Prod. Div.
Phoenix, Arizona
Filtron Co., Inc., Western Div. Culver City, Calif.
Automatic Eiectric Co. Northlake, ill.
Automatic Electric Sales Corp. Northlake, 11,
Sequoia Wire & Cable Co.  Redwood City, Calif.
Precision Coil Spring Co. El Monte, Calif,
P. M. Motor Company Chicago 44, I,
Twentieth Century Plastics, Inc.
Los Angeles, Calif,
Westinghouse Electric Corp.,

Semi-Conductor Dept.
Ultronix, Inc.
iumitronic Engineering Co.
Cosmo Plastic
(c o Electrical Spec. Co.)
Barber Colman Co.

Tiffen Optical Co.
Roslyn Heights, Long Island, N.Y.
Metropolitan Telecommunications Corp. ,

Metro Cap, Division Brookiyn, N.Y.
Stewart Engineering Co. Santa Cruz, Calif.
Wakefield Engineeting Inc. Wakefield, Mass.
The Bassick Co. Bridgeport, Conn.
Bausch and Lomb Optical Co. Rochester, N.Y.
E.T.A. Products Co. of America Chicago, I,
Western Devices, Inc. Inglewood, Calif.
Amatom Electronic

Hardware Co. Inc. New Rochelle, N. Y.
Beede Electrical Instrument Co., Inc.

Penacook, N.H.
U. S. Semcor Division of Nuclear Corp.

of America Phoenix, Arizona
Torrington Mfg. Co., West Div.  Van Nuys, Calif.
Kelvin Electne Co. Van Nuys, Calif.

Youngwood, Pa.
San Mateo, Calif,
Sunnyvale, Calif,

Cleveland, Ohio
Rockford, 111

Code
No.

07115

07126
03
07138

07149
07233
07261
07263

07322
07387
07700
07910
07933
07366

07980
08145
08288
08358

08717
08718
08792

08984
09026
09134
09145
09250
09569

09664
10214

10411
10646
11236
11237

1312
11534
um

unz
11870
12136
12697
12859
12930
13103
1339
13835
14099
14193
14298
14685
14960
15203
15291
157712

15909
16037
16352
16688

16758
17108
1404
18486
18583
18873
19318

19500

19701
20183
21226
21520
21335
21964
28446
24455

Monufacturer Address
Corning Glass Works

Efectronic Components Dept.
Digitran Co.

Transistor Electronics Corp.
Westinghouse Electiic Corp.
Etectronic Tube Div.

Filmohm Cotp.
Cinch-Graphik Co.
Avnet Corp.
Fairchild Semiconductor Corp.
Mountain View, Calif.
Minneapolis, Minn.
Los Angeles, Calif.
Technical Wire Products Springfield, N.J.
Continenta! Device Corp. Hawthore, Calif.
Rheem Semiconductor Corp. Mountain View, Calif.
Shockley Semi-Conductor
Laboratories
Boonton Radio Corp.
U.S. Engineering Co.
Blinn, Delbert, Co.
Burgess Battery Co.
Niagara Falls, Ontario, Canada.
Burbank, Calif.

Bradford, Pa.
Pasadena, Calif.
Minneapolis, Minn.

Elmira, N.Y.

New York, N. Y.

City of Industry, Calif.
Los Angeles, Calif.

Minnesota Rubber Co.
The Birtcher Corp.

Palo Alto, Calif.
Boonton, N.J.

Los Angeles, Calif.
Pomona, Calif.

Sloan Company

Cannon Electric Co.,Phoenix Div.

CBS Electronics Semiconductor
Operations,Div.of C.B.S.,Inc.

Mel-Rain

Babcock Relays, Inc.

Texas Capacitor Co.

Atohm Electronics

Electro Assemblies, Inc.

Mallory Battery Co. of
Canada, Ltd.

The Bristal Co.

Genera! Transistor Western Corp.

Los Angeles, Calif.
Berkeley, Calif.

Niagara Falls, N.Y.

Berne, Ind.

Lowetl, Mass.
Indianapolis, Ind.
Costa Mesa, Calif.

Houston, Texas
Sun Valley, Calif.
Chicago, I,

Toronto, Ontario, Canada
Waterbury, Conn.

Ti-Tal, Inc.

Carborundum Co.

CTS of Beme, Inc.

Chicago Telephone of California, Inc.

So. Pasadena, Calif.
Palo Alto, Calif.
Santa Ana, Calif.

Microwave Electronics Cosp.
Duncan Electronic, Inc.
General Instrument Corporation
Semiconductor Division
Imperial Electronic, Inc.
Melabs, Inc.
Philadelphia Handle Co.
Clarostat Mfg. Co.
Nippon Electric Co., Lid.
Delta Semiconductor Inc.
Thermolloy
Telefunken (G.M.B.H.)
Midland Mfg. Co.
Sem-Tech

Newatk, N.J.
Buena Park, Calif.
Palo Alto, Calif.
Camden, N. J.
Dover, N.H.
Tokyo, Japan
Newpart Beach, Calif,
Dallas, Texas
Hannover, Germany
Kansas City, Kansas
Newbury Park, Calif,
Calif. Resistor Corp. Santa Monica, Calif.
American Componeats, Inc. Conshohocken, Pa.
Cornell Dubilier Elec. Corp. So. Plainfield, N.J.
Williams Mfg. Co. San jose, Calif.
Webster Electronics Co. Inc. Brookiyn, N.Y.
Adjustable Bushing Co. N. Hollywood, Calif.
Twentieth Century
Coil Spring Co.
The Daven Co.
Spruce Pine Mica Co.
Computer Diode Corp.
De Jur-Amsco Corporation
Long Island City 1, N.Y.
Delco Radio Div. of G.M. Corp, Kokomo, Ind,
Thermonetics Inc. Canoga Park, Calif.
Tranex Company Mountain View, Calif.
Radio industries Des Plaines, 1.
Curtis Instrument Inc. Mt. Kisco, N.Y.
E.l. DuPont and Co., Inc. Witmington, Del.
Eclipse Pioneer, Div. of
Bendix Aviation Corp.
Thomas A. Edison Industries,
Div. of McGraw-Edison Co. West Orange, N.J.
Electra Manufacturing Co. Kansas City, Mo.
Electronic Tube Corp. Philadelphia, Pa.

Santa Clara, Calif,

Livingston, N.J.
Spruce Pine, N. C.
Lodi, N, J.

Teterboro, N.J.

Executive, Inc. New York, N.Y.
Fansteel Metaliurgical Corp. No. Chicago, IIl.
The Fafnir Bearing Co. New Britain, Conn,
Fed. Telephone and Radio Corp. Clifton, N.J.

General Electric Co. Schenectady, N.Y.
G.E., Lamp Division Nela Park, Cleveland, Ohio
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Code
No.

24655
26365
26462
26992
28480
3173
35434
3619%
37942
39543
40920
42190
43990
44655
47904
48620

43956
52090
63743
54294
§5026
55933
55938
56137
56289
59446
59730
60741
61775

62119
63743
64959
65092
66295
66346
70276
70309
70319

70485
70563
70903
70998
71002
71041

71218
71286
33

71400

71436
71450
71468
11471
71482
71590

71616
71700
744
1753

71788
71984
72092
72136

nri
72354
72619
72656
72699

72758
72765
12825
72928
72964
12982
73061
73076
73138

Manufacturer Address
General Radio Co.
Gries Reproducer Corp.
Grobet File Co. of America, Inc.
Hamilton Watch Co.
Hewlett-Packard Co.
G.E. Receiving Tube Dept.
Lectrohm inc. Chicago, Il
Stanwyck Corp. Hawkesbury, Ontario, Canada
P.R. Matiory & Co., Inc. Indianapolis, Ind.
Mechanical Industsies Prod. Co. Akron, Ohio
Miniature Precision Bearings, Inc.  Keene, N.H.
Wuter Co. Chicago, Ii.
C.A. Norgren Co. Englewoad, Colo.
Chmite Mfg. Co. Skokie, H1.
Polaroid Corp. Cambridge, Mass.
Precision Thermometer and
Inst. Co.
Raytheon Company
Rowan Controller Co.
Ward Leonard Electric
Shallcross Mfg. Co.
Simpson Electric Co.
Sonotone Corp.
Sorenson & Co., Inc.
Spaulding Fibre Co., Inc.
Sprague Electric Co.
Telex, Inc.
Themas & Betts Co.
Tripplett Electrical Inc.
Union Switch and Signal, Div. of
Westinghouse Air Brake Co.
Univessal Electric Co.
Ward-Leonard Electric Co. Mt. Vernon, N.Y.
Western Electric Co., Inc. New York, N.Y.
Weston inst. Div. of Daystrom, inc. Newark, N.J.
Wittek Manufacturing Co. Chicago 23, Il
Wollensak Optical Co. Rochester, N.Y.
Allen Mfg. Co. Hartford, Conn.
Allied Control Co., Inc. New York, N.Y.
Allmetal Screw Prod. Co., Inc.

West Concord, Mass.
New Rochelle, N.Y.
Carlstadt, N.J.
Lancaster, Pa.
Palo Alto, Calif.
Owensboro, Ky.

Philadelphia, Pa.
Lexington, Mass,
Baitimore, Md.

Mt. Vemon, N.Y.
Selma, N.C.
Chicago, Il
Elmsford, N.Y.
So. Norwalk, Conn,
Tonawanda, N.Y.
North Adams, Mass.
St. Paul, Minn.
Elizabeth 1, N.J.
Bluffton, Ohio

Swissvale, Pa,
Owosso, Mich,

Garden City, N.Y.

Atlantic India Rubber Works, Inc.  Chicago, IIL
Ampersite Co., Inc. New York, N.Y.
Belden Mfg. Co. Chicago, lil.

Bird Electronic Corp.

Birnbach Radio Co.

Boston Gear Works Div, of
Murray Co. of Texas

Bud Radio Inc.

Camloc Fastener Corp.

Allen D. Cardwell Electronic
Prod. Corp.

Bussmann Fuse Div. of McGraw-

Cleveland, Ohio
New York, N.Y.

Quincy, Mass.
Cleveland, Ohio
Paramus, N.J.

Plainville, Conn,

Edison Co. St. Louis, Mo.
Chicago Condenser Corp. Chicago, IH.
CTS Corp. Elkhart, Ind.

Cannon Electric Co.

Cinema Engineering Co.

C.P. Clare & Co.

Centralab Div. of Globe Union inc.

Milwaukee, Wis.
Chicago, 111

New York, N.Y.
Chicaga, Il

Los Angeles, Calif,
Burbank, Calif,
Chicago, I,

Commercial Plastics Co.

The Cornish Wire Co.

Chicago Miniature Lamp Works.

A.0. Smith Corp., Crowley Div.

West Orange, N.J.

Chicago, 1Ii.

Midland, Mich,

San Bruno, Calif.

Cinch Mfg. Corp.
Dow Corning Corp.
Eitel-McCultough, Inc.
Electro Motive Mig. Co., Inc.
Willimantic, Conn.
Providence, R.I.
Chicage, 111,
Brooklyn, N.Y.
Keasbey, N.J.

Coto Coil Co., Inc.

John E. Fast & Co.
Dialight Corp.

General Ceramics Corp.
General Instrument Corp.,

Semiconductor Div, Newark, N.J.
Girard-Hopkins Oakland, Calif.
Drake Mig. Co. Chicago, 11
Hugh H. Eby Inc. Philadelphia, Pa.
Gudeman Co. Chicago, Il
Robert M. Hadley Co. Los Angeles, Calif.
Erie Resistor Corp. Erie, Pa.
Hansen Mfg. Co., Inc. Princeton, Ind,
H. M. Harper Co. Chicago, 111

Helipot Div. of Beckman

Instruments, Iac. Fullerten, Calif.

Code
No.

73293
73445

73490
73506
73559
73682
13734
73743
737193
73846
73899
73905
74276
74455
74861
74868

74970
75042
75173

75378
75382
75818
75915
176005
76210
76433
76487
76493
76530
76545
76854
77068

77078
ma

17250
1252

77342

77630
77638
77764
17969
8189

78283
78290
78452
78471
78488
78493
78553
78790
78947
9142
79251
19121

79963
80031

80120
80130
80131

80207

80223
80248
80294
80411

80486
80509
80583
80640
81030

81073
81035
81312

From:

Manufacturer Address
Hughes Products Division of

Hughes Aircraft Co. Newport Beach, Calif.
Amperex Electronic Co., Div. of North

American Phillips Co, Inc.  Hicksville, N.Y.
Beckman Helipot Corp, So. Pasadena, Calif.
Bradley Semiconductor Corp. Hamden, Conn.
Carling Electric, Inc. Hartford, Conn.
George K. Garrett Co., Inc. Philadelphia, Pa.
Federal Screw Prod. Co. Chicago, Il
Fischer Special Mig. Co. Cincinnati, Ohio
The Genera! Industries Co. Elyria, Ohio
Goshen Stamping & Tool Co. Goshen, Ind.
JFD Electronics Corp. Brooklyn, N. Y.
Jennings Radio Mfg. Co. San Jose, Calif.
Signalite Inc. Neptune, N.J.
J.H. Winns, and Sons Winchester, Mass.
Industrial Condenser Corp. Chicago, IIl.
R.F. Products Division of Amphenol-

Borg Electronics Corp, Danbury, Conn.

E.F. Johnson Co. Waseca, Minn.
ional Resi: Co. Phi , Pa.

Jones, Howard B., Division
of Cinch Mfg. Corp. Chicago, IIl.
James Knights Co, Sandwich, 11l
Kulka Electric Corporation Mt. Vemon, N.Y.

Lenz Electric Mig. Co.
Littlefuse Inc.
Lord Mfg. Co.
C.W. Marwedel
Micamold Electronic Mfg. Corp.
James Millen Mfg. Co., Inc.
J.W. Miller Co.
Monadnock Mills
Mueller Electric Co.
Oak Manufacturing Co.
Bendix Pacific Division of

Bendix Corp.
Pacific Metals Co.
Phaoslran Instrument and

Electronic Co.
Phoell Mig. Co.
Philadelphia Stee! and Wire Corp.

Phitadelphia, Pa.

Pottes and Brumfield, Div. of American

Machine and Foundry Princeton, Ind.
Radio Condenser Co. Camden, N.J.
Radio Receptor Co., Inc. Brooklyn, N.Y.
Resistance Products Co. Harrisburg, Pa.
Rubbercraft Corp. of Calif. Torrance, Calif.

Chicago, il

Des Plaines, I,
Erie, Pa.

San Francisco, Calif,
Brooklyn, N.Y.
Malden, Mass.
Los Angeles, Calif.
San Leandro, Calif.
Cleveland, Ohio,
Crystal Lake, M.

No. Hollywood, Calif.
San Francisco, Calif.

South Pasadena, Calif.
Chicago, IIl.

Shakeproof Division of lilinois

Tool Works Elgin, 1l
Signat Indicator Corp. New York, N.Y.
Struthers-Dunn Inc. Pitman, N.J.
Thompson-Bremer & Co. Chicago, Ill.

San Francisco, Calif.
St. Marys, Pa.
Waltham, Mass.
Cleveland, Ohio

Pasadena, Calif.
Newtonville, Mass.
Hartford, Conn.
Chicago, i

Tilley Mfg. Co.
Stackpole Carbon Co.
Standard Thomson Corp.
Tinnerman Products, Inc.
Transformer Engineers
Ucinite Co.
Veeder Root, Inc,
Wenco Mfg. Co.
Continental-Wirt Electronics Corp.
Philadelphia, Pa.
Zierick Mfg. Corp. New Rochelle, N.Y.
Mepco Division of Sessions
Clock Co. Morristown, N.J.
Schnitzer Atloy Products Elizabeth, N.J.
Times Facsimile Corp. New York, N.Y.
Electronic industries Association. Any brand
tube meeting EIA standards Washington, D.C.
Unimax Switch, Div. of
W.L. Maxson Corp.
United Transformer Corp.
Oxtord Electric Corp.
Bourns Laboratories, Inc.
Acro Div. of Robertshaw
Fulton Controls Co.
Al Star Products Inc,
Avery Adhesive Label Corp.
Hammerlund Co., Inc.
Stevens, Amold, Co., Inc.
Intemnational Instruments, inc.
New Haven, Conn.
LaGrange, .
Venice, Calif.
Norwalk, Conn.

Wallingford, Conn.
New York, N.Y.
Chicago, Il
Riverside, Calif.

Columbus 16, Ohio
Defiance, Ohio
Menrovia, Calif.
New York, N.Y.
Boston, Mass.

Grayhill Co.
Triad Transformer Corp.
Winchester Electronics Co., Inc.
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Model 413A

Code
No.

81349
81415
81453

81483
81541
81860
82042
82142

82170
82209
82219

82376
82389
82647

82866
82877
82893
83053
83058
83086

83125
83148
83186
83298
83315
83330
83385
83501

83594

83740
am
83821
84171
8439
84411
84970
85454
85471

Manufacturer Address
Military Specification ...,
Wilkor Products, Inc. Cleveland, Ohio

Raytheon Mfg. Co., Industrial Components
Div., Industr. Tube Operations Newton, Mass.

International Rectifier Corp.  £1 Segundo, Calif.

The Airpax Products Co. Cambridge, Mass.

Barry Controls, Inc. Watertown, Mass.

Carter Parts Co. Skokie, 111

Jeffers Electronics Division of
Speer Carbon Co.

Alien B. DuMont Labs, Inc.

Maguire Industries, Inc.

Sylvania Electric Prod. Inc.
Electronic Tube Div.

Astron Co,

Switcheraft, Inc.

Metals and Controls, Inc., Div, of
Texas Instruments, Inc.,
Spencer Prods.

Research Products Corp.

Ratron Manufactuting Co., Inc,

Vector Electronic Co.

Western Washer Mfr, Co. Los Angeles, Calif.

Carr Fastener Co. Cambridge, Mass,

New Hampshire Ball Bearing, Inc.

Peterborough, N.H.
Darlington, $.C.

Los Angeles, Calif.
Springfield, N.J.
Red Bank, N.J,

Mundelein, 1.
Brooklyn, N.Y.
Chicago, I,

Du Bois, Pa.
Clifton, N.J.
Greenwich, Conn.

Emporium, Pa,
East Newark, N.J.
Chicago, .

Attleboro, Mass.

Madison, Wis.
Woodstock, N.Y.
Glendale, Cafif.

Pyramid Electric Co.

Electro Cerds Co.

Victory Engineering Corp,

Bendix Corp., Red Bank Div.

Hubbell Corp.

Smith, Herman H., Inc.

Central Screw Co.

Gavitt Wire and Cable Co.,
Div. of Amerace Corp.

Burroughs Corp. ,
Electronic Tube Div.

Eveready Battery

Model Eng. and Mfg., Inc.

Loyd Scruggs Co.

Arco Electronis, Inc.

A.J. Glesener Co., inc.

Good Al Electric Mfg. Co.

Sarkes Tarzian, Inc.

Boonton Molding Company

A.B. Boyd Co.

Brookfield, Mass.

Plainfieid, N.J.

New York, N.Y.
Huntington, Ind.
Festus, Mo.

New York, N.Y.

San Francisco, Calif.
Ogallala, Neb.
Bloomington, Ind.
Boonton, N.J.

San Francisco, Calif.

CODE LIST OF MANUFACTURERS (Sheet 2 of 2)

APPENDIX

Code
No. Manvfacturer Address
85474 R.M. Bracamonte & Co. San Francisco, Calif.
85660 Koiled Kords, Inc. New Haven, Conn.
85911 Seamiess Rubber Co. Chicago, |1,
86197 Clifton Precision Products  Clifton Heights, Pa,
86579 Precision Rubber Products Corp. Dayton, Ohio
86684 Radio Corp. of America, RCA
Efectron Tube Div. Harrison, N.J.
87216 Philco Corporation (Lansdale
Divisian) Lansdale, Pa.
87473 Wester Fibrous Glass Products Co.
San Francisco, Calif.
87664 Van Waters & Rogers Inc. Seattle, Wash.
87930 Tower Mfg. Corp Providence, R. I
88140 Cutler-Hammer, Inc. Lincoln, i,
88220 Gould-National Batteries, Inc. St. Paui, Minn,
88698 General Mills, fnc. Buffalo, N.Y.
89231 Graybar Electric Co. Oakland, Calif.
89462 Waldes Kohinoor, Inc. Cambridge, Mass.
89473 General Electric Distributing Corp.
Schenectady, N.Y.
83636 Carter Parts Div. of Economy Baler Co.
Chicage, NI,
89665 United Transtormer Co. Chicago, IIl.
90179 U.S. Rubber Co., Mechanical
Goods Div. Passaic, N.J.
90970 Bearing Engineering Co.  San Francisco, Calif.
91260 Connor Spring Mig. Co. San Francisco, Calif,
91345 Miller Dial & Nameplate Co. El Monte, Calif,
91418 Radio Materials Co. Chicago, Il
91506 Augat Brothers’, Inc, Attleboro, Mass.
91637 Dale Electronics, Inc. Columbus, Nebr.
91662 Elco Corp. Philadelphia, Pa.
91737 Gremar Mfg. Co., Inc. Wakefield, Mass.
91827 K F Development Co. Redwood City, Calif,
91929 Minneapolis-Honeywel! Regulator Co.,
Microswitch Div. Freeport, 1l
91961 Nahm-Bros. Spring Co. Oakland, Calif.
92180 Tru-Connector Corp. Peabody, Mass.
92196 Universal Metal Prod., Inc. Bassett Puente, Calif.
92367 Elgeet Optical Co., Inc. Rochester, N.Y.
92607 Tinsolite Insulated Wire Co. Tarrytown, N.Y.
93332 Sylvania Electric Prod, Inc.,
Semiconductor Div. Woburn, Mass.
93369 Robbins and Myers, inc. New York, N.Y.
93410 Stevens Mfg. Co., Inc. Mansfield, Ohio
93788 Howard J. Smith Inc. Port Monmouth, N. J.
00015-39
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Code
No.

93928
93983

94137
94144

94145
94148

94154
94197

94222
94310

94330
94682

95023
95236
95238
95263
95264
95265
95275
95348
95354
95712
95987
96067
96095
%256

96296
96330
96341
96501
974654
97539

97966
97979

98141
98159

Manufacturer Address
G. V. Controls Livingston, N. J.
Insuline-Van Norman Ind., Inc.

Electronic Division Manchester, N.H,
Genesal Cable Corp. Bayonne, N.J.
Raytheon Mfg. Co., Industrial Components

Div., Receiving Tube Operation Quincy, Mass.
Raytheon Mfg. Co., Semiconductor Div.,

California Street Plant Newton, Mass.
Scientific Radio Products, Inc.

Loveland, Coto.
Tung-Sot Electric, Inc. Newark, N.J.
Curtiss-Wright Corp.,

Electronics Div. East Paterson, N.J.
Southco Div. of S. Chester Corp. Lester, Pa.
Tru Obm Prod. Oiv. of Model

Engineering and Mfg. Co.

Wire Cloth Products Inc.
Worcester Pressed Aluminum Corp.
Worcester, Mass.
Boston, Mass.
Miami, Fla.
Woodside, N.Y.
New York, N.Y.
Busbank, Calif.

Sheridan, Wyo.
Bridgeport, Conn.
Bloomfield, N.J.

Chicago, I,

Franklin, Ind.

Chicago, NI.
Sunnyvale, Calif.
Olean, N.Y.

Chicago, 1li,
Chicago, il

Philbrick Researchers, Inc.

Allies Products Corp.

Continental Connector Corp,

Leecraft Mfg. Co., Inc.

Lerco Electronics, Inc.

National Coil Co.

Vitramon, Inc.

Gordas Corp.

Methode Mfg. Co.

Dage Electric Co., Inc.

Weckesser Co.

Huggins Laboratories

Ki-Q Division of Aerovox

Thordarson-Meissner Div. of
Maguire Industries, Inc.

Solar Manufacturing Co.

Carlton Screw Co.

Mt. Carmel, 1l
Los Angeles, Calif.
Chicago, I

Inc. i Mass,
Oakland, Calif.
Irvington, N.J.

Excel Transfrmer Co.

Industrial Retaining Ring Co.

Automatic and Precision Mfg. Co.
Yonkers, N.Y.

CBS Electronics,

Div. of C.B.S., Inc.
Reon Resistor Corp,
Axel Brothers Inc.
Rubber Teck, Inc.

Danvers, Mass.
Yonkers, N.Y.
Jamaica, N.Y.
Gardena, Calif.

Code
No.

98220
98278
98291
98405
98131
98821
98925

98978
99109
99313
99515
99707
99800
99848
99934
99942

99957

Appendix A

Monufacturer Address
Francis L. Mosley
Microdot, inc.
Sealectro Corp.
Carad Corp.
General Mills
North Hills Electric Co.
Clevite Transistor Prod.
Div. of Clevite Corp,
International Eiectronic
Research Corp.
Columbia Technical Corp.
Varian Associates
Marshall Industries, Electron
Products Division Pasadena, Calif.
Control Switch Division, Controls Co.
of America El Segundo, Calif.
Delevan Electronics Corp. East Aurora, N.Y.
Wilco Corporation Indianapolis, Ind.
Renbrandt, Inc. Boston, Mass.
Hoffman Semiconductor Div. of
Hoffman Electronics Corp.
Technology (nstrument Corp
of Calif.

Pasadena, Calif.
So. Pasadena, Calif.
Mamaroneck, N.Y,
Redwood City, Calif.
Minneapolis, Minn,
Mineola, N.Y.

Waltham, Mass.
Burbank, Calif,

New York, N.Y.
Palo Alto, Calif.

Evanston, Ili,

Newbury Park, Calif,

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

Jo000

Q000F
0000M

0000P
00002
000AA
000AB
G00AC
00088

000MM
000NN
000QQ
000SS
000WW
000YY

From:

$.K. Smith Co.

Winchester Electronics, Inc.
Santa Monica, Calif.
Maico Tool and Die Los Angeles, Calif,
Western Coil Div. of Automatic
Ind., Inc, Redwood City, Calif.
Ty-Car Mfg. Co., Inc. Holliston, Mass.
Witlow Leather Products Corp. Newark, N.J.
British Radio Electronics Ltd. Washington, D.C.
ETA England
Indiana General Corp., Elect. Div. Indiana
Precision Instrument Components Co.
Van Nuys, Calif,
Hayward, Calif.
San Jose 27, Calif,
Oakland, Calif.
Burbank, Calif.
Burlingame, Calif,
Los Angeles 45, Calif,

Rubber Eng. & Development
A “N’' D Manufacturing Co.
Caoltron

Control of Elgin Watch Co.
California Eastern Lab.

FSC.
H4-1
Ha-2
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Appendix B Model 413A
SALES AND SERVICE OFFICES
UNITED STATES and CANADA
AhuAntBs\Meézssoz Hﬁ:rltﬁlHlollywood Calif. 91604 NEAméﬁ%icﬁms TE)ﬁAS 75209

2003 Byrd Spring Rd. S.W.
(205) 881-4591
TWX: 510-579-2204

ALASKA
Bellevue, Wash. 98004
11656 N.E. 8th Street
(206) 454-3971
TWX: 910-443-2303

ARIZONA
Scottsdale, 85251
3009 No. Scottsdale Rd.
(602) 945-7601
TWX: 602-949-0111

Tucson, 85716

232 So. Tucson Blvd.
(602) 623-2564

TWX: 602-792-2759

CALIFORNIA
North Hollywood, 91604
3939 Lankershim Blvd.
(213) 877-1282 and 766-3811
TWX: 910-499-2170

Sacramento, 95821
2591 Carlsbad Ave.
(916) 482-1463

TWX: 916-444-8683

San Diego, 92106
1055 Shafter Street
(714) 223-8103
TWX: 714-276-4263

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

TwX: 910-373-1280

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

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

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

Orlando, 32803

621 Commonwealth Ave.
(305) 425-5541

TWX: 305-841-2568

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

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

3939 Lankershim Blvd.
(213) 877-1282
TWX: 910-499-2170

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

INDIANA
Indianapolis, 46205
3919 Meadows Dr.
(317) 546-4891
TWX: 317-635-4300

LOUISIANA
New Qrleans
(504) 522-4359

MARYLAND
Baltimore, 21207
6660 Security Blvd.
(301) 944-5400
TWX: 710-862-0850

Rockville, 20852

12303 Twinbrook Pkwy.
(301) 427-7560

TWX: 710-828-9684

MASSACHUSETTS
Burlington, 01803
Middlesex Turnpike
(617) 272-9000
TWX: 710-332-0382

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

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

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

St. Louis, 63144

2812 South Brentwood Blvd.
(314) 644-0220

TWX: 910-760-1670

NEW JERSEY
Eatontown, 07724
(201) 747-1060

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

6501 Lomas Blvd., N.E.
(505) 255-5586
TWX: 910-989-1655

Las Cruces, 88001
114 S. Water Street
(505) 526-2486

TWX: 910-983-0550

NEW YORK
New York, 10021
236 East 75th Street
(212) 879-2023
TWX: 710-581-4376

Rochester, 14623
39 Saginaw Drive
(716) 473-9500
TWX: 510-253-5981

Poughkeepsie, 12601
82 Washington Street
(914) 454-7330

TWX: 914-452-7425

Syracuse, 13211
5858 East Molloy Rd.
(315) 454-2486

TWX: 710-541-0482

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

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

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

Dayton, 45409

1250 W. Dorothy Lane
(513) 298-0351

TWX: 513-944-0090

OKLAHOMA
Oklahoma City
(405) 235-7062

PENNSYLVANIA
Camp Hill
(717) 731-6791

West Conshohocken, 19428
144 Elizabeth Street

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

Monroeville, 15146
Monroe Complex
Building 2

Suite 2

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

P.0. Box 7166, 3605 Inwood Rd.
(214) 357-1881
TWX: 910-861-4081

Houston, 77027

P.0. Box 22813, 4242 Richmond Ave.
(713) 667-2407

TWX: 713-571-1353

UTAH
Salt Lake City, 84115
1482 Major St.
(801) 486-8166
TWX: 801-521-2604

VIRGINIA
Richmond, 23230
2112 Spencer Road
(703) 282-5451
TWX: 710-956-0157

WASHINGTON
Bellevue, 98004-
11656 N.E. 8th St.
(206) 454-3971
TWX: 910-443-2303

GOVERNMENT
CONTRACTING OFFICE
San Antonio, Texas 78226

Hewlett-Packard

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

TWX: 512-571-0955

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

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

(613) 722-4223

TWX: 610-562-1952

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

TWX: 610-492-2382

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

(604) 738-7520

TWX: 610-922-5059
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Model 413A Appendix B
SALES AND SERVICE OFFICES
INTERNATIONAL - Electronic Equipment

ARGENTINA Hewlett-Packard Vertriebs-GmbH Yokogawa-Hewlett-Packard Ltd. SOUTH AFRICA

Mauricio A. Suarez
Telecommunicaciones
Carlos Calvo 224
Buenos Aires

Tel. (30-6312) (34-9087)

AUSTRALIA
Sample Electronics (Vic) Pty., Ltd.
9-11 Cremorne Street
Richmond E.1, Victoria
Tel. 42-4757

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

Glebe, New South Wales

Tel. 69-6338

AUSTRIA
Unilabor H.m.b.H.
Wissenschaftliche Instrumente
Rummelhardtgasse 6/3
P.0. Box 33, Vienna 1X/71
Tel. 426 181

BELGIUM
Hewlett-Packard Benelux S.A.
20-24 rue de I'Hopital
Brussels
Tel. 112220

BRAZIL
Ciental Importacao e Comercio Ltda.
Rua des Eliseu Guilherme, 62
Sao Paulo 8
Tel. 70-2318

CHILE
Hector Calcagni
Casilla 13942
Santiago
Tel. 6.42.26

DENMARK
Tage Olsen A/S
Ronnegade 1
Copenhagen 0
Tel. 29 48 00

FINLAND
INTO 0/Y
Meritullinkatu 11
P.0. Box 153
Helsinki
Tel. 61133

FRANCE
Hewlett-Packard France
150 Boulevard Massena
Paris 13
Tel. 707 97 19

Hewlett-Packard France
2 rue Tete d'Or

Lyon, 6 - Rhone

Tel. 52 35 66

GERMANY
Hewlett-Packard Vertriebs-GmbH
Kurhessenstrasse 95
Frankfurt a. Main
Tel. 5200 36

Hewlett-Packard Vertriebs-GmbH
Reginfriedstrasse 13, Munich 9
Tel. 49 51 21

Hewlett-Packard Vertriebs-GmbH
Beim Strohhause 26/28

Hamburg 1

Tel. 240551

(Technisches Buro)
Herrenberger Strasse 110
Biblingen, Wurttemberg
Tel. 6971

Hewlett-Packard Vertriebs-GmbH
Lietzenburger Strasse 30

1 Berlin W 30

Tel. 24 86 36

Hewlett-Packard Vertriebs-GmbH
Achenbachstrasse 15

4 Dusseldorf 1,

Tel. 68 52 58

GREECE

K. Karayannis
Klaftmonos Square
Athens 124

Tel. 230 301

INDIA

I
The Scientific Instrument Co., Ld.

6, Tej Bahadur Sapru Road
Allahabad 1
Tel. 2451

The Scientific Instrument Co., Ld.

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

The Scientific Instrument Co., Ld.

11 Esplanade East, Calcutta 1
Tel. 23-4129

The Scientific Instrument Co., Ld.

30 Mount Road, Madras 1
Tel. 86339

The Scientific Instrument Co., Ld.

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

IRAN

Telecom, Ltd.
P.0. Box 1812
Teheran

Tel. 43850, 48111

ISRAEL

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

ITALY

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

Hewlett-Packard [taliana S.p.A.
Palazzo |talia

Piazza Marconi 25, Rome-Eur
Tel. 591 2544

JAPAN

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

Yoyogi

Shibuya-ku

Tokyo,

Tel. 370-2281.

Yokogawa-Hewlett-Packard Ltd.
#8, Umeda

Kita-ku, Osaka City

Tel. 313-0091

# 4, 3-chome

Himeikedori

Chigusa-ku, Nagoya City
Tel. 751-8545

KOREA

American Trading Co., Korea, Ltd.
Seoul P.0. Box 1103

112-35 Sokong-Dong

Jung-ku, Seoul

Tel. 3.7049, 3.7613

LEBANON

Constantin E. Macridis
Clemenceau Street
Clemenceau Center
Beirut

Tel. 220846

NETHERLANDS

Hewlett-Packard Benelux, N.V.

23 Burg, Roellstraat
Amsterdam, W.

Tel. (020) 13 28 98

NEW ZEALAND

Sample Electronics (N.Z.) Ltd.
8 Matipo Street

Onehunga S.E. 5, Auckland
Tel. 565-361

NORWAY

Morgenstierne & Co. A/S
Ingeniofirma

6 Wessels Gate, Oslo
Tel. 20 16 35

PAKISTAN

Mushko & Company, Ltd.
Oosman Chambers
Victoria Road

Karachi 3, West Pakistan
Tel. 54601

Mushko & Company, Ltd.
Zirat Chambers

31, Jinnah Avenue
Dacca, East Pakistan
Tel. 80058

PANAMA

Electronico Balboa, S.A.
P.0. Box 4929

Panama City

Tel. 3-0833

PERU

Fernando Ezeta B

Av. Petit Thouars 4719
Mira Flores, Lima

Tel. 5-0346

PORTUGAL

Telectra

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

PUERTO RICO

San Juan Electronics, Inc.
Ponce de Leon No. 150, Stop 3
Pta. de Tierra Sta., San Juan
Tel. 725-3342

SPAIN

Ataio Ingenieros
Enrique Laretta 12
Madrid, 16

Tel. 235 43 44-5

F.H. Flanter & Co. (Pty.), Ltd.
Rosella House

Buitencingle Street

Cape Town

Tel. 3-3817

F.H. Flanter & Co.,(Pty.), Ltd.
P.0. Box 200, Bramley

775 Pretoria Main Road
Wynberg, Transvaal

Tel. 40-6871

SWEDEN
HP Instrument AB
Centralvagen 28
Solna Centrum
Tel. 08-83 08 30

HP Instrument AB
Box 4028
Indunagatan 28A
Molndal 4

Tel. 27 68 00

SWITZERLAND
Max Paul Frey
Wankdorffeldstrasse 66
Beme
Tel. (031} 4200 78

TAIWAN
Hwa Sheng Electronic Co., Ltd.
P.0. Box 1558
21 Nanking West Road
Taipei
Tel. 46076, 45936

TURKEY
Telekom Engineering Bureau
P.0. Box 376 - Galata
Istanbul
Tel. 49 40 40

UNITED KINGDOM
Hewlett-Packard Ltd.
Dallas Road
Bedford, England
Tel. 68052

VENEZUELA
Citec, C.A.
Edif. Arisan-Of. No. 4
Avda. Francisco de Miranda
Chacaito
Caracas
Tel. 71.88.05

YUGOSLAVIA
Belram S.A.
83 Avenue des Mimosas
Brussels 15, Belgium
Tel. 3529 58

For Sales and Service
Assistance in Areas Not
Listed Contact:

EUROPE
Hewlett-Packard, S.A.
54 Route des Acacias
Geneva, Switzerland
Tel. (022) 42.81.50

ELSEWHERE
Hewlett-Packard
1501 Page Mill Road

Palo Alto, California 94304, U.S.A.

Tel. (415) 326-7000
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Appendix C Model 413A

@ MANUAL BACKDATING CHANGES

MODEL 413A

DC NULL VOLTMETER

Manual Serial Prefixed: 315~
Manual Printed: NOV 1966

To adapt this manual to instruments with other serial prefixes, make changes shown in tables.

NOTE

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

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes
139- 1. 2
Below 315-02311 2
CHANGE 1 Table 6-1, Reference Designation Index,

Change T1 to & Stock No. 9100-0021

Figure 5-16, Power Supply,
Change schematic diagram as shown:

Se-TO PIN | OF VIO3
10
e o= TO R2
° RI
| 560
TO PIN 6 OF VIO3
6
8
63VAC TO DSIOI ETC.
;
6.3VAC TO R3 ETC.

CHANGE 2 Table 6-1 and 6-2,

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







