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Section I
Figure 1-1 and Table 1-1
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Figure 1-1, Model 400F/FL AC Voltmeter

Table 1-1.

Specifications

-hp- Model 400 F/FL

Voltage Range: 100 pv to 300 v full scale, 14
ranges in 1, 3, 10 sequence.

Frequency Range: 20 Hz to 4 MHz.

Calibration: Responds to absolute average value
of applied signal, calibrated in rms volts.

Input ITmpedance: 10 megohms shunted by 25 pf
on the 100 yv - 300 mv ranges and 10 meg-
ohms shunted by 10 pf onthe 1 v - 300 v
ranges.

Amplifier AC Output: 1 v rms for full scale
meter indication; output impedance 600
ohms, 20 Hz to 4 MHz.

Meter Response: Approximately 0.7 seconds
after application of signal.

~hp- Model 400 F/FL

Recovery From Overload: <2 seconds for 80 db
overload.

AC Power: 115 or 230 volts +10%, 50 to 1000
Hz, approximately 5 watts.

External Battery Operation: Terminals are
provided on rear panel; positive and
negative voltages between 35 v and 55 v
are required. Current drain from each
voltage is approximately 45 ma.

Temperature Range: 0 to +55°C.

Weight:

Net: 6 1bs. (2, T kg).
Shipping: 9 lbs. (4 kg).

Dimensions: 6-1/2" high, 5-1/8'"" wide, 11"
deep (165, 1 x 130, 2 x 279, 4 mm).

01795-2
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SectionI
Paragraphs 1-1 to 1-8 and Table 1-1 (Cont'd)

SECTION |

GENERAL

1-1. DESCRIPTION.
1-2. The -hp~ Models 400F and 400FL are versatile
ac voltmeters and db meters. Both models can be
used as wideband amplifiers. The Model 400F is
primarily intended for voltage measurements, where-~
as the Model 400FL is primarily a db meter. How-
ever, both meters indicate both volts and db. The
400F has a linear ac scale with a logarithmic db
scale underneath, and the 400FL has a linear db
scale with a logarithmic ac scale underneath. Since
the difference in scales isthe only difference between
the two instruments, this manual will use the term
400F/FL in reference to both instruments.

1-3. Figure 1-1 shows both the Model 400F and the
Model 400FL. Table 1~1 is a list of specifications.

1-4. OPTION (400F ONLY).

1-5. Option 01 is a standard -hp- Model 400F AC
Voltmeter which has a db scale that reads from -15

INFORMATION

to +2 instead of from =12 to +2. The db scale is
placed at the top of the meter face for better
resolution.

1-6. INSTRUMENT AND MANUAL
IDENTIFICATION.

1-7. Hewlett-Packardinstruments are identified by
a two-section, eight-digit serial number (000-00000).
If the first three digits of the serial number on your
instrument do not agree with those on the title page
of this manual, change sheets supplied with the manual
will define differences between your instrument and
the Model 400F/FL described in this manual.

1-8. If the first three digits of the two-section,
eight-digit serial number are prefixed with an E or
G, your instrument was produced in Europe. An
E000-00000 serial number indicates that the instru-
ment was manufactured in England;, a G000-00000
serial number indicates that the instrument was
manufactured in Germany.

Table 1-1. Specifications (Cont'd)
MODEL 400F
Accuracy % Full Scale Plus % Reading
800 1V TO 300 V RANGES
Frequency 20 Hz 40 Hz 100 Hz 1 MHz 2 MHz 4 MHz
+2 £2 +1 £1 +1/2 +1/2 +1 +1 +2 +2
100 uV RANGE
Frequency 30 Hz 60 Hz 100 KHz 500 KHz
+2 +2 +1 +1 +1 :’2
o Model 400FL
Accuracy % Reading
300 .V TO 300 V RANGES
Frequency 20 Hz 40 Hz 100 Hz 1 MHz 2 MHz 4 MHz
+4 +2 +1 +2 +4
100 1V RANGE
Frequency 30 Hz 60 Hz 100 KHz 500 KHz
+4 +2 +1 -8

01795~1
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Model 400F/FL

Section II
Paragraphs 2-1 to 2-21

SECTION 11
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains informationand instructions
necessary for the installation and shipping of the
Model 400F and 400FL voltmeters. Included are
initial inspection procedures, power and grounding
requirements, installation information, and instructions
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 shouldbe inspectedfor physical
damage in transit. Also check for supplied accessories,
andtest the electrical performance of the instrument
using the procedure outlined in Paragraph 5-7. If
there is damage or deficiency, see the warranty on
the inside front cover of this manual.

2-5. POWER REQUIREMENTS.

2-6. The Model 400F/FL 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 to the rear
panel BATTERY terminals. The 115/230 v slide
switch on the rear panel selects the desired line
voltage. Power dissipation is 5 watts maximum.

2-7. GROUNDING REQUIREMENTS.

2-8. To protect operating personnel, the National
Electrical Manufacturers®' Association (NEMA) recom-
mends that the instrument panel and cabinet be
grounded. All Hewlett-Packard instruments are
equipped with a three-conductor power cable which,
whenpluggedinto an appropriate receptacle, grounds
the instrument. The offset pin on the power cable
three-prong connector is the ground wire.

2-9. To preserve the protection feature when
operating the instrument from a two-contact outlet,
use a three-prong to two-prong adapter and connect
the green pigtail on the adapter to ground.

2-10. INSTALLATION.

2-11. The Model 400F/FL is fully transistorized;
therefore, no special cooling is required. However,
the instrument should not be opgrated \xhere the
ambient temperature exceeds 55 C (131" F) or the
relative humidity exceeds 95%.

2-12. BENCH MOUNTING.

2-13. The Model 400F/FL is shipped with plastic
feet and tilt stand in place, ready for use as a bench
instrument.

2-14. RACK MOUNTING.

2-15. The Model 400F/FL may be rack mountedby

01795-1

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

2-16. COMBINATION MOUNTING.

2-17. The Model 400F/FL may be mounted in
combination with other submodular units by using a
Combining Case (~-hp- Model 1051A or 1052A). The
Combining Case is a full-module unit which accepts
various combinations of submodular units. Being a
full-module unit,. it can be bench or rack mounted
and is analogous to any full-module instrument.

2-18. REPACKAGING FOR SHIPMENT.

2-19. The following paragraphs contain a general
guide for repackaging of the instrument for shipment.
Refer to Paragraph 2-20if the original container is to
be used; 2-21 if it is not. If you have any questions,
contact your local -hp- Sales and Service Office. (See
Appendix B for office locations. )

NOTE

If the instrument is to be shipped
to Hewlett-Packard for service
or repair, attach a tag to the in-
strument identifying the owner
and indicating the service or re-
pair to be accomplished; include
the model number andfull serial
number of the instrument.In any
correspondence, identify the in-
strument by model number, serial
number, and serial number pre-
fix.

2-20. If original container is to be used, proceed as
follows:

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

b. Ensure that container is well sealed with
strong tape or metal bands.
2-21. 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 with card-
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.

2-1



Section IT Model 400F/FL
Figure 3-1
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@ 400F Scale: Indicates magnitude of applied sig-
nal in volts and dbm.

Mechanical Zero Adjust: Providesa mechanical
meter zero adjustment.

INPUT Terminals: Connects signal to be mea-
sured to 400F/FL.

RANGE Selector (S1): Selects full scale reading

of meter. Dbm reading on scale addsalgebrai-
cally to db setting of RANGE selector.

100 KHz LP FILTER Switch (S2): Switches 100
KHz filter either in or out of circuit.

Line ON Toggle Switch (S3): Applies primary
power.

LINE Indicator Lamp: Indicates application
of primary power.

115/230 Volt Slide Switch (S4): Selects 115 or
230 volts ac for line operation.

CRONOROMCRONC

|

oaTveRY vOLTAGE

+

30-38 s0-83

oooo

O,
@

@

Primary Power Connector: Line voltage is ap-
plied through this connector.

FUSE: Protects instrument against current
overload.

AC OUTPUT: Ac amplifier output. Output im-
pedance is 600 Q.

BATTERY VOLTAGE Terminals: 400F/FLmay
be powered by connecting two 35 to 55 volt bat-
teries to these terminals.

400F Scale, Option01: The dbm scale is placed
uppermost for greater resolution.

400FL Scale: Indicates magnitude of applied sig-
nal in volts and dbm. Dbm scale is linear, and
voltage scales are logarithmic. This arrange-
ment allows better resolution for db reading.
0 dbm = 1 mw in 600 Q.

Figure 3-1. Location of Controls and Indicators

3-0
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Model 400F/FL

SECTION
INSTRUCTIONS

OPERATING

3-1. INTRODUCTION.

3-2. This section contains instructions and information
necessary for the operation of the 400F/FL AC Volt-
meters. Included is identification of controls, indi-
cators and connectors, turn on procedures,and oper-
ating instructions.

3-3. CONTROLS, INDICATORS AND
CONNECTORS.

3-4. Each control, indicator, and connector on the
400F/FL is identified and described in Figure 3-1.

3-5. METER MECHANICAL ZERO ADJUSTMENT
(400F ONLY).

3-6. The mechanical zero adjustment is located in

the center of the instrument front panel. If the meter
pointer does not indicate zero after the instrument has
been off at least one minute, mechanically zero the

meter, following the steps outlined below.

a. Turn instrument power off, and allow at least
one minute for meter pointer to stabilize.

b. Rotate zero adjustment screw clockwise until
pointer is left of zero and moving upscale.

c. Continue rotating screw clockwise until
pointer is at zero. Stop whenpointer is exactly
on zero. Ifpointer overshoots, repeat step b.

d. When pointer is exactly over zero, rotate
adjustment screw slightly counterclockwise to
relieve tension on pointer suspension. If
pointer moves to the left, repeat whole pro-
cedure, but make counterclockwise rotation
less.

3-7. TURN ON PROCEDURES.

a. Ifline voltageis used, ensure that the 115-230
vac switch (locatedon the rear panel) is in the
correct position. Turn the line ON toggle
switch to the ON position. The LINE lamp
will glow, indicating that line power is
applied.

b. If batteries are used, connect two 35 to 55
volt batteries as shown in Figure 3-2. The
line ON switch is not in the circuit when bat-
teries are used, therefore an external DPST
switch should be used to provide a means for
disconnecting the batteries when the instru-
ment is not in use.

01795-1

Section III
Paragraphs 3-1 to 3-8 and Figure 3-2 and Table 3-1

BATTERY VOLTAGE

+
35-55 35-55
vDC = vDC

1|1+
B2 Bi
(35-55V) (35-55V)

400E/EL-B-0461

Figure 3-2. External Battery Connection

3-8. AC VOLTAGE MEASUREMENTS.
NOTE

Since the 400F/FL is average re-
sponding and rms calibrated, any
distortion will affect the accuracyof
the measurement. Table 3-1 shows
the errors caused by distortions.

Table 3-1. Effect of Distortion on Average Respond-

ing Meter
% ERROR
(* Fundamental)
HARMONIC (% DISTORTION
MAX. MAX.
[POSITIVE |[ NEGATIVE

Any even 0.1 0.000

0.5 0. 001

1.0 0. 005

2.0 0.020
Third 0.1 0.033 0.033

0.5 0.168 0.167

1.0 0.338 0. 328

2.0 0.687 0.667
Fifth 0.1 0.020 0.020

0.5 0.101 0. 099

1.0 0.205 0.195

2.0 0. 420 0.380
*Depends on phase relationship between harmonic

and fundamental.
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Section II
Paragraphs 3-9 to 3-12 and Table 3-2

Perform the steps listed under Paragraphs
3-5 and 3-7.

b. Set the meter RANGE switch to the approximate

range of the voltage to be measured.

DONOT APPLY MORE THAN 600 VOLTS
TO INPUT. DO NOT OVERLOAD THE

.1 MV THROUGH. 3 VOLT RANGESWITH
MORE THAN 300 VOLTS AT FREQUENCIES
BELOW 300 KC OR WITH MORE THAN
64 VOLTS AT FREQUENCIES ABOVE
300 KC. IF ANY OF THESE OVER-
LOADS ARE EXCEEDED, THE INSTRU-
MENT MAY BE DAMAGED.

If the signal to be measured is a frequency
less than 100 KHz, the 100 KHz LP FILTER
may be switched in to filter out all frequency
components above 100 KHz.

Connect the signal to be measured to the
INPUT terminals. The RMS voltage amplitude
of the input will be indicated on the meter.

3-9. DB MEASUREMENTS.

3-2

Perform the steps listed under Paragraphs
3-5 and 3-7.

The db measurement is equal to the algebraic
sum of the meter indication and the RANGE
setting. For example: if the RANGE setting
is+20 db, and the meter reading is -3 db, the
actual db measurement is +17 db.

The db scale of the 400F/FL is calibrated
in dom. O dbm is equivalent to 1 milliwatt
dissipated by a 600 ohm load. Therefore, all
measurements in dom must be made acrossa
total impedance of 600 ohms. Measurements
across all other impedances will be in db, but
not in dbm.

A reading in db may be converted to dbm by
using the Impedance Correction Graph (Figure
3-3). For example:to convert a40 db reading
across 100 ohms to dbm, locate the 100 ohm
load impedance on the bottom of the graph.
Follow the impedance line to the heavy black
line, and read the meter correction at that
point. The correction for 100 ohms is 2.5
dbm, and the correctedreadingis +42.5 dbm.

Model 400F/FL

3-10. WIDE BAND AC AMPLIFIER.

ECAUTION§

EXTREME CARE SHOULD BE TAKEN
TO AVOID COMMON GROUND PATHS
BETWEEN THE INPUT AND OUTPUT
SIGNALS., BECAUSE OF THE HIGH
GAIN OF THE INSTRUMENT ON THE
MORE SENSITIVE RANGES (80 DBON
.1 MV RANGE, ETC.), COMMON
GROUND PATHS CAN CAUSE OSCIL-
LATIONS AT HIGHER FREQUENCIES.

Perform the steps listed in Paragraphs 3-5
and 3-7.

Set the meter RANGE switch to the approxi-
mate range of the input signal.

When signals of frequencies less than 100 KHz
are being amplified, the 100 KHz L. P. FIL-
TER may be switched in to reduce high fre-
quency noise and lessen the possibility of
oscillations.

Connect the input signal to the INPUT
terminals.

Connect a 600 Q load to the OUTPUT
terminals.

Table 3-2 shows the gain factor for each
range of the 400F/FL.
Table 3-2. AC Amplifier Gain Factors

RANGE GAIN RANGE GAIN
300 v -50 db 100 mv +20 db
100 v -40 db 30 mv +30 db

30v -30 db 10 mv +40 db
10 v ~20 db 3 mv +50 db
3v -10 db 1 mv +60 db
1v 0 db .3 mv +70 db
.3v +10 db .1 mv +80 db

3-11. 400F WITH OPTION O1.

3-12. Operatingprocedures for the 400F with Option

01 are the same as the operating procedures for the

standard 400F. The only difference between the two

models is the scale layout.

The 400 F with Option01

has a db scale which reads from -15 to +2, instead
of from -12 to +2. The db scale is placed at the top
of the meter face for better resolution.

01795-1
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/ Figure 3-3
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Model 400F/FL

Section IV
Paragraphs 4-1 to 4-16 and Figure 4-2

SECTION 1V
THEORY OF OPERATION
4-1. GENERAL. 4-12. Feedback from the emitter of A2Q2 bootstraps

4-2. The400F/FLis a solid state, average responding,
rms calibrated ac voltmeter. It may also be usedas
a wide band ac amplifier, with switchable gain and
switchable bandwidth. Refer to Figure 4-1 for a
functional circuit diagram of the instrument.

4-3. BLOCK DIAGRAM DESCRIPTION.

4-4. The voltage to be measured is applied to the

input attenuator, where it is either attenuated by 60
db, or coupleddirectlytothe preamplifier. The pre-
amplifier provides 10 db of gain for the input signal
and applies it to the post attenuator. The signal

goes from the post attenuator to the 100 KHz LOW
PASS filter, which may be switched in to limit the

bandwidth to signals from 20 Hz to 100 KHz. The
meter amplifier then amplifies the signal, couples it
to the meter bridge, and supplies a signal to the AC
OUTPUT terminal. The meter bridge rectifies the

ac signal and applies it to meter M1, which indicates
the rms value of the input voltage. The meter bridge
also provides the ac feedback to the meter amplifier.

4-5. SCHEMATIC THEORY.

4-6. Refer to Figure 6-1 for the following discussion.

4-7. INPUT ATTENUATOR.

4-8. The input attenuator consists of an rc voltage
divider and two reed relays. On the .1 mv through
.3 v ranges, reed relay AlK1 is energized by -26 v
from wafer (A) of the RANGE switch, S1, routing the
input signal directly to the preamplifier. On all other
ranges, the -26 v is applied to relay A1K2. When
AlK2 isclosed, the input signal is attenuated 60 db by
the rc¢ divider and coupled to the preamplifier.

4-9. PREAMPLIFIER.

4-10. The preamplifier is a three stage ac amplifier
that amplifies the signal from the input attenuator by
10 db. It also functions as an impedance matcherto
match the high impedance of the input attenuator to
the much lower impedance of the post attenuator.

4-11. Capacitor A2C5 blocks dc transients and
couples the ac signal to the preamplifier. The input
signal is limited to 5.4 volts peak-to-peak by diodes
A2CR2 and A2CR4, whichare biased at +2.7 v and-2. 7
v respectively, by zener diodes A2CR1 and A2CRS5.
A field effect transistor, A2Q1, is used as the input
stage of the preamplifier because of its low noise
characteristics and high input impedance. The
signal is taken from the drain of A2Q1 and is further
amplified by A2Q2 and A2Q3.
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the value of A2R9, the drain load of A2Q1l. Feedback
fromthe source of A2Q1 bootstraps the input impedance
of the preamplifier and keeps it at a high levelover
all ranges of inputs. Gain stability and linearity of
the preamplifier are maintained by feedback fromthe
collector of A2Q2 and the emitter of A2Q3. A2R6
provides a bias adjustment for the field effect transis-
tor, A2Q1.

4-13. POST ATTENUATOR.

4-14. The post attenuator is a precision resistive
voltage divider that operates as a function of the
RANGE switch. Onthetwolowest voltage ranges, the
signal from the preamplifier is applied through two
resistors (S1R1 and S1R15) to the 100 KHz LLP FILTER
and receives no attenuation. Six precision resistive
divider circuitsprovide signal attenuation inprogres-
sive steps of 10 db for the twelve higher ranges.

4-15. 100 KHz LOW PASS FILTER.

4-16, The 100 KHz LP FILTER is a 0.01 uf capaci-
tor (S2C1) which may be switched into or out of the
circuit by switch S2. When the filter is in the circuit,
the bandwidth of the instrument is from 20 Hz to 100
KHz. If the filter is switched out of the circuit, the
bandwidth is increased to 4 MHz. Refer to Figure

4-2 for a graph of the filter attenuation character-

istics.

|oer I00KHZ IMHz
/ 2 3 456789/ 2 3 456789/
0db
ML [ —3db)
-5 \\
~10 ™
~
N
-15
™
-20
-25
400F/FL-8-0630
Figure 4-2. Filter Attenuation Characteristics
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4-17. METER AMPLIFIER.

4-18. The meter amplifier is a four stage, direct
coupled voltage and power amplifier. The first stage
is a differential amplifier, A2Q10 and A2Q12, which
amplifies the difference between the input signal and
the feedback signal on the base of A2Q12, the feed-
back summing junction. /The three other stages of
amplification are provided by A2Q11, A2Q13, and
A20Q15.

4-19. AC feedback from the meter bridge to the
feedback summing junction is adjustable at 4 MHz
(A2C36) and 400 Hz (A2R62) on the 30 mv range. On
the .1 mv range, A2R64, A2R76, and A2R68 are
switched into the circuit to increase the gain of the
amplifier by 10 db and to allow a 400 Hz gain adjust-
ment to be made.

4-20. DC feedback from the collector of A2Q15 tothe
feedback summing junction is adjustable at 20 Hz
(A2R59) on the 30 mv range. A2R58 is switched into
the circuit on the .1 mv range to provide a feedback
adjustment at 30 Hz. These adjustments provide
overall amplifier gain stability for the entire voltage
and frequency range of the instrument.

4-21.
the meter amplifier and the meter bridge.

A2Q14 isolates the AC OUTPUT circuit from
It is an

Model 400F/FL —

independent current source which will supply a signal
to the OUTPUT terminal that is identical to the signal
applied to the meter bridge. That is, foral v rms
signal for full scale meter deflection, A2Q14 will
provideal v rms signal at the AC OUTPUT terminal.

4-22. METER BRIDGE.

4-23. Referto Figure 4-3 for a simplified diagram of
the metering circuit.

4-24. The meter bridge is a full wave rectifier that
converts the ac signal from the meter amplifier into
dc. It suppliescurrentto drive the meter and provides
an ac feedback signal to the meter amplifier.

4-25. Transistor A2Q16 provides a large output
impedance for the meter amplifier, and is the current
drive source for the meter bridge circuit. The
collector output of A2Q16 is applied to the meter
bridge, andisrectifiedby diodes A2CR22 and A2CR23.
The ac components of the bridge signal are coupled
into the feedback loop by capacitors A2C38 and A2C39.
A2Q17 bootstraps the resistance of A2R69 to a high
value, so that current is driven through the bridge,
keeping the meter circuit response linear to large
variations in signal amplitude.

INPUT

METER
AMPLIFIER

A2R61S :‘7
3 AZR7I
p—
A2C40 AZRTOZ
hYl
A
A2R723
A2Rr€o A2R69
o A2QI7
(400FL ONLY) -25v
A2CR22 2 A2CR23
]
s
c CRI |> CURRENT DURING POS HALF CYCLE——————— P
(4°°F_?NLY) CURRENT DURING NEG HALF CYCLE o-eeessesosim
Lg]

A2C38

AC FEEDBACK

400F/FL-B-0638

A2C39

Figure 4-3.

4-2

Simplified Diagram of Metering Circuit
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4-26. The meter, M1, is a current driven device
that utilizes a taut-band movement. It responds to
the average value of the rectified meter amplifier
output, which is proportional to the rms value of the
sinusoidal signal being measured. The meter indicates
the rms value of the input voltage andthe power level
in dbm for resistive loads of 600 ohms. Measure-
ments across loads other than 600 ohms will be
indicated indb, but not dbm. The meter is protected
from circuit overloads by diode CR1 (400F) and
capacitor C1 (400FL).

4-27. POWER SUPPLY.

4-28. The power supply provides both a positive
and negative 26 v regulated output. It may be operated
by external batteries (+35 v to 55 v and -35 v to 55 v)
or line power (115 v or 230 v, 50 Hz to 1000 Hz).
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4-29. The line input is converted to dc by a diode
rectifier network consisting of A2CR6 through A2CR9.
The positive output of the rectifier is appliedto series
regulator A2Q4, which regulates the +26 v supply.
Control transistor A2Q6 has a constant emitter
reference voltage supplied by zener diode A2CR12.
Capacitor A2C16 couples any change in the +26 v
output to the baseof A2Q6, which will supply a signal
proportional to the change in output voltage to A2Q5.
A2Q5 will then amplify the signal and couple it to
the base of the regulator A2Q4, causing it to regulate
the output by either increasing or decreasing con-
duction.

4-30. The -26 v supply is regulated in the same
manner, the only difference being that the control
transistor A2Q7 is referenced to the +26 v output,
instead of the zener diode.
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Table 5-1 and Figure 5-1

Table 5-1. Test Equipment

Model 400F/FL

INSTRUMENT
TYPE

REQUIRED
CHARACTERISTICS

USE

RECOMMENDED
MODEL

AC Voltmeter
Calibrator

Accuracy: 0.2% at 400 Hz
Range: 30 mvtolv

Performance Checks
and Calibration

-hp- Model 738BR Volt-
meter Calibrator

Test Oscillator

Qutput: 30 mvitolv

Frequency Range: 20 Hz to 4 MHz
Distortion: <1%

Flatness: =0.25%

Performance Checks
and Calibration

-hp- Model 652A Test
Oscillator

or

Combination -hp- Model
739AR Frequency Re-
sponse Test Set and
-hp- Model 200SR Os-
cillator

AC/DC Volt- Volts Accuracy: 2% Troubleshooting -hp- Model 427A Volt-
meter/Ohm- | Ohms Accuracy: 5% .meter
meter

Resistor Fxd, 100 K @ +1% Performance Checks | -hp- Part No. 0757-0465

Crystal Socket

Size: 1/2 inch

Performance Checks

-hp- Part No. 1200-0028

(with ter- and Calibration
minals (Shorting Test
shorted) Points)
VOLTMETER CALIBRATOR
hp 7388R
o o
® Q hp 400F/FL
o GT 2 0 0Q® ©° . AC VOLTMETER
=8 l: 7 X
DJ;Q‘\Q;, Al fal o
TEST OSCILLATOR v ® o
hp652A to
R L
L0O)® ©
] O O=0® ©
AOOF/FL~B-0642 L

5-0

Figure 5-1. Accuracy and Frequency Response Check Setup
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SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2. This section contains maintenance and service
information for the Model 400F/FL AC Voltmeter.
Included are Performance Checks, Alignment and
Calibration Procedures, and Troubleshooting Proce-
dures.

5-3. TEST EQUIPMENT REQUIRED.

5-4. The equipment required to properly maintainthe
400F/FL is listed in Table 5-1. The table lists the
type of equipment to be used, the specificationrequire-

ments, and the recommended commercially available
test equipment.

NOTE (400F only)

Before beginning the Performance
Tests, mechanically zero the meter
accordingto the procedures in Para-
graph 3-7.

5-5. PERFORMANCE CHECKS.

5-6. Thefollowing Performance Checks compare the
400F/FLwithits accuracy specifications (Table 1-1).
These checks may be used for incoming inspection,
periodic maintenance, and for specification checks
after a repair. A highly accurate and stable voltage
reference that is variable from 20 Hz to 4 MHz is re-
quired. The -hp- 738BR Voltmeter Calibrator pro-
duces a 400 Hz signal that is within less than 0.2% of
the indicated output. The -hp- 652A Test Oscillator
can be referenced to the output of the 738BR and can
be adjusted to within 0. 25% of the set reference volt-
age from 20 Hz to 4 MHz.

5-7. X the -hp- 652A Test Oscillator is notavailable,
the 739AR Frequency Response Test Set and 200SR
Oscillator combination may be used. This combina-
tion can be adjusted to within 0.5% of a set voltage
reference from 20 Hz to 4 MHz. (The -hp- 739AR,
-hp- 200SR, and -hp- 738BR are available in a rack
mounted configuration designated -hp- K02-738BR

VTVM Calibration System.)

5-8. The following procedures specify the use of the
-hp- 652A and the -hp- 738BR. If the K02-738BR
calibration system is used, follow the same general
procedures.

5-9. Figure 5-1 shows the test setup for using the
-hp- 652A and -hp- 738BR combination. Figure 5-2
shows the test setup for using the K02-738BR VTVM
Calibration System.

NOTE

The 0.1 mv range of the 400F/FL
may be checked for accuracy by
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verification of the additional 10 db
of gain that is provided by the meter
amplifier on that range. In order
to verify the gain, the top cover of
the instrument must be removed to
gain access to TP1 through TP4.

5-10. TOP COVER REMOVAL.

5-11. To remove or replace the top cover, follow the
procedures outlined in Paragraph 5-21.

5-12. ACCURACY AND FREQUENCY RESPONSE
CHECKS.

5-13. The accuracy and frequency response checks com-
pare the 400F/FL with its accuracy specifications
over the entire frequency range.

a. Connect the voltmeter calibrator and the Test
Oscillator to the 400F/FL as shown in Fig-
ure 5-1. An external switch (S1) may be used
to facilitate switching from one test instru-
ment to the other.

b. Set 400F/FL RANGE switchto 30 mv, and set
100 KHz FILTER switch to OUT. Set switch
S1 to Position A.

¢. Adjust voltmeter calibrator for a 30 mv rms
output at 400 Hz.

d. Observe the 400F/FL meter indication. If
the meter indication is not within the tolerances
listed in Table 5-2 (400 F) or Table 5-3 (400FL),
perform the Meter Calibration (Paragraph
5-28).

e. Set 400F/FL RANGE switch to 100 mv. The
meter should indicate 30 mv.

f. Short TP1 to TP4, and short TP2 to TP3.
(A shorting device, such as a crystal socket
with its terminals shorted together, shouldbe
used to avoid pickup of noise.) The meter
indication should bethe same asthe indication
in step d of this paragraph (+3 mv). This
verifies the additional 10 db of gain that is
provided by the meter amplifier on the 0.1 -
mv range.

g. Set 400F/FL RANGE switch to 1 volt, and
disconnect shorts between test points.

h. Adjustvoltmeter calibrator for a1l volt output
at 400 Hz. Observe the 400F/FL meter in-
dication. If the meter indication is notwithin
the tolerances listed in Table 5-2 (400F) or
Table 5-3 (400FL), perform the Meter Cali-
bration (Paragraph 5-28).

i. Set switch S1 to Position B, and set 400F/FL
RANGE switch to 30 mv.
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Table 5-2. Full Scale Calibration Tolerances (400F)

100 MV RANGE
30 MV RANGE (0.1 mv Range Check) 1 VOLT RANGE
METER METER METER
FREQ. INDICATION FREQ. INDICATION FREQ. INDICATION
MIN. MAX. MIN. MAX. MIN. MAX.
20 28.8 31.2 20 96 104 20 0.96 1.04
40 29.4 30.6 40 98 102 40 0.98 1.02
400 29. 7 30.3 400 99 101 400 0.99 1.01
1000 29.7 30.3 1000 99 101 1000 0.99 1.01
10 K 29. 7 30.3 10 K 99 101 10 K 0.99 1.01
100 K 29. 7 30.3 100 K 99 101 100 K 0.99 1.01
1M 29.7 30.3 1M 99 101 1M 0.99 1.01
2M 29. 4 30.6 2 M 98 102 2 M 0.98 1.02
4 M 28.8 31.2 4 M 96 104 4 M 0.96 1.04
Table 5-3. Full Scale Calibration Tolerances (400FL)
—
100 MV RANGE
30 MV RANGE (0.1 mv Range Check) 1 VOLT RANGE
METER METER METER
FREQ. INDICATION FREQ. INDICATION FREQ. INDICATION
MIN. MAX. MIN. MAX. MIN. MAX.
20 28.5 31.5 20 95 105 20 0.95 1.05
40 29. 4 30.6 40 98 102 40 0.98 1.02
400 29. 7 30.3 400 99 101 400 0.99 1.01
1000 29. 7 30.3 1000 99 101 1000 0.99 1.01
10 K 29. 7 30.3 10 K 99 101 10K 0.99 1.01
100 K 20.7 30.3 100 K 99 101 100 K 0.99 1.01
1M 29. 7 30.3 1M 99 101 1M 0.89 1.01
2 M 29.4 30.6 2M 98 102 2M 0.98 1.02
4 M 28.5 31.5 4 M 95 105 4 M 0.95 1.05
j. Adjust test oscillator set for a 30 mv output p. Adjust test oscillator for a 1 volt output at
at 400 Hz, using as a reference the 400F/FL 400 Hz using as a reference the 400F/FL
meter indication obtained in step d of this meter indication obtained in step h of this
paragraph. Set a reference on meter of test paragraph.
oscillator and use amplitude control to main-
tain the set reference whenever frequency of q. Repeat step d of this paragraph for each fre-
oscillator is varied. quency listed in Table 5-2 or Table 5-3.
k. Repeat step d of this paragraph for each fre- 5-14. RANGE TRACKING CHECK.
quency listed in Table 5-2 (400F) or Table
5-3 (400FL). 5-15. After verifying the 400F/FL full scale calibra-
tion with the accuracy and frequency response tests,
m. Perform stepseandf of this paragraph, main- check the range tracking of the instrument with the
taining the output amplitude of the test oscil- following procedures. Use the test setup shown in
lator at 30 mv. Figure 5-1 for the range tracking check.

n. Repeat step d of this paragraph for each fre-

quency listed in Table 5-2 (400F) or Table 5-3 a. Set switch 51 to Position A.

(400FL). b. Set 400F/FL RANGE switch to 30 mv.
0. Set400F/FL RANGE switchto1 volt, and dis- c. Adjust test oscillator for a 400F/FL meter
connect shorts between test points. indication of 30 mv at 400 Hz.
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VTVM CALIBRATION SYSTEM
hp KO2-738BR

OSCILLATOR
hp 200SR

o)

® O o9e

=2

hp 400F/FL
FREQUENCY RESPONSE ) O AC VOLTMETER
TEST SET s
hp 739AR =
’ O O ol | 7
] B
& o n A 5
| | i
|
VOLTMETER CALIBRATOR ) @ @
hp 738BR L__ ]
o @ 0Qo®

400F/FL-B-0644

Figure 5-2. Alternate Accuracy and Frequency Response Check Setup

d. Set 400F/FL RANGE switch to 100 mv.
1) 400F should indicate 30 mv +2%.
2) 400FL should indicate 30 mv £1%.

e. Set 400F/FL RANGE switch to 0. 3 volts.
1) 400F should indicate 30 mv +5%.

2) 400FL cannot be checked with a 1/10
scale input.

f. Adjust test oscillator for a 400F/FL meter
indication of 30 mv at 1 MHz.

g. Set 400F/FL RANGE switch to 100 mv.
1) 400F should indicate 30 mv +2%.
2) 400FL should indicate 30 mv +1%.
h. Set 400F/FL RANGE switch to 0. 3 volts.
1) 400F should indicate 30 mv +5%.
2) 400F/FL cannot be checked with a 1/10
scale input.

5-16. INPUT IMPEDANCE CHECK.

5-17. INPUT RESISTANCE CHECK.

a. Connect the 50 © output of the test oscillator
to 400F/FL.

b. Set 400F/FL RANGE switch to 1 volt.

c. Set testoscillator output for full scale deflec-
tion of 400F/FL.

d. Connect a 100 K Q resistor between test os-
cillator and 400F/FLas shown in Figure 5-3.

01795-1

e. 400F/FL meter indication should not drop
more than one small scale division from full
scale. This verifies an input resistance of
10 M Q.

5-18. INPUT CAPACITY CHECK.

a. Connect testoscillator anda 100 K  resistor
to400F/FL as shown in Figure 5-3. Connect
the resistor lead directly tothe GR connector.

b. Set 400F/FL RANGE switch to 1 volt.

c. Set testoscillator output for full scale deflec-
tion of 400F/FL meter at 400 Hz.

d. Increase frequency of test oscillator until
400F/FL indicationdropsto0, 707 volts. This
should occur at a frequency of 150 KHz or
greater, verifying an input capacity of 10 pf or
less on the 1 volt range.

e. Set 400F/FL RANGE switch to 300 mv. -

f. Set frequency response test set output for full
scaledeflection of 400F/FL meter at 400 Hz.

g. Increase frequency of test oscillator until
400F/FL indication drops to 212 mv. This
should occur at a frequency of 60 KHz or
greater, verifying aninput capacity of 25 pf or
less on the 300 mv range.

5-19. ALIGNMENT AND CALIBRATION
PROCEDURES.

5-20. The Alignment and Calibration Procedures should
be performed only if it has been determined by the
Performance Checks that the 400F/FL is not within
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TEST OSCILLATOR
hp 6524

=\
_ Q @A @
e N_O 0=0¢ @
_

hp 400F/FL
AC VOLTMETER

400F/FL-B8-0643

Figure 5-3. Input Impedance Check Setup

specifications. The following procedures specify the
useof an -hp- 738 BR Voltmeter Calibrator andan -hp-
652A Test Oscillator. However, an -hp- K02-738BR
VTVM Calibration System may be substituted by fol-
lowing the same general procedures. If the instru-
ment cannot be properly adjusted, refer to Para-

graph 5-39, Troubleshooting Procedures. Refer to
Figure 5-4 for the location of internal adjustments.

5-21. COVER REMOVAL AND REPLACEMENT.

5-22. Removal of the top cover exposes circuit areas
for routine checks and adjustments. Removal of the
bottom and side covers exposes circuitareas for opera-
tions such as soldering and component replacement.

5-23. TOP OR BOTTOM COVERS.

a. Remove screw at rear of cover. Slide cover
about 1 inch to rear, and lift it off.

b. To replace cover, reverse the removal pro-
cedure.

5-24. SIDE COVER.

5-25. Remove the four screws from side cover,
and l1ift it off.

5-26. METER MECHANICAL ZERO ADJUSTMENT.

5-27. Refer to Paragraph 3-5 for the meter mechanical
zero adjustment procedures.

5-28. METER CALIBRATION.

5-29. The following procedures are used to adjust the
gain of the meter amplifier on two voltage ranges at
five different frequencies. Proper gain adjustments
willassure accurate meter indications over the entire
voltage and frequency range of the instrument. Use
the test setup shown in Figure 5-1 for the meter cali-
bration.

AlC2 AIRT A2R6
(IOOKHz IV CAL) (400Hz IV CAL) (A2QI BIAS ADJ)

A2R58 A2R62 A2R68
(30Hz O.IMV CAL) (400Hz 30MV CAL) (400Hz 0.IMV CAL)

@Z

/ |
GOSN,
27 ‘30 GO0

©
9)

ﬁﬂ[]m/

400F/FL-B8-0640

A2R59
(20Hz 30MV CAL)

A2C36 TP2 TP3
(4MHz 30MV CAL)

Figure 5-4. Location of Internal Adjustments
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5-30. METER CALIBRATION, 30 MV RANGE.

a. Set switch S1 to Position A.

b. Set 400F/FL RANGE switch to 30 mv, and set
100 KHz L. P. FILTER switch to OUT.

c. Set voltmeter calibrator for 30 mv output at
400 Hz. AD RG>

d. Adjust A2R59 for a 400F/FLmeter indication
of 30 mv.

e. Set switch S1 to Position B.

Adjust test oscillator for a 400F/FL meter

indication of 30 mv at 400 Hz. Set a reference
on meter of test oscillator and use amplitude
control to maintain reference whenever fre-

quency of oscillator is changed.

g. Set test oscillator to 20 Hz, maintaining am-
plitude at 09 \A

3
h. Adjust £#2R62for a 400F/FLmeter indication
of 30 mv.

i. Set test oscillator to 4 MHz, maintaining am-
plitude at 30 mv.

j. Adjust A2C36 for a400F/FL meter indication
of 30 mv.

5-31. METER CALIBRATION, 0.1 MV RANGE.

NOTE

The0. 1 mv range meter calibration
is performed on a higher range.
This is done by shorting test points
whichprovide the amplifier with the
additional 10 db of gain that normally
is switched in only on the 0.1 mv
range.

Set switch S1 to Position B.

b. Set 400F/FL RANGE switch to 30 mv, and set
100 KHz L. P. FILTER switch to OUT.

c. Adjust test oscillator for a 400F/FL meter
indication of 30 mv at 400 Hz.

d. Set 400F/FL RANGE switch to 100 mv.

Short TP1toTP4and short TP2 to TP3. (This
increases the gain of the meter amplifier by
10 db, as if the instrument were onthe 0, 1-
my range.)

f. Adjust AZRgg for a400F/FLmeter indication
of 30 mv. (Although the 400F/FL RANGE
switch is in the 100 mv position, the instru-
ment effectively is still on the 30 mv range.)

g. Set test oscillator to 30 Hz, maintaining am-
plitude at 30 my.

h. Adjust AZRggfor a400F/FL meter indication
of 30 mv.

5-32. ATTENUATOR ALIGNMENT.

5-33. The following procedures are used to properly
align the input attenuator of the 400F/FL at both high
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and low frequencies. Usethe test setup shown in Fig-
ure 5-1 for the attenuator alignment.
Set switch S1 to Position A.

Set 400F/FL RANGE switch to 1 volt, and set
100 KHz L. P. FILTER switch to OUT.

c. Adjustvoltmeter calibrator for a1 volt output
at 400 Hz.

d. Adjust A1R4 for a 400F/FL meter indication
of 1 volt.

e. Set switch S1 to position B.

f. Set test oscillator for a 400F/FL meter indi-
cation of 1 volt at 400 Hz.

g. Set testoscillator to 100 KHz, maintaining the
amplitude at 1 volt.

h. Adjust A1C2 for a 400F/FL meter indication
of 1 volt. I more than a 1% adjustment is
needed, repeat the 400 Hz adjustment.

5-34. A2Q1 BIAS ADJUSTMENT.

5-35. A2R6 provides abias adjustment for field effect
transistor A2Q1.

a. Monitor voltage at junction between A2R5 and
A2R3 with a dc voltmeter.

b. Adjust A2R6fora -6vindicationat the junction.

5-36. REPLACEMENT OF A2C37*.

5-37. The value of A2C37 is individually selected to
compensate for varying circuit parameters within the
instrument. Certain Model 400F/FL instruments
may not have a capacitor in this location.

5-38. If an instrument cannot be properly calibrated
onthe 30 mv range at 4 MHz, A2C37 shouldbe changed.
Increase the value of A2C37 if the instrument meter
indication is high and cannot be adjusted low enough.
Decrease the value of A2C37 if the instrument meter
indication is low and cannot be adjusted high enough.

5-39. TROUBLESHOOTING PROCEDURE.

5-40. If the 400F/FL is operating improperly, it either
needs to be calibrated or has a circuit that is mal-
functioning. Troubleshoot the instrument only after
it has been determined that the malfunction cannot be
corrected by performing the Alignment and Calibra-
tion Procedures in Paragraph 5-19.

5-41. When a malfunction occurs, remove power from
the 400F/FL and visually inspect for loose or broken
wires and connectors. Also check for overheated or
loose components and similar conditions that could be
a source of trouble.

5-42. The checks outlined in this section were not de-
signed to measure all circuit parameters, but to

localize the malfunction. Therefore, it is probable
that additional checks and measurements will be re-
quired to completely isolate the faulty component.
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Table 5-4. Troubleshooting Guide

MALFUNCTION INDICATION

PROBABLE TROUBLE

Instrument will not operate on line voltage, and
LINE ON lamp will not light.

Fuse F1 open.

Instrument will not uprange above 0.3 volt, but
works on 0. 3 volt range and below.

Relay A2K1 stuck closed, or A2K2 stuck open.

Instrument will not downrange below 1 volt, but
works on 1 volt range and above.

Relay A2K1 stuck open, or A2K2 stuck closed.

Voltage at A2R8 cannot be properly adjusted.

Impedance Converter Circuit (A2Q1, A2Q2 and
A2Q3).

No voltage at A2L1.

Jumper wire #1 broken.

Power supply output unregulated.

A2Q6, A2QT7 or Zener diode A2CR12.

No ac output.

A2R33 shorted.

Instrument operates improperly with inputs above
100 KHz, but works with inputs of lower fre-
quencies.

Filter switch S2.

Instrument will not operate properly on 0.1 mv
range.

Range switch S1, wafer D.

Meter deflection on all ranges with no input.

A2Q15, A2Q16, A2Q17.
A2C38, A2C39, A2C40.

Meter remains atzero withany input on any range.

Diode A2CR1 shorted (400F only), or capacitor
A2C1 shorted (400FL only).

5-43. Refer to Table 5-4 for a list of possible mal-
functions and their probable causes.

NOTE

Allthe voltage measurements inthis
section should be made with the
400F/FL input shorted and the RANGE
switch set to 1 volt.

5-44. POWER SUPPLY.

5-45. Measure the power supply outputs at jumper wires
#1 and #2 for +26 v and -26 v respectively. If both
outputs are incorrect, first check the components in
the +26 v section of the power supply, because the
control transistor in the -26 v supply is referenced
to the +26 v output. Consequently, if the +26 v be-
comes unregulated, the -26 v willalso be unregulated.
Refer to Table 5-5 for a list of check point voltages
in the power supply.

Table 5-5. Power Supply Voltages

CHECK POINT VOLTAGE
Emitter Q4 +26.0vzlv
Collector Q4 +41.5v 15 v
Collector Q6 +27.5v +lv
Emitter Q8 -26.0vlv
Emitter Q9 -43.5v 15 v

5-46. AMPLIFIERS.

5-47. Both the preamplifier and the meter amplifier
are internallydc coupled. If thedc voltages anywhere
in the amplifiers are incorrect, the amplifiers will

not operate properly. Measure the dec voltages in the
amplifiers at the check points listed in Tables 5-6

and 5-17.

5-6

Table 5-6. Preamplifier Voltages

CHECK POINT VOLTAGE
Source Q1 - 2.3v+0.5v
Drain Q1 -17.0v+2.0v
Collector Q2 - 7.5v+0.5v
Collector Q3 -21.4v+1.0v

Table 5-7. Meter Amplifier Voltages
CHECK POINT VOLTAGE

Emitter Q10 - 0.64v10.1v
Collector Q10 +9.20vl.0v
Collector Q11 +0.97v10.2v
Collector Q12 +22.00 v+l.0v
Collector Q13 +11.00 v £0.5 v
Collector Q15 + 2.30v40.5v

5-48. METER BRIDGE.

5-49. Measure the dc voltages on the transistors in

the meter bridge and compare the readings with those
given in Table 5-8. Also measure the voltages at the
meter terminals. The meter should be floating at
approximately -9 volts +1 volt with respect to circuit
ground.

Table 5-8. Meter Bridge Voltages

CHECK POINT VOLTAGE
Collector Q16 - 9vzlyv
Base Q17 “1Tv+lv

5-50. ETCHED CIRCUIT BOARD REPAIR.

5-51. The Model 400 F/FL uses plated-through, double-
sided, etched circuit boards. To prevent damage to

01795-1
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the circuit board and components, observe the fol-
lowing rules when soldering:

a.

b.

01795-1

Use alow-heat (25 to 50 watts) soldering iron
with a small tip (1/16" to 3/32" diameter).

Toremove a component, clip a heat sink (long
nose pliers, commercial heat sink tweezers
etc.) on the component lead as close to the
component as possible. Place the soldering
iron directly on the component lead, and pull
up on the lead. If a component is obviously
damaged or faulty, clip the leads closeto the
component and then remove the leads from the

board.

EXCESSIVE OR PROLONGED HEAT
CAN LIFT THE CIRCUIT FOIL

Section V
Paragraph 5-51 (Cont'd)

FROM THE BOARD OR CAUSE
DAMAGE TO COMPONENTS.

Clean the component lead holes by heating the
solder in the hole, quickly removing the
soldering iron, and inserting a pointed, non-
metallic object such as a toothpick.

To mount a2 new component, shape the leads
and insert them inthe holes. Clip a heat sink
on the component, heat with the soldering

iron, and add solder as necessary to obtain a
good electrical connection.

Clip excess leads off after soldering andclean
excess flux from the connection and adjoining
area, using type TF Freon (-hp- Part No.
8500-0232).

5-7
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Section VI
Paragraphs 6-1 to 6-2

SECTION VI
SCHEMATICS

’\

6-1. INTRODUCTION.
6-2. This section contains the schematic and com-
ponent location diagrams for the Model 400F/FL.
Figure 6-1 shows aflattened view of the RANGE switch
and part of the internalwiringdata. Figure 6-2 shows

—

Fam

01795-1

the component location on the Al and A2 printed cir-
cuit boards, and the location of the internal adjust-
ments. Figure 6-3 is the schematic diagram of the
400F/FL. Main signal paths and feedback paths are
identified. (Refer to the notes on the schematic dia-
gram.)
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Section V1
Figure 6-1
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Section VI

Figures 6-2 to 6-3
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Section VII Model 400F/FL
Figure 7-1
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Section VII
Paragraphs T-1 to 7-7

SECTION VII
REPLACEABLE PARTS

7-1. INTRODUCTION.

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

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

7-4. ORDERING INFORMATION.

7-5. To obtain replacement parts, address order or
inquiry to your local Hewlett-Packard Field Office.
(See Appendix Bior list of office locations.) Identify
parts by their Hewlett-Packard part numbers.

a. Description of thepart. (See list of abbrevia-
tions below.) 7-6. NONLISTED PARTS.
b. Typical manufacturer of the part in a five- 7-7. To obtain a part that is not listed, include:
digit code. (See Appendix A forlist of manu-
facturers.) a. Instrument model number.
c. Manufacturer's part number. b. Instrument serial number.
d. Total quantity used in the instrument (TQ c. Description of the part.
column). Total quantity of a part is given
the first time the part number appears. d. Function and location of the part.
REFERENCE DESIGNATORS
A = assembly F = fuse P = plug \'A = vacuum tube, neon
B = motor FL = filter Q = transistor bulb, photocell, etc.
(o} = capacitor J = jack - resisto w = cable
CR = diode K  =relay RT _ :h ! .rt X = socket
DL = delay line L = inductor R = thermistor XF = fuseholder
DS = device signaling (lamp) M = meter S = switch ~ XDS = lampholder
E = misc electronic part MP = mechanical part T = transformer z = network
ABBREVIATIONS
a = amperes elect = electrolytic mtg = mounting rot = rotary
encap = encapsulated my = mylar rms = root-mean-square
bp = bandpass rmo = rack mount only
o ~baskarduave L Dl
- - Se = selenium
c = carbon NO = normally open sect = section(s)
cer = ceramic Ge = germanium NPO = negative positive Si = silicon
cmo = cabinet mount only _ zero (zero temp- sil = silver
coef = coefficient grd = ground (ed) ature coefficient) sl = slide
com = common h = henries nsr = not separately
comp = composition Hg = mercury replaceable td = time delay
conn = connection TiO2 = titanium dioxide
crt = cathode-ray tube impg = impregnated obd = order by de-
incd = incandescent scription tog = toggle
dep = deposited ins = insulation (ed) tol = tolerance
P = peak trim = trimmer
EIA = Tubes or transistors K = kilo = 1000 pc = printed circuit twt = traveling wave tube
meeting Electronic board _ :
Industries' Associa- lin = linear taper pf = picofarads = va;r - vg{;able
tion standards will log = logarithmic taper -12 bt twi
. 10 farads w = watts
normally result in -3 = peak to peak ww = wirewound
instrument operating m = milli = 10 pp =P o p o
ar s ces e i _ piv = peak inverse w/o = without
within specifications; M = megohms voltage
tubes and transistors ma = milliampereg 08 _ os'tioz;g(s) * = optimum value
selected for best o = micro = 10° pol B pollst rene selected at factory,
performance will be minat = miniature poty B potﬁnt?ometer average value
supplied if ordered mfgl = metal film on glass p =P shown (part may
by & stock numbers. mfr = manufacturer rect = rectifier be omitted)
01795~1 7-1




Section VII Model 400F/FL
Table 7-1
Table 7T-1. Replaceable Parts
REFERENCE -hp-
DESIGNATOR | PART NO. TQ DESCRIPTION MFR. [ MFR. PART NO.
Al 00400-66505 1 Assembly: board etched circuit includes 28480 | 00400-66505
C1 through C6
K1 through K2
R1 through R7
AlC1 0150-0012 1 C: fxd cer 0.01 uf +20% 1000 vdew 56289 | 29C214A3
AlcC2 0132-0003 1 C: var trimmer 0.7 to 3.0 pf 72982 | 535-016-4R
Al1C3 0150-0093 2 C: fxd 0.01 pf +80% -20% 100 vdew 01418 | TA obd
Alc4 0140-0179 1 C: fxd mica 1000 pf +2% 04062 | RDM19F102G3C
Al1C5 0140-0156 1 C: fxd mica 1500 pf +2% 04062 | RDM19F152G3C
Al1C6 0150-0093 C: fxd 0.01 pf +80% -20% 100 vdcw 91418 | TA obd
AlK1 0490-0195 1 Relay: reed high voltage 28480 | 0490-0195
Al1K2 0490-0196 1 Relay: reed low voltage 28480 | 0490-0196
AlR1 0757-0346 2 R: fxd prec met flm 10 ohms 1% 1/8 w 91637 | MFF1/8 T-O obd
Al1R2 0698-4128 1 R: fxd prec met flm 10 meg 0. 25% 03888 | PME 70-T-2
AlR3 0684-2211 2 R: fxd comp 220 ohms +10% 1/4 w 01121 | CB-2211
Al1R4 0698-44175 1 R: fxd prec met flm 9. 76 K +1% 1/8 w 91637 | MFF1/8 T-O obd
A1R5 0683-0625 1 R: fxd comp 6.2 ohms +5% 1/4 w 01121 | CB-62G5
Al1RS6 0684-2211 R: fxd comp 220 ohms £10% 1/4 w 01121 CB-2211
A1R7 2100-1799 1 R: var ww 500 ohms +10% 1 w 02660 | 2600 Series
A2 00400-66504 1 Assembly: board etched circuit includes 28480 | 00400-66504
C1 through C12 CRI19 through CR23
C15 through C34 L1, L2
C36 through C41 Q1 through Q17
CR1 through CR12 R1 through R18
CR16 R20 through R75
A2C1 0180-0100 10 C: fxd Ta 4.7 pf £10% 35 vdew 56289 | 1500475X9035B2
A2C2 0150-0122 3 C: fxd 0.002 pf +20% 500 vdew - 72982 801-000-Y55-202M
A2C3 0180-0119 1 C: fxd Al elect 1 uf +75% -10% 25 vdew 56289 | 30D105G025BA2-
DSM
A2C4 0180-0137 2 C: txd Ta elect 100 uf +20% 10 vdew 56289 150D107X0010R2
A2C5 0150-0084 1 C: fxd cer 0.1 pf +80% -20% 50 vdew 56289 | 33C41 obd
A2C6 0160-2024 1 C: fxd 75 pf +5% 500 vdcw 28480 | 0160-2024
A2CT 0180-0106 C: fxd Ta elect 60 uf +20% 6 vdew 56289 150D606X0006B2
A2C8 0180-0100 C: fxd Ta 4.7 uf +10% 35 vdew 56289 | 1500475X9035B2
A2C9 0140-0198 1 C: fxd mica 200 pf +5% 300 vdcw 04062 | RDM15F201J3C
A2C10 0180-0100 C: fxd Ta 4.7 puf +10% 35 vdew 56289 | 1500475X9035B2
A2C11 0150-0122 C: fxd 0.002 uf +20% 500 vdew 72982 801-000-Y55-202M
A2C12 0180-0100 C: fxd Ta 4.7 uf +10% 35 vdew 56289 | 1500475X9035B2
A2C13, A2C14 Not Assigned
A2C15 0180-0061 3 C: fxd Al elect 100 uf +75% -10% 15 vdew 56289 | 30D107G015DC2-
DSM
A2C16 0180-0100 C: fxd Ta 4.7 uf £10% 35 vdcw 56289 | 1500475X9035B2
A2C17 0180-1819 2 C: fxd Al elect 100 uf +75% -10% 50 vdew 56289 | 30D107GO50DH2-
DSM
A2C18 0150-0024 2 C: fxd cer 0.02 pf +80% -20% 600 vdcw 72982 | 841-000-25U-2032
A2C19 0180-0100 C: fxd Ta 4.7 puf +10% 35 vdew 56289 | 1500475X9035B2
A2C20 0180-0061 C: fxd Al elect 100 uf +75% -10% 15 vdew 56289 | 30D107G015DC2-
DSM
A2C21 0180-1819 C: fxd Al elect 100 pf +75% -10% 50 vdew 56289 | 30D107GO50DH2-
DSM
A2C22 0150-0024 C: fxd cer 0.02 pf +80% -20% 600 vdcw 72982 | 841-000-25U-2032
A2cC23 0180-0061 C: fxd Al elect 100 pf +75% -10% 15 vdew 56289 | 30D107G015DC2-
DSM
A2C24, A2C25 0180-0100 C: fxd Ta 4.7 uf £10% 35 vdew 56289 | 1500475X9035B2
A2C286 0180-0058 1 C: fxd Al elect 50 pf +75% -10% 25 vdew 56289 | 30D506G025CC2-
DSM
7-2 01795-1
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Y am Table 7-1
Table 7-1. Replaceable Parts (Cont'd)
REFERENCE -hp-
DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
A2C27 0150-0122 C: fxd 0.002 pf +20% 500 vdcw 72982 | 801-000-Y55-202M
A2C28 0140-0195 1 C: fxd 130 pf mica +5% 300 vdcw 04062 | RDM15F131J3C
A2C29 0140-0190 1 C: fxd mica 39 pf +5% 04062 | RDM15E390J3C
A2C30 0180-0224 1 C: fxd Al elect 10 pf 15 vdew 56289 | 30D106G015BA4
A2C31 0140-0208 1 C: fxd mica 680 pf +5% 300 vdcw 04062 | RDM15F681J3C
A2C32, A2C33 0180-0137 C: fxd Ta elect 100 uf +20% 10 vdcw 56289 | 150D107X0010R2
A2C34 0180-0100 C: fxd Ta 4.7 pf +10% 35 vdew 56289 | 1500475X9035B2
A2C35 Not Assigned
A2C36 0121-0127 1 C: var 1.7 to 11 pf single section 74970 | 189-5-5
A2C37* 0160-0205 1 C: fxd mica 10 pf +5% 500 vdcw 56289 | 73P73P223016
A2C38, A2C39 0180-0393 2 C: fxd Ta 39 pf £+10% 10 vdcw 56289 | 150D396X9010B2
A2C40 0180-0100 C: fxd Ta 4.7 pf +10% 35 vdew 56289 | 1500475X9035B2
A2C41 0140-0149 1 C: fxd mica 470 pf +5% 300 vdcw 04062 DM15F471J
A2CR1 1902-0022 2 Diode: breakdown 2. 67 v +10% 4 mw 07910 | CD35540
A2CR2 1901-0044 2 Diode: Si 50 ma at +1 v 10 na reverse 07910 obd
current 50 wiv 2 pf
A2CR3 1901-0040 10 Diode: Si 30 ma at +10 v piv 12 pf 2 ns 07910 | CD6319 obd
A2CR4 1901-0044 Diode: Si 50 ma at +1 v 10 na reverse 07910 obd
current 50 wiv 2 pf
A2CR5 1902-0022 Diode: breakdown 2.67 v +10% 4 mw 07910 | CD35540
A2CR6 through
A2CRI11 1901-0033 6 Diode: Si 100 ma at 1 v 180 wiv 1N485B 93332 D6238 obd
A2CR12 1901-0040 Diode: Si 30 ma at +10 v piv 12 pf 2 ns 07910 | CD6319 obd
A2CR13 1902-3125 1 Diode: Si 6.98 v +2% 400 mw 07263 obd
A2CR14,A2CR15 Not Assigned
Vo A2CRI16 1901-0040 Diode: Si30 ma at +10 v piv 12 pf 2 ns 07910 | CD6319 obd
A2CRI117,
A2CRI18 Not Assigned
A2CR19 through
A2CR21 1901-0040 Diode: Si 30 ma at +10 v piv 12 pf 2 ns ¢ 0 | CD6319 obd
A2CR22,
A2CR23 1901-0027 2 Diode: Si 1N4392 73293 obd
A2L1, A2L2 9140-0047 2 Inductor: fxd 20 ph +10% 99848 | H 51074020
A2Q1 1855-0029 1 Transistor: ¥FET P channel 61637 | F5035
A2Q2 1854-0215 7 Transistor: Si NPN 2N3904 04713 | 2N3904
A2Q3 1853-0036 7 Transistor: Si PNP 2N3906 04713 | 2N2906
A2Q4 1854-0039 2 Transistor: Si NPN 2N3052 86684 | 2N3053
A2Q5, A2Q6 1854-0215 Transistor: Si NPN 2N3904 04713 | 2N3904
A2Q7, A2Q8 1853-0036 6 Transistor: Si PNP 2N3906 04713 | 2N3906
A2Q9 1854-0039 Transistor: Si NPN 2N3053 86684 | 2N3053
A2Q10 1854-0215 Transistor: Si NPN 2N3904 04713 | 2N3904
A2Q11 1853-0036 Transistor: Si PNP 2N3906 04713 | 2N3906
A2Q12 through
A2Q14 1854-0215 Transistor: Si NPN 2N3904 04713 | 2N3904
A2Q15 through
A2Q17 1853-0036 Transistor: Si PNP 2N3906 04713 | 2N3906
A2R1 0698-4121 5 R: fxd prec comp 11.3 K +1% 1/8 w 75042 | CEA T-O obd
A2R2 0757-0474 4 R: fxd prec met flm 243 K +1% 1/8 w 91637 | MFF-1/8 T-O ohd
A2R3 0757-0434 12 R: fxd prec met flm 3.65 K +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R4 0698-3178 2 R: fxd prec met flm 487 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R5 0698-4196 5 | R: fxdprec met flm 1.07 K +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R6 2100-0095 1 R: var comp lin 100 K +30% 0.10 w 71450 | UPE 70RE (hp)
A2RT7 0686-2265 1 R: fxd comp 22 meg +5% 1/2 w 01121 | EB-2265
A2R8 0757-0410 1 R: fxd prec met flm 301 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
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Section VII Model 400F/FL
Table 7-1

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

REFERENCE ~hp-

DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
A2R9 0757-0434 R: fxd prec met flm 3.65 K +1% 1/8 w 91637 MFF-1/8 T-O obd
A2R10 0698-3510 2 | R: fxd prec met flm 453 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R11 0698-4457 1 | R: fxd prec met flm 576 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R12 0757-0474 R: fxd met flm 243 K 1% 1/8 w 91637 MFF-1/8 T-O obd
A2R13 0757-0434 R: fxdprec met flm 3.65 K 1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R14 0698-4396 2 | R: fxd prec met flm 80.6 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R15 0698-4121 R: fxdprec met flm 11.3 K +1% 1/8 w 75042 | CEA T-O obd
A2R16 0757-0428 1 | R: fxdprec met flm 1.62 K +1% 1/8 w 75042 | CEA T-O obd
A2R17 0757-0808 1 R: fxd prec met flm 301 chms +1% 1/2 w 75042 CEC T-0O obd
A2R18 0757-0401 5 R: fxd prec met flm 100 chms +1% 1/8 w 75042 CEA T-0O obd
A2R19 Not Assigned
A2R20 0757-0794 2 | R: fxd prec met flm 68.1 ohms +1% 1/2 w 91637 | MFF-1/2 T-O obd
A2R21 0698-4196 R: fxd prec met flm 1.07 K 21% 1/8 w 91637 | MFF-1/8 T-O obd
A2R22, A2R23 0757-0434 R: fxd prec met flm 3.65 K +1% 1/8 w 91637 MFF-1/8 T-O ohd
A2R24 0757-0290 2 R: fxd prec met flm 6.19 K 1% 1/8 w 91637 MFF-1/8 T-O c¢bd
A2R25 0698-4121 R: fxd prec met flm 11.3 K +1% 1/8 w 75042 | CEA T-O obd
A2R26 0757-0447 1 R: fxd prec met flm 16.2 K +1% 1/8 w 75042 CEA T-O obd
A2R27 0698-3155 1 | R: fxdprec met flm 4.64 K 21% 1/8 w 91637 | MFF-1/8 T-O obd
A2R28, A2R29 0757-0434 R: fxd prec met flm 3.65 K 1% 1/8 w 91637 MFF-1/8 T-O obd
A2R30 0698-3156 4 R: fxd prec met flm 14.7 K +1% 1/8 w 75042 CEA T-O obd
A2R31 0757-0794 R: fxd prec met flm 68.1 ohms +1% 1/2 w 91637 | MFF-1/2 T-O obd
A2R32 0698-4196 R: fxd prec met flm 1.07 K +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R33 0757-0474 R: fxd met flm 243 K 1% 1/8 w 91637 MFF-1/8 T-O obd
A2R34 0757-0401 R: fxd met flm 100 chms +1% 1/8 w 75042 | CEA T-O obd
A2R35, A2R36 0757-0434 R: fxd prec met flm 3.65 K +1% 1/8 w 91637 MFF-1/8 T-O chd
A2R37 0757-0438 1 | R: fxdprec met flm 5.11 K +1% 1/8 w 75042 | CEA T-O obd
A2R38 0698-3156 R: fxd prec met flm 14. 7K +1% 1/8 w 75042 | CEA T-O obd
A2R39 0698-3510 R: fxd prec met flm 453 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R40 0698-3438 2 | R: fxd prec met flm 147 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R41 0698-4196 R: fxd prec met flm 1.07 K +1% 1/8 w 91637 | MFF-1/8 T-O o¢bd
A2R42 0757-0401 R: fxd prec met flm 100 ochms +1% 1/8 w 75042 CEA T-O obd
A2R43 0757-0408 1 | R: fxd prec met flm 243 ohms 1% 1/8 w 75042 | CEA T-O obd
A2R44 0698-3156 R: fxd prec met flm 14.7K 1% 1/8 w 75042 CEA T-O obd
A2R45 0757-0277 1 | R: fxdprec met flm49.9 ochms +1%, 1/8 w 91637 | MFF-1/2 T-2
A2R46 0757-0441 1 |R: fxdprec met flm 8.25 K +1% 1/8 w 75042 | CEA T-O obd
A2R47 0698-3157 2 R: fxd prec met flm 19.6 K 1% 1/8 w 75042 CEA T-O obd
A2R48 0757-0401 R: fxd prec met flm 100 chms +1% 1/8 w 75042 CEA T-O obd
A2R49 0698-3156 R: fxd prec met flm 14.7 K +1% 1/8 w 75042 CEA T-O obd
A2R50 0757-0434 R: fxd prec met flm 3.65 K +1% 1/8 w 91637 MFF-1/8 T-O obd
A2R51 0698-4121 R: fxd met flm 11.3 K +1% 1/8 w 75042 CEA T-O obd
A2R52 0757-0444 1 |R: fxdprec met flm 12.1 K 1% 1/8 w 75042 | CEA T-O obd
A2R53 0698-4121 R: fxd met flm 11.3 K 21% 1/8 w 75042 CEA T-O obd
A2R54 0757-0401 R: fxd prec met flm 100 ochms +1% 1/8 w 75042 | CEA T-O obhd
A2R55 0698-3438 R: fxd prec met flm 147 ohms 1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R56 0698-3450 2 R: fxd prec met flm 42.2 K 1% 1/8 w 91637 MFF-1/8 T-O obd
A2R57 0757-0408 1 R: fxd prec met flm 243 ohms +1% 1/8 w 91637 MFF-1/8 T-O obd
A2R58, A2R59 2100-0290 2 R: var prec ww 100 ohms +2% 1-1/2 w 11237 110 obd
A2R60 0698-4396 R: fxd prec met flm 80.6 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R61 0698-3157 R: fxd prec met flm 19.6 K 1% 1/8 w 75042 | CEA T-O obd
A2R62 2100-0240 1 R: var ww 50 ohms +20% 1-1/2 w 11237 110 obd
A2R63 0757-0161 1 [ R: fxdprec 604 ohms +1% 1/8 w 28480 | 0757-0161
A2R64 0698-3434 1 R: fxd 34.8 ohms +1% 1/8 w 75042 CEA T-O obd
A2R65 0757-0381 1 R: fxd prec met flm 15 ochms +1% 1/8 w 91637 MFF-1/8 T-O obd
A2R66 0757-0384 1 | R: fxd prec met flm 20 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
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Model 400F/FL

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

Section VII
Table 7-1

REFERENCE ~hp-
DESIGNATOR PART NO. T™Q DESCRIPTION MFR. MFR. PART NO.
A2R67 0757-0346 R: fxd prec met flm 10 ohms +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R68 2100-0277 1 | R: var comp lin 100 ohms +2% 0.3 w 71450 | Type UPE65 CV
A2R69 0698-4196 R: ixdprec met flm 1.07 K +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2RT70 0698-3450 R: fxd met flm 42.2 K +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2RT1 0757-0290 R: fxd prec met flm 6.19 K 21% 1/8 w 91637 | MFF-1/8 T-O obd
A2RT72 0698-3178 R: fxd prec met flm 487 ohms +1% 1/8 w 91637 MFF-1/8 T-O obd
A2RT3 0757-0474 R: fxd prec met flm 243 K +1% 1/8 w 91637 | MFF-1/8 T-O obd
A2R74, A2R75 0757-0434 2 | R: fxd prec met flm 3.65 K 1%, 1/8 w 91637 | MFF-1/8 T-O obd
(400FL Only, A2R75)
C1 0180-0106 C: fxd Ta 60 uf +20% 6 vdew (400FL Only) 56289 | 150D606X006B2
CR1 1901-0040 Diode: Si (400F Only) 30 ma at +10 v piv 12 | 07910 |} CD6319 obd
pf 2 ns
DS1 1450-0048 1 | Lamp: pilot A165 red transparent 72765 | 599-124
F1 2110-0017 1 | Fuse: 0.15 amp slow-blow 115/230 v 75915 | 313.150
J1 through J3 See MP5, MP6, MP10, and MP11
J4 1251-0148 1 | Connector: ac power cord receptacle 87930 | H-1061-2
L1, L2 9140-0041 2 | Inductor: fxd 2.5 mh £10% 95265 | SA-2500-1
M1 1120-0918 1 | Meter: linear (400F Only) 28480 | 1120-0918
M1 1120-0919 1 | Meter: log (400FL Only) 28480 | 1120-0919
M1 1120-1273 1 | Meter: linear (400F Only, Option 01) 28480 | 1120-1273
MP1 0340-0090 1 | Insulator: 2 hole BP with locating key 28480 | 0340-0090
MP2 0340-0086 1 | Insulator: 2 hole without locating key 28480 | 0340-0086
MP3 0340-0087 1 | Insulator: 3 hole BP in line 28480 | 0340-0087
MP4 0340-0091 1 | Insulator: 3 hole BP with locating key 28480 | 0340-0091
MP5 1510-0010 3 | Binding Post Ass'y: red battery voltage 28480 | 1510~0010
and ac output
MP6 1510-0011 2 ) Binding Post Ass'y: black rear panel 28480 | 1510-0011
MP7 00400-00605 1 | Shield: meter 28480 | 00400-00605
MP8 0370-0113 1 | Knob: bar with one arrow part of S1 black 28480 | 0370-0113
MP9 0370-0115 1 | Knob: bar red with pointer part of S2 28480 | 0370-0115
MP10 1510-0035 1 | Binding Post Ass'y: black INPUT 28480 | 1510-0035
MP11 1510~0036 1 | Binding Post Ass'y: red INPUT 28480 | 1510-0036
MP12 0340-~0099 2 | Insulator: binding post (single) 28480 | 0340-0099
MP13 0340~0100 1 | Insulator: binding post (single) 28480 | 0340-0100
MP14 0340-0109 6 | Insulator: nylon threaded 02768 | 212-160402-00-0101
MP15 00400-05502 1 | Can: shield 28480 | 00400-05502
MP16 00400~04102 1 | Cover: attenuator 28480 | 00400-04102
MP17 1205~0033 2 | Semiconductor: heat dissipator 05820 | NF-207
MP18 00400~00207 1 | Panel: front (400FL Only) 28480 | 00400-00207
MP19 00400~00208 1 | Panel: front (400F Only) 28480 | 00400-00208
MP20 5020-0704 1 | Trim: meter third mod 28480 | 5020-0704
MP21 5040-0700 2 | Hinge 28480 | 5040-0700
MP22 1490-0031 1 | Stand: 1/3 mod tilt 91260 | obd
MP23 5060-0727 2 | Foot Ass'y: 1/3 mod 28480 } 5060-0727
MP24 5000-0711 1 | Cover Ass'y: bottom 5 x 11 sm 28480 | 5000-0711
MP25 5000-0703 2 | Cover Ass'y: side 6 x 11 sm 28480 | 5000-0703
MP26 5060-0703 2 | Frame: sub mod 6 x 11 28480 | 5060-0703
MP27 5060-0709 1 [ Cover Ass'y: top 5x 11 sm 28480 | 5060-0709
MP28 00400-00206 1 | Panel: rear 28480 | 00400-00206
R1 0687-3331 1 | R: fxd comp 33 K £10% 1/2 w 01121 | EB-3331
51 00400-61903 1 | Switch Assembly: range includes 28480 | 00400-61903
C1
CR1, CR2
R1 through R15
S1C1 0160-0207 1 | C: fxd mylar 0.01 pf +5% 200 v 56289 | 192P10352
S1CR1, S1CR2 1901-0040 Diode: Si 30 ma at +10 v piv 12 pf 2 ns 07910 | CD6319 obd
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Model 400F/FL

Section VII
Table 7-1
Table 7-1. Replaceable Parts (Cont'd)
REFERENCE -hp-
DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
S1R1 0757-0167 1 | R: fxdprec 143 ohms +1% 1/4 w 19701 | MF6C T-O 0bd
S1R2 through
S1R6 0698-4118 5 | R: fxd met flm prec 277. 48 ohms +0. 1% 75042 | CEB T-3 obd
1/4w
S1RT through
S1R12 0698-4119 6 | R: fxd met flm prec 410. 26 ohms +0. 1% 75042 | CEB T-3 obd
1/4w
S1R13 0698-4117 1 | R: fxd met flm prec 189.72 ohms +0. 1% 75042 | CEB T-3 obd
1/4w
SiR14, S1R15 0687-1501 2 | R: fxd comp 150 ohms +10% 1/2 w 28480 | 0687-1501
S2 P/o RANGE switch assembly S1
S3 3101-0036 1 | Switch: toggle SPST On-None-Off 88140 | 8928K61
3amps 25 v
sS4 3101-0033 1 | Switch: slide DPDT 115/230 v 42190 | 4633 obd
T1 9100-1321 1 | Transformer 28480 | 9100-1321
TP1 through
TP4 0360-0435 4 | Terminal: board silver plated brass 12284 | 1012-3
w1 00400-61602 1 | Cable 1: power 28480 | 00400-61602
w2 00400-61603 1 | Cable 2 : meter 28480 | 00400-61603
XF1 1400-0084 1 | Holder: fuse extractor post type 75915 | 342014
MISCELLANEQUS
8120-0078 1 | Cord: set power smooth black extra limp 70903 | KH-4147
7.5 ft. long
00400-90003 1 | Manual: operating and service 28480 | 00400-90003
01795-1
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Appendix A

APPENDIX

CODE LIST OF MANUFACTURERS (Sheet 1 of 2)

Model 400F/FL

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 supﬁ|emen+s. The date of revision and the date of the supplements used appear at

the bottom of each page. Alphabetical codes

Code
Na.

00000
00136
00213
00334
00335
00373

00656
00779
00781
00815

00853

00866
00891
o1zl
01255
61281
01295

01343
01561
01583
01920
01961
02114
02286
02660
02735

02771

[y
03508
03705
03797
03877
03888
03954
04009

04013
04062
04222
04298

04354
04404

04651
04713

04732
04773
04777
04796
LN
04870
05006

05277

05347
05593
05616

05624
05728

05729

05783
05820
06004
06175
06402
06475
06540

06555
06751

06812
07088

Manufactur Address

U.5.A, Common

McCoy Electronics

Sage Electronics Corp.

Humidait Co.

Westrex Corp.

Garlock Packing Co, ,
Electronic Products Div.

Aerovox Corp.

Any supplier of U, S.
Mount Holly Springs, Pa.
Rochester, N. Y.
Colton, Calit.

New York, N.Y.

Camden, N.J.
New Bedford, Mass.
Amp, Inc. Hamsburg, Pa.
Airciaft Radio Corp. Boonton, N.J.
Northern Engineering Laboratones, Inc.
Burlington, Wis.
Sangamo Electric Company,

Ordill Owvision {Capacitors) Marion, 11l
Goe Engineering Co, Los Angeles, Calif.
Carl E. Holmes Corp. Los Angeles, Calt.
Alfen Bradiey Co. Milwaukee, Wis.
Litton Industnes, Inc. Beverly Hills, Calif.
TR¥ Semiconductors Inc. Lawndate, Calif.

Texas Instuments, Inc.
Transistor Products Div. Dallas, Texas
The Alliance Mfg. Co. Alliance, Ohio

Chassi-Trak Corp.
Pacific Relays, Inc.
Amerock Cotp

Fulse Engineering Co,

Indsanapolis, Ind.
Vaa Nuys, Calif.
Rockiord, 1.
Santa Clara, Calif.

Ferroxcube Corp. of America Saugerties, N.Y.
Cole Mfg. Co. Palo Alto, Cahif.
Amphenol-Botg Electronies Corp. Chicago, 11,

Radio Corp. of America, Semiconductor

and Materials Div., Somerville, N.J.
Vocaline Co. of America, Inc,

DId Saybiock, Conn.

Hopkins Engineering Co. San Fernando, Calif.
G. E. Semiconductor Products Dept. Syracuse, N.Y.
Apex Machine & Tool Co. Dayton, Dhio
Eldema Corp. El Monte, Calif,
Transitron Electronic Corp. Wakefield, Mass.
Pyroliim Resistor Co. Motristown, N.J.
Ait Marine Motors, Inc, Los Angeles, Calil.
Asrow, Hart and Hegeman Elect. Co.

Hartford, Conn,
Lambertvilie, N. J.

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

Taurus Corp.

Eimenco Products Co.
Hi-Q Division of Aerovox
Elgin National Waich Co.,

Electronics Division Burbank, Calil.
Precision Paper Tube Co. Chicago, III.
Dymec Division of Hewleti-Packard Co.

Palo Alta, Calilt.
Sylvania Electric Prods., Inc.
Etectronic Tube Div. Mountain view, Calif.
Motorola, Inc., Semiconductor Prod. Div.
Phoenix, Arizona
Filtron Co., inc., Westemn Div. Culves City, Calil.
Automatic Eleciric Co. Northlake, 3).
Automatic Electric Sales Corp. Northlake, 11l
Sequoia Wire & Cable Co.  Redwood City, Calif.
Precision Coil Spring Co, El Monle, Cahf,
P. M. Motor Company Chicago 44, I
Twentieth Century Plastics, Inc.
Los Angeles, Calif.
Westinghouse Electric Corp.,

Sems-Conductor Depl.
Ultsonix, Inc,

Ilsumitsenic Engineering Co.
Cosme Plastic
(c ‘o Electrical Spee, Co.)
Barber Colman Co.
Tiilen Dptical Co.

Reslyn Heights, Long (siand, N.Y.
Metropolitan Telecommunications Corp. ,

Metro Cap. Division Brooklyn, N.Y.
Slewart Engineering Co. Santa Cruz, Calil,
Wakefield Engineening inc. Wakefield, Mass.
The Bassick Co. Bndgepert, Conn.
Bausch and Lomd Optical Co. Rochester, N.Y.
E.T.A. Producls Co. of America Chicago, NN
Westem Devices, Inc. Inglewood, Cald.
Amatom Electronic

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

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

of America Phoen(x, Arzona
Torsinglon Mig. Co., Wesi Div.  Van Nuys, Calif.
Kelvin Eleclne Co. Van Nuys, Calil,

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

Cleveland, Dhio
Rocklord, ill.

Code
Na.  Manufocturer Address
07115 Corning Glass Wosks
Elecironic Componenls Oept, Bradford, Pa.
07126 DOigitran Co. Pasadena, Calif.
07137 Transistor Electionics Corp.  Minneapolis, Minn.
07138 Westinghouse Elecinc Corp.
Electronic Tube Div. Eimira, N.Y.
07149 Fiimohm Corp. New York, N. Y.
07233 Cinch-Graphik Co. City of Industry, Calil.
07261  Avnet Corp, Los Angeles, Canf.
07263 Fauchild Semconductor Carp,
Mountain View, Calif,
07322 Minnesota Rubber Co. Minneapotis, Mian,
a7387  The Birtcher Corp. Los Angeles, Cafif.
07700 Technical Wire Products Springtield, N.J.
07910 Continental Oevice Corp. Hawthorne, Cahil.
07933 Rheem Semiconductor Cotp. Mountasn View, Calil.
07966 Shockley Semi-Conductor
Laboratories Palo Alto, Calif.
07980 Baonton Radia Corp. Boonlon, N.).
08145 U.S. Engineering Co. Los Angeles, Calif.
08289 Blmn, Detbert, Co. Pomona, Calif.
08358 Burgess Battery Co.
Niagara Falls, Ontario, Canada,
08717 Sloan Company Burbank, Calif.
08718 Cannon Electrsc Co., Phoenix Div.  Phoenix, Ariz.
08792 CBS Electronics Semiconductor
Operations,Div.of C.B.S. Inc. Lowell, Mass.
08984  Mel-Ram Indianapelis, Ind.
09026 Babcock Relays, Inc. Costa Mesa, Calif.
09134 Texas Capacitor Co. Houston, Texas
09145 Atohm Electronics Sun Valley, Calif,
09250 Electro Assemblies, Inc. Chicago, 1.
09569 Mallory Baltery Co. of
Canada, Lid. Torento, Dntarie, Canada
039664 The Bristal Co. Waterbury, Conn.
10214 General Transistor Westein Corp.
Los Angeles, Calif.
10411 Ti-Tal, inc. Berkeley, Calif.
10646 Carborundum Co. Niagara Falls, N.Y.
11236 CTS of Berns, Inc. Berne, Ind,
11237 Chicago Telephose of Calitornia, Inc.
So. Pasadena, Calif.
11312 Microwave Electronics Corp. Palo Alte, Calif.
(1534 Ouncan Efectronic, (nc. Santa Ana, Calif.
11711 General Instrument Corporalion
Semiconduclor Division Newark, N.).
11717 Imperal Electronic, Inc. Buena Park, Calil.
11870 Melads, Inc. Palo Alto, Calif.
12136 Philade)phia Handle Co. Camden, N. J.
12697 Clarostat Mg, Co. Daver, N.H.
12859 Nippon Electric Co., Lid. Tokyo, Japan
12930 Delta Semiconductor Inc.  Newport Beach, Calif.
13103 Thermolloy Dallas, Texas
13396 Telefunken (G.W.B.H.) Hannover, Germany
13835 Midland Mfg. Co. Kansas City, Kansas
14039 Sem-Tech Newbury Park, Calif,
14193 Calif. Resistor Corp. Sania Monica, Callf,
14298 American Components, Inc.  Conshohocken, Pa,
14655 Comell Dubilier Elec. Corp. Se. Plainfield, N.J.
14960 Williams Wfg. Co. San Jose, Calif,
15203 Webster Electronics Co. Inc. Brooklyn, N.Y.
15291 Adjustable Bushing Co. N. Hollywood, Calif.
15772 Twentieth Century
Coil Spring Co. Sanla Clara, Calil.
15903 The Daven Co. Livingston, N.J.
16037  Spruce Pine Mica Co. Spruce Pine, N. C.
16352 Computer Diode Corp. Lodi, N. J.
16688 De Jur-Amsco Corporation
Long Island Cily i, N.Y.
16758 Delco Radio Div. of G.M. Corp. Kokomo, Ind.
17109 Thermonetics Inc. Canoga Park, Cald.
17474 Tranex Company Mountain View, Calif.
18485 Radio Industries Des Plaines, 11l
18583  Curlis Inslrument Inc. Mt Kisco, N.Y.
18873 E.1. OuPantand Co., fnc. Wiimgton, Oel,
19315 Eclipse Pioneer, Div. of
Bendix Aviation Corp, Teterboro, N.J.
13500 Thomas A. Edison Industries,
Div. of McGraw-Edison Co. West Drange, N.J.
18701 Electra Manufacturing Co. Kansas City, Mo,
20183 Electionic Tube Corp. Phyladelghia, Pa.
21226 Executive, Inc. New York, N.Y.
21520 Fansteel Melallurgical Cotp, No. Chicage, I1l.
21335 The Fatnu Beanng Co. New Britain, Conn.
21964 Fed. Telephone and Radio Corp. Clifton, N.}.
24446 General Electric Co. Schenectady. N.Y.
24455 G.E., Lamp Division Nela Park, Cleveland, Ohio
00015-39
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Code
No.

24655
26365
26482
26992
28480
31713
35434
36196
37942
39543
40920
42190
43990
44555
17904
48620

49956
52090
63743
54294
55026
55933
55938
56137
56289
59445
59730
6074]
81775

62119
63743
64959
65092
66295
66346
70276
70309
70319

70488
70563
70903
70398
71002
71041

72
71286
nn3

71400

71436
71450
71468
nan
71482
71590

71616
71700
44
n7s3

71788
71984
72092
72136

707
72354
72819
72656
72699

72758
72765
12825
72928
72964
72982
73061
13076
73138

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

General Radio Co.
Gries Reproduger Corp.
Grobet File Co. of America, Inc.
Hamilton Walch Co.
Hewlelt-Packard Co,

G.E. Recewving Tube Dept.
Lectrohm Inc. Chicago, Il
Stanwyck Corp., Hawkesbury, Dnlario, Canada
P.R. Mallory & Co., Inc. Indsanapolis, Ind.

Mechanical industries Prod. Co. Akron, Ohio
Miniature Precision Bearings, Inc.  Keene, N.H.
Muter Co. Chicago, Il
C.A. Norgren Co. Englewood, Colo.
Dhmite Mtg. Co. Skokie, 1.

Polaioid Corp. Cambridge, Mass.
Precisian Thermometer and

Inst. Co. Philadelphia, Pa.
Raytheon Company Lexington, Mass.

Baftimare, Md.
Mt. Vemon, N.Y.

Rowan Controtier Ca,
Ward Leonard Electric

Shallcross Mfg. Ce. Selma, N.C.
Simpson Efectric Co. Chicago, Il
Sonotone Corp. Elmstord, N.Y.

So. Norwalk, Conn.
Tonawanda, N.Y.
North Adams, Mass.
St, Paul, Minn,
Elizabeth 1, N.J.
Bluffton, Dhio

Sorenson & Co., Inc.
Spaulding Fibee Ca., lac.
Sprague Electric Co,
Telex, Inc.
Thomas & Betts Co.
Tripplett Efectrical Inc.
Union Swilch and Signal, Div. of

Westinghouse Awr Brake Co.
Universal Electryc Co.
Ward-Leonard Electric Co. Mt Vernon, N.Y.
Western Electric Co., Inc. New York, N.Y.
Weston inst. Div. of Daystrom, Inc. Newatk, N.J.
Wiltek Manufacluring Co. Chicago 23, I
Wollensak Optical Co. Rochester, N.Y.
Allen Mig. Co. Hartford, Conn.
Aluied Conlio) Co., Inc. New York, N.Y.
Alimetal Screw Prod. Co., Inc.

Garden City, N.Y.

Swissvale, Pa.
Owosso, Mich.

Atlantic India Rubber Works, Inc, Chicago, .
Amperite Co., Inc. New York, N.Y.
Belden M(g. Co. Chicago, M.

Cleveland, Ohio
New York, N.Y.

Bird Electronic Corp,

Birnbach Radto Co.

Boston Gear Works Dy, of
Murray Co. of Texas

Bud Radio Inc,

Camloc Fastener Corp.

Allen D. Cardwell Electronic

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

Prod, Corp. Plainville, Conn.
Bussmann Fuse Div. of McGraw-

Edison Co, St Louis, Mo.
Chicago Condenser Corp. Chicago, 111,
CTS Corp. Elitiart, ind,

Cannon Electnic Co.
Cinema Engineersng Co.
C.P. Clare & Co.
Centralab D1v. of Globe Umion Inc,

Milwaukee, Wis.

Los Angeles, Calif.
Burbank, Calif.
Chicago, HI.

Commercia) Plastics Co. Chicago, ).
The Cornish Wize Co. New York, N.Y.
Chicago Miniature Lamp Works Chicago, Iil.

A, 0. Smith Corp., Crowley Div.
West Orange, N.J.
Chicago, 11l
Midland, MWich.
San Bruno, Calif.

Cinch Mig. Corp.
Dow Corning Corp.
Eitel-McCullough, inc.
Electro Molive Mfg. Co., Inc.
Willimantic, Conn.
Providence, R.I.
Chicago, IIl.

Colo Cotl Co., Inc.
John E. Fast & Co.

Dialight Corp. Brooklyn, N.Y.
General Ceramics Corp. Keasbey, N.J.
General Insliument Corp. ,

Semiconduclor Div. Newark, N.J.
Girard-Hopkins Dakland, Calf.
Drake Mfg. Co. Chicago, (I
Hugh H. Eby Inc. Philadelphia, Pa.
Gudeman Co. Chicago, ill.
Robert M. Hadley Co. Los Angeles, Calif.
Ene Resistor Corp. Erie, Pa.
Hansen Mig, Co., Inc. Princeton, Ind.
H.M. Harper Co. Chicago, 11l

Helipot Div. of Beckman

instruments, Inc. Fulferten, Caiif.

Code
No.

73293
73445

73430
73506
73559
73682
7373
73183
739793
73846
7389%
73908
2%
74455
74861
74868

970
75042
75173

75378
75382
75818
75915
76005
78210
76433
76487
76493
76530
76545
76854
77068

7075
mn

77250
1252

77342

77630
17638
77764
77963
78189

78283
78290
78452
78471
78488
78493
78553
78790
78947
79142
79251
721

79963
80031

80120
80130
80131

80207

80223
80248
80294
80411

80486
80509
60583
80640
81030

81073

81035
81312

From:

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

Manufacturer Address
Hughes Products Division of

Hughes Aircraft Co. Newport Beach, Calil.
Amperex Electronic Co., Ow. of North

American Phitlips Co, Inc.  Hicksville, N.Y.
Beckman Hehpet Corp. So. Pasadena, Calif.
Bradley Semiconductor Corp, Hamden, Conn.
Carling Efectnie, Inc. Harlford, Conn.
George K. Garrett Co., Inc. Philadelphia, Pa.

Federal Screw Prod. Co. Chicago, 1l
Fisches Special Mig. Co. Cincinnati, Ohio
The General Industries Co. Elyria, Ohio

Goshen, Iad.
Brooklyn, N. Y.
San Jose, Calif.

Neplune, N.J.
Winchestes, Mass,
Chicago, Il

Goshen Stamping & Tool Co.
JFD Electronics Corp.
Jennings Radio Mig. Co.
Stgnalite Inc.
J.H. Winns, aad Sons
Industrial Condensec Corp.
R.F. Products Division of Amphenol-

Borg Electronics Corp, Danbury, Conn.

E.F. Johnson Co. Waseca, Minn.
ional Co.  Philadelphia, Pa.
Jones, Howard B., Division
of Cinch Mfg. Corp, Chicago, I
James Knights Co. Sandwich, 111,
Kulka Electric Corpotation Mt Vemon, N.Y.
Lenz Electric Mfg. Co. Chicago, 11,
Litllefuse Inc, Des Plaines, 1.
Lusd Mig. Co. Erie, Pa.

C.W, Marwedel
Micameld Electronic Mfg. Corp.
James Millen Mg, Co., Inc.
J.W, Miller Co.
Manadnock Mifls
Muelier Electric Co.
Dak Manufacturing Co.
Bendsx Pacific Division of

Bendix Corp.
Pacific Metals Co.
Phaostran Instrument and

Electronic Co.
Phoell #ig. Co.
Philade(phia Steel and Wire Corp.

Philadetphia, Pa.

Potter and Bromfreld, Orv. of American

Machine and Foundry Princeton, Ind.
Radio Condenser Co, Camden, N.J.
Radio Receplor Co., Inc. Brooklyn, N.Y.
Resistance Products Co, Hartisburg, Pa.
Rubbercratt Corp. of Calif, Torrance, Cafit.
Shakeproal Division of Iinois

San Francisco, Calif.
Brooklyn, N.Y.
Malden, Mass,
Los Angeles, Calil.
San Leandro, Calif,

Cleveland, Dhio.

Cryslat Lake, Il

No. Hollywood, Calif.
San Francisco, Calif.

South Pasadena, Calif.
Chicago, Il.

Tool Works Elgin, 1l
Signal Indicator Corp. New York, N.Y.
Struthers-Ounn Inc. Pitman, N.J.
Thompson-Bremer & Co. Chicago, Ml

Tilley Mig. Co.
Stackpole Casbon Co,
Standard Thomson Corp.
Tinagrman Products, Inc,
Transformes Engineers
Ucunite Co.
Veedes Root, Inc.
Wenco Mig. Co.
Continental-Wirt Electromcs Corp.

Philadelphia, Pa.
New Rochelle, N.Y.

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

Pasadena, Calif,
Newtonville, Mass.
Hartford, Conn.
Chicago, 1.

Zierick Mfg. Corp.
Mepca Division of Sessions
Clock Co. Mornstown, N.J.
Schnitzer Alloy Products Ebzabeth, N.J.
Times Facsimite Corp. New York, N.Y.
Electronic Industries Association. Any brand
tube meeting EIA slandards Washington, D.C.
Unimax Swilch, Div, of
W.L. Maxson Corp.
Unsted Transformer Corp.
Oxford Electric Corp,
Bourns Laboratories, Inc.
Acro Div. of Rabertshaw
Fulton Controls Co.
All Star Producis Inc.
Avery Adhesive Label Colp.
Hammertund Co., lac.
Stevens, Arnold. Ca., Inc.
International Instruments, Inc.

Wallingford, Conn.
New York, N.Y.
Chicago, 111,
Riverside, Calif,

Columbus 16, Dhio
Defiance, Dhio
Monrovia, Cahif,
New Yark, N.Y.
Baston, Mass.

New Haven, Cona.
LaGrange, 111
Venice, Calit.

Norwalk, Conn.

Grayhll Co.
Tnad Transformer Cotp.
Winchestes Electtomes Co., Inc.

FSC.  Handbook Supplements
H4-1  Dated DECEMBER 1964
H4-2  Dated MARCH 1962



Model 400F/FL

Code
No.

2]349
81415
81453

81483
ar541
81860
62042
82{42

82170
82209
82219

82376
82389
82647

82866
82817
82893
83053
83058
63086

83125
83148
83186
83298
83315
83330
83385
83501

83594

83740
8
83821
LU
84396
Ba4ll
84970
85454
85471

Manufoctyrer
Militaty Specihcation ...,
Wilkor Products, Inc,
Raytheon Mig. Co., industrial Companents

Div., Industr. Tube Dperalions Newlon, Mass.
Internationa Rectifier Corp.  El Segundo, Calif.
The Airpax Products Co. Cambridge, Mass,
Barsy Controls, Inc. Watertown, Mass.

Carter Parts Co. Skokie, Il
Jeffers Electronics Oiviston of

Speer Carbon Co. Du Bois, Pa,
Allen B. DuMont Labs, Inc. Chiton, N.J.

Maguire Industrees, tnc. Greenwich, Conn,

Syivamia Electric Prod. Inc.

Electronic Tube Div. Emporium, Pa.
Aslron Co. East Newark, N.J.
Swilcheralt, Inc, Chicago, NI

Metals and Contrals, Inc., Div. of
Texas Insiruments, lnc.,
Spencer Prods.

Research Products Corp.

Rotron Mantutactuting Co., lnc.

Vector Electronic Co.

Western Washer Mlr. Co. Los Angeles, Callf.

Can Fastener Ca. Cambridge, Mass.

New Hampshire Ball Bearing, Inc.

Peterborough, N.H.
Darlinglen, S.C.

Los Angeles, Calil.
Springhield, N.J.
Red Bank, N.J.

Mundelern, Il
Brooklyn, N.Y.
Chicago, JI.

Attieboro, Mass.

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

Pyramid Electiic Co.

Eleclro Cerds Co.

Viclory Engsneering Corp.

Beadix Corp., Red Bank Div,

Huhbel} Corp.

Smith, Herman H., Inc.

Centra) Screw Co.

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

Burrovghs Corp.,
Efectromic Tube Div.

Eveready Battery

Model Eng. and Mig., Inc.

Loyd Scruggs Co.

Arco Efectrons, Inc,

A.J. Glesener Co., Inc.

Good Al) Electric Mg, Co.

Sarkes Tarzian, Inc,

Boonton Molding Company

A.B. Boyd Co.

Brooktield, Mass.

Plainfield, N.J.
New York, N.Y.
Hutington, Ind.
Feslus, Mo.

New York, N.Y.

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

San Francisco, Calif.

CODE LIST OF MANUFACTURERS (Sheet 2 of 2)

APPENDIX

Code
No. Monufacturer Address
85474 R.M. Bracamonte & Co. San Francisco, Calif.
85660 Koiled Kords, Inc. New Haven, Conn.
85911 Seamless Rubbes Co. Chicage, HI.
B6197 Cluton Precision Products  Clifton Heights, Pa.
86579 Psecision Rubber Products Corp. Dayton, Dhio
86684 Radio Corp. of America, RCA
Efectron Tube Div. Harrison, N.J.
87216 Philco Corporation (Lansdale
Division) Lansdale, Pa.
87473 Weslern Fibrous Glass Products Co.
San Francisce, Calif.
B7664 Van Waters & Rogers Inc. Seattle, Wash.
87930 Tower Mig. Corp Providence, R. 1.
88140 Cutier-Hammer, Inc. Lincoln, 111,
88220 Gould-Naljonal Batteries, Inc. St. Paul, Minn,
88698 General Mills, Inc. Buffalo, N.Y.
89231 Graybar Eleclnc Co. Dakland, Calif.
83462 Waldes Kohinoor, Inc. Cambridge, Mass.
89473 General Electric Distribuling Carp.
Schenectady, N.Y.
89636 Carter Parts Div. of Economy Baler Co.
Chicago, I,
89665 Umited Transformer Co. Chicago, 11l
90173 U.S. Rubber Co., Mechanical
Goods Div. Passaic, N.J.
90970 Beaning Engineering Co. San Francisco, Calll.
91260 Connor Spring Mig. Ca. San Francisco, Calit,
91345 Mytler Dial & Nameplate Co. El Monte, Calf,
91418 Radio Matenals Co. Chicago, Il
91506 Augal Brothers’, Inc. Attleboro, Mass.
91637 Dale Efectromcs, Inc. Columbus, Nebr.
91662 Elco Corp. Philadelphis, Pa,
91737 Gremar Mig. Co., Inc. Wakefield, Mass.
91827 K F Development Co. Redwood City, Calif.
91929 Minneapohis-Honeywell Reguiator Co.,
Microswitch Div, Freeport, 1.
91961 Nabm-Bros. Spring Co. Dakland, Caiif.
92180 Tru-Conneclor Corp. Peabody, Mass.
92196 Universal Mefal Prod., Inc. Bassett Puenle, Calit.
92367 Elgeet Oplical Co., Inc. Rochester, N.Y.
92607 Tinsolite Insulated Wire Co. Tarrytown, N.Y.
91332 Sylvania Electric Prod. Inc.,
Semiconductor Div. Woburn, Mass.
93369 Robbins and Myers, Inc. New York, N.Y.
93410 Stevens Mfg. Co., Inc. Manstield, Ohio
93788 Howard £, Smith Inc. Port Monmoulh, N. J.
00015-39
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Code
No.

93929
93983

2137
9144

94145
94148

94154
94197

94222
94310

54330
94682

95023
95236
95238
95263
95264
95265
95275
95348
95354
95712
95987
96067
96095
96256

96296
96330
96341
96501
97464
97538

97966
97978

98141
98159

Manufacturer Address
G. V. Controls Livingslen, N. J.
Insuling-Van Norman ind., Inc.

Electrenic Division Manchester, N.H.
General Cable Corp. Bayonne, N.J.
Raytheon Mfg. Co., Industial Components

Div., Receving Tube Dperalion Quincy, Mass.
Raylheon Mfg, Co., Semicenductor Div.,

Calfornia Streel Plant Newlon, Mass,
Scientific Radio Products, Inc.

Loveland, Cola.
Tung-Sol Electric, Inc. Newark, N.J.
Curtiss-Wright Corp.,

Eleclronics Div. Easl Paterson, N.J.

Soulhco Div. of §. Chesler Corp. Lesler, Pa.
Tru Dhm Prod. Div. of Model

Engineering and Mfg. Co. Chicage, 11l
Wire Cloth Products Inc, Chicago, I'l.

Worcester Pressed Alummum Corp,
Worcester, Mass.

Philbrick Researchers, Inc. Boston, Mass.

Allies Products Corp. Miami, Fia,
Continenlal Conneclor Corp. Woodside, N.Y.
Leecraft Mfg. Co., Inc. New York, N.Y.

Burbank, Calit,
Sheridan, Wyo.
Bridgeport, Conn,
Bloomeld, N.J.

Lereo Electronics, Inc,
National Col Co.
Vitramon, Inc.

Gordas Corp.

Methode Mig. Co. Chicago, 1IN,
Dage Eleclne Co., Inc, Franklin, Ind,
Weckesser Co. Chicago, IIl,
Huggins Laboratories Suanyvale, Calif,
H1-Q Division of Aerovox Dlean, N.Y.

Thordasson-Heissner Div. of
Maguire Indusiries, inc.
Solar Manufacluring Co.
Carllon Screw Co.
Microwave Associales, Inc.
Excel Transformer Co,
Industiial Retaining Ring Co.
Automatic and Precision Mfg. Co.

ML Carmel, [1],
Los Angeles, Calif,
Chicago, lil.
Burlington, Mass,
Qakland, Cahf,
Irvington, N.J.

Yonkers, N.Y.
CBS Efectronics,

Div. of C.B.S., Inc,
Reon Restslor Corp.
Axel Brothers Inc,
Rutber Teck, (nc.

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

Code
No.

98220
98278
98291
99405
98731
98821
98925

98978
99108
99313
99515
99707
93800
99848
99934
99942

99987

Appendix A

Monufacturer Address
Francis L. Mosley
Microdot, nc.
Sealectro Corp.
Carad Corp,
General Wills
North Hills Electric Co.
Clevite Transistor Prod.
Div. of Clevite Corp.
International Eleclronic
Research Corp.
Columbia Technical Corp.
Varian Associates
Masshall Industries, Eleclron
Products Division Pasadena, Calit,
Conlrol Switch Divisson, Controls Co.
of America El Segundo, Calif,
Delevan Electronics Corp, East Aurora, N.Y.
Wilco Corporation Indianapelis, Ind.
Renbrandt, Inc. Boston, Mass.
Hotfman Semiconductor Div. of
Holiman Electronics Corp,
Technalogy Instrument 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.
Paly Alto, Calf.

Evanston, I\l

Newbury Park, Calif,

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

30000

0000F
0000M

0000P
00002
Q00AA
000AB
000AC
00088

00OMM
GOGNN
000QQ
0008§

000WW

000YY S.K. Smith Co.

From:

Winchester Electronics, inc.
Santa Monica, Calif.
Maico Tool and Die Los Angeles, Calif.
Western Coil Div. of Automatic
Ind., fnc, Redwood City, Caiif.
Ty-Car Mg, Ca., Inc. Holliston, Mass.

Willow Leather Products Corp, Newark, N.J.
Bnish Radio Electronics Lid.  Washington, 0.C.
ETA England
Indvana General Corp., Elect. Div. Indiana

Precision instrument Components Co.
Van Nuys, Calif.
Hayward, Calit.
San fuse 27, Calif.
Oakland, Calit.
Burhank, Calif.
Burlingame, Calif,
Los Angeles 45, Calif.

Rubber Eng. & Development
A “N” D Manufactuning Co.
Conltron

Conteol of Elgin Waich Co.

Caffornia Easters Lab.

FSC.  Handbaok Suppfements
H41  Dated DECEMBER 1964
H4-2  Dated MARCH 1962



Appendix B

Model 400F/FL

HEWLETT-PACKARD SALES AND SERVICE OFFICES
the United States and Canada

ALABAMA

Huntsville, 35802

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: 6§02-949-0111

Tucson, 85716

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

TWX: 602-792-2759

CALIFORNIA

North Hollywood, 91604
3933 Lankershim Blvd.

(213) 877-1282 and 766-3811
TWX: 910-499-2170

Sacramento, 95621
2591 Carlsbad Ave.
(916) 482-1463

TWX: 916-444-8683

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

Palo Alto, 94303

1101 Embarcadero Rd.
(415} 327-6500

TWX: 910-373-1280

COLORADO

Englewood, 80110
7965 East Prentice
(303) 771-3455
TWX: 303-771-3056

CONNECTICUT

Middletown, 06458
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: 305-275-1234

St. Petershurg, 33708
410-150th Ave.. Madeira Beach
(8131 391.0211

TWX: 813-391-0666

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

HAWALI

North Hollywood, Calif. 91604

3939 Lankershim Blvd.
(213} 877-1282 and 766-3811
TWX: 910-499-2170

ILLINOIS

Skokie, 60078
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 Orleans
(504) 522-4359

MARYLAND
Baltimore, 21207
6660 Security Blvd.
(301) 944.5400

Rockville, 20852

12303 Twinbraok Pkwy.
(301} 427-7560

TWX: 710-828-9684

MASSACHUSETTS
Burlington, 01804
Midd!lesex Turnpike
(617) 272-9000
TWX: 710-332-0382

MICHIGAN
Southfield, 48076
24315 Northwestern Hwy.
(313) 3539100
TWX: 313-357-4425

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

MISSOURI
Kansas City, 64131
7916 Paseo Street
{816) 444-9494
TWX.: 816-556-2423

St. Louis, 63144

2814 South Brentwood Blvd.
(314) 647-4350

TWX. 314.962-3933

NEW JERSEY

Eatontown
(201) 542-0852

Englewood, 07631
391 Grand Avenue
(201) 567-3933

NEW MEXICO

Albuquerque, 87108
6501 Lomas Blvd., N.E.
(505) 255-5586

TWX: 910-989-1655

Las Cruces, 88001
114 S. Water Street
(505) 526-2486
TWX: 505-524-2671

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 Pearl Road
(216) 884-9209
TWX: 216-888-0715

Dayton, 45409

1250 W. Dorothy Lane
(513) 298-0351

TWX: 513-944-0090

OKLAHOMA

Oklahoma City
(405) 235-7062

PENNSYLYANIA

Camp Hill

(717) 737-6791

West Conshohocken, 19428
144 Elizabeth Street

(215) 248-1600 and 828-6200
TWX: 215-828-3847
Monroeville, 15146

2545 Moss Side Blvd.

(412) 271-5227

TWX. 710-797-3650

TEXAS

Dallas, 75209

P.0. Box 7166, 3605 Inwood Rd.
(214) 357-1881 and 332-6667
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

TWX: 9104432303

GOVERNMENT
CONTRACTING OFFICES

Middietown, Pa. 17657
Hewlett-Packard

Contract Marketing Division
Olmsted Plaza

{717) 944.7401

TWX: 717-760-4816

West Conshohocken, Pa. 19428
Hewlett-Packard

Contract Marketing Division
144 Etizabeth Street

(215) 753-1811

TWX: 215-820-3847

CANADA

Montreal, Quebec
Hewlett-Packard (Canada) Ltd.
8270 Mayrand Street

(514) 735-2273

TWX: 610-421-3484

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) 2499196

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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HEWLETT-PACKARD
Electronic

Appendix B

INTERNATIONAL OFFICES
Instrument Sales and Service

ARGENTINA
Mauricio A. Saurez
Telecomunicaciones
Carlos Calvo 224, Buenos Aires
Tek: 30-6312

AUSTRALIA
Sample Electronics (Vic.) Pty. Ltd.
9-11 Cremorne Street
Richmond E. 1, Victoria
Tel: 42-4757 (3 lines)
Sample Electronics {N.S.W.} Pty. Ltd.
4 Grose Street, Glebe, N.S.W.
Tel: 69-6338 (6 lines)

AUSTRIA
UNILABOR H.m.b.H.
Wissenschaftliche Instrumente
Rummelhardigasse 6/3
P.0. Box 33, Vienna IX/71
Tel: 42 61 81

BELGIUM
Hewlett-Packard Benelux
20-24 Rue de I'Hopital, Brussels 1
Tel: 11.22.20

BRAZIL
Ciental Importacao e Comercio Ltda.
R. Des Eliseu Guilherme, 62
Sao Paulo 6
Tel: 32-4332

CHILE
Hector Calcagni
Casilla 13942, Santiago
Tel: 6.42.26

COLOMBIA
Instrumentacion Henrik A. Langebeck
& Cia. Lida.
Apartado Aereo 6287
Bogota 1, 0.E.
Tel: 45-78-06
Cable: AARIS - Bogota

DENMARK
Tage Olsen A/S
Ronnegade 1, Copenhagen 0
Tel: 29.48.00

FINLAND
INTO 0/Y
P.0. Box 153
11 Meritullinkatu, Helsinki
Tel: 6.11.33
FRANCE
Hewlett-Packard France
150 Blvd. Massena, Paris 13e
Tel: 707.97.19

GERMANY
Hewlett-Packard VgmbH
Steindamm 35, Hamburg 1
Tet: 24.05.51

Hewlett-Packard VgmbH
Kurhessenstrasse 95
Frankfurt a. Main

Tel: 52.00.36
Hewlett-Packard VgmbH
Reginfriedstrasse 13
Munich 9

Tel: 49.51.21/2
Hewlett-Packard VgmbH
Technisches Buro
Herrenbergerstrasse 110
703 Boblingen, Wurttemberg
Tel: 6971
Hewlett-Packard VgmbH
Lietzenburger Strasse 30
1000 Berlin 30

Tel: 24 92 71

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

GREECE

K. Karayannis
Klattmonos Square, Athens 124
Tel: 230.301

INDIA

The Scientific Instrument Company, Ld.
6, Tej Bahadur Sapru Road, Allahabad 1
Tel: 2451

The Scientific Instrument Company, Ld.

24D, Dr. Dadabhai Naoroji Rd., Bombay 1

Tel: 26-2642

The Scientific Instrument Company, Ld.
11, Esplanade East, Calcutta 1

Tel: 234129

The Scientific Instrument Company, Ld.
30, Mount Road, Madras 2

Tel: 86339

The Scientific Instrument Company, Ld.
B-7, Ajmeri Gate Extn., New Delhi 1
Tel: 271053

IRAN
Telecom Ltd.
P.0. Box 1812, Tehran
Tel: 43850

ISRAEL
Electronics & Engineering Ltd.
16 Kremenetski St., Tel Aviv
Tel: 35021-2-3

ITALY
Hewlett-Packard Italiana S.p.A.
Viale Lunigiana 46, Milan
Tel: 69.15.84/5/6
Hewlett-Packard Italiana S.p.A.
Palazzo tatia
Piazza Marconi, 25, Roma-Eur
Tel: 59.12.544/5

JAPAN
Yokogawa-Hewlett-Packard Ltd.
2270 Ishikawa-cho
Hachioji, Tokyo
Tel: Hachioji 0426-3-1231 (19 lines}
Yokogawa-Hewlett-Packard Lid.
No. 3, 6-chome, Aoyama-Kitamachi
Akasaka, Minato-ku, Tokyo
Tel: 403-6511
Yokogawa-Hewlett-Packard Ltd.
No. 8, Umeda, Kita-ku, Osaka
Tel: 313-0081
Yokogawa-Hewlett-Packard Ltd.
No. 4, 3-chome, Himeikedori,
Chigusa-ku, Nagoya
Tel: 751-8545

KOREA
American Trading Company, Korea, Ltd.
112-35 Sokong-Oong, Jung-ku
Seou! P.0. Box 1103, Seoul
Tel: 3-7049, 3-7613

NETHERLANDS
Hewlett-Packard Benelux N.V.
23 Burg Roellstraat, Amsterdam W.
Tel: (020) 13.28.98 and 13.54.99

NEW ZEALAND
Sample tlectronics (N. Z.) Ltd.
8 Matipo Street
Onehunga S. £. 5, Auckland
Tel: 565-361

NORWAY
Morgenstierne & Co. A/S
ingeniorfirma
6 Wessels Gate, Oslo
Tel: 20 16 35

For Sales and Service Assistance in Areas Not Listed Contact:

IN LATIN AMERICA
Hewlett-Packard Inter-Americas
1501 Page Mill Road
Paio Alto, California 94304, U.S.A.
Telephone: (415) 326-7000
TwX: 910-373-1267
Telex: 033811 Cable: HEWPACK

PANAMA
Electronico Balboa, S.A.
P.0. Box 4929
Panama City 5, Panama
Tel: 3-0833

PERU

Fernando Ezeta B.
Casilla 3061

Lima
Tel: 78745

PORTUGAL
TELECTRA
Rua Rodrigo da Fonseca 103
P.0. Box 2531, Lisbon 1
Tel: 68 60 72 and 68 60 73 and 68 60 74

PUERTO RICO & YIRGIN ISLANDS
San Juan Electronics, Inc.
150 Ponce de Leon, Stop 3
P.0. Box 5167
Pta. de Tierra Sta., San Juan 00906
Tel: 725-3342, 724-4406

SPAIN
ATAIQ, Ingenieros
Enrique Larreta 12, Madrid 6
Tel: 235.43.44 and 235.43.45

SOUTH AFRICA
F. H. Flanter & Co. (Pty.}, Ltd.
Rosella House
Buitencingle Street, Cape Town
Tel: 3-3817

SWEDEN
H-P Instrument AB
Centralvagen 28, Solna, Centrum
Tel: 83.08.30
H-P Instrument AB
Idunagatan 28A
Goteborg
Tel: 27 68 00 and 27 68 01

SWITZERLAND
Max Paul Frey
Wankdorffeldstrasse 66, Berne
Tel: (031) 42.00.78

TAIWAN (FORMOSA}
Hwa Sheng Electronic Co., Ltd.
21 Nanking West Road, Taipei
Tel: 4 6076, 4 5936

TURKEY
TELEKOM Engineering Bureau
P.0. Box 376—Galata, Istanbu!
Tel: 49.40.40

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

YENEZUELA
Citec, C. A.
Edif. Anisan-0f =4
Avda. Francisco de Miranda-Chacaito
Apartado del £ste 10.837, Caracas
Tel: 71.88.05

YUGOSLAYIA
Belram S.A
83 Avenue des Mimosas
Brussels 15, Belgium
Tel: 35.29.58

ELSEWHERE
Hewlelt-Packard
Qverseas Sales Department
1501 Page Ml Road
Palo Alto, California 94304, U.S.A.
Telephone: (415) 326-7000
TWX: 910-373-1267
Telex: 033811 Cable: HEWPACK
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