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CERTIFICATION

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

WARRANTY AND ASSISTANCE

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

Service contracts or customer assistance agreements are available
for Hewlett-Packard products that require maintenance and re-
pair on-site.

For any assistance, contact your nearest Hewlett-Packard Sales and
Service Office. Addresses are provided at the back of this manual.
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Section 1
Figure 1-1 and Table 1-1

Model 1402A
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Figure 1-1. Model 1402A Dual Trace Amplifier

Table 1-1.

Specifications

MODE OF OPERATION:

1. Channel A alone.

2. Channel B alone.

3. Channel A and Channel B displayed on alter-

nate sweeps.

4. Channel A and Channel B displayed by switch-
ing at approximately 100 kc, with trace blank-
ing during switching.

Channel A and Channel B added algebraically;
polarity of Channel A may be inverted to ob-
tain differential operation.

5.

SENSITIVITY:
Each channel has sensitivities from 5 mv/cm to
10 v/cm in 11 calibrated ranges inal, 2, 5 se-
quence. Vernier allows continuous adjustment
between calibrated ranges and extends minimum
sensitivity to at least 25 v/em. Attenuator ac-
curacy +3%.

BANDWIDTH: (6 cm reference signal)
DC coupled: dc to 20 mc.
AC coupled: 2 cps to 20 me.

RISE TIME: Less than 20 nsec with 6 cm step
input.

SIGNAL DELAY:
Signal is delayed so that leading edge of fast
rise signals is visible at start of sweep.

COMMON MODE REJECTION:
(In B-A mode). At least 40 db on 5, 10, and
20 mv/cm ranges, at least 30 dbon 50 mv/cm
to 10 v/em. Sine wave common mode signal
not to exceed 150 cm (e. g., 150voltsonlv/cm
range) or a frequency of 500 kc.

INPUT IMPEDANCE: 1 megohm shuntedby 43 pf.

MAXIMUM INPUT:
600 volts (dc + peak ac).

WEIGHT: Net, 6 lbs.
(3, 6 kg).

(2,7 kg). Shipping, 8 lbs.

POWER: Supplied by oscilloscope.

1-0

019594
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Model 1402A

Sections I and II
Paragraphs 1-1 to 2-5

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION.

1-2. The @ Model 1402A Dual Trace Amplifier, Fig-
ure 1-1, is a 20-Mc DC-coupled amplifier plug-in
unit which has been designed for use with& Model
140-series oscilloscopes. It contains dual amplifying
channels for amplification of two separate input
signals, and a function control which determines the
presentation of the signal on the screen of the oscil-
loscope cathode-ray tube. The amplified signals from
the Model 1402A are applied directly to the deflection
plates of the CRT. Power is supplied to the plug-in
unit by the oscilloscope.

1-3. The Model 1402A provides the Model 140-series
oscilloscopes with calibrated sensitivities from 5
millivolts per centimeter to 10 volts per centimeter.
DC coupling is available at all sensitivities, with pro-
vision for AC coupling at the input. The Model 1402A
may be used in either vertical or horizontal plug-in
compartments of the Model 140A Oscilloscope, and
sensitivity is the same horizontally as vertically.
Front-panel gain adjustments are provided to calibrate
the sensitivity for both amplifier channels. Fre-
quency-compensated probes are available foruse with
the Model 1402A (see Paragraph 1-5).

1-4. In dual trace operation, the two signals are
presented on the screen either on alternate sweeps of
the time base (ALT) or alternately on the same sweep
(CHOP) at a chopped rate of approximately 100 kc.
Except for special cases such as single-shot high-
speed phenomena, these two modes accommodate all
dual-trace applications. Internal triggering uses the
Channel A signal; optionally the combined signal may
be selected for triggering in the ALTernate mode. In
single trace operation, either one of the signals is
presented while the opposite channel is switched off.
Algebraic addition (A+B) presents the sum of the two
input signals. Dual X-Y displays also are possible
(see Figure 3-8)

1-5. PROBES.

1-6. Frequency-compensated probes are recommend-
ed for measuring in high impedance circuits, or for
reducing signal voltage applied to the Model 1402A.
The 10:1 Divider Probes, Model 10001A/B (30 Mc)
and Model 10003A (50 Mc), provide an effective input
impedance of 10 megohms shunted by 10 pf. The 50:1
Divider Probe, Model 10002A/B (30 Mc), provides
an effective input impedance of 9 megohms shunted
by 2.5 pf. The calibrator on the front panel of the
oscilloscope provides a square wave which may be
used for the probe compensation adjustment described
in the Operating Note supplied with the Probe.

1-7. MANUAL IDENTIFICATION
AND CHANGES.

1-8. Information in this manual applies directly to
Model 1402A instruments with a serial prefix of 709~
(see manual title page). The serial prefix of an ®
instrument is the first three digits (i. e. those before
the dash, as in 000-00000) of the serial number stamped
on a plate attached to the rear panel. Appendix]I,
Manual Changes, provides information to adapt this
manual to an instrument with any serial prefix lower
than 709-. Serial prefixes of 525- and below are
covered in another manual, hp Part No. 01402-99001.
Any errors in this manual when it was printed are
called Errata, and these corrections (if any) will ap-
pear on the separate change sheet included with this
manual.

1-9. SCOPE OF MANUAL.

1-10. This manual suppliesoperating and maintenance
instructions for the & Model 1402A Dual Trace Ampli-
fier. The information in this manual supplements the
manuals for the & Model 140-series oscilloscopes.
If a time base or other plug-in unit is used in com-
bination with the Model 1402A refer also to the manual
for that plug-in.

SECTION 1I
INSTALLATION

2-1. INITIAL INSPECTION.

2-2, MECHANICAL CHECK. If external damage to
the shipping carton is evident, ask the carrier's agent
to be present when the instrument is unpacked. Check
the instrument for external damage such as broken
controls or connectors, anddents or scratches on the
panel surfaces. If damage is evident, see Paragraph
2-4 for recommended claim procedure and repackaging
information. If the shipping carton is not damaged,
check the cushioning material and note any signs of
severe stress as an indication of rough handling in
transit. If the instrument appears undamaged, per-
form the electrical check given in the following
paragraph.

01959-3

2-3. ELECTRICAL CHECK. Check the electrical
performance of the Model 1402A as soon as possible
after receipt. Paragraphs 5-3 through 5-12 contain
performance check procedures which will verify in-
strument operation within the specifications listed in
Table 1-1. This check is also suitable for incoming
quality controlinspection. Ifthe Model1402A does not
perform within the specifications when received, refer
to Paragraph 2-4 for recommended claim procedure
and repackaging information.

2-4. CLAIMS AND REPACKAGING.

2-5. If physical damage is evident, or if the instru-
ment does not meet specifications when received,

1-1
2-1
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Section II
Paragraphs 2-6 to 2-8

notify the carrier and the nearest Hewlett-Packard

Sales/Service Office (see list at rear of this manual).

The Sales/Service Office will arrange for repairor
replacement without waiting for settlementofa claim
with the carrier.

2-6. The original shipping carton and packing mater-
ial, with the exception of the accordion-pleated pads,
shouldbe used for reshipment. The accordion-pleated
pads are fatigued with one use and are not reusable.
The Hewlett - Packard Sales/Service Office will also
provide information and recommendations on mater-
ials to be used if the original packaging material is
not availableoris notreusable. Materials used should
include: (1)adouble-walled carton (check witha freight
carrier for test strength required), (2) heavy paper
or sheets of cardboard to protect all instrument sur-
faces; use extra material around projecting parts of
the instrument, (3) at least four inches of tightly-

2-2

Model 1402A

packed shock-absorbing material surrounding the in-
strument. Close the carton securely with durable

shipping tape. If the instrument is to be shipped toa
# Sales/Service Office for repair, attacha tag showing
owner, model, serial number, and repairs required.

2-7. PREPARATION FOR USE.

2-8. The Model 1402A is an amplifier plug-inunit for
the Model 140-series Oscilloscopes. In the Model
140A Oscilloscope the Model 1402A can be used in
either plug-in compartment, but it is normally used
as a vertical amplifier in the lower plug-in compart-
ment, while the upper compartment is used for the
sweep plug-in unit. To install the Model 14024, slide
the unit into the appropriate compartment in the oscil-
loscope front panel. Lock the plug-in in place to en-
sure good electrical and mechanical connection. All

necessary power for the Model 1402A is supplied by
the oscilloscope.

01959-2
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Model 1402A

Section IIT
Paragraphs 3-1 to 3-12

SECTION 11l
OPERATING INSTRUCTIONS

3-1. INTRODUCTION.

3-2. The Model 1402A Dual Trace Amplifier contains
two amplifier channels, with provision for display of
either or both signals on the cathode-ray tube of a
Model 140-series oscilloscope. With the exception
of FUNCTION, A POLARITY, and SENS CAL, all
controls and inputs are duplicated: one set for Chan-
nel A at left, the other for Channel B at right. Fig-
ure 3-2 lists the functions of the controls and
connectors.

3-3. OPERATING PROCEDURES.

3-4. Figures 3-3 through 3-8 give step-by-stepoper-
ating instructions for the Model 1402A. These
instructions are keyed to individual controls. Addi-
tional information onthe various modes of presentation
is given in Paragraphs 3-6 through 3-13. The DC
Balance and Sensitivity Calibration adjustments, Fig-
ures 3-3 and 3-4, are to be made before using the
Model 1402A. Sensitivity calibration should be checked
each time the Model 1402A is transferred from one
compartment to the other, or from one oscilloscope
to another. The Model 1402A may be used in either
vertical or horizontal plug-in compartments of the
Model 140A oscilloscope; however, chopped blanking
takes place only when the Model 1402A is used in the
lower (vertical) compartment.

3-5. MODES OF PRESENTATION.

3-6. SINGLE CHANNEL. Either Channel A or Chan-
nel B may be displayed by switching the FUNCTION
control fully counterclockwise (A) or fully clockwise
(B). In either position the unused channel is switched
off, so that it is not necessary to disconnect input
signal. When internal triggering is used, time base
triggering is from the signal displayed.

3-7. ALTERNATE., In ALTernate operation, the
Model 1402A connects the output of one channel to the
CRT for the duration of one sweep, and the output of
the other channel for the duration of the next sweep.
Alternate operation is intended for comparing signals
which require fast sweep speeds. Although the sweep
may be triggered by an external trigger signal which
is synchronized with both vertical signals, internal
triggering may be used, each sweep being triggered
by the signal of the channel which is about to be pre-
sented. This mode is useful when two signals unre-
lated in time are to be displayed. See also Para-
graph 3-8.

3-8. ALTERNATE, TRIG BY CH. A, This mode is
similar to the alternate mode of operation described
in paragraph 3-7, except that internal sweep trig-
gering is from the Channel A signalonly. This method
of triggering permits accurate time comparisons be-
tween the two signals.

01959-2

3-9. CHOPPED. In CHOPped operation the Model
1402A switches channels at a rate of approximately
100 ke, so both signals appear during each sweep.
Chopped operation is intended for comparing signals
which require sweep speeds below about 50 micro-
seconds per centimeter, that is, sweep speeds which
are low compared to the 100-ke switching rate. This
type of operation permits precise time comparisons
because both signals are displayed onthe same sweep.
When internal triggering is used, the Channel A signal
is used to trigger the time base. Switching transients
are blanked when the Model 1402A is used in the
vertical (lower) compartment of the Model 140A
ascilloscope.

3-10. ALGEBRAIC ADDITION. In A+B operation, the
sum of in-phase signals applied to Channels A and B
is presented on screen; or, inthe caseof out-of-phase
(differential) signals, the difference of the two signals
is presented. Differential (B-A) operation isobtained
by switching A POLARITY to negative (-). The B-~A
mode presents the sum of out-of-phase (differential)
signals, or the difference of in-phase signals. Com-
mon-mode rejection may be improved by slight adjust-

ment of one sensitivity VERNIER or the other to null
the common-mode signal seenonthescreen. Use only

one VERNIER inorder to maintaina calibrated display.

3-11. DUAL X-Y. Two independent X-Y displays may
be presented on the CRT of the Model 140A Oscillo-
scope by using two Model 1402A plug-ins, or one Model
1402A and another 1400-series dual-tracevertical am-
plifier. Operating instructions are given in Figure
3-8. For X-Y measurementabove 10kcthedelay line
of the Model 1402A may cause phase-shift errors
greater than 2° when used with a 1400-series plug-in
that does not containadelay line. Two Model 1402A's,
however, are matched closely enough that less than
2° of phase shift beyond 100 kc is assured, and less
than 3° to 1 Mc is typical.

3-12. I higher-freguency X-Y operation is desired, the
following modification and adjustments must be per-
formed.

a. Disconnect the delay line in both Model 1402A's.

b. Connecta10-20 ohm, 1/4 watt resistor between
the L402/R408 junctionand L404/R415 junction in both
Model 1402A's. Refer to Figure 5-14.

c. Connect a 10-20 ohm, 1/4 watt resistor between
the L401/R407 junction and L403/R411 junction in both
Model 1402A's.

NOTE
Jumpering the amplifier leads with

these resistors damps oscillation
tendencies.

HP 1402A Dual Trace Amplifier.max



Section III
Paragraphs 3-13 to 3-15

d. Install the Model 1402A's in the Model 140A,
and insert the same high-frequency signal into both
units using Channel A or B functions.

e. Adjust C433, C441, and C461 in the lower Model
1402A, as necessary, between the 1-10 Mc band for
minimum phase shift on a 45° line display. C461 is
dominant through the 1-4 Mc band, C441 from 4 to 8
Mc, and C433 above 8 Mc, although all three interact
to some extent.

The maximum signal sizes to minimize distortionare
10 X 10 cm for signals below 10 Mc, and 6 X 6 cm
(centered) for signals above 10 Mc, When these limits
are observed, the 1402A X-Y operation may typically
be less than 3° of phase shift or distortion through
20 Mc.

3-13. When normal use of the Model 1402A's is again
desired; remove the resistors installed above, and
reconnect the delay lines. The Model 14024 in the
upper compartment should still be calibrated. The
Model 1402A in the lower compartment must be re-
compensated for high frequency performance, using
the procedure supplied in Paragraph 5-25.

3-14. BANDWIDTH.

3-15. The bandwidth specification of the Model 1402A
is 20 megacycles, referenced to a low frequency dis-
play of 6 centimeters. Linearity is such that the 6-

3-2

Model 1402A

cm display may be positioned anywhere over the 10
x 10 cm area of the CRT graticule without significant
distortion or lossof bandwidth. Figure 3-1illustrates
a typical bandwidth curve.

25MC
~
20MC f)\ 07
BANDWIDTH _/
SPECIFICATION—
I5MC

4CM  6CM I0CM

1402A-A-21

Figure 3-1. Model 1402A Bandwidth

01959-2
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Section III
Figure 3-2
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1. Positions Channel A trace vertically on CRT.
2. Selects sensitivity of Channel A.

3. Provides continuous adjustment between steps of
SENSITIVITY switch.

4. Balances Channel A amplifier to prevent verti-
cal shift of trace when sensitivity is changed.

5. Selects signals displayed, mode of display, and
signal (Channel A or combined) to be used for
internal triggering.

6. Determines polarity of Channel A display.

7. Balances Channel B amplifier.

8. Selects sensitivity of Channel B.

9. Provides continuous adjustment between steps of
SENSITIVITY.

10.

11,

12.

13.

14.

15.

16.

17.

18.

éq{@/@{

Positions Channel B trace vertically on CRT.

Locks plug-in unit in place.

Signal input connector for Channel B.

Selects AC coupling or DC coupling at Channel
B input.

Connects (ON) or disconnects (OFF) signal to
Channel B.

Calibrates sensitivity of the Model 1402A.
Connects or disconnects signal to Channel A.
Selects AC coupling or DC coupling at Channel
A input.

Signal input connector for Channel A.

Figure 3-2. Controls and Connectors

01959-1
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Section III

Model 1402A

Figure 3-3
1. Set LEVEL to FREE RUN.
2. Select Channel A.
3. Set INPUT to OFF.
4, Set Channel A SENSITIVITY to .02 V/CM.
5. Center Channel A POSITION control.
6. Depress BEAM FINDER switch.
7. Adjust DC BAL to center trace.
8. Release BEAM FINDER and recenter trace with
DC BAL.
9. Adjust DC BAL for no vertical shift as SENSI-
TIVITY is varied between .02 V/CM and .005
V/CM.
10. Select Channel B and repeat steps 3 through 9,
using corresponding Channel B controls.
Figure 3-3. DC Balance Adjustment
3-4 01959-1
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Model 1402A Section III
Figure 3-4
a b e e stuwre
1. Select Channel A.
2. Set Channel A VERNIER to CAL.
3. Set Channel A SENSITIVITY to .1 V/CM.
4. Connect 1V CALIBRATOR to Channel A INPUT.
5. Set SWEEP TIME to display a convenient number
of cycles.
6. Adjust SENS CAL for exactly 10 centimeters of
vertical deflection.
Figure 3-4. Sensitivity Calibration
01959-1 3-5
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Section III

Model 1402A

Figure 3-5
/@
Vi
@ e ety @

1. Set COUPLING to DC if DC coupling is desired,
or to AC to block large DC components.

2. Connect signal to INPUT.

3. Select Channel A (or B).

4. Set SENSITIVITY to the desired range. For
calibrated sensitivity, set VERNIER to CAL.

5. Set A POLARITY to (+) for normal positive-up
presentation, or to (-) if inverted display is
desired. (This control is effective for Channel
A only.)

Figure 3-5. Single Channel Operation
3-6 01959-1
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Model 1402A

Section III
Figure 3-6
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1. Connect one signal to Channel A INPUT, and
set Channel A controls as desired (procedure
shown in Figure 3-5).

2. Connect second signal to Channel B INPUT and
set Channel B controls as desired.

3. Select CHOP for display of both signals during
the same sweep, or ALT for display of signal
on alternate sweeps. (Chopped operation is
suitable for slower sweep rates; alternate opera-
tion for fast sweep rates.)

Note

Internal triggering in the mode shown is on
both channels (alternately); the next two
clockwise positions of the FUNCTION con-
trol use the Channel A signal only.

Figure 3-6. Dual Trace Operation
01959-1
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Section III

Model 1402A

Figure 3-7
1. Select A+B.
2. Connect one signal to Channel A INPUT.,
3. Connect second signal to Channel B INPUT.
4. Set A POLARITY TO (+).
5. Set SENSITIVITY switches as desired, with iden-
tical settings for best results.
Note
Differential (B-A) operation is obtained by
setting A POLARITY to (~) in Step 4.
Figure 3-7. Algebraic Addition
3-8 01959-1
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Section III
Figure 3-8
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Set FUNCTION of vertical (lower) Model 1402A
plug-in to CHOP.

Set FUNCTION of horizontal (upper) Model 1402A
plug-in to ALT.

Connect Y (vertical) signals to Channel AINPUT
and Channel B INPUT of vertical (lower) plug-in.

Connect X (horizontal) signals to Channel A
INPUT and Channel B INPUT of horizontal
(upper) plug-in.

Adjust vertical sensitivities for desired Y-
deflection.

Adjust horizontal sensitivities for desired X-
deflection.

If necessary, switch vertical (lower) FUNC-
TION control out of and into CHOP until de-
sired comparison of X and Y signals is ob-
tained (Channels A with A and B with B, or
A with B and B with A). Use POSITION
controls to identify which channels are being
compared.

The A POLARITY switches can be used to
reverse Channel A signals in both plug-ins.

Note

Two signals applied to a Model 1402A (set
to CHOP) may also be compared with one
signal applied to a single-channel plug-in
in the other compartment.

Figure 3-8. Dual X-Y Operation for Two Independent Displays

01959-2
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SECTION IV
CIRCUIT DESCRIPTION

4-1. OVERALL DESCRIPTION.

4-2. The & Model 1402A Dual Trace Amplifier con-
tains five basic circuits: two independent differential
amplifiers (Channels A and B), an output amplifier, a
switching circuit, and a trigger amplifier. The re-
lationship of these circuits is shown in the block
diagram, Figure 4-1. The input signal for each chan-
nel is DC-coupled or AC-coupled through an input
attenuator to the amplifiers, or may be disconnected
(OFF). No input attenuation is used on the three most
sensitive ranges. With the exception that a polarity-
reversing switch is provided for Channel A only, the
two input amplifier channels are essentially identical.
The switching circuit turns on either or both channels
for one of the five modes of presentation selectable
by the FUNCTION control (A, ALT, CHOP, A+B, or
B). Signal from either or both Channel A and Chan-
nel B is applied to the differential output amplifier,
which drives the deflection plates of the oscilloscope
cathode-ray tube. A part of the FUNCTION switch is
used to select either Channel A signalor the combined
signal from the output amplifier for application to the
trigger amplifier. The differential signal from the
trigger amplifier is connected through the oscillo-
scope to a time base plug-inunit for sweep triggering.
The single sensitivity calibration control, SENS CAL,
is located in the output amplifier; the two input chan-
nels do not require separate front-panel gain adjust-
ments, since these circuits are very insensitive to
aging and temperature effects.

4-3. CIRCUIT DETAILS.

4-4. Refer to the schematic diagrams throughout
the following circuit descriptions. Channel B opera-
tion is similar to Channel A, except as noted in the
Channel A description.

4-5. CHANNEL A.

4-6. The signal is AC- or DC-coupled through S101A
and S101B to the input attenuator. On the two most
sensitive settings of the attenuator, two switch wafers
are used to bypass the attenuator sections, and the
change of sensitivity is accomplished inthe amplifier.
The next (.02) position also uses no input attenuation.
The remaining less sensitive ranges switch in one or
two of the four attenuator networks, which provide
attenuation ratios of 2.5:1 (R111/R112), 5:1 (R113/
R114), 10:1 (R101/R102), 100:1 (R103/R104). Variable
capacitors in these networks are adjusted to maintain
these ratios for high frequencies by capacitive division.

4-17. Input overload protection is provided by R120,
V102, and CR101. DC BAL control R140 adjusts the
DC level in the lower half of the amplifier, so that
with no input signal the emitters of Q103 and Q104
will be at the same voltage. Thus when amplifier gain
is changed (by operating SENSITIVITY control), the
position of the trace will not shift. The VERNIER
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control R149, when rotated counterclockwise, reduces
signal amplitude by shunting signal around the bases
of Q103 and Q104. RI150C calibrates amplifier gain
for all ranges of SENSITIVITY except .01 and .005,
which are calibrated (after R150C is correctly set)
by R150A and R150B respectively. The output of
differential amplifier Q103/Q104 can be reversed in
Channel A by S103. POSITION control R170A/B
varies the DC level at the output of the Channel A
circuit for positioning of the display on the CRT.
Signal is coupled through switching diodes CR110 and
CR113 (when these diodes are switched on) to the
output amplifier.

4-8. SWITCHING CIRCUIT.

4-9. The switching circuit consists of a blocking
oscillator, a blanking pulse amplifier, and a multi~
vibrator. The switching circuit applies either cut-
off bias or conducting bias to the switching diodes at
the output of each amplifier channel (CR110 through
CR113, and CR210 through CR213) and thus deter-
mines which channel is on atagiventime. Figure 4-2
is a simplified diagram of the switching circuit.

4-10. BLOCKING OSCILLATOR. Depending on the
position of FUNCTION switch S301, Blocking Oscil-
lator Q301 can be astable, monostable, or disabled.
When the emitter of Q301 is returned through R307
to the +100 volt supply (CHOP function), the circuit -
is permitted to oscillate with a free-running fre-
quency of about 200 kilocycles. The positive-going
voltage at the collector is coupled through C321 to
switch the multivibrator; since the multivibrator
must switch twice for a full cycle, multivibrator fre-
quency is 100 kc. When the emitter of Q301 is re-
turned to ground (ALT function), the circuit is biased
off in a monostable condition and will produce a pulse
each time the negative-going gate signal is received
through C301 and CR301. Thus in the ALTernate
mode, the multivibrator switches once for each sweep
of the time base. Opening the emitter lead in the A,
A+B, and B positions disables the circuit for these
functions.

4-11. BLANKING PULSE AMPLIFIER. The posi-
tive-going portion of the pulse from the blocking oscil-
lator has no effect on Q302; the negative backswing,
however, turns this transistor on, producing a positive
pulse which blanks the CRT beam. Transients caused
by switching in the CHOPped mode thus do not appear
on the CRT screen. The time period between the
start of the blocking oscillator pulse and the negative-
going backswing is about 200 nanoseconds, which
corresponds to the signal delay introduced in the output
amplifier. Thus blanking starts at the same time as
any transient which may appear. CR303 is reverse-
biased in CHOP mode, but in all other positions is
forward-biased to ground undesirable blanking tran-
sients.

4-1
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4-12. MULTIVIBRATOR. Transistors Q303 andQ304
are connected in a bistable multivibrator circuit. De-
pending on the position of the FUNCTION switch the
multivibrator may be switched by positive triggers
from Blocking Oscillator Q301 (ALT or CHOP), locked
in either of its two stable states (A or B), or disabled
(A+B). Figure 4-2 illustrates signal conditions for
ALTernate operation at a time when Q303 has been
switched on (output more negative) and Q304 has been
cut off (output more positive). With these output
voltages, CR111 and CRI112 are forward-biased,
which shorts Channel A signal. The current of Chan-
nel A output transistors Q103 and Q104 flows through
Q303 of the multivibrator. Diodes CR110 and CR113
are reverse-biased, which disconnects Channel A
output from the output amplifier. Channel Ais there-
fore ‘“‘off”’. In Channel B, diodes CR211 and CR212
are biased off and CR210 and CR213 are foward-
biased, which permits signal from Channel B output
transistors Q203 and Q204 to be coupled to the output

Model 1402A

amplifier. Channel B is therefore ‘‘on’’. When the
next sweep starts, a positive trigger from Q301 re-
verses the states of Q303 (off) and Q304 (on). This
reverse-biases the four diodes which wereon (CR111,
CR112, CR210, and CR213), and forward-biases those
which were off (CR110, CR113, CR211, and CR212).
Thus Channel A is switched on and Channel B is
switched off, and for each following successive
sweep, the two channels will be switched alternately
on and off. In CHOP mode, the channels are switched
at a 100-kc rate, as determined by the free-running
rate of the blocking oscillator. In the A position of
the FUNCTION switch, -12.6 volts is applied through
R332 to CR211 and CR212, whichforward-biases these
diodes and reverse-biases CR210 and CR213. The
multivibrator is disabled by R334 which limits current
available to Q303 and Q304, and the output of Q303 is
near ground (less negative than when conducting).
Diodes CR111 and CR112 are therefore reverse-
biased, and Channel A signal is coupled throughCR110

BLANKING BCHAONPPEDG
PULSE LANKIN
AMPLIFIER |~ > TO CRT
ﬂr Q302 CATHODE
(ON) 1 -~
/2 MVB
] Q303
$R333 CRIII CRII2
-
<—CHANNEL A SIGNAL—
J) CRIIO CRII3
-12,6V
|A+B)o v
1 j\ RI73 RI74
ALTERNATE BLOCKING —N—— AMA—
SN BgE] oSClAToR |
ALT/
CHE] l —12.6V> l
T CR210 CR213
b— <«~CHANNEL B SIGNAL—b> —
$R332 CR211 CR2I12 #
(o]
A ALT] | [CHOP] -
B LT N 1/2 MVB
L Q304
A+B| = R307
(cut oFF) | v v
+ N/
+100V o
OUTPUT
AMPLIFIER
1402A—C—2
Figure 4-2., Switching Circuit Simplified
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and CR113 to the output amplifier. In the B position
of the FUNCTION switch, thereversesituation holds
true, with -12.6 volts being applied through R333. In
the A+B mode the multivibrator is also held inoper-
ative by R334, and -12. 6 volts is appliedto the junction
of R173 and R174, which forward-biases CRI110
CR113, CR210, and CR213 while reverse-biasing
CR111, CR112, CR211, and CR212. The signals of
both channels are thus added and applied to the output
amplifier.

4-13. OUTPUT AMPLIFIER.

4-14. Signals from Channel A or Channel B (or both
in A+B mode) are amplified by common base amplifiers
Q401/Q402 and are applied to delay lines DL401 and
DL402. The purpose of the delay introduced by these
lines is to permit starting of the sweep trace inadvance
of the display of a vertical signal. Thus if afast-rise
vertical signal is also used to trigger the sweep, the
entire pulse rise will be displayed onthe CRT screen.
Trigger pickoff is ahead of the delay lines, at the
junctions of R401/R402 and R405/R406. Position
Adjustment R409 sets DC levels to be the same in
both halves of the output amplifier. Adjustment is
made by centering the trace with no DC differential
input to Q401/Q402. SENS CAL control R423 adjusts
signal degeneration between the bases of Q405 and
Q406, and is set for calibratedsensitivity of the Model
1402A. High-frequency adjustments C433, C441, and
C461 adjust high-frequency gain in the third, fourth,
and sixth stages respectively. Each of the three
adjustments provides frequency compensation of a
different time constant, and the adjustment having the
longest time constant, C461, shouldbe adjustedfirst.
Diodes CR451, CR452, CR461, and CR462are normally
reverse-biased, and provide voltage overloadprotec-
tion for V401A/B, V402, and V403 by clamping the
cathodes of these tubes to -12. 6 volts. Output Plate
Voltage adjustment R460 adjusts the voltage applied
to the deflection plates for optimum focus operation
of the CRT. The BEAM FINDER switch, located on
the oscilloscope frontpanel, reduces current available
to output tubes V402 and V403 by allowing R474 to be
inserted in series with the cathode supply. Withstage
current thus reduced, the differencein CRT deflection
plate voltages will be small enough to locate the trace
on screen, regardless of signal amplitude or the
setting of POSITION controls.

4-15. TRIGGER AMPLIFIER.

4-16. Differential signal from Channel A is applied
to Q501 and Q502, and differential signal from the
output amplifier (which may be either Channel A or
Channel B signal, or both) is applied to Q503 and
Q504. A part of FUNCTION switch S301 selects
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either one of these trigger sources (Channel A only
for the two dual trace functions designated TRIG BY
CH. A, or the combined signal for the four remaining
positions) and the signal is AC-coupled through C511
andC512 to differential amplifier Q505/Q506. Slightly
less sensitive triggering may be noted on TRIG BY
CH. A ALT when using the 5 and 20 millivolt settings
of the SENSITIVITY control. Sync Bal adjustment
R514 balances the differential signal applied to the
time base. The output of the second differential am-
plifier, Q507/Q508 is applied through emitter follow-
ers Q509 and Q510 to the time base plug-in. Diode
CR541 is reverse-biased in all function positions ex-
cept CHOP, effectively disconnecting C541 and C542.
In CHOP position CR541 is forward-biased, which
places C541 and C542 across the output of Q507 and
Q508. This reduces the bandwidth of the stage and
prevents switching transients from being applied to
the time base triggering circuit. Extended bandwidth
is not required in the CHOP mode since this type of
display is suitable only for vertical signals consider-
ably below the 100-kc chopping rate. The calibrator
voltage divider, shown on the trigger amplifier sche-
matic, divides the 1-volt line-frequency calibrator
voltage to calibrated voltages of 120 millivolts, 60
millivolts, and 30 millivolts. These voltages are
available at terminal posts on the trigger amplifier
board for use in checking sensitivity calibration (see
paragraph 5-23 for recommendedprocedure in making
sensitivity adjustment).

4-17. DUAL X-Y SWITCHING.

4-18. When two Model 1402A amplifiers are used for
dual X-Y measurements, the vertical plug-in (lower
compartment of the Model 140A) is used in CHOP
MODE. The frequency of the blocking oscillator in
this plug-in (about 200 kc) determines the switching
rate of both units, and provides chopped blanking to
the CRT in the oscilloscope. The blocking oscillator
waveform is applied through the oscilloscope to the
base of the blocking oscillator in the horizontal plug-
in, The horizontal plug-in (upper compartment of
the Model 140A) is used in ALT mode, and sincethe
blocking oscillator is in the monostable condition, it
is triggered by the 200-kc switching waveform re-
ceived from the vertical plug-in, and thus switches
at the same rate. Because the multivibrators in the
two Model 1402A's will not always be in the same
state when the first chopping pulse is received, the
selection of channels for X-Y comparison is random
(not selectable from the front panel). However, by
operating the FUNCTION switch of the vertical plug-
in out of and into CHOP a few times, the desired
X and Y channels can be caused to switch on together,
thus permitting comparison of Channel A with A and
B with B, or A with B and B with A.
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Table 5-1
Table 5-1. Equipment Required for Tests and Adjustments
Instrument Recommended Required Ref
Type Model Characteristics Required for Para
1. Signal Textronix Frequency 50 ke to 20 Mc; Common-Mode Rejection Check; | 5-9
Generator Type 190 dutput 1v - 2v
Bandwidth Check 5-11
2. Voltmeter @ T38AR AC output 50 mv to 100 v p-p; Sensitivity Check 5-10
Calibrator accuracy 0.5%
3. Pulse Tektronix Output 250 mv; rise time less Rise Time Check; 5-12
Generator Type 107 than 5 ns; frequency 400 kc
High Frequency Adjustment 5-25
4. Square & 211A Frequency 10 ke; output 0.2 v Attenuator Compensation 5-24
Wave Adjustment
Generator
5. DC Volt- & 412A Full-scale range 1v, 100 v; DC Level Adjustment; 5-22
meter accuracy 1%; floating
common lead Trigger Amplifier Balance 5-26
Adjustment
6. Audio & 200CD Output 3v p-p; frequency Sensitivity Adjustment 5-23
Oscillator 400 cps
7. L-C Tektronix To indicate 43 pf Input Capacity Adjustment 5-24
Meter Type 130
5-0 01959-2
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SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2 This section covers maintenance, troubleshoot-
ing, and adjustment of the Model 1402A Dual Trace
Amplifier. The performance check (Paragraphs 5-3
through 5-12) may be used at incoming inspection or
after adjustments have been made to verify that the in-

strument meets its specifications (Table 1-1).

5-3. PERFORMANCE CHECK,

5-4. The performance check is intendedto determine
whether or not the instrument is operating within its
specifications. If adjustment is required, refer to
Paragraph 5-13. To check calibrator accuracy and
other specifications for the oscilloscope, refer to the
oscilloscope manual.

5-5.TEST EQUIPMENT.

5-6. Test equipment recommended for the perform-
ance check is listed in Table 5-1, items 1 through 3.
Similar instruments having the listed characteristics
may be substituted.

5-7. PROCEDURE.

5-8. Install the Model 1402A in the desired plug-in
compartment of an % Model 140-series oscilloscope,
depending on whether the plug-in is intended for use
as a horizontal or averticalamplifier. In the follow-
ing performance check procedure it is assumed that

the lower (vertical) compartment of the Model140A
is being used to test the Model 1402A.

5.9. COMMON-MODE REJECTION.

a. Set: FUNCTION . .. .. ... ... .. ALT
APOLARITY . ... ... ... .. (-)
VERNIER (both) . .. .. ... .. CAL
Channel A and B SENSITIVITY . . 0.2

b. Apply a 500 kilocycle signal from the Signal
Generator (see Table 5-1) to both Channel A and
Channel B INPUT connectors.

c. AdjustSignal Generator output for 10-cmdisplay
on both traces.

d. Set: FUNCTION . . . . ¢« v v v o v v o A+B
Channel A and B SENSITIVITY . . . 0.02

e. Display height should not be greater than 1
centimeter.

f. Set Channel A and B SENSITIVITY to .0l.

g. Display height should not be greater than 2
centimeters.

h. Set: FUNCTION ... ... ... .... ALT
Channel A and B SENSITIVITY . . . 0.1

i. Adjust Signal Generator output for 10-cm dis-
play on both traces.

j. Set: FUNCTION . .. ... ... .... A+B
Channel A and B SENSITIVITY . . .
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k. Display height should not be greater than 2
centimeters.

5-10. SENSITIVITY.

a. Set: FUNCTION . . . . . ... ..... A
SENSITIVITY (A) . . . . . .. ... 0.02
VERNIER (A) . + « v v oo v e v . CAL

b. Connect Voltmeter Calibrator output to Channel
A INPUT.

c. Check all SENSITIVITY ranges by setting Volt-
meter Calibrator and SENSITIVITY controls as shown
in Table 5-2. Vertical deflectionin each case should
be 10 cm +0.3 cm.

d. Repeat Steps a through ¢ for Channel B.

Table 5-2. Sensitivity Check

SENSITIVITY Calibrator Output
10 V/CM 100 VOLTS
5 50
2 20
1 10
.5 5
.2 2
.1 1
.05 .5
.02 .2
01 .1
. 005 .05
5.11. BANDWIDTH.
a. Set: FUNCTION . . .. ... ... ... A
SENSITIVITY (A) . . . . . . . ... 0. 005
VERNIER (A) . . . . . .. . .. .. CAL

b. Apply a 1 Mc signal from Signal Generator to
Channel A INPUT. Use a 50-ohm load across output
of Signal Generator.

c. Adjust Signal Generator amplitude for 6 cm
deflection.

d. Change frequency to 20 Mc. Vertical deflection
should be 4.2 cm or greater.

e. Repeat Steps a through d for Channel B.

Note

When a Model 1402A is installed for the first
time ina Model 140A Oscilloscope with a ser-
ial prefix of 407-, 413-, 425-, or 437-, pro-
ceed as follows to obtain full bandwidth and
rise time.

(1) Remove variable capacitor Cl from the
Model 140A.

(2) Readjust C461 in Model 1402A for opti-
mum flat top on pulse.

5-1
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5-12. RISE TIME.

a. Comnect Pulse Generator to Channel A INPUT.
Attacha 50-ohm load across output of Pulse Generator.

b. Sett FUNCTION ., ............. A
SENSITIVITY(A) ., ......... 0.02
VERNIER ............. CAL
SWEEP TIME. . . . . .. 0.5 USEC/CM
Sweep MAGNIFIER. . . . ... .. Xl0

c. Obtain a 6-cm step. Risetimefrom 10%to 90%
points on pulse should be less than 18 nanoseconds.

Note

When a Model 1402A is installed for the first
time ina Model 140A Oscilloscope with a ser-
ial prefix of 407-, 413-, 425-, or 437-, pro-
ceed as follows to obtain full bandwidth and
rise time.

(1) Remove variable capacitor Cl1 from the
Model 140A

(2) Readjust C461 in Model 1402A for opti-
mum flat top on pulse.

Model 1402A

5-13. ADJUSTMENTS.

5-14, Paragraphs 5-17 to 5-26 give the adjustment
procedure for the Model 1402A. If difficulty is en-
countered in making any adjustment, refer to Para-
graph 5-27 for troubleshooting procedures.

5-15. EQUIPMENT NEEDED FOR ADJUSTMENTS.
Test equipment recommended for the adjustment pro-
cedure is listed in Table 5-1, items 3 through T
Similar instruments having the listed characteristics
may be substituted.

5-16. LOCATION OF ADJUSTMENTS. Figure 5-1
shows the location of all internal adjustments in the
Model 1402A.

5-17. PRELIMINARY PROCEDURE.

5-18. Install the Model 1402A in the lower compart-
ment of the oscilloscope. If a Model 140A Oscillo-
scope is used, install another plug-in, preferably a
time base such as the Model 1420A or Model 1421A,
in the upper compartment. Turn on the instrument
and allow several minutes for warmup.
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5.19. DC BALANCE ADJUSTMENT.

5-20. Adjust DC BAL to eliminate trace shift when
SENSITIVITY is switched between .005 V/CM and
.02 V/CM. Perform for both channels.

5.21. POSITION ADJUSTMENT.

a. Set: FUNCTION - . . CHOP
POSITION controls 12 O’clock

b. Center both traces about center of screen with
Position Adj R409.

5.22. DC LEVEL ADJUSTMENT.

a. Short the plates of V402 and V403 together and
measure the voltage between this short and the +250
volt supply. This may be done by clipping one volt-
meter lead to pins 12 and 24 (together) of P1, the 24-
pin connector in the Model 140A, and the other volt-
meter lead to the +250 volt supply.

b. Set the voltage to 79 volts with DC Level Adj
R460.

5.23. SENSITIVITY ADJUSTMENT.

a. Set: SENSITIVITY . . ... .... 0.02 V/CM
VERNIER . « + v v v v v v v e e n CAL
INPUT (Channel A). . ... ..... ON
INPUT (Channel B). . . . .. .... OFF

b. Connect 0.1v p-p signal from Voltmeter Cali-
brator to Channel A INPUT.

c¢. Turn SENS CAL completely clockwise.
d. Set.02 Gain adjustmentforabout 6 cm deflection.
e. Adjust SENS CAL for exactly 5 cm deflection.

f. Change signal input to 0.2v p-p and readjust
SENS CAL for 10 cm deflection. Change signal input
to 0.1v p-p.

g. Set SENSITIVITY to .01 V/CM.

h. Set .01 Gain adjustment for 10 cm deflection.
i. Change signal input to 0. 05v p-p.

j. Set SENSITIVITY to . 005 V/CM.

k. Set . 005 Gain adjustment for 10 cm deflection.

m. Set: FUNCTION . . . .. ... ..... A+B
APOLARITY . . . . . . . v .o .. =)
A&B SENSITIVITY . . .. .. 02 V/CM
INPUT (Channel B) . . . . .. ... ON

n. Apply 3v p-p 400 cps sine wave to both Channel
A& B inputs.

p. Adjust Channel B .02 Gain adjustment for mini-
mum deflection.

g. Change sine wave amplitude to 2v p-p.
r. Set SENSITIVITY to .01 V/CM.

s. Set Channel B .01 Gainadjustmentfor minimum
deflection.

t. Change sine wave amplitude to 1v p-p.
u. Set SENSITIVITY to . 005 V/CM.
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v. Set Channel B .005 Gain adjustment for mini-
mum deflection.

5-24. INPUT CAPACITY AND ATTENUATOR
COMPENSATION ADJUSTMENT,

Note

Adjustments are given for Channel A with
corresponding Channel B adjustments in
parentheses, e.g. C131 (231). Perform
adjustments for Channel A, then repeat for
Channel B when instructed.

a. Set SENSITIVITY to .02 V/CM.

b. Connect L-C Meter to Channel A INPUT and
adjust C131 (231) for 43 pf. Repeat for Channel B.

c. Apply 10 kc square wave to Channel A INPUT.
Obtain a pattern 10 cm high, and make the adjust-
ments indicated in Table 5-3. Repeat for Channel B.

d. Connect L-C Meter to Channel A INPUT and
adjust C101 (C201) with SENSITIVITY at .2, and
C104 (C204) with SENSITIVITY at 2 for 43 pf.

Table 5-3. Attenuator Adjustment

SENSITIVITY (V/CM) Capacitor

.05 C112 (212)
C115 (215)
C102 (202)
C111 (211)
1 C114 (214)
2 C105 (205)

o« s e
DN = O

5-25. HIGH FREQUENCY ADJUSTMENTS.

a. Set: SENSITIVITY (A). . .. ... 0.02 V/CM
VERNIER A). . .. ... ..... CAL
FUNCTION . ... ......... A

b. Connect 400 kc Pulse Generatorsignal to Chan-
nel A INPUT through 50-ohm termination.

c. Obtain a 6 cm deflection and adjust C461, C441,
and C433 for optimum flat top on pulse.

Note

When a Model 1402A is installed for the first
time in a Model 140A Oscilloscope withaser-
ial prefix of 407-, 413-, 425-, or 437-, pro-
ceed as follows to obtain full bandwidth and
rise time.

(1) Remove variable capacitor Cl from the
Model 140A.

(2) Readjust C461 in Model 1402A for opti-
mum flat top on pulse.

5-26. TRIGGER AMPLIFIER BALANCE.

a. Measure the DC voltage between the output leads
of the trigger amplifier. This may be done at the
ends of R551 and R552 which are connected to the
black and white coax leads.

b. Set this voltage to zero with Sync Bal adjust-
ment R514. Should be 0 +.5 volt.

5-3
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Table 5-4. Troubleshooting for Unbalance

OUTPUT AMPLIFIER

Common Fault

Collector to Junction of R436

Step Short Together Effect (or Procedure)
1 Pins 3 and 8 of V401 Trace centers Proceed to next step
Trace does not center V402, or V403, or CR461 or CR462
2 Pins 2 and 7 of V401 Trace centers Proceed to next step
Trace does not center V401 or CR451 or CR452
3 Junction of R431 and Q405 Trace centers Proceed {0 next step

and Q406 Collector

Trace does not center

Q407 or Q408

4 Junction of R421 and R422
to

Trace centers

Proceed to next step

Junction of R425 and R424

Trace does not center

Q405 or Q406

5 Junction of R411 and L405
to

Trace centers

Proceed to next step

Junction of R415 and 1406

Trace does not center

Q403 or Q404

INPUT AMPLIFIERS

6 Base of Q103

Trace Centers

Proceed to next step

to
Base of Q104

(Center both POSITION
controls)

If the trace does not center on one channel, check the other
channel before making a component replacement. If only one
channel checks normal, the "Common Fault” is then one of
the transistors (Q103/Q104 or Q203/Q204) in the channel
where the trace does not center. If the trace fails to center
on both channels the trouble may be one of the following:

(1) either (or both) matched transistor pair (Q103/Q104 or
Q2037/Q204), or (2) incorrect switching circuit levels (see
Table 5-6) or (3) the common-base stage, Q401/Q402, in
the output amplifier,.

7 Base of Q101
to

Trace centers

Proceed to next step

Base of Q102

Trace does not center

Q101 or Q102

8 Junction of R132 and V102

Trace centers R140

to
Pin 7 of V101

Trace does not center

V101, or CR101, or CR102

NOTE: Steps 6 through 8 may be used for Channel B; reference designations are 200-series

5-27. TROUBLESHOOTING.

5-28. The following paragraphs outline procedures
for locating and clearing problems inthe Model 1402A.
Be sure that the trouble cannot be cleared by making
an adjustment. Waveforms and DC voltage levels
are shown with the schematic diagrams.

5-29. LOW AMPLIFIER GAIN, Whenever overall
gain is too low to be adjusted properly with the SENS
CAL control, waveforms for the & Model 140A 10V

5-4

CALIBRATOR signal areprovided for troubleshooting.
To locate the trouble, trace the calibrator signal from
the input through each successive stage, using the
test points and waveforms (1 through11) provided with
the schematics until the faulty stage is located.
Switching from Channel A to Channel B will aid in
determining whether the trouble is inthe output ampli-
fier or one of the input amplifiers.

5-30. UNBALANCE, Unbalance in a differential
amplifier is generally caused by malfunctionof a com-
ponent(s) on one side or stage of the amplifier and

01959-2
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Model 1402A

Table 5-5. Switching Troubleshooting

Section V
Paragraphs 5-31 to 5-36

SWITCHING CONDITIONS

TROUBLESHOOTING PROCEDURE

Does Not Repair
Operates Operate Check Condition Procedure
Chop, Alt A, B, or DC Voltages at Test Points Voltages in error | Check for good switch
A+B 20 and 21 (see Table 5-6) connections and solder
joints.
A,B,A+B ALTand a. Waveforms at Test Point | No signal Replace Q301
Chop 19 (transistor case and
collector are tied Signal present Proceed to b.
together)
b. Waveforms at test point (1) No signal (2) Replace Q303 and/or
20 or 21 Q304
(3) Still no signal { (4) Trace signal through
multivibrator circuit.
A,B, A+B ALT Waveforms at Test Point No Signal Check Time Base plug-in
and Chop 23 and J1/P1 connections.
Signal present Replace CR301
No blanking | Waveform at Test Point Signal present a. Check Z Axis switch
in CHOP 22 (Pin 15 of J1 in 1404A) on rear panel of 140A
position for INT position:

b. If still not operating
check for good connec-
tions on switch.
c. If still not operating
replace switch,

a. Remove CR303.

b. If signal appears
replace CR303.

c. If still no signal
proceed to d.

No Signal

d. No Signal e. Replace Q302

g. Trace signal
through circuit.

f. Still no signal

can be isolated to either input amplifier or to the
output amplifier by setting the FUNCTION control
first to one channel and then to the other. If balance
is possible on one channel and not the other the
unbalance is not in the output amplifier and unneces-
sary steps can be eliminated.

5-31. IMPROPER SWITCHING OPERATION. Table
5-5 is provided for step-by-step troubleshooting.
Troubleshooting voltages are listed in Table 5-6.

5-32. INSUFFICIENT TRIGGER AMPLITUDE. Insuf-
ficient amplitude of the trigger signal can be caused
either by low gain in the input amplifier or in the
trigger amplifier. Input amplifier gain canbe checked
by procedures in Paragraph 5-29. Low gain in the
trigger amplifier can be located by tracing a Model
140A 10V CALIBRATOR signal connected to either
input, through each stage of amplification using test
point waveforms (12 - 17) provided with the trigger

01959-2

amplifier schematic. Waveforms at Test Points 18
and 19 are also provided for troubleshooting when
Channel A signal is used for triggering.

5-33. ADJUSTMENTS FOLLOWING
COMPONENT REPLACEMENT.

5-34. Table 5-7 lists adjustments to be made after
replacement of tubes, transistors, or diodes.

5-35. SERVICING ETCHED CIRCUIT BOARDS.

5-36. Etched circuit boards used in the Model 1402A
have components on one side of the board with a plated
conductive layer of metal through component holes.
@ Service Note M-20D also contains useful informa-
tion on etched circuit repair. The important steps
and considerations are:

a. Use a low heat (37 to 47.5 watts, less than 800°F
5-5
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Section V

idling temperature), slightly bent chisel tip (1/16 to
1/8 inch diameter) soldering iron, and a small
diameter, high tin content solder. If a rosin solder
is used, clean the area thoroughly after soldering.

b. Components may be removed by placing the
soldering iron on the component lead on either side
of the board, and pulling up on the lead. If heat is

applied to the component side of the board, greater
care is required to avoid damage to the component
(especially true for diodes). If heat damage may
occur, grip the lead with a pair of pliers to provide
a heat sink between the soldering iron and component.

c. If a component is obviously damaged or faulty,
clip the leads close to the component and then unsolder
the leads from the board.

d. Large components such as potentiometers and
tube sockets may be removed by rotating the soldering
iron from lead to lead and applying steady pressure
to lift the part free (the alternativeisto clip the leads
of a damaged part).

e. Since the conductor part of the etched circuit

board is a metal-plated surface, covered with solder,
use care to avoid overheating and lifting the conductor

5-6

Model 1402A

from the board. A conductor may be cemented back
in place with a quick-drying acetate base cement (use
sparingly) having good insulating properties. An-
other method for repair is to solder a section of
good conduction wire along the damaged area.

f. Clear the solder from the circuit board hole
before inserting a new component lead. Heat the
solder in the hole, remove the iron, and quickly
insert a pointed non-metallic object, such as a
toothpick.

g. Shape the new component leads and clip to
proper length. Insert the leads in the holes and apply
heat and solder, preferably on the conductor side.

Table 5-6. Switching Circuit Troubleshooting Voltages

DC Voltage at | DC Voltages at
FUNCTION Test Point 20 Test Poailrglt 21
A -2.5 -4.1
ALT -3.1 -3.1
ALT -3.1 -3.1
CHOP -3.1 -3.1
A+B -1.1 -1.1
B -4.1 -2.5

01959-2
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Model 1402A Section V
Table 5-7
Table 5-7. Adjustments Following Component Replacement
Component Function Adjustment Ref Para.
INPUT AMPLIFIERS
V102, 202, Grid Overload Neon Lamp None
V101, 201 Cathode Follower Input Capacity 5-24
.005, .01, .02 Gain 5-23
DC BAL 5-19
Q101, 102, 201, 202 Emitter Follower .005, .01, .02 Gain 5-23
DC BAL 5-19
Q103, 104, 203, 204 Differential Amplifier .005, .01, .02 Gain 5-23
(replace in pairs) DC BAL 5-19
CR111, 112, 211, 212 Gating Diode None
CR110, 113, 210, 213 Isolation Diode None
OUTPUT AMPLIFIER
Q401, 402 Amplifier DC BAL 5-19
SENS CAL 5-23
Position Adj. 5-21
Q403, 404 Emitter Follower DC BAL 5-19
SENS CAL 5-23
Q405, 406 1st Differential Amplifier DC BAL 5-19
SENS CAL 5-23
1st, 2nd, 3rd HF Adj. 5-25
Q407, 408 2nd Differential Amplifier DC BAL 5-19
SENS CAL 5-23
1st, 2nd, 3rd HF Adj. 5-25
V401 Cathode Follower DC BAL 5-19
SENS CAL 5-23
1st, 2nd, 3rd HF Adj. 5-25
V402, 403 Output Differential Amplifier DC BAL 5-19
SENS CAL 5-23
1st, 2nd, 3rd HF Adj. 5-25
CR451, 452, 461, 462 Transient Protection Diode None
TRIGGER AMPLIFIER
Q501, 502, 503, 504 Emitter Follower None
Q505, 506, 507, 508 Differential Amplifier Sync Bal 5-26
Q509, 510 Emitter Follower Sync Bal 5-26
CR541 Chop Operation H. F. Transient Diode None
SWITCHING CIRCUIT
CR301, 302, 304, 305 Clipper Diode None
CR303 Blocking Diode None
Q301 Blocking Oscillator None
Q302 Blanking Pulse Amplifier None
Q303, 304 Multivibrator None
01959-2 5-7



Section V Model 1402A

Figure 5-2
REF GRID REF GRID
DESIG Loc DESIG Loc
c131 A7 R150B A5
c132 B7 RIS0C B5
c133 B7 RIS1 A6
C134 A8 RI52 A6
C135 C6 R153 A6
Cl140 A8 RI61 B6
C151 A6 R162 C6
C152 A6 R163 C6
C153 A7 R164 B6
c231 A2 RIT1 C5
c232 Bl R172 C6&

3 c233 B2 R173 C8
C234 Al RI74 C6
C240 Al R231 Bl
€251 Ac R232 A2
€252 A3 R233 B2
€253 A2 R234 B3
C480 C3 R235 B2
C485 C2 R236 C3
CRI01 C6 R241 Bl
CR110 C5 R242 Al
CRI11 C5 R243 Bl
CR112 C8 R244 C1
CRI13 C5 R245 Cl
CR201 C3 R246 B3
CR202 C3 R247 B2
CR210 C4 R248 B3
CR211 C4 R250A A4
CR212 C3 R250B A4
CR213 C4 R250C B4
L101 C2 R251 A3
Q101 C7 R252 A3
Quoz C7 R253 A3
Ql03 B6 R261 B3
Ql04 B6 R262 C3
Qo1 C2 R263 C3
Q202 C2 R264 B3
Q203 B3 R2T1 C4
Q204 B3 R272 C3
Q401 A4 R401 B4
Q402 A5 R402 A4
Q501 C7 R403 B4
Q502 C7 R404 BS
Q503 B4 R405 AS
Q504 BS R406 BS
R131 C8 RéB1 C8
RI32 A7 R485 C2
R133 B7 R501 C7
R134 B6 RS02 C7
R135 B8 R503 C4
R141 Bs RS04 C4
R142 A8 R505 C5
R143 B8 R506 C5
R144 C8 RS07T C7
RI45 CB R50B CT7
R146 B6 viez A7
R147 B7 V202 A2
R148 B6 Xvi0l B7
R150A A5 Xxvaor B2
B c D 1402A-A-22
Figure 5-2. Component Locations on Input Amplifier Board A9
S8 01959-2
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Model 1402A Section V
Figure 5-3
RIO6 RIOS
clio
—TOP VIEW—
CIO5 Cl04 CII5 Clla RII3 Cll6
RIO3 RII4
Cl06 D "C‘Mlﬂ RI2I
! y omep
RIO4 | b' m“: -" R149
RI02 o'* . e RI20
Clo3 k cl2zo
R101 RII2
cloz clol cliz ciir RilL cl3
—BOTTOM VIEW—
1402A—A—9
Figure 5-3. Component Locations on Channel A Sensitivity Switch
01959-1 5-9
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Section V Model 1402A
Figure 5-4

R206 R205

cz2io

—TOP VIEW—

C205 C204 c2I15 C214 R213 Cc2l6

R203 R214
206 |q) ”‘ &458s R22|
( m'lj: '
R204 _ R249
s v | I
R202 R220
Cc203 c220
R20I R212
c202 cCc20l c2l2 czll Rzl c213
——BOTTOM VIEW —
1402A—A—10
Figure 5-4. Component Locations on Channel B Sensitivity Switch
5-10 01959-1
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Model 1402A Section V
Table 5-8

Table 5-8. Schematic Diagram Notes

Refer to MIL-STD-15-1 for schematic symbols not listed in this table.
Unless otherwise indicated:
capacitance in picofarads

inductance in microhenries
resistance in chms

e

: = Front panel marking

Waveform test point
{with number)

= Common point
(with letter)

Etched circuit board

= Avalanche (zener)diode

Tunnel diode

D0 <]

i 1 - Rear panel marking
s s s ol
= Step recovery diode
O—--- = Front panel control
Numbers in parentheses indicate wire color using
resistor color code, e.g. WHT-RED-GRN is (9-2-5).
0 - Black 5 - Green
/] = Screwdriver Adjustment 1 - Brown 6 - Blue
2 - Red T - Violet
3 - Orange 8 - Gray
4 - Yellow 9 - White
cw = Clockwise end of vari-
able resistor P/O = Partof

# = Optimum value selected
e—memmmm = Primary signal path at factory, average
value shown; part may
have been omitted.

———w = Feedback path N.C. = No connection

01959-2 5-11
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Section V
Table 5-9 and Figure 5-5

Table 5-9. Conditions for Waveform Measurement
in Channel A, Channel B, Output, and
Trigger Amplifiers

(Test Points 1 through 18)

Model 1402A settings:

FUNCTION............. ch s v A
SENSITIVITY ........... e 0.02 V/CM
COUPLING.......... e et DC
INPUT .. i it i it et i e ittt ean e, ON
VERNIER ......... e e st et CAL

Connect 120 mv calibrator signal (see Figure 5-1 to Channel
A INPUT.

Test Oscilloscope settings:

TRIGGERSOURCE .............0uuun. + EXT
LEVEL ........ et e e ..... AUTO
SWEEPTIME .........0oiuivunnn. 2 MSEC/CM

Connect 10V CALIBRATOR of Model 140A to external
trigger input of Test Oscilloscope.

Test points are indicated for upper half of differential stages
only. Square wave signal in the lower half is the same but
inverted.

494949
|
;

1402A —A—I1

Figure 5-5. Waveforms at Test Points in Channel A

HP 1402A Dual Trace Amplifier.max
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Model 1402A

slola (| L ULl

si02 (O [SENSITIVITY

o e e e P R )

(o) T
4

1Jio1 {€

| cloo
>-‘l 0.IUF

REFERENCE
DESIGNATIONS

A4,9

€100-106, 110-116,120, 131 =135,
140,151 -153, 240

CRIOL 110-113

J101

Lol PI

Qlol-104

RIOI-106, I11-114,120, 121,131-135,
140-153, 161-164, 170174

SI01-103

viol,102

DELETED : NONE

01959-2
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si02 (O [SENSITIVITY

_____________ Fommmm e — e m e e g ———— —fp—————— % TO INTERSTAGE ATTENUATOR
/ /
/ /
¥4 / /
/ / ’
/ / 4
/ / !
/ o /
/ i i
! s /
y OO
o— 00—
O 0
O O—9
o O
O— o—4
o 00—
o 00—
o— o—
O O—q
o— o—y
-
o
RANGES
[iO]tvRu -4
O ensmv
PART OF
SCW
3
+I100VF(A)
COPYRIGHT 1964 BY HEWLETT-PACKARD CO. DC
14024 —CHAN A& —535— BAL
RI40 ‘9‘3‘5)
500K
L]
= I100VF(F)
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Section V
Figure 5-6

-+ TO INTERSTAGE ATTENUATOR

SEE SWITCHING
CIRCUIT SCHEMATIC

SWITCHING
SIGNAL
FROM
Q303

'

PART
OF

FUNCTION

SWITCH
s301

A POLARITY

[ty -

O [sensimviTy,
PART OF 5102

EPRF

CHEMATICS

Figure 5-6. Channel A Amplifier
Schematic Diagram
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Section V Model 1402A
:-

Tignira 7
rigure i

I
o
=z
<

1
-
(&)
2
<

4 <9 <4 <

1402a—A-12

Figure 5-7. Waveforms at Test Points in Channel B
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Model 1402A

5202 SENSITIVITY
szom[c] [on]szolfoFd]  ____________________ O
/
2 ’Jf AAA -
= R205 /
o) T a5 J_
b ¢
I
14201 1€ I \
! €200 4
>-‘l 0.IUF !
I '
I : o=
2-8 R212
I 667K
o a5 COME | o o——l o—
]
o L _ _ P/OAS | | ¢ o o—
O—eg p—0 o— O—
[ -O Oy Lo
o b——0 o— 0=
O—tq —0 O—ye o=
e czis -0 o—e o—
2-8, @) .1 comp
O—x 3 e * 00— O
R213
800K
O - A, O o O—
o .
I czl4
) 7T+ 54518
1 CoMP |
: I
| _ _ ___P/O A5 ATTENUATOR CIRCUIT BOARD _ |
REFERENCE
DESIGNATIONS
AS, 9
€200-206,210-216, 220, 231-234, 240
251-253,
CR201,202,210-213
J 201
Q201-204
R201-206, 211-214, 220, 221, 231-236,
240-253, 261-264, 270-272
$201,202 +100VF(A)
V20l, 202
CO:YRIGHYBIQG;HBT HEWLETT-PACKARD CO.
DELETED : NONE HIO2A —CHAN B — 538 - oC
jRe0 s
(/]
~100VF(F)
01959-2
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Section V
Figure 5-8

SWITCHING
SIGNAL
FROM
Q304

(5)

o
RANGES
10| THRU c

Gy O ey

PART OF s202

Figure 5-8. Channel B Amplifier
Schematic Diagram
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Section V Model 1402A
Figures 5-9 and 5-10
] ‘ REF GRID !
DESIG Loc
€301 A3
C303 AS
€304 B3
c311 B2
c312 Al
c313 A2
caz1 A4
c322 c4
2 C323 c4
CR301 c3
CR302 c2
CR303 A2
CR304 c3
CR305 c5
Q301 B2
R302 c2
R303 A5
R304 c2
3 R305 A3
R311 B2
R312 Al
R313 A2
R314 Al
R321 A3
R322 c3
R323 c5
R325 c4
R326 C4
R327 B4
4 R328 c4
R329 cs5
R330 B4
R331 B4
R332 A4
R333 Ad
R334 A3
T30l c1
1402A-A-25
Figure 5-9. Component Locations on Switching Circuit Board A2
T
13v o
- A
4 e
s
12v T
= n AT R?E. 55V
4
T
-
7 - v w- L
4
1402A—~A—138
Figure 5-10. Waveforms at Test Points in Switching Circuit
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Model 1402A

(—12,6VF)
P -12,6V

DUAL TRACE (PN
SYNC 6
SWEEP PLUG-IN

REFERENCE DESIGNATIONS

A2

C301-305,311-313,321-323

CR301-305

Pl

Q301-304
R301-308,311-315,321-323, 325-334
S$301

T301

DELETED: €302, 305
R306

PART OF S30I

[oNcrion O- - -~ ----

TO CHA
COPYRIGHT 1964 BY HEWLETT-PACKARD CO. L CRIII/

1402ZA—SWITCH— 535-

01959-2
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(—12,6VF)
P

(9:4.0)

PART OF 301

Function] O- TO CHANNEL A TO CHANNEL B

CRIII/CRII2 CR2l11 /CR212
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Section V
Figure 5-11

2.6V =100V

[{2)] gugppens
LANKIN
18)—="r0 CRT

‘67 CATHODE

(9:5-7) < FROM R542

(P1)

ouT

{5-4-0) - -12.6VF(P)

CHANNEL A TO CHANNEL B TO CHANNEL A
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Figure 5-11. Switching Circuit
Schematic Diagram
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Model 1402A

Section V
Figure 5-12 and 5-13
REF GRID REF GRID
| DESIG LocC DESIG Loc

C431 B4 R425 B3
C432 B4 R431 A4

3 C433 B3 R432 B4
C441 B4 R433 B4
C442 D4 R434 A4
C460 BS R435 A4
C461 C4 R436 B4
c462 C4 R441 C4
C483 C4 R442 BS
C471 C4 R443 BS
C472 C3 R444 B4
C473 D3 R445 C4
C481 A3 R446 A7
C482 cC3 R451 A4
C483 C2 R452 BS
c484 C3 R453 BS
C486 B2 R454 A4
CR451 D4 R460 D3
CR452 C4 R461 DT
CR461 D4 R462 D8
CR462 C4 R463 D4
L405 D3 R464 C4
L406 B3 R465 B7

5 Q403 A3 R466 BT
Q404 B3 R467 D6
Q405 A3 R468 D6
Q406 B3 R472 C4
Q407 D4 R473 AT
Q408 B4 R474 BT
R409 B2 R475 C3
R410 B2 R482 C4
R412 A2 R483 D2
R413 A2 R484 D2
R414 C3 R486 D2

6 R416 B2 XV401 A6
R421 A3 Xva0z C7
R422 A4 XV403 C6
R424 B3

N
B c D 1402A—A-23
Figure 5-13. Component Locations on Output Amplifier Board A10 and Deck
01959-2
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viodel 1402A
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Section V
Figure 5-14
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FOLLOWERS —_— A i 12 et DEFLECTION
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ia AN s |
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50 | TO CRT
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L (9-3) XE5.ID
3000 C431-433,440-442,460-463,
(9-2) 471-473,480-486
CR451,452,461,462
DL40I, 402
+100V Pl L401-406,471,477
Q401 -408

R401-416,421-425, 43|1-436,
441-446, 451-454,460-468,
47|-476, 481-486

V401-403

DELETED: C460

COPYRIGHT 1965 BY HEWLETT -PACKARD CO.
I402A-0UTPUT AMP — 8355

Figure 5-14. Output Amplifier
Schematic Diagram
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Section V

Figures 5-15 and 5-16

Model 1402A

A

REF GRID
DESIG Loc
Cc511 B4
C512 c1
cs21 B2
Cs§31 B2
C541 A3
C542 A2
C560 (o]
CR541 Al
Q505 B3
Q506 B2
Q507 B3
Q508 B2
Q509 A3
Q510 A2
RS12 C4
RS513 B4
RS14 c2
R§15 c2
RS16 Bl
R521 B4
RS22 B3
R523 B2
R524 Bl1
R525 Cc3
R331 B3
R§32 B3
R533 B2
R534 B2
R535 B2
R541 B3
R542 A3
R551 A3
R552 A2
R560 C4
R561 c4
RS71 Ad
R572 Ad
R573 Ad
R574 A5

1402A-A-24
Figure 5-15. Component Locations on Trigger Amplifier Board A3
] T i : ¥
53 MV 3.3v
\V L \V |3
_ -+ : —
'i:;? a8 MV RJ? 1z My
|+ S S
L ' — ¥
0.2V
V2 N Y _ pow
- —
W | 3.3v
o = J_
HAOZA—A—14
Figure 5-16. Waveforms at Test Points in Trigger Amplifier
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Section V

Figure 5-17

Model 1402A

=100V =126V
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PART OF

FUNCTION
SWITCH
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25— TE BASE

PLUG-IN

SEE
SWITCHING
CIRCUIT
SCHEMATIC

CI
—o  [ad]
=

——o  [a+8]

IV EAL
18- *“(LINE FREQ)
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REFERENCE DESIGNATIONS

HEWLETT=PACKARD CO.

RS501-508, 512-516,521-525, 531 -535,

CHI1, 512,521,951, 541, 542, 860

CR341
Pl

A3, 9
0501-510

541,542, 551,552, 560,561,571-574

$301

DELETED : NONE

Figure 5-17. Trigger Amplifier

Schematic Diagram
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Model 1402A

(9+5)

(5)

-loov  =i2,ev

Q [FUNCTION]
SWITCH
1
I
I
1

(2] (9-4+6)

01959-2

REFERENCE DESIGNATIONS

A3, 9

Csil,512,521,531,541,542, 560

CRS541

Pl

Q501-510

R501-508, 512-516,521-525, 531 -535,
541,542,55(,552,560,561,571-574

S301

COPYRIGHT 1964 BY HEWLETT—PACKARD -
140ZA-TRIG AMP — 535~

DELETED : NONE
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Section V
Figure 5-17

(0) TRIGGER
-~ SIGNAL TO
23— TIME BASE

L PLUG-IN

- TRIGGER
| -~ SIGNAL TO
r 1> T\ME BASE
< PLUG-IN

SEE
SWITCHING
CIRCUIT
SCHEMATIC

(9-3-5) IV CAL
190~ == (LINE FREQ)

-PACKARD CO.

Figure 5-17. Trigger Amplifier
Schematic Diagram
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Section V
Figure 5-18

Model 1402A

P1
(MATES WITH JACK IN OSCILLOSCOPE)

(9-2)

+100V >

AN

7

N

Vd

X-Y SYNC OUTPUT —= -4
(9-4-6)

BEAM FINDER —>
(7)

-100v >

N

4
9.7-8)

VI0I,V20l HEATER GROUND ( —>
(2)

+250V e—m—1—>

NC ——>
(9)

TRIGGER SIGNAL TO —» —>

TIME BASE PLUG-IN
CRT DEFLECTION SIGNAL _’_(gu_s)_é

(1)

13 &—f——= 6.3VAC
TO V401-V403
o HEATERS
14 €— RET
9-4
15 o  +- CHOPPED BLANKING
TO CRT CATHODE
(9-2'6)
16 &—1—————= DUAL TRACE SYNC FROM
SWEEP PLUG-IN
, |0
7 € CHASSIS GROUND
18 &

19 é"" {9-3-5)

(9-7)

IV CAL (LINE FREQ)

20

N

21

/N

22 &—— NC

23 é__(O)

24 é (BUS)

-12.6V

«— TRIGGER SIGNAL TO
TIME BASE PLUG-IN

<— CRT DEFLECTION SIGNAL

1402a-C- 4

Figure 5-18.
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Interconnection Plug Schematic Diagram
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@MANUAL CHANGES

MODEL 1402A
DUAL TRACE AMPLIFIER

Manual Serials Prefixed: 709—
Manual Printed: MARCH 1967

Make all changes in this manual according (o the Errata below. Also check the following table for your
instrament serial prefix {3digits) and /or serial number (8 digits) and make any listed change/s) in the ma=msal:

Serial Prefix or Number Make Manual Changes Serial Prefix or Number Make Manual Changes
716— 1
ERRATA Paye 1-0, Table 1-1,

Add to BANDWIDTH specification:
In a Model 143A Oscilloscope,
DC coupled: dc to 15 MHz
AC coupled: 2Hzto 15 MHz
Page 3-2, Paragraph 3-15,
Add: When used in a Model 143A Oscilloscope the bandwidth
specification is 15 MHz.
Page 5-1, Paragraph 5-11, step d,
Change: d. Change frequency to 20 MHz (in Model 143A change
frequency to 15 MHz).
Vertical deflection should be 4.2 divisions or greater.
Page 513, Figure 56,
R149: Relocate ‘CW’ note to opposite end of resistor.
Page 516, Figure 5-8,
R249: Relocate ‘CW’ note to opposite end of resistor.
A Page 5-16, Figure 5-9,
Add R301 at A3 on the grid locator.
A Page 518, Figure 513,
On the grid locator, delete C460 at B5 and add C440 at B5.
Page 5-22, Figure 5-18,
Delete connection between pins 20 and 21. Label pin 20 ‘NC’ (no connection.)
Label pin 21 '—12.6v".
Table 6-2,
A  A2: Change to HP Part No. 01402-66507.
A  A3: Change to HP Part No. 01402-66508.
Q501, Q502: Change to HP Part No. 1853-0016; Q: pnp Si;
Mfr hp (Preferred replacement).
A Miscellaneous:
Add: Bracket: cable HP Part No. 01420-01202
Add: Plate: insulator HP Part No. 175A-141C.

CHANGE 1 Table 6-2,
R149, R249: Change to HP Part No. 2100-2293; same description and Mfr.
A - Indicates latest additien to this change sheet.

28 May 1969 Supplement A for
01402-90903
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Model 1402A

Section VI
Paragraphs 6-1 to 6-7

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering
replaceable parts for the instrument. Table 6-1 lists
reference designators and abbreviations thatare used
in the Table 6-2 component descriptions. Table 6-2
lists the parts in alpha-numerical order of their
reference designations (unassigned designators are
not listed) and provides the following information for
each item:

a. hp Part Number.

b. Total quantity (TQ) used in instrument; given
only first time the part number is listed.

c. Description of part (refer to Table 6-1).

d. Typical manufacturer of the part in a five-digit
code, except for Hewlett- Packard Company; see code
list of manufacturer's, Table 6-3, for name.

e. Manufacturer's part number.

6-3. Parts not identified by a reference designation
arelistedatthe end of Table 6-3, under miscellaneous.

6-4. ORDERING INFORMATION.

6-5. To order replacement parts from the Hewlett-
Packard Company, address the order or inquiry to
the nearest Hewlett-Packard Sales/ Service Office
(see list of addresses at rear of this manual) and supply
the following information:

a. hp Part Number of item(s).

b. Model number and eight-digit serial number of
instrument.

6-6. To order a part notlisted in Table 6-2; provide
the following information:

a. Model number and eight-digit serial number of
instrument.

b. Description of part
location.

6-7. To order a part from a manufacturer other than
the Hewlett-Packard Company, provide the complete
part description and the manufacturer's part number
from Table 6-2.

including function and

Table 6-1. List of Reference Designators and Abbreviations.
REFERENCE DESIGNATORS
A = assembly E = misc electronic part MP = mechanical part TB terminal board
B = motor F = fuse P = plug TP test point
C = capacitor FL = filter Q = transistor v = vacuum tube, neon
CP = coupling J = jack R = resistor bulb, photocell, etc.
CR = diode K = relay RT = thermistor w = cable
DL = delay line L = inductor S = switch X = socket
DS + device signaling (lamp) M = meter T = transformer Y = crystal
ABBREVIATIONS

A = amperes GE = germanium N/C = normally closed RMO rack mount only
A.F.C = automatic frequency control GL = glass NE = neon RMS root-mean-square
AMPL amplifier GRD = ground(ed) NI PL = nickel plate

H = henries N/O = normally open S-B = slow-blow
B.F.O. = beat frequency oscillator HEX = hexagonal NPO = negative positive zero SCR = screw
BE CU = beryllium copper HG mercury (zero temperature SE = selenium
BH = binder head Hewlett-Packard coefficient) SECT = section(s)
BP = bandpass hp = Hewleli-fac NRFR = not recommended for SEMICON = semiconductor
BRS = brass HR = hour(s) field replacement SI = silicon
BWO = backward wave oscillator IF = intermediate freq NSR = not separately SIL = silver

IMPG = impregnated replaceable SL = slide
CCwW = counter-clockwise INCD = incandescent SPL = special
CER = ceramic INCL = include(s) OBD = order by description SST = stainless steel
CMO = cabinet mount only INS = insulation{ed) OH = oval head SR = split ring
COEF = coefficient INT = internal [0).¢ = oxide STL = steel
CcOM = common
COMP = composition K = kilo = 1000 P = peak TA = tantalum
CONN = connector PC = printed circuit ™ = time delay
CP = cadmium plate LIN = linear taper PF = picofarads = TGL = toggle
CRT = cathode-ray tube LK WASH = lock washer 10-12 farads TI = titanium
cw = clockwise LOG = logarithmic taper PH BRZ = phosphor bronze TOL = tolerance

LPF = low pass filter PHL = Phillips TRIM = trimmer
DEPC = deposited carbon PIV = peak inverse voltage TWT = traveling wave tube
DR = drive M = milli = 103 P/0O = part of

MEG = meg = 108 POLY = polystyrene U = micro = 10-6
ELECT = electrolytic METFLM = metal film PORC = porcelain
ENCAP = encapsulated MFR = manufacturer POS = position(s) VAR = variable
EXT = external MINAT = miniature POT = potentiometer VDCW = dc working volts

MOM = momentary PP = peak-to-peak
F = farads MTG = mounting PT = point w/ = with
FH = flat head MY = "mylar" RECT = rectifier w = watts
FILH = fillister head RF = radio frequency WW = wirewound
FXD = fixed N nano (10-9) RH = round head W/O = without
01194-10

01959-2 6-1
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Section VI

Model 1402A

Table 6-2
Table 6-2. Replaceable Parts

Df:gg hp Part No. TQ (Segeiggigtginl‘ ) Mfr Mfr Part No.
A2 01402-66502 1 | A: switching circuit board hp
A3 01402-66503 1 A: trigger amplifier circuit board hp
A4 01402-66504 1 A: attenuator circuit board hp
A5 01402-66504 1 | A: attenuator circuit board hp
A6 01402-63401 1 | A: attenuator channel A (includes A4) hp
A7 01402-63401 1 | A: attenuator channel B (includes A5) hp
A8 01402-61601 1 | A: delay line hp
A9 01402-66505 1 A: input amplifier circuit board hp
Al0 01402-66506 1 A: output amplifier circuit board hp
C100 0170-0022 2 | C: fxd my 0.1 pf 20% 600vdcw 09134 | Type 24
C101 0121-0114 4 | C: var cer 7-25pf hp
C102 0121-0060 8 | C: var cer disk 2-8pf 300vdcw hp
C103 0150-0115 2 | C: fxd cer 27pf 10% 500vdew 71590 | CC%0 TCN 27
C104 0121-0114 C: var cer 7-25pf hp
C105 0121-0060 C: var cer disk 2-8pf 300vdcw hp
C106 0140-0223 2 | C: fxd mica 260pf 1% 300vdcw 04062 { RDM15F261F3C
C110 0150-0062 4 | C: fxd cer 8.2pf t.25pf 500vdew 72982 | 301-011-COHO-829C
C111 0121-0060 C: var cer disk 2-8pf 300vdcw hp
C1l12 0121-0061 4 | C: var cer disk 5.5 -18pf 300vdcw hp
Cc113 0150-0074 2 | C: fxd cer Tpf +.5pf 500vdcw 72982 | 301-000-COHO-709D
Cl14 0121-0061 C: var cer disk 5.5-18pf 300vdcw hp
C115 0121-0060 C: var cer disk 2-8pf 300vdcw hp :
C116 0160-0132 2 | C: fxd cer 12pf 5% 500vdcw 72982 | 301-000-COGO-1206J
C120 0150-0012 3 | C: fxd cer 0.01 uf 20% 1000vdcw 56289 | 29C214A3
C131 0132-0006 2 | C: var rexolite 0. 7-3pf 350vdcw 72982 535-034-4R
C132 0150-0052 20 | C: fxd cer 0.05uf 20% 400vdcw 56289 | 33C17A
C133 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 33C17A
C134 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 | 33C17A
C135 0150-0052 C: fxd cer 0.05uf 20% 400vdew 56289 | 33C17A
C140 0160-0127 2 C: fxd cer 1uf 20% 25vdcw 56289 5C13
C151 0150-0064 2 | C: fxd cer 15pf 5% 500vdcw 72982 | 301-011-COGO-150J
C152 0150-0116 2 C: fxd cer 47pf 10% 500vdcw 71590 CC20 TCN 47
C153 0150-0062 C: fxd cer 8.2-1.25pf 500vdew 72982 | 301-011-COHO-829C
C200 0170-0022 C: fxd my 0. 01pf 20% 600vdcw 09134 | Type 24
C201 0121-0114 C: var cer 7-25pf hp
Cc202 0121-0060 C: var cer disk 2-8pf 300vdcw hp
C203 0150-0115 C: fxd cer 27pf 10% 500vdcw 71590 CC20 TCN 27
C204 0121-0114 C: var cer 7-25pf hp
C205 0121-0060 C: var cer disk 2-8pf 300vdcw hp
C206 0140-0223 C: fxd mica 260pf 1% 300vdcw 04062 RDM15F261F3C
C210 0150-0062 C: fxd cer 8.2pf +.25pf 500vdew 72982 | 301-011-COHO-829C
c211 0121-0060 C: var cer disk 2-8pf 300vdcw hp
C212 0121-0061 C: var cer disk 5.5-18pf 300vdcw hp
c213 0150-0074 C: fxd cer Tpf +. 5pf 500vdcw 72982 | 301-000-COHO-709D
C214 0121-0061 C: var cer disk 5.5-18pf 300vdcw hp
c215 0121-0060 C: var cer disk 2-8pf 300vdcw hp
C216 0160-0132 C: fxd cer 12pf 5% 500vdcw 72982 | 301-000-COGO 120J
C220 0150-0012 C: fxd cer 0.01uf 20% 1000vdcw 56289 | 29C214A3
C231 0132-0006 C: var rexolite 0. 7-3pf 350vdcw 72982 | 535-034 4R
C232 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 33C17A
C233 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 | 33C17A
C234 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 33C17A
C240 0160-0127 C: fxd cer 1pf 20% 25vdew 56289 | 5C13
C251 0150-0064 C: fxd cer 15pf 5% 500vdcw 72892 301-011-COGO-150J
C252 0150-0116 C: fxd cer 47pf 10% 500vdcw 71590 | CC20 TCN 47
C253 0150-0062 C: fxd cer 8.2 pf +.25pf 500vdcw 72982 | 301-011-COHO-829C

6-2
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Model 1402A Section VI

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

Desig hp Part No. | RS| TQ (See Table 6-1.) Mfr Mir Part No.
C301 0140-0149 3| C: fxd mica 470pf 5% 300vdcw 04062 RDM15F471J3S
C303 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 33C17A
C304 0140-0154 1| C: fxd mica 1300pf 5% 500vdcw 04062 RDM20F132J5S
C311 0150-0075 1| C: fxd cer 4700pf +100%-20% 500vdcw 72982 851-000-X5U0-4172
C312 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 33C17A
C313 0150-0012 ‘C: fxd cer 0. 01uf 20% 1000vdcw 56289 | 29C214A3
c321 0140-0176 1| c: fxd mica 100pf 2% 300vdew 04062 | RDM15F101G3C
C322 0140-0149 C: fxd mica 470pf 5% 300vdcw 04062 RDM15F471J3S
C323 0140-0149 C: fxd mica 470pf 5% 300vdcw 04062 RDM15F471J3S
C431 0140-0203 1] C: fxd mica 30pf 5% 500vdew 04062 DM15E300J 500V
C432 0140-0145 1] C: fxd mica 22pf 5% 500vdcw 04062 RDM15C220J
C433 0121-0046 3| C: var cer 9-35pf 500vdcw hp
C440 0140-0202 1| C: fxd mica 15pf 5% 500vdcw hp
C441 0121-0046 C: var cer 9-35pf 500vdcw hp
C442 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 33C17A
C461 0121-0046 C: var cer 9-35pf 500vdcw hp '
C462 0140-0216 1] C: fxd mica 120pf 2% 300vdcw 04062 RDM15F121G3C
C463 0140-0205 1] C: fxd mica 62pf 5% 300vdew 04062 | RDM15E620J3C
C4171 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 | 33C17A
Cc472 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56288 | 33C17A
C473 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 | 33C17A
C480 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 | 33C17A
C481 0180-0089 1] C: fxd elect 10uf -10% +100% 150vdcw 56289 | 30D106G150DF4
C482 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 | 33C17A
C483 0150-0052 C: fxd cer 0.05 uf 20% 400vdcw 56289 [ 33C17A
Cc484 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 | 33C17A
C485 0150-0052 C: fxd cer 0.05uf 20% 400vdcw 56289 | 33C17A
C486 0150-0052 C: fxd cer 0.05uf 20% 400vdew 56289 | 33C17A
C511 0180-0100 2| C: fxd elect TA 4. Tuf 10% 35vdcw 56289 150D475X9035B2
C512 0180-0100 C: fxd elect TA 4.7uf 10% 35vdew 56289 | 150D475X9035B2
C521 0140-0196 1} C: fxd mica 150pf 5% 300vdcw 04062 RDM15F151J3C
C531 0140-0206 1] C: fxd mica 270pf 5% 500vdcw 04062 RDM15F27135C
C541 0150-0071 2| C: fxd cer 400pf 5% 500vdcw 56289 19C FORMULATION

28
C542 0150-0071 C: fxd cer 400pf 5% 500vdcw 56289 19C FORMULATION
28
C560 0150-0052 C: fxd cer 0. 05uf 20% 400vdew 56289 | 33C17A
CR101 1901-0040 10} CR: si. hp
CR110 1901-0040 CR: si hp
CR111 1901-0040 CR: si hp
CR112 1901-0040 CR: si hp
CR113 1901-0040 CR: si hp
CR201 1901-0040 CR: si hp
CR202 1902-0034 1| CR: avalanche 5.8v 10% 400mw hp
CR210 1901-0040 CR: si hp
CR211 1901-0040 CR: si hp
CR212 1901-0040 CR: si. hp
CR213 1901-0040 CR: si hp
CR301 1910-0016 5| CR: ge hp
CR302 1910-0016 CR: ge hp
CR303 1901-0025 1| CR: si hp
CR304 1910-0016 CR: ge hp
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Section VI

Model 1402A

Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
D}:gg hp Part No. TQ <s£e$§£i§té°.“1. ) Mfr Mir Part No.
CR305 1910-0016 CR: ge hp
CR451 1901-0096 4 CR: si hp
CR452 1901-0096 CR: si hp
CR461 1901-0096 CR: si hp
CR462 1901-0096- CR: si hp
CR541 1910-0016 CR: ge hp
DL401 NSR (P/O A8)
DL402 ‘ NSR (P/O A8)
J101 1250-0118 2 J: Connector- BNC 917317 8427
J201 1250-0118 J: Connector- BNC 91737 | 8427
Lio1 9140-0105 1 | L: coil-RF fxd 8.2 ph 99800 1537-34
L401 9140-0142 4 | L: coil-fxd RF 2.2uh hp
1402 9140-0142 L: coil-fxd RF 2.2ph hp
L403 9140-0142 L: coil-fxd RF 2.2ph hp
L404 9140-0142 L: coil-fxd RF 2.2ph hp
L405 9140-0096 2 | L: coil-fxd RF 1ph hp
L406 9140-0096 L: coil-fxd RF 1ih hp
L471 9140-0111 2 | L: coil-fxd RF 3. 3.h hp
L4717 9140-0111 L: coil-fxd RF 3.3uh hp
Pl 1251-0055 1 | P: conn-24-contact male hp
Q101 1853-0015 4 | Q: transistor si PNP 2N3640 07263 | 2N3640
Q102 1853-0015 Q: transistor si PNP 2N3640 07263 | 2N3640
Q103 5080-0445 2 | Q: transistor, selected, matched pair
(includes Q104) hp
Q104 NSR (P/O Q103)
Q201 1853-0015 Q: transistor si PNP 2N3640 07263 | 2N3640
Q202 1853-0015 Q: transistor si PNP 2N3640 07263 | 2N3640
Q203 5080-0445 Q: transistor, selected, matched pair
(includes Q204) hp
Q204 NSR (P/0 Q203)
Q301 1850-0158 5 | Q: transistor PNP ge 2N2635 01295 | 2N2635
Q302 1850-0103 1 | Q: transistor 2N2190 01295 2N2190
Q303 1850-0158 Q: transistor PNP ge 2N2635 01295 | 2N2635
Q304 1850-0158 Q: transistor PNP ge 2N2635 01295 2N2635
Q401 1850-0158 Q: transistor PNP ge 2N2635 01295 | 2N2635
Q402 1850-0158 Q: transistor PNP ge 2N2635 01295 2N2635
Q403 1850-0099 2 | Q: transistor ge 2N964 PNP 04713 | 2N964
Q404 1850-0099 Q: transistor ge 2N964 PNP 04713 2N964
Q405 1850-0137 2 | Q: transistor PNP ge 2N976 56289 2N976
Q406 1850-0137 Q: transistor PNP ge 2N976 56289 | 2N976
Q407 1854-0091 2 | Q: transistor NPN si 2N3137 hp
Q408 1854-0091 Q: transistor NPN si 2N3137 hp
Q501 1853-0009 6 | Q: transistor si PNP hp
Q502 1853-0009 Q: transistor si PNP hp
Q503 1850-0119 2 | Q: transistor PNP ge EIA 2N963 04713 | 2N963
Q504 1850-0119 Q: transistor PNP ge EIA 2N963 04713 | 2N963
Q505 1854-0005 2 | Q: transistor 2N708 NPN si 07263 | 2N708
Q506 1854-0005 Q: transistor 2N708 NPN si 07263 | 2N708
Q507 1853-0009 Q: transistor si PNP hp
Q508 1853-0009 Q: transistor si PNP hp
Q509 1853-0009 Q: transistor si PNP hp
Q510 1853-0009 Q: transistor si PNP hp
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Model 1402A

Section VI

Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
Ref i Description
Desig hp Part No. | RS| TQ (See Table 6-1.) Mir Mfr Part No.

R101 0727-0261 | 1 2 R: fxd depc 900k ohm 1% 1/2w hp’

R102 0727-0212 |1 | 2 | R: fxd depc 111k ohm 1% 1/2w hp

R103 0727-0271 |1 | 2 R: fxd depc 990k ohm 1%1/2w hp

R104 0727-0158 | 1 2 R: fxd cflm 10. 1k ohm 1% 1/2w hp

R105 0683-2205 | 1 5 R: fxd comp 22 ohm 5% 1/4w 01121 CB2205
R106 0683-2205 R: fxd comp 22 ohm 5% 1/4w 01121 CB2205
R111 0727-0246 |1 | 2 | R: fxd depc 600k ohm 1% 1/2w hp

R112 0727-0249 |1 | 2 | R: fxd depc 667k ohm 1% 1/2w hp

RI13 0727-1009 [ 1 { 2 | R: fxd depc 800k ohm 1% 1/2w hp

R114 0727-0226 |1 | 2 R: fxd depc 250k ohm 1% 1/2w hp

R120 0757-0475 | 1 4 R: fxd met flm 274k ohm 1% 1/8w hp

R121 0727-0276 | 1 | 2 | R: fxd depc 1 meg ohm 1% 1/2w hp

R131 0757-0393 | 2 8 R: fxd met flm 47.5 ohm 1% 1/8w hp

R132 0757-0401 | 3 |11 | R: fxd met flm 100 ohm 1% 1/8w hp

R133 0757-0435 | 2 6 R: fxd met flm 3. 92k ohm 1% 1/8w hp

R134 0757-0401 R: fxd met flm 100 ohm 1% 1/8w hp

R135 0757-0435 R: fxd met flm 3. 92k ohm 1% 1/8w hp

R140 2100-0423 | 1 | 2 | R: var comp lin 500k ohm 20% 1/5w hp

R141 0757-0415 R: fxd met flm 274k ohm 1% 1/8w hp

R142 0757-0280 | 2 ki R: fxd met flm 1k ohm 1% 1/8w hp

R143 0757-0401 ! R: fxd met flm 100 ohm 1% 1/8w hp

R144 0758-0073 | 1 | 5 R: fxd met flm 24k ohm 5% 1/2w hp

R145 0758-0073 R: fxd met flm 24k ohm 5% 1/2w hp

R146 0757-0393 R: fxd met flm 47.5 ohm 1% 1/8w hp

R147 0757-0393 R: fxd met flm 47.5 ohm 1% 1/8w hp

R148 0757-0393 R: fxd met flm 47.5 ohm 1% 1/8w . hp

R149 2100-0948 [ 1 | 2 R: var comp 750ohm 20% 20cwlog 1/4w hp

R150 2100-0947 |1 | 2 R: var comp 3x125 ohm 30% lin 1/4w hp

R151 0758-0028 | 1 | 2 | R: fxd met flm 270 ohm 5% 1/2w hp

R152 0758-0026 | 1 | 2 R: fxd met flm 82 ohm 5% 1/2w hp

R153 0758-0016 | 1 | 2 | R: fxd met flm 3000hm 5% 1/2w hp

R161 0757-0282 | 2 6 R: fxd met flm 221 ohm 1% 1/8w hp

R162 0811-1574 | 1 | 4 | R: fxd ww 8200 ohms 1% 3w hp

R163 0611-1574 R: fxd ww 8200 ohms 1% 3w hp

R164 0757-0282 R: fxd met flm 221 ohm 1% 1/8w hp

R170 2100-0950 | 1 | 2 | R: var comp 2x250k ohms lin ganged 20% hp

R171 0757-0471 1] 4 R: fxd met flm 182k ohms 1% 1/4w hp

R172 0757-0471 R: fxd met flm 182k ohms 1% 1/4w hp

R173 0727-0085 | 1 | 2 R: fxd depc 680 ohm 1% 1/2w hp

R174 0727-0085 R: fxd depc 680 ohm 1% 1/2w hp

R201 0727-0261 R: fxd depc 900k ohm 1% 1/2w hp

R202 0727-0212 R: fxd depc 111k ohm 1% 1/2w hp

R203 0727-0271 R: fxd depc 990k ohm 1% 1/2w hp

R204 0727-0158 R: fxd c¢flm 10. 1k ohm 1% 1/2w hp

R205 0683-2205 | R: fxd comp 22 ohm 5% 1/4w 01121 | CB 2205
R206 0683-2205 R: fxd comp 22 ohm 5% 1/4w 01121 | CB 2205
R211 0727-0246 R: fxd depc 600k ohm 1% 1/2w hp

R212 0727-0249 R: fxd depc 667k ohm 1% 1/2w hp

R213 0727-1009 R: fxd depc 800k ohm 1% 1/2w hp

R214 0727-0226 R: fxd depc 250k ohm 1% 1/2w hp

\
R220 0757-0475 R: fxd met flm 274k ohm 1% 1/8w hp
R221 0727-0276 R: fxd depc 1 megohm 1% %)’Zw hp
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Section VI Model 1402A
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)

D}eq:.ifg hp Part No. TQ (Selze;;ggigtginl. ) Mfr Mfr Part No.
R231 0757-0393 R: fxd met flm 47.5 ohm 1% 1/8w hp
R232 0757-0401 R: fxd met flm 100 ohm 1% 1/8w hp
R233 0757-0435 R: fxd met flm 3. 92k ohm 1% 1/8w hp
R234 0757-0401 R: fxd met flm 100 ohm 1% 1/8w hp
R235 0757-0435 R: fxd met flm 3.92k ohm 1% 1/8 w hp
R236 0757-0461 1 R: fxd met flm 68.1k ohm 1% 1/8w hp
R240 2100-0423 R: var comp lin 500k ohm 20% 1/5w hp
R241 0757-0475 R: fxd met flm 274k ohm 1% 1/8w hp
R242 0757-0280 R: fxd met flm 1k ohm 1% 1/8w hp
R243 0757-0401 R: fxd met flm 100 ohm 1% 1/8w hp
R244 0758-0073 R: fxd met flm 24k ohm 5% 1/2w hp
R245 0758-0073 R: fxd met flm 24k ohm 5% 1/2w hp
R246 0757-0393 R: fxd met flm 47.5 ohm 1% 1/8w hp
R247 0757-0393 R: fxd met fim 47.5 ohm 1% 1/8 w hp
R248 0757-0393 R: fxd met flm 47.5 ohm 1% 1/8w hp
R249 2100-0948 R: var comp 750 ohm 20% 20cwlog 1/4w hp
R250 2100-0947 R: var comp 3x125 ohm 30% lin 1/4w hp
R251 0758-0028 R: fxd met ox 270 ohm 5% 1/2w hp
R252 0758-0026 R: fxd met flm 82 ohm 5% 1/2w hp
R253 0758-0016 R: fxd met flm 300 ohm 5% 1/2w hp
R261 0757-0282 R: fxd met flm 221 ohm 1% 1/8w hp
R262 0811-1574 R: fxd 24k 3% 3w hp
R263 0811-1574 R: fxd 24k 3% 3w hp
R264 0757-0282 R: fxd met flm 221 ohm 1% 1/8w hp
R270 2100-0950 R: var comp 2x250k ohms lin ganged 20% hp
R271 0757-0471 R: fxd met flm 182k ohms 1% 1/4w hp
R272 0757-0471 R: fxd met flm 182k ohms 1% 1/4w hp
R301 0757-0273 1 R: fxd met flm 3. 01k ohm 1% 1/8w hp
R302 0757-0408 1 R: fxd met flm 243 ohm 1% 1/8w hp
R303 0757-0391 1 R: fxd met flm 39.2 ohm 1% 1/8w hp
R304 0757-0280 R: fxd met flm 1k ohm 1% 1/8w hp
R305 0757-0421 1 R: fxd met flm 825 ohm 1% 1/8w hp
R307 0757-0459 3 R: fxd met flm 56.2k ohm 1% 1/8w hp
R308 0757-0344 1 R: fxd met flm 1. 00M ohms 1% 1/4w hp
R311 0757-0280 R: fxd met flm 1k ohm 1% 1/8w hp
R312 0757-0401 R: fxd met flm 100 ohm 1% 1/8w hp
R313 0758-0073 R: fxd met flm 24k ohm 5% 1/2w hp
R314 0757-0455 1 R: fxd met flm 36.5k ohm 1% 1/8w hp
R315 0757-0450 1 R: fxd met flm 22. 1k ohms 1% 1/8w
R321 0757-0442 3 R: fxd met flm 10.0k 1% 1/8w hp
R322 0757-0282 R: fxd met flm 221 ohm 1% 1/8w hp
R323 0757-0282 R: fxd met flm 221 ohm 1% 1/8w hp
R325 0757-0280 R: fxd met flm 1k ohm 1% 1/8w hp
R326 0757-0280 R: fxd met flm 1k ohm 1% 1/8w hp
R327 0757-0274 2 R: fxd met flm 1.21k ohm 1% 1/8w hp
R328 0757-0420 2 R: fxd met flm 750 ohm 1% 1/8w hp
R329 0757-0420 R: fxd met flm 750 ohm 1% 1/8w hp
R330 0757-0274 R: fxd met flm 1.21k ohm 1% 1/8w hp
R331 0757-0429 1 R: fxd met flm 1, 82k ohm 1% 1/8w hp
R332 0727-0065 2 R: fxd depc 300 ohm 1% 1/2w hp
R333 0727-0065 R: fxd depc 300 ohm 1% 1/2w hp
R334 0757-0283 3 R: fxd met flm 2k ohm 1% 1/8w hp
R401 0727-0072 2 R: fxd depc 403 ohm 1% 1/2w hp
R402 0727-0063 2 R: fxd depc 292.4 ohm 1% 1/2w hp
R403 0727-0092 1 R: fxd depc 860 ohm 1% 1/2w hp
R404 0727-0074 1 R: fxd depc 436 ohm 1/2% 1/2w hp
R405 0727-0063 R: fxd depc 292.4 ohm 1% 1/2w hp
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Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
Dl:(;ig hp Part No. TQ (Selze’;:l;;gtginl. ) Mifr Mfr Part No.
R406 0727-0072 R: fxd depc 403 ohm 1% 1/2w hp
R407 0757-0419 4 R: fxd met flm 681 ohm 1% 1/8w hp
R408 0757-0419 R: fxd met flm 681 ohm 1% 1/8w hp
R409 2100-0108 1 R: var comp lin 100 ohm 30% 0. 15w hp
R410 0757-0399 3 R: fxd met flm 82.5 ohm 1% 1/8w hp
R411 0757-0427 2 R: fxd met flm 1.50k ohm 1% 1/8w hp
R412 0757-0419 R: fxd met flm 681 ohm 1% 1/8w hp
R413 0757-0283 R: fxd met flm 2k ohm 1% 1/8w hp
R414 0757-0283 R: fxd met flm 2k ohm 1% 1/8w hp
R415 0757-0427 R: fxd met flm 1.50k ohm 1% 1/8w hp
R416 0757-0419 R: fxd met flm 681 ohm 1% 1/8w hp
R421 0757-0399 R: fxd met flm 82.5 ohm 1% 1/8w hp
R422 0757-0406 2 R: fxd met flm 182 ohm 1% 1/8w hp
R423 2100-0067 1 R: var comp 2500 ohm 10% lin 1/2w hp
R424 0757-0406 R: fxd met flm 182 ohm 1% 1/8w hp
R425 0757-0399 R: fxd met flm 82.5 ohm 1% 1/8w hp
R431 0757-0414 2 | R: fxd met flm 432 ohm 1% 1/8w hp
R432 0757-0422 2 R: fxd met flm 909 ohm 1% 1/8w hp
R433 0757-0422 R: fxd met flm 909 ohm 1% 1/8w hp
R434 0757-0414 R: fxd met flm 432 ohm 1% 1/8w hp
R435 0757-0401 R: fxd met flm 100 ohm 1% 1/8w hp
R436 0757-0431 1 R: fxd met flm 2. 43k ohm 1% 1/8w hp
R441 0757-0734 2 R: fxd met flm 1.21k ohm 1% 1/4w hp
R442 0811-1573 2 R: fxd ww 6500 ohm 1% 3w hp
R443 0811-1573 R: fxd ww 6500 ohm 1% 3w hp
R444 0757-0412 1 R: fxd met flm 365 ohm 1% 1/8w hp
R445 0757-0734 R: fxd met flm 1. 21k ohm 1% 1/4w hp
R446 0811-0391 1 R: fxd ww 3k ohm 1% 5w hp
R451 0757-0395 2 R: fxd met flm 56.2 ohm 1% 1/8w hp
R452 0698-3387 2 R: fxd met ox 6200 ohm 5% 3w hp
R453 0698-3387 R: fxd met ox 6200 chm 5% 3w hp
R454 0757-0395 R: fxd met flm 56,2 ohm 1% 1/8w hp
R460 2100-0750 1 R: var ww 100 ohm 20% 2w hp
R461 0815-0047 4 R: fxd ww 3k ohm 5% 10w hp
R462 0815-0047 R: fxd ww 3k ohm 5% 10w hp
R463 0757-0200 1 R: fxd met flm 5.62k ohm 1% 1/8w hp
R464 0757-0407 1 R: fxd met flm 200 ohm 1% 1/8w hp
R465 0814-0004 2 R: fxd ww 2k ohm 2% Tw 56289 | 244E2022
R466 0814-0004 R: fxd ww 2k ohm 2% Tw 56289 | 244E2022
R467 0815-0047 R: fxd ww 3k ohm 5% 10w hp
R468 0815-0047 R: fxd ww 3k ohm 5% 10w hp
R4171 0757-0416 2 R: fxd met flm 511 ohm 1% 1/8w hp
R472 0757-0401 R: fxd met flm 100 ohm 1% 1/8w hp
R473 0767-0008 1 R: fxd met ox flm 10k ohm 5% 3w hp
R474 0767-0022 1 R: fxd met flm 4500 ohm 5% 3w 07115 | LPI3
R475 0757-0401 R: fxd met flm 100 ohm 1% 1/8w hp
R476 0757-0416 R: fxd met flm 511 ohm 1% 1/8w hp
R481 0686-2205 1 R: fxd comp 22 ohm 5% 1/2w 01121 | EB 2205
R482 0757-0388 1 R: fxd met flm 30.1 ohm 1% 1/8w hp
R483 0757-0284 5 R: fxd met flm 150 ohm 1% 1/8w hp
R484 0683-2205 R: fxd comp 22 ohm 5% 1/2w 01121 EB 2205
R485 0757-0398 1 R fxd met flm 75 ohm 1% 1/8w hp
R486 0757-0401 R: fxd met flm 100 ohm 1% 1/8w hp
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Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
Ref Description
Desig hp Part No. | RS| TQ (See Table 6-1.) Mfr Mfr Part No.
R501 0757-0465 | 1 | 2 R: fxd met flm 100k ohm 1% 1/8w hp
R502 0757-0465 R: fxd met flm 100k ohm 1% 1/8w hp
R503 0757-0284 R: fxd met flm 150 ohm 1% 1/8w hp
R504 0757-0442 R: fxd met flm 10k ohm 1% 1/8w hp
R505 0757-0442 R: fxd met flm 10k ohm 1% 1/8w hp
R506 0757-0284 R: fxd met flm 150 ohm 1% 1/8w hp
R507 0757-0284 R: fxd met flm 150 ohm 1% 1/8w hp
R508 0757-0284 R: fxd met flm 150 ohm 1% 1/8w hp
R512 0757-0288 { 1 | 2 R: fxd met flm 9. 09k ohm 1% 1/8w hp
R513 0757-0457 112 R: fxd met flm 47.5k ohm 1% 1/8w hp
R514 2100-0834 | 1 |1 R: var comp 2k ohm 20% 1/4w hp
R515 0757-0457 R: fxd met flm 47,5k ohm 1% 1/8w hp
R516 0757-0288 R: fxd met flm 9. 09k ohm 1% 1/8w hp
R521 0757-0434 | 1 | 2 R: fxd met flm 3. 65k ohm 1% 1/8w hp
R522 0757-0459 R: fxd met flm 56.2k ohm 1% 1/8w hp
R523 0757-0459 R: fxd met flm 56. 2k ohm 1% 1/8w hp
R524 0757-0434 R: fxd met flm 3. 65k ohm 1% 1/8w hp
R525 0757-0280 R: fxd met flm 1k ohm 1% 1/8w hp
R531 0757-0435 R: fxd met {lm 3. 92k ohm 1% 1/8w hp
R532 0757-0438 | 1 |2 R: fxd met flm 5.11k 1% 1/8w hp
R533 0757-0438 R: fxd met flm 5.11k 1% 1/8w hp
R534 0757-0435 R: fxd met flm 3.92k ohm 1% 1/8w hp
R535 0757-0415 | 1 |1 R: fxd met flm 475 ohm 1% 1/8w hp
R541 0757-0462 | 1 |2 R: fxd met flm 75.0 ohms 1% 1/8w hp
R542 0757-0462 R: fxd met flm 75.0 ohms 1% 1/8w hp
R551 0757-0428 1 1 } 2 R: fxd met flm 1. 62k ochm 1% 1/8w hp
R552 0757-0428 R: fxd met flm 1. 62k ohm 1% 1/8w hp
R560 0683-1005 | 1 |2 R: fxd comp 10 ohm 5% 1/4w 01121 | CB 1005
R561 0683-1005 R: fxd comp 10 ohm 5% 1/4w 01121 CB 1005
R571 0727-1008 | 1 |1 R: fxd depc 444k ohm 1/2% 1/2w hp
R572 0727-1007 | 1 |1 R: fxd depc 33k ohm 1/2% 1/2w hp
R573 0727-1006 f 1 |1 R: fxd depc 15. 9k ohm 1/2% 1/2w hp
R574 0727-1005 | 1 |1 R: fxd depc 15. 5k ohm 1/2 %1/2w hp
s101 3101-0040 | 1 {2 S: slide, dpdt 2-section (channel A) 42190 | 6603 JM (special)
5102 NSR (P/O A6)
S103 3100-0840 | 0 |1 S: rotary, 2-section, 2 position (polarity) hp
5201 3101-0040 S: slide, dpdt 2-section (channel B) 42190 { 6603 JM (special)
5202 NSR (P/O AT)
S301 3100-0839 | 0 |1 S: rotary, l-section, 6-position (function) hp
T301 9130-0034 | 1 |1 T: pulse 01961 | PE 5164
V101 5080-0424 | 3 |3 V: aged 6DJ8 hp
V102 2140-0008 | 2 |2 V: neon NE2 24455 ] NE2
v201 5080-0424 V: aged 6DJ8 hp
V202 2140-0008 V: neon NE2 24455 | NE2
V401 5080-0424 V: aged 6DJ8 hp
V402 1923-0061 | 2 ]2 V: electron EIA type 8233 73445 | 8233
V403 1923-0061 V: electron EIA type 8233 73445 8233
Xviol 1200-0058 | 0 |2 XV: electron 9-pin miniature 91662 | 3901PHSPTD
Xv201 1200-0058 XV: electron 9-pin miniature 91662 ] 3901PHSPTD
XVv401 1200-0008 | 0 |1 XV: electron 9-pin miniature 71785 | 121-25-11-055
Xv402 1200-0146 } 0 |2 XV: 9 pin magnoval 71785 149-19-11-070
Xv403 1200-0146 XV: 9 pin magnoval 71785 149-19-11-070
6-8 01959-3
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Model 1402A Section VI
Table 6-2
Table 6-2. Replaceable Parts (Cont'd)
Ref hp Part N TQ Description £
Desig p Part No. (See Table 6-1.) Mfr Mir Part No.
MISCELLANEOUS
0340-0038 22 | Terminal: feed thru hp
0340-0039 22 | Bushing: feed thru insulating hp
0340-0060 2 | Receptacle: teflon (on A10) 98291 | FT-E-15
0370-0084 2 | Knob: blk w/arrow (position) hp
0370-0088 1 | Knob: blk plug-in latch (lock) hp
0370-0099 1 | Knob: blk concentric (function) hp
0370-0102 1 | Knob: red w/arrow (polarity) hp
0370-0113 2 | Knob: blk concentric (sensitivity) hp
0370-0114 2 | Knob: red w/arrow (vernier) hp
1390-0035 1 | Fastener: lock (front panel) hp
5000-0401 1 | Spring: ground (rear panel) hp
5000-0405 1 | Panel: rear (includes P1 and ground spring) hp
5000-0535 1 | Gusset: right hp
5000-0536 1 | Gusset: left hp
01402-01205 1] Bracket: left side hp
01402-01206 1 | Bracket: right side hp
01402-00103 1 | Deck: output amplifier hp
01402-00201 1 | Panel: front hp
01402-00202 1 | Panel: hub, front (includes S101, S102, and lock
fastener) hp
01402-00602 2 | Shield: attenuator hp
01402-01204 1 { Bracket: switch hp
01402-04101 1 | Cover: delay line hp
01402-04102 2 | Cover: attenuator hp
01402-05501 1 | Box: delay line hp
01402-23201 1 | Coupling: sens cal hp
01402-44101 4 | Insulator: transistor (on A9) hp
01402-61603 1 | Cable: trigger amplifier hp
01402-61606 1 | Cable: main harness hp
01959-4 6-9
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Section VI

Model 1402A

Table 6-3
Table 6-3. Code List of Manufacturers
The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1
(Name to Code) and H4-2 (Code to Name) and their latest supplements. The date of revision and the date of the
supplements used appear at the bottom of each page. Alphabetical codes have been arbitrarily assigned to
suppliers not appearing in the H4 Handbooks.
Code Cod, Cod
No.  Manufacturer Address  No.  Manufocturer Address  No.  Monufocturer Address
00000 U.S.A. Common Any supplier of U.S. 05624 Barber Colman Co. Rocktord, 1. 12881 Metex Electronics Corp. Clark, N. ).
00136 McCoy Electronics Mount Holly Springs, Pa. 05728 Titfen Optical Co. 12930 Delta Semiconductor Inc.  Newport Beach, Calif.
00144 ADC Products Inc. Minneapolis, Minn Roslyn Heights, Long Istand, N.Y. 12954 Dickson Electronics Corp. Scottsdale, Arizona
ozt 33232_515'!?;:1:: K?n‘:pg.netuc Contr:l]lzn(:;gle[) Ly 05729 Metro-Tel Corp. Westbury, NY 13103 Thermolloy Dallas, Texas
05783 Stewact Engineering Co. Santa Cryz, Calif 13336 Teletunken (GmbH) Hanover, Getmany
00287 Cemco inc. Danielson, Conn, L : 13835 Midland-Wright Div. of Pacific Industries, Inc.
00334 Humidial Colton, Calif. 05820 Wakefield Engineering Inc. Wakefield, Mass. Kansas C|t' Kansas
20348 Microtron Co., Inc. Valley Stream, N.y. 06004 Bassick Co., The Bridgegort, Conn.y 00 gon Tech Newbuty Park, Calif
00373 Garlock Inc., 06030 Raychem Corp. Redwood City, Calif. 14193 calif, Resistor Corp Santa Monica, Calif.
Electronics Products Div. Camden, N.)J. 06175 Bausch and Lomb Qptical Co. Rochester, N. Y. 14298 Amer;can Component's Inc Conshohockén Pa.
10656 Aerovox Corp. New Bedford, Mass. 06402 E.T.A. Products Co. of America Chicago, 1. 14433 ITT Semiconductor A'Div' of Int Telepnone' .
0779 Amp. Inc. Harrisburg, Pa. 06540 Amatom Edectronic Hatdware Co., Inc. & Telegraph Cor'p4 : Weslll’alm Beach. Fla
00781 Aircraft Radio Coro. Boonton, N.J. New Rochelle, N.Y. 14493 Hewlett-Packard Company Loveland, Colo.
00815 Northern Engineering Laboratories, Inc. 06555 Beede Electrical Instiument Co.,, Inc. 14655 Corell Dublier Electric Corp. Newark, N.J.
Burlington, Wis. Penacook, N.H. 14674 Coming Glass Works Cotning, N.Y.
00853 Sangamo Electric Co.. Pickens Div. 06666 General Devices Co., Inc. Indianapolis, Ind. 14752 Electro Cube nc So. Pasadena. Calif
Pickens, 5.Cc. 06751 Semcor Div. Components lac. Phoenix, Atiz.  14ac0 williams Mfg. Co. " san Jose, Calif.
ks Goe Engineting Co. Los Angeles, Calt %6812 Tominglon Wig. Co., West DIv. Nups, Corif, 15203 Webster Electionics Co. New Yotk, N.Y.
ar . olmes Corp. 0S Angeles alit, ' . i i i
00929 Microlab Inc. ’ Luvirgngslo;\. N.J. 06980 Varian Assoc: Eimac Div. San Carlos, Cal?f. ::g:; }:?c]:'osr:a:::c?rl:):’:gg Co. N. Hollywood, Calif.
01002 General Electric Co. Srose Ketvin Electric Go. yan Nuys, ga:_.:, Garden City, Long Island, N.Y.
Capacitor Dept Gainsville, Fla. 07137 T::I ."t (°é| tronics © Wi asa ':'.a' alil. 15566 Amprobe Inst. Corp. Lynbrook, N.Y.
01009 Alden Products Co. Brockton, Mass. 3 nsistor Electronics Loro. inneapolis, Minn. 15772 Twentieth Century Coil Spring Co.
01121 Allen Bradley Co. Milwaukee, Wis, 07138 Weshnghou‘se Electric Corp. ) Santa Clara, Calif.
01255 Litton Industries, lnc. Beverly Hills, Calif. Electronic Tube Div. Eimira, K.Y io1g Amelco Inc. Mt. View, Calif.
01281 TRW Semiconductors, Inc. Lawndate, Calif. 07148 F!Imonm Corp. . New York, NY 15909 Daven Div. Thomas A. Edison Ind. '
01295 Texas tnstruments, Inc. 07233 Cinch-Graphik Co. City of Indusgry, Call_(. McGraw-Edison Co. Long Island City, N.Y
Transistor Products Div. Dallas, Texas 07261 Avnet Corp. Culver City, Calit. 16037 Spruce Pine Mica Co. Spruce Pine' N.C.
01349 The Alliance Mfg. Co. Alliance, Qhio 07263 Fairchild Camera & Inst. Co. 16179 Omni-Spectra fnc. Detroit, 111,
01589 Pacific Relays, inc. Van Nuys, Calif. Semiconductor Div. MD"""a'" View, c;nr. 16352 Computer Diode Corp Lodi 'N J'
01930 Amerock Corp. Rockford, 111, 07322 Minnesota Rubber Co. Minneapolis, Mm(n. 16688 1deal Prec. Weler Co. ne v
01961 Pulse Engineering Co. Santa Clara, Calif. 07387 Bmchgr Corp., The Monterey Park, Calit. De Jur ﬁeter Div o : Brooklyn, N.Y
02114 Ferroxcube Corp. of America Saugerties, N.Y. 07700 Tech‘mcal Wire ?'odu“s Inc. Cranford, N‘.J' 16758 Delco Radio Div o‘f G.M. Corp Kokom; I‘nc-
02286 Cole Rubber and Plastics Inc.  Sunnyvale, Calif. 07910 Continental Device Corp. Hawthome, Calif. 17103 Thermonetics |n:; o 6anoga Park 'Cali!'
02660 Amphenol-Borg Electronics Corp. Chicago, (Il 07933 Raythe_on Mig. Co.. - . 17474 Tranex Company ' Mountain View' Caiif.
02735 Radio Corp. of America, Semiconductor Semiconductot DIV Mountain View, Calil. 17675 Hanlin Weta! Products Corp Akron, Ohio
and Materials Div. somerville, N. J. 07966 Shocktey Semi-Conductor Laboratories . 11748 Angstioh Prec, lnc .ND Hollywond ,Calif
02771 Vocaline Co. of America, Inc. Pa\o {\\‘lu, Cant. 18042 Power Design P‘acili.c Inc ' Palo Alto‘ Calif>
01d Saybrook, Conn. 07980 Hewlett-Packard Co., Boonton RadechIa:ay . 18476 Ty-car Wig. Co. . e . Holiiston' Mass‘
02777 Hopkins Engineering Co. San Femando, Calif. . ! atie " Com i in ]
03508 G.E. Semiconductor Prod. Dept. Syracuse, K.Y. 08145 U'_S‘ Engineering Co. Los Angeles, Calff, ig:gg (T;l?:iss::ﬁi}ugg:‘"f',,?cw' 'I:tes:ilsaé:esﬁ IY”'
03705 Apex Machine & Tool Co. Dayton, Ohio 00288 Blinn, Deibert Co. Pomena, Calit- 14473 €.1. DuPant and Co., Inc Wilmington, Del.
03797 Eldema Corp. Compton, Calif. 08358 Burgess Battery Co. . . 18911 D;n.anl Mfg. Co " ' Milwagkee' VisA
03877 Transitron Electric Corp. Wakefield, Mass. . Nisgara Falls, Ontario, Canada 19315 Bendix C:r. 'The e '
03888 Pyrofilm Resistor Co., Inc.  Cedar Knolls, N.j, 08664 Bristol Co., The Waterbury, Conn. Ecimse.poineer Div Teterboro, N. J
03954 Singer Co., Diehl Div. 08717 Sloan Company Sun Valley, Calif. o o clie . ;;" lld‘ ies. i f‘” oo, N.J.
Finderne Plant sumerville, N. ). 08718 ITT Cannon Electric Inc., Phoenix Dlv.v ) ':méls w.Ed’ lsonc ndustries, v»’\; too -
04009 Arrow, Hart and Hegeman Elect. Co. ) Phoenix, Arizona o, LRCCUB . |_sosn > H srsehran::, NY.
Hartford, Conn, 08792 CBS Efectronics Semiconductor 19701 Electavfmn(l:c nd z p; ea Konsu:
04013 Taurus Corp. Lambertville, N. J. Operations, Div of C.B.S. Inc. 2003 Ge el \ “g'. ‘0; o n el‘);“r?l::c(e,“v an;as
04222 Hi-Q Division of Aerovox  Myrile Beach, S.C. _ Lowell, Mass. 200 o tone, e, 1stand Gty N Y.
04354 Precision Paper Tube Co. Chicago, Ill. 08984 Mel-Rain Indianapolis, g, 2126 Exscutone. lac, o Long WY B
04404 Dymec Division of Hewlett-Packard Co. 09026 Babcock Relays Div. Costa Mesa, Calif. ;{330 :a “'t' Ie’:";‘zll 0.y lhé N"r" Bg:‘a‘m, °"|':'
Palo Alto, Calif. 09134 Texas Capacitor Co. Houston, Texas 520 Fansteel Metallurgical Corp. hi icago, III.
04651 Sylvania Electric Products, Microwave 09145 Atohm Electronics Sun Valley, Calif. 23783 Butisn Radio Electiomics Ltd. ¥ashington, D.C.
Device Div. Mountain View, Calif, 09250 Electro Assemblies, inc. Chicago, Il 24455 G.E. Lamp Division )
04713 Motorola, Inc., Semiconductor Prod. Div. 09569 Mallory Battery Co. of . | Radio C Nela Pa(k,lCIevelagd, Ohio
Phoenix, Arizona Canada, Ltd. Toronto, Ontario, Canada 24655 Ge_nemR adio Co. West Concord, Mass.
04732 Filtron Co.. Inc. Western Div. 10214 General Transistor Western Corp. 26365 Gries eproducer Corp. ) New Rocheile, N.Y.
Cutver City, Calif. Los Angeles, Calif. 26462 Grobet File Co, of America, Inc.
04773 Automatic Electsic Co. Northlake, 1y, 10411 Ti-Tal, Inc. Berkeley, Calif. . Carlstadt, N. ).
04796 Sequoia Wire Co. Redwood City, Calif, 10646 Carborundum Co. Niagara Falls, N.Y, 26992 Hanilton Watch Co. Lancaster, Pa.
04811 Precision Cail Spring Co. £l Monte, Catit, 11236 CTSof Beme, lnc. Beme, Ind. 28480 Hewlett-Packard Co. Palo Allo, Calif.
04870 P.M. Motor Company Westchester, I1l. 11237 Chicago Telephone of California, inc. 33173 G.E. Receiving Tube Depl. Owensboro, Ky.
05006 Twentieth Century Plastics, Inc. So. Pasadena, Calif. 35434 Lectrohm Inc. Chicago, 11t
Los Angeles, Calif, 11242 Bay State Electronics Corp. Waltham, Mass. 36196 Stanwyck Coil Products Ltd. )
05277 Westinghouse Electric Corp. 11312 Teledyne Inc., Microwave Div. Palo Alto, Calif. Hawkesbury, Ontario, Canada
Semi-Conductor Dept, Youngwood, Pa. 11534 Duacan Electionics inc. Costa Mesa, Calif. 37942 P.R. Mallory & Co. Inc. Indianapolis, Ind.
05347 Ultronix, Inc. san Mateo, Calif. 11711 General Instrument Corp., Semiconductor 39543 Mec_hanlcal Ind.uslnes Prgd. Co. Akron, Ohio
05397 Union Carbide Corp. Cleveland, Ohio Div., Products Group Newark, N.J. 40920 Miniature Precision Bearings, Inc. Keo_zne. N.H.
Linde Division Kemet Dept. 11717 Imperial Electronic, Inc. Buena Park, Calif. 42190 Muter Co. Chicago, ill.
05593 Illumitronic Engineering Co. Sunnyvale, Calif. 11870 Melabs, Inc. Palo Alto, Calif. 43330 C.A. NO'E'?" Co. Englewood, Colo.
05616 Cosmo Plastic 12136 Philadelphia Handle Co. Camden, N.J.
(¢/0 Electrical Spec. Co.) Cleveland, Ohio 12697 Clarostat Mfg. Co. Dover, N.H.
12859 Nippon Electric Co., Ltd. Tokyo, Japan
00015-42 From: FSC. Handboak Supplements
Revised: july, 1966 H4-1 Dated JULY 1965
H4-2 Dated NOV 1962
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Model 1402A

Section VI
Table 6-3
Table 6-3. Code List of Manufacturers (Cont'd)
Code Code
Code Monufacturer Address No.  Monufacturer Address
No.  Manufocturer Address
72964 Robert M. Hadley Co. Los Angeles, Calif, 80031 Mepco Division of Sessions Clock Co.
44655 Ohmite Mfg. Co. Skokie, NI, 72982 Erie Technological Products, Inc. Erie, Pa. Morristown. N.J.
46384 Penn Eng. & Mfg. Corp. Doylestown, Pa. 73061 Hansen Mfg. Co., Inc. Princeton, ind. 80120 Schnitzer Alloy Products Co. Elizabeth, N.J.
47904 Polaroid Corp. Cambridge, Mass. 73076 H.M. Harper Co. Chicago, Il 80130 Times Telephoto Equipment New York, N.Y.
48620 Precision Thermometer & inst. Co. 73138 Helipot Div. of Beckman Inst., Inc. 80131 Electronic Industries Association. Any brand
Southampton, Pa. Fullerton, Calif. Tube meeting EIA Standards-Washington, DC.
49956 Microwave & Power Tube Div. Waltham, Mass. 73293 Hughes Products Division of Hughes 80207 Unimax Switch, Div. Maxon Electronics Corp.
52090 Rowan Controller Co. Westminster, Md. Aircraft Co. Newpoit Beach, Calif. Wallingford, Conn.
52983 Sanborn Company Waltham, Mass. 73445 Amperex Electronic Co., Div. of North American 80223 United Transformer Corp. New York, N.Y.
54294 Shallcross Mfg. Co. Selma, N.C. Phillips Co., Inc. Hicksville, Ny, 80248 Oxford Electric Corp. Chicago, III.
55026 Simpson Electric Co. Chicago, III. 73506 Bradley Semiconductor Corp.  New Haven, Conn. 80294 Boums Inc. Riverside, Calif.
55933 Sonotone Corp. Elmsford, N.Y. 73559 Carting Etectric, Inc. Hartford, Conn, 80411 Acro Div. of Robertshaw Controls Cg‘i bus. on
55938 Raytheon Co. Commercial Apparatus & 73586 Circle F Mfg. Co. Trenton, N.J. olumbus, Ohio
Systems Div. So. Norwalk, Conn. 73682 George K. ca‘fuﬁ Co., Div. MSL ¢ ’ 80486 All Star Products Inc. Defiance, Ohio
56137 Spaulding Fibre Co., Inc. Tonawanda, N.Y. tndustries lnc. Philadelphia, Pa. 80508 Avery Adhesive Label Corp. Monfovia, Calif,
56289 Sprague Electric Co. North Adams, Mass. 73734 Federal Screw Products Inc. Chicago, Il 80583 Hammarlund Co., Inc. New York, N.Y.
59446 Telex, Inc. St. Paul, Minn. 73743 Fischer Special Mfg. Co. Cincinnati, Ohio 80640 Stevens, Aroid, Co., Inc. Boston, Mass.
59730 Thomas & Betts Co. Elizabeth, N.J. 73793 Genetal Industries Co., The Elyria, Ohio 81030 lntelngtmnal Instruments inc. Orange, Conn.
60741 Triplett Electrical Inst. Co. Bluffton, Ohio 73846 Goshen Stamping & Tool Co. Goshen, Ind. 81073 Grayhill Co. LaGrange, IIi.
61775 Union Switch and Signal, Div. of 73899 JFD Electronics Corp. Brooklyn, N.Y. 81095 Tflad Transformer Corp. ) Venice, Calif.
Westinghouse Air Brake Co.  Pittsburgh, Pa. 73305 Jennings Radio Mig. Corp. San Jose, Calif, 81312 Winchester Elec. Div. Litton Ind., Inc.
62119 Universal Electric Co. Owosso, Mich. 74276 Signatite Inc. Neptune, N.J. y - Oakville, Conn.
63743 Ward-Leonard Electric Co. ML Vernon, N.Y. 74455 J.H. Winns, and Sons Winchester, Mass. 81349 Military Specification . .. ... -
64959 Western Electric Co., Inc. New York, N.Y. 74861 Industrial Condenser Corp. Chicago, IIl. 81483 Iqternatnonal Re_ctmer Corp. El Segu_ndo, Calif.
65092 Weston Inst. Inc. Weston-Newark  Newark, N.J. 74868 R.F. Products Division of Amphenol-Borg 81541 Airpax Electronics, Inc. Cambridge, Mass.
66295 Wittek Mfg. Co. Chicago, HI. Electranics Corp. Danbury, Conn. 81860 Barry Controls, Div. Barry Wright Corp.
66346 Revere Wollansak Div. Minn. Mining & 74970 E.F. Johnson Co. Waseca, Minn. - . Watertown, Mass.
Mfg. Co. St. Paul, Minn, 75042 International Resistance Co.  Philadelphia, Pa. 82042 Cartes Precision Electric Co. Skakie, Wl
70276 Allen Mfg. Co. Hartford, Conn. 75378 CTS Knights Inc. Sandwich, I, 82047 Spedti Faraday Inc., Copper Hewitt
70318 Alimetal Screw Product Co., inc. 75382 Kulka Electric Corporation  Mt. Vernon, N.Y. Electric Div. Hoboken, N.J.
Garden City, N.Y. 75818 Lenz Electric Wfg. Co. Chicago, III, 82142 Jeffers Electionics Division of Speer )
70485 Allantic India Rubber Works, inc.  Chicago, Il 75915 Littlefuse, Inc. Des Plaines, 11, Carbon Co. Du Bois, Pa.
70563 Amperite Co., Inc. Union City, N.J. 76005 Lord Mig. Co. Erie, pa, 00170 Fauichild Camera & nst. Corp.,
70903 Belden Mig. Co. Chicago, HIl. 76210 C.W. Marwede! San Francisco, Calif. Defense Prod. Division Chifton, N.J.
70998 Bird Electronic Corp. Cleveland, Ohio 76487 James Millen Mfg. Co., Inc. Malden, Mass, 02209 Maguire indusliies, Inc. Greenwich, Conn.
71002 Bimbach Radio Co. New York, N.Y. 76433 J.W. Miller Co. Los Angeles, Carif, 02219 Syjpania Electic Prod. tnc. ‘
71041 Boston Gear Works Div. of Murray Co. 76530 Cinch-Monadnock, Div. of United Carr 82376 Asu:nct(l;%l:lc Tube IVEI:Is‘;nNewafk E':rpr‘i’s'::\mvupj-
of Texas Quincy, Mass. Fastener Corp. San Leandro, Calit.  gouse Suircherany nc " Chicago, IlI.
71218 Bud Radio, Inc. Willoughby, Ohio 76545 Mueller Electric Co. Cleveland, Ohio 82647 Netals & C. \ I | S Product go. 1l
71286 Camloc Fastener Coip. Paramus, N.J, 76703 Nationat Union Newark, N_ ). elals ontrols dnc. Spencer lit‘tllcebsoro Mass
71313 Cardwell Condenser Corp. Lindeahurst L1, N.Y. ;gg:; g::a?:?;::m#eco Crystal Lake, 11, 82768 Phillips-Advance Control Co. Jotiet, ',“'
71400 Bussmann Mfg. Div. of McGraw-Edison Co. Bendix Pacific Div. N. Hollywood, Calil.  goosy ::::)’n"':‘,:“’cd:mlncc"'”‘ Nonatom s,
St. Louis, Mo. 17075 Pacific Metals Co. San Francisco, Calif. 82893 Vector Ele.ckwn'l'c Cu. Glendale 'Ca.hf‘
71436 Chicago Condenser Corp. Chicago, (il 77221 Phanostran (nstrument and Electronic Co. 83053 Western Washer Hig Co Los Angeles' Calit,
71447 Calif. Spring Co., Inc. Pico-Rivera, Calif. South Pasadena, Calif. T S :
. . . ' 83058 Carr Fastener Co. Cambridge, Mass.
71450 CTS Corp. Elkhart, Ind. 77252 Phitadelphia Stee! and Wire Corp. 83086 New Hampshire Ball Bearing, inc
71468 1TT Cannon Electric Inc. Los Angetes, Calif. Philadelphia, Pa. & Pe-terborongh NH
71471 Cinema Plant, Hi-Q Div. Aefovox C;J'r)l;ank, catit. 17342 Am:r!'cl:;f?:lzhg\iev.& Foundry Co. P:!rtien[ceton, i, 83125 General Instrument Corp. | Capacit;r ?.iv't o
71482 C.P. Clare & Co. Chicago, 111, 77630 TRW Electronic Components Div.  Camden, N. ). . . arngton, 5. L.
71590 Centralab Div. of Globe Union L 77638 General lnstrument Corp., Rectifierat’);:idy“ . b :,T.‘:t::'y"gzgfnf::;%’;’;p' L“ssp’::‘::,'i:sl&'c;f‘;:
71616 Commercial Plastics Co. Chicago, Hll. 77764 Resistance Products Co. Harisburg, Pa.  saare ::::'e’;.cc";fp Red Bank Div. - Red Banse M0
71700 Cornish Wire Co., The New York, N.Y. 77969 Rubbercraft Corp. of Calif. Torrance, Calif. 83330 Smith “ema'n .. inc Brooklyn " V.
71707 Coto Coii Co., Inc. Providence, R.1, 78189 Shakeproof Division of Illinois Tool Works 83385 Cenlr.al Screw Co" . Chicaz‘o .IIII
71744 Chicago Miniature Lamp Works Chicago, 1I1. Elgin, 11, 83501 Gavitt Wire and C‘able Co v
71753 A.0. Smith Corp., Crowley Div. 78283 Signal Indicator Corp. New York, N.Y. Div. of Amerace Corp ’ Brookfield, Mass
West Orange, N.J. 78290 Struthers-Dunn Inc. Pitman, N.). 83594 Bl.l”Dl;!hS Corp Eleclln'nic Tube Div ' :
71785 Cinch Mfg. Co., Howard B. Jones Div. 78(5% }'hflmpso;\-ﬂtémer & Co. s Chicago, ll. . Pla'inheld N
Chicago, I, 1847 illey Mfg. Co. an Francisco, Calif. . ) . v
71984 Dow Corning Corp. Midland,g Mich. 78488 Stackpole Carbon Co. St. Marys, Pa. 83740 Union Carbide Corp. Consumer PIO'(‘!;'D;VO.“ NY
72136 Electro Motive Mfg. Co., Inc. Willimantic, Conn. 78493 Standard Thomson Corp. Waltham, Mass. BT
72354 John €. Fast Co., Div. Victoreen instr. Co. 78553 Tinnerman Products, Inc. Cleveland, Ohio gg;g ':Z::'siffég:"go""" tnc. "““‘;"fs‘l"u"s' '::
Chicago, 1. 78790 Transformer Engineers San Gabriel, Calif. 83942 Aeronautical Inst. & Radio Co Lodi 'N J'
72619 Dialight Corp. Brooklyn, N.Y. 78347 Ucinite Co. Newtonville, Mass. 84171 Arce Eleclmnics.lnu . Great Neck' N ‘V.
72656 Indiana General Corp., Electronics Div. 79136 Waldes Kohinoor Inc. Long istand City, N.Y. 84336 A.J. Glesener Co 'm san Francisco ‘Ca‘hf‘
Keasby, N.J. 79142 Veeder Root, Inc. Hartford, Conn. 34411 TRVl Capacitor Di;/y : Oga[|a|; Neb.
72699 General lnstrument Corp., Cap. Div.Newark, N.). ;g;g; !0":{0 Mfﬂ-l 30- Elect ¢ Chicago, lil. 84970 Sarkes Tarzian, Inc Bloomington, ind.
72765 Drake Mfg. Co. Chicago, i, ontinentai-Wirt Electronics Corp. L - ! :
22825 Hugh H. gF.hy e, Philadelphiga, by Philadelphia, Pa. 85454 Boonton Molding Company Boonton, N.J.
72928 Gudeman Co. Chicago, 111, 79963 Zierick Mfg. Corp. New Rochelte, N.Y.
From: FSC. Handbook Supplements
He-1 Dated JULY 1965
00015-42 Hé-2 Dated NOV. 1962
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Table 6-3
Table 6-3. Code List of Manufacturers (Cont'd)
Code Code
Code No.  Manufacturer Add No.  Manufacturer Address
No.  Monufacturer Address
94137 General Cable Corp. Bayonne, N.J. 98376 Zeto Mfg. Co. Burbank, Calif.
85471 A.B. Boyd Co. San francisco, Catif. 94144 Raytheon Co., Comp. Div., ind. 98731 General Mills Inc., Electronics Div.
85474 R.M. Bracamonte & Co. San Francisco, Calif. Comp. Operations Quincy, Mass. Minneapolis, Minn.
85660 Koiled Kords, Inc. Hamden, Conn. 94148 Scientific Electronics Products, Inc. 98734 Paeco Div. of Hewlett-Packard Co,
85911 Seamless Rubber Co. Chicago, III. Loveland, Colo. Palo Alto, Calif,
86197 Clifton Precision Products Co., Inc. 94154 Tung-Sol Electric, Inc. Newark, N.J. 98821 North Hills Electronics, Inc. Glen Cove, N.Y.
Clifton Heights, Pa. 94197 Curtiss-Wright Corp. Electronics Div. 98978 International Electronic Research Corp.
86579 Precision Rubber Products Corp. Dayton, Ghio East Paterson, N.J. Burbank, Calif.
86684 Radio Corp. of America, Electronic 94222 South Chester Corp. Chester, Pa. 99109 Columbia Technica! Corp. New York, N.Y,
Comp. & Devices Div. Harrison, N.J. 94310 Tru-Ohm Products Memcor Components Div. 99313 Varian Associates Palo Alto, Calif.
87034 Marco |ndustries Anaheim, Calif. Huntington, Ind. 99378 Atlee Corp. Winchester, Mass.
87216 Philco Corporation (Lansdale Qivision) 34330 Wire Cloth Products, inc. Beliwood, i1, 98515 warshall lnd. Elect, Products Biv,
Lansdale, Pa. 94682 Worcester Pressed Aluminum Corp. San Marino, Calif.
87473 Westemn Fibrous Glass Products Co. Worcester, Mass. 99707 Control Switch Division, Controls Co.
San Francisce, Calif, 94636 Magnecraft Electric Co. Chicago, Il of America €1 Segundo, Calif.
87664 Van Waters & Rogers inc. San Francisco, Calif. 95023 George A. Philbrick Researchers, Inc. 99800 Delevan Electronics Corp. East Aurora, N.Y,
87930 Tower Mfg. Corp. Providence, R.I. Boston, Mass. 99848 Wilco Corporation Indianapolis, Ind.
88140 Cutier-Hammer, Inc. Lincoln, 111 95236 Allies Products Corp. Miami, Fla. 99934 Renbrandt, Inc. Boston, Mass.
88220 Gould-National Batteries, Inc. St. Paul, Minn. 95238 Continental Connector Corp. Woodside, N.Y. 99942 Hoffman Electronics Corp.
88421 Federal Telephone & Radio Corp. Clifton, N.J. 95263 Leecraft Mfg. Co., Inc. Long Island, N.Y. Semiconductor Div. El Monte, Calif.
88698 General Mills, inc. Buffalo, N.Y. 95264 Lerco Electronics, Inc. Burbank, Calif. 99957 Technology Instrument Corp. of Calif.
89231 Graybar Electric Co. Oakiand, Calif. 95265 National Coil Co. Sheridan, Wyo. Newbury Park, Calif.
89665 United Transformer Co. Chicago, 11, 95275 Vitramon, Inc. Bridgeport, Conn.
90179 US Rubber Co., Consumer ind. & Plastics 95348 Gordos Corp. Bloomfield, N.J.
Prod. Div. Passaic, N.J. 95354 Methode Mfg. Co. Chicago, IlI.
90970 Bearing Engineering Co. San Francisco, Calif. 95712 Dage Electsic Co., Inc. Franklin, Ind.
91260 Connor Spring Mfg. Co. San Francisco, Calif. 95984 Siemon Mfg. Co. Wayne, 111, THE FOLLOWING HP VENDORS HAVE NO NUMBER
91345 Miller Dial & Nameplate Co. El Monte, Calif. 95987 Weckesser Co. Chicago, 1lI. ASSIGNED IN THE LATEST SUPPLEMENT TO THE
91418 Radio Materials Co. Chicago, IlI. 96067 Huggins Laboratories Sunnyvale, Calif. FEDERAL SUPPLY CODE FOR MANUFACTURERS
91506 Augat Inc. Attleboro, Mass. 96095 Hi-Q Div. of Aerovox Corp. Olean, N.Y. HANOBOOK.
91637 Dale Electronics, Inc. Columbus, Nebr, 96256 Thordarson-Meissner Inc. Mt. Carmet, 11l
91662 Efco Corp. Willow Grove, Pa. 96296 Solar Manufacturing Co. Los Angeles, Calif.
91737 Gremar Mfg. Co., Inc. Wakefield, Mass. 96330 Carlton Screw Co. Chicago, III. 0000F  Malco Too! and Die Los Angeles, Calif.
91827 K F Development Co. Redwood City, Calif. 96341 Microwave Associates, Inc. Burtington, Mass. 0000M  Western Coil Div. of Automatic ind., Inc.
91886 Maico Mfg. Co., Inc. Chicago, Iil. 96501 Excel Transformer Co. Oakland, Calif. Redwood City, Calif.
91929 Honeywell Inc., Micro Switch Div. 97464 Industrial Retaining Ring Co. lrvington, N.J. 0000Z  Willow Leather Products Corp.  Newark, N.J.
Freeport, 111, 97539 Automatic & Precision Mfg. Englewood, N.J. 000AA  British Radio Electronics Ltd.
91961 Nahm-Bros. Spring Co. Qakland, Calif. 97979 Reon Resistor Corp. Yonkers, N.Y. Washington, D.C.
92180 Tru-Connector Corp. Peabody, Mass. 97983 Litton System Inc., Adler-Westrex 000AB ETA England
92367 Elgeet Optical Co. Inc. Rochester, N.Y. Commun. Div. New Rochelle, N.Y. 000BB  Precision Instrument Components Co.
92196 Universal Industries, Inc. City of Industry, Calif. 98141 R-Troncis, Inc. Jamaica, N.Y. Van Nuys, Calif.
92607 Tensolite Insulated Wire Co., Inc. 98159 Rubber Teck, Inc. Gardena, Calif. 000MM  Rubber Eng. & Development Hayward, Calif.
Tauytown, N.Y. 98220 Hewlett-Packard Co., Moseley Div. O0ONN A “N'' D Mtg. Co. San Jose, Calif.
93332 Syivania Electric Prod. Inc. Pasadena, Calif. 000gQ  Cooltron Oakland, Calif.
Semiconductor Div. Woburn, Mass. 98278 Microdot, Inc. So. Pasadena, Calif. 000WW  California Eastern Lab. Burlington, Calif.
93369 Robbins and Myers, Inc. New York, N.Y. 98291 Sealectro Corp. Mamaroneck, N.Y. 000YY  S.K. Smith Co. Los Angeles, Calif.
93410 Stevens Mfg. Co., Inc. Mansfield, Ohio
93929 G.V. Controls Livingston, N.J.
From: FSC. Handbook Supplements
H4-1 Dated JULY 1965
00015-42 Ha-2 Dated NOV. 1962

Revised: July, 1966

6-12

HP 1402A Dual Trace Amplifier.max

01959-1



Model 1402A

Appendix I

APPENDIX 1
MANUAL CHANGES

Appendix I contains all information required to adapt
this manual to Model 1402A Vertical Amplifiers manu-
factured prior to the ones covered by this manual.
Check your instrument's serial prefix located on the
plate at the back of the instrument. I the serial pre-
fix does not match the serial prefix given on the front
page of this manual, find the serial prefix in the table
and make the required changes. For information on
Errata, refer to the change sheet supplied with this
manual. All changes described herein adapt the
standardinstrument as manufactured, and donot apply
to units subsequently modified in the field. Serial

Instrument Serial
Prefix

535~ 1

Make Changes

01959-1

prefixes 525- andbelow are covered inanother manual,
hp Part No. 01402-99001.

CHANGE 1

Table 6-2,
A2: change to hp Part No. 01402-66502.
A3: change to hp Part No. 01402-66503.
MISCELLANEOUS,
Bracket: left side; delete.
Bracket: right side; delete.
Bracket: switch; change to hp Part No.
01402-01203.
Gusset: left side; change to hp Part No.
01402-00101.
Gusset: right side; change to hp Part No.
01402-00102.

1A-1
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UNITED STATES

ALABAMA

£.0. Box 4207

2003 Byrd Spring Road S.W.
Kuntsville 35802

Tel: (205) 881-4591

TWX: 810-726-2204

ARIZONA

3009 North Scottsdale Road
Scottsdale 85251

Tel: (602) 945-7601

TWX: 910-950-1282

5737 tast Broadway
Tucson 85716

Tel: (602) 298-2313
TWX: 910-952-1162

CALIFORNIA

1430 East Orangethorpe Ave.
Fuilerton 92631

Tel: (714) 870-1000

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TWX: 910-499-2170

1101 Embarcadero Road
Palo Alto 94303

Tel: (415) 327-6500
TWX: 910-373-1280

2591 Carisbad Avenue
Sacramento 95821
Tel: (916) 482-1463
TWX: 910-367-2092

1055 Shafter Street
San Dlego 92106

Tel: (714) 223-8103
TWX: 910-335-2000

COLORADO

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

CONNECTICUT
508 Tolland Street
East Hartford 06108
Tel: (203) 289-9394
TWX: 710-425-3416

111 East Avenue
NRorwalk 06851

Tel: (203) 853-1251
TWX: 710-468-3750

DELAWARE

3941 Kennett Pike

Wilmingten 19807

Tel: (302) 655-6161
TWX: 510-666-2214

FLORIDA

P.0. Box 545

Suite 106

9999 N.E. 2nd Avenue
Miami Shores 33153
Tel: (305) 754-4565
TWX: 810-848-7262

P.0. Box 20007

Herndon Station 32814
621 Commonwealth Avenue
Orlando

Tel: (305) 841-3970

TWX: 810-850-0113

P.0. Box 8128
Madeira Beach 33708
410 150th Avenue

St. Petershurg

Tel: (813) 391-0211
TWX: 810-863-0366

GEORGIA

P.0. Box 28234

450 Interstate North
Attanta 30328

Tel: (404) 436-6181
TWX: 810-766-4830

iLLINOIS

5500 Howard Street
Skokie 60076

Tel: (312) 677-0400
TWX: 910-223-3613

INDIANA

4002 Meadows Drive
Indianapelis 46205
Tel: (317) 546-4891
TWX: 810-341-3263

LOUISIANA

P.0. Box 856

1942 Williams Boulevard
Kenner 70062

Tel: (504) 721-6201
TWX: 810-955-5524

MARYLAND

6707 Whitestone Road
Baltimore 21207

Tel: (301) 944-5400
TWX: 710-862-0850

P.0. Box 1648

2 Choke Cherry Road
Rockville 20850
Tel: (301) 948-6370
TWX: 710-828-9684

MASSACHUSETTS
32 Hartwell Ave.
Lexington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICHIGAN

24315 Northwestern Highway
Southtield 48075

Tel: (313) 353-9100

TWX: 810-232-1532

MINNESOTA

2458 University Avenue
St. Paul 55114

Tel: (612) 645-9461
TWX: 910-563-3734

MISSOURI

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

2812 South Brentwood Bivd.
St. Louis 63144

Tel: (314) 962-5000

TWX: 910-760-1670

NEW JERSEY

W. 120 Century Road
Paramus 07652

Tel: (201) 265-5000
TWX: 710-990-4951

1060 N. Kings Highway
Cherry Hill 08034

Tel: (609) 667-4000
TWX: 710-892-4945

NEW MEXICO

P.0. Box 8366

Station C

6501 Lomas Boulevard N.E.
Albuguerque 87108

Tel: (505) 255-5586

TWX: 910-989-1665

156 Wyatt Drive
Las Cruces 88001
Tel: (505) 526-2485
TWX: 910-983-0550

NEW YORK

1702 Central Avenue
Albany 12205

Tel: (518) 869-8462
TWX: 710-441-8270

1219 Campville Road
Endicott 13764

Tel: (607) 754-0050
TWX: 510-252-0890

82 Washington Street
Poughkeepsie 12601
Tel: (914) 454-7330
TWX: 510-248-0012

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

1025 Northern Boulevard
Roslyn, Long Island 11576
Tel: (516) 869-8400

TWX: 510-223-0811

5858 East Molloy Road
Syracuse 13211

Tel: (315) 454-2486
TWX: 710-541-0482

NORTH CAROLINA
P.0. Box 5188

1923 North Main Street
High Point 27262

Tel: (919) 882-6873
TWX: 510-926-1516

OHIO

25575 Center Ridge Road
Cleveland 44145

Tel: (216) 835-0300
TWX: 810-427-9129

3460 South Dixie Drive
Bayton 45438

Tel: (513) 298-0351
TWX: 810-459-1925

OKLAHOMA

2919 United Founders Boulevard
Oklahoma City 73112

Tel: (405) 848-2801

TWX: 910-830-6862

OREGON

Westhills Mall, Suite 158
4475 S.W. Scholls Ferry Road
Portland 97225

Tel: (503) 292-9171

TWX: 910-464-6103

PENNSYLVANIA
2500 Moss Side Boulevard
Monroeville 15146
Tel: (412) 271-0724
TWX: 710-797-3650

1021 8th Avenue

King of Prussia lndustrial Pack
King of Prussia 19406

Tel: (215) 265-7000

TWX: 510-660-2670

RHODE ISLAND
873 Waterman Ave.
East Providence 02914
Tel: (401} 434-5535

TEXAS

P.0. Box 1270

201 €. Arapahoe Rd.
Richardson 75080
Tel: (214) 231-6101
TWX: 910-867-4723

P.0. Box 22813

4242 Richmond Avenue
Houston 77027

Tel: (713) 667-2407
TWX: 910-881-2645

GOVERNMENT CONTRACT OFFICE
225 Billy Mitchel! Road

San Antonio 78226

Tel: (512) 434-4171

TWX: 910-871-1170

uT.

2890 South Main Street
Salt Lake City 84115
Tel: (801) 486-8166
TWX: 910-925-5681

VIRGINIA

P.0. Box £514
2111 Spencer Road
Richmond 23230
Tel: (703) 282-5451
TWX: 710-956-0157

WASHINGTON
433-108th N.E.
Bellevue 98004
Tel: (206) 454-3971
TWX: 910-443.-2303

FOR U.S. AREAS NOT
LISTED:

Contact the regional office near-
est you: Atlanta, Georgia
North Hollywood, California. ..
Paramus, New Jersey . . . Skokie,
Nlinois. Their complete ad-
dresses are listed above.

CANADA

ALBERTA

Hewlett-Packard (Canada) Ltd.
11745 jasper Ave.

Edmonton

Tel: (403) 482-5561

TWX: 610-831-2431

BRITISH COLUMBIA

Hewlett-Packard (Canada) Ltd.

304-1037 West Broadway
Vancouver 9

Tel: (604) 738-5301
TWX: 610-922-5059

MANITOBA

Hewlett-Packard (Canada) Ltd.
511 Bradford Ct.

st. James

Tel: (204) 786-7581

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd.
2745 Dutch Village Rd.

Suite 203

Halifax

Tel: (902) 455-0511

TWX: 610-271-4482

ONTARIO

Hewlett-Packard (Canada) Ltd.
880 Lady Ellen Place

Ottawa 3

Tel: (613) 722-4223

TWX: 610-562-1952

Hewlett-Packard (Canada) Ltd.
1415 Lawrence Avenue West
Toronto

Tel: (416) 249-9196

TWX: 610-492-2382

QUEBEC

Hewlett-Packard (Canada) Ltd.
275 Hymus Boulevard

Pointe Claire

Tel: (514) 697-4232

TWX: 610-422-3022

Telex: 01-20607

FOR CANADIAN AREAS NOT
LISTED:

Contact Hewlett-Packard (Can-
ada) Ltd. in Pointe Claire, at

the complete address listed
above.
CENTRAL AND SOUTH AMERICA
ARGENTINA CHILE ECUADOR MEXICO PERU VENEZUELA
Hewtett-Packard Argentina Hector Calcagni P. Laboratorios de Radio-ingenieria Hewlett-Packard Mexicana, S.A. Fernando Ezeta B. Hewlett-Packard De Venezuela
S.AC.e.! Casilla 13942 Calle Guayaquil 1246 de C.V. Avenida Petit Thouars 4719 C.A.
Lavalle 1171 -3° Estado 215 - Oficina 1016 Post Office Box 3199 Moras 439 Miraflores Apartado del Este 10934
Buenos Aires Santiago Quito Col. del Valle Casilla 3061 Chacaito
Tel: 35-0436, 35-0627, 35-0431 Tel: 31-890, 490-505 Tel: 12496 Mexico 12, D.F. Lima Caracas
Telex: 012-1009 Cable: HORVATH Quito Tel: 75-46-49 Tel: 50346 Tel: 71.88.05, 71.88.69, 71.88.76
le: HEWPACKARG Cable: FEPERU Lima Cable: HEWPACK Caracas
Cable: HE COLOMBIA EL SALVADOR NICARAGUA

BRAZIL

Hewlett-Packard Do Brasil
l.e.C Ltda.

Rua Coronel: Qscar Porto, 691
Sao Paule - 8, SP

Tel: 71-1503

Cable: HEWPACK Sao Paulo

Hewlett-Packard Do Brasil
l.e.C. Ltda.

Avenida Franklin Roosevelt 84-
grupo 203

Rio de Janeiro, ZC-39, GB

Tel: 32-9733

Cable: HEWPACK Rio de }aneiro

Instrumentacion

Henrik A. Langebaek & Kier
Ltda,

Garrera 7 #48-59

Apartado Aereo 6287

Bogota, 1 D.E.

Tel: 45-78-06, 45-55-46

Cable: AARIS Bogota

COSTA RICA

Lic. Alfredo Gallegos Gurdidn
Apartado 3243

San José

Tel: 21-86-13

Cabie: GALGUR San José

Electrbnica

Apartado Postal 1589

27 Avenida Norte 1133

San Salvador

Tel: 25-74-50

Cable: ELECTRONICA
San Salvador

GUATEMALA

Olander Associates Latin America
Apartado 1226

7a. Calle, 0-22, Zona 1
Guatemala City

Tel: 22812

Cable: OLALA Guatemata City

Roberto Terén G.
Apartado Postal 689
Edificio Teran

Managua

Tel: 3451, 3452

Cable: ROTERAN Managua

PANAMA

Electrénica Balboa, S.A.

P.0. Box 4929

Ave. Manue] Espinosa No. 13-50
Bldg. Alina

Panama City

Tel: 30833

Cable: ELECTRON Panama City

PUERTO RICO

San Juan Electronics, Inc.
P.0. Box 5167

Ponce de Leon 154

Pda. 3-Pta. de Tierra

Tel: (809) 725-3342

Cable: SATRONICS San Juan
Telex: SATRON 3450 332

URUGUAY

Pablo Ferrando S.A.
Comercial ¢ Industrial
Avenida Italia 2877
Casitla de Correo 370
Mentevideo

Tel: 40-3102

Cable: RADIUM Montevideo

HP 1402A Dual Trace Amplifier.max

FOR AREAS NOT LISTED,
CONTACT:

Hewlett-Packard Inter-Americas
3200 Hillview Ave.

Palo Alto, California 94304

Tel: (415) 326-7000

TWX: 910-373-1267

Cable: HEWPACK Palo Alto
Telex: 034-8461
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EUROPE

AUSTRIA FRANCE Hewlett-Packard Vertriebs-GmbH Hewlett-Packard Italiana S.p.A. SPAIN Hewlett Packard (Schweitz) A.G.
Unilabor GmbH Hewlett-Packard France Beim Strohhause 26 Palazzo Italia Ataio Ingenieros Rue du Bois-du-Lan 7
Wissenschaftliche Instrumente ~ Quartier de Courtaboeuf 2 Hamburg 1 Piazza Marconi 25 Ganduxer 76 1217 Meyrin-Geneva
Rummelhardtgasse 6/3 Boite Postale No. 6 Tel: 24 05 51/52 00144 Rome - Eur Barcelona 6 Tel: (022) 41 54 00
P.0. Box 33 91 Orsay Cable: HEWPACKSA Hamburg Tei: 591 254 Tel: 211-44-66 Cable: HEWPACKSA Geneva
vienna A-1095 E".iﬁ"ﬁé’v?p'i‘c Ko Telex: 21 63 32 Cable: HEWPACKIT Rome Ataio Ingenieros Telex: 2 24 86
Te!: 42 61 81 able: rsay : ' Telex: 61514 Enrique Larreta 12
Cable: LABORINSTRUMENT Telex: 60048 HEWPACK ORsaY  HewlettPackard Vertriebs-GmbH Mg 16 TURKEY
Vienna Hewlett-Packard France 8 lgﬁnchen 9 NETHERLANDS Tel: 23’5 43 44 Telekom Engineering Bureau
Telex: 75 762 4 Quai des Etroits Tel: 0811 69 59 71/75 Hewlett-Packard Benelux, N.V.  cable; TELEATAIO Madrid '.’.'?.‘..'.’.?..‘ 376 - Galata
BELGIUM 69 Lyon 5e Cable: HEWPACKSA Miinchen Amsterdam, Z {1 Telex: 2 72 49 Tel: 49 40 4
Hewlett-Packard Benelux S.A. [0 426385 Lyon Telex: 5249 85 Tel: 42 77 77 SWEDEN Cabie: TELEMATION Istanbul
348 Boulevard du Souverain : Cable: PALOBEN Amsterdam Hewlett-Packard (Sverige) AB
Brussals 16 Telex: 31617 R Cearayannis Telex: 13 216 oot Sverige) UNITED KINGDOM
Tel: 72 22 40 431 04 MBIndal 4 Hewlett-Packard Ltd.
GERMANY 18, Ermou Street 224 Bath Road
Cable: PALOBEN Brussels rivet e S, Ath NORWAY Tel: 031 - 27 68 00 ath Roa
Telex: 23 494 lewlett-Packard Vertriebs-GmbH ens 126 Hewlett-Packard Norge A/S : Slough, Bucks
Lietzenburgerstrasse 30 Tel: 230 301 g . -
Box 149 Hewlett-Packard (Sverige) AB Tel: Slough 753-33341
DENMARK 1 Berlin W 30 Cable: RAKAR Athens Nesveien 13 Svetsarvigen 7 Cable: HEWPIE Slough
Hewlett-Packard A/S }e:: 24 l680 35/56 Telex: 21 59 62 Haslum $171 20 Soina 1 Telex: 84413
Langebjerg 6 elex: 18 34 05 Tel: 53 83 60 Tel: (08) 98 12 50
2850 Nawrum Hewlett-Packard Vertriebs.GmbH  {1vELAND 4 Lt Cable: HEWPACK Oslo Cable: MEASUREMENTS YUGOSLAVIA
Tel: (01) 80 40 40 Herrenbergerstrasse 110 ewletl Packar . Teiex: 6621 Stockholm elram S.A, .
Cable: HEWPACK AS 703 Biblingen, Wirttember; 224 Bath Road ' Telex: 10721 83 avenue des Mimosas
Telex: 66 40 Ter 07031 6671 € Slough, Bucks, England PORTUGAL : Brussals 15, Belgium
Cable: HEI;AG Boblingen Tel: Slough 753-33341 Telectra SWITZERLAND Tel: 34 33 32, 34 26 19
FINLAND Cable: HEWPIE Slough Rua Rodrigo da Fonseca 103 Hewlett Packard (Schweitz) AG  Cable: BELRAMEL Brussels
Hewlett-Packard Oy ;elelx "7% 65ka7?1 Vertriehs.Gmb Telex: 84413 P.0. Box 2531 Zurcherstrasse 20 Telex: 21790
Gyldenintie 3 ewlett-Packard Vertriebs-GmbH ish 8952 Schlieren
Helsinki 20 Achenbachstrasse 15 ITALY ) e o 72 e FOR AREAS NOT LISTED,
Tel: 67 35 38 4 Dilsseldorf 1 ngletbPagkard Italiana S.p.A. Cable: TELECTRA Lisbon Tel: (051) 98 18 21/24 CONTACT:
Cable: HEWPACKOY-Helsinki Tel: 68 52 58/59 Viale Lunigiana 46 Telex. 1908 Cable: HEWPACKAG Zurich Hewlett-Packard S.A.
Telex: 12-1563 Telex: 85 86 533 §0|1229M;'5="84 Telex: 53933 '1‘;;7“;“:‘;’:;:“‘.‘::';'7
el: -
Hewlett-Packard VertriebsGmbH  Cable: HEWPAGKIT Milan Tel: (022) 41 54 00
urhessenstrasse 95 Telex: 32046 Cable: HEWPACKSA Geneva
6 Frankfurt 50 Telex: 2.24.86
Tel: 52 00 36
Cable: HEWPACKSA Frankfurt
Telex: 41 32 49
AFRICA, ASIA, AUSTRALIA
ANGOLA CYPRUS The Scientific Instrument Co. Ltd. KENYA PAKISTAN (WEST) TANZANIA
Telectra Empresa Técnica Kypronics 5-8-525 Mahatma Gandhi Road R. J. Titbury Ltd. Mushko & Company, Ltd. R. J. Tilbury Ltd.
de Equipamentos Eléctricos  19-19D Hommer Avenue Ryderabad-1 (A-P) India P. 0. Box 2754 Oosman Chambers P.0. Box 2754
SAR P.0. Box 752 Cable: SICO Hyderabad Suite 517/518 Victoria Road Suite 517/518
Rua de Barbosa Rodrigues Nicosia Hotel Ambassadeur Karachi 3 Hotel Ambassadeur

42-1°
Box 6487
Luanda
Cable: TELECTRA Luanda

AUSTRALIA
Hewlett-Packard Australia
Ltd

22-26 Weir Street

Glen Iris, 3146

Victoria

Tel: 20,1371 (4 lines)
Cable: HEWPARD Melbourne
Telex: 31024

Hewlett-Packard Australia

y. Ltd.
61 Alexander Street
Crows Nest 2065

New South Wales

Tel: 43.7866

Cable: HEWPARD Sydney

Hewlett-Packard Australia
Pty. Ltd.

97 Churchill Road

Prospect 5082

South Australia

Tel: 65.2366

Cable: HEWPARD Adelaide

Hewlett Packard Australia
Pty. Ltd.

2nd Floor, Suite 13
Casablanca Buildings
196 Adelaide Terrace
Perth, W.A. 6000

CEYLON

Unlted Electricals Ltd.
P.0. Box 681

Yahala Building
Staples Street
Colombe 2

Tel: 5496
Cable: HOTPOINT Colombo

Tel: 6282-75628
Cable: HE-I-NAMI

ETHIOPIA

African Salespower & Agency
Private Ltd., Co.

P. 0. Box 718

58/59 Cunningham St.

Addis Ababa

Tel: 12285

Cable: ASACO Addisababa

HONG KONG

Schmidt & Co. (Hong Kong) Ltd.
P.0. Box 297

1511, Prince’s Building

10, chaler Road

Hong Kong

Tel: 240168, 232735

Cable: SCHMIOTCO Hong Kong

INDIA
The Scientific instrument

0., Ld.
6, Te] Bahadur Sapru Road
Aliahabad 1

Tel: 2451

Cable: SICO Ailahbad

The Scientific instrument

0., Ld.
240, Or, Dadabhai Naoroji Road
Bombay 1

Tel: 26-2642

Cable: SICO Bombay

The Scientific Instrument

0., Ld.
11, Esplanade East
Calcutta 1

Tel: 23-4129

Cable: SICO Calcutta

The Scientific Instrument Co., Ld.

30, Mount Road
Madras 2

Tel: 86339

Cable: SICO Madras

The Scientific Instrument Co., Ld.

B-7, Ajmeri Gate Extn,
New Delhi 1
Tel: 27-1053
Cable: SICO New Delhi

INDONESIA

Bah Bolon Trading Coy. N.V.
Djalah Merdeka 29
Bandung

IRAN

Telecom, Ltd.

P. 0. Box 1812

240 Kh. Saba Shomali
Teheran

Tel: 43850, 48111
Cable: BASCOM Teheran

ISRAEL.

Efectronics & Engineering
Div. of Motorola Israel Ltd.

16, Kremenetski Street

Tel-Aviv

Tel: 35021 (4 lines)

Cable: BASTEL Tel-Aviv

Telex: Bastel Tv 033-569

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Nisei Ibaragi Bldg.

2-2-8 Kasuga

Ibaragi-Shi

Osaka

Tel: 23-1641

Yokogawa-Hewlett-Packard Ltd.
ito Building

No. 59, Kotori-cho
Nakamura-ku, Nagoya City
Tel: 551-0215

Yokogawa-Hewlett-Packard Ltd.
Ohashi Building

59 Yoyogi 1-chrome
Shibuya-ku, Tokyo

Tel: 370-2281

Telex: 232-2024YHP

Cable: YHPMARKET TOK 23-724

Nairobi
Tel: 25670, 26803, 68206, 58196
Cable: ARJAYTEE Nairobi

KOREA

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

Dae Kyung Bldg.

107 Sejong Ro

Chongro Ku

Seoul

Tel: 75-5841 (4 lines)

Cable: AMTRACO Seoul
LEBANON

Constantin E. Macridis
Clemenceau Street
Clemenceau Center

Ielmt

Tel: 220846

Cable: ELECTRONUCLEAR Beirut

MALAYSIA

MECOMB Malaysia Ltd.

2 Lorong 13/6A

Section 13

Petaling Jaya, Selangor
Cable: MECOMB Kuala Lumpur

MOZAMBIQUE

A. N. Goncalves, LDA.
4.1 Apt. 14 Av. D. Luis
P.0. Box 107
Lourenco Marques
Cable: NEGON

NEW ZEALAND
Hewlett-Packard (N.2.) Ltd.
32-34 Kent Terrace

P.0. Box 9443

Wellington, N.Z.

Tel: 56-409

Cable: HEWPACK Wellington

PAKISTAN (EAST)
Mushko & Company, Ltd.
31, Jinnah Avenue

Dacca

Tel: 80058

Cable: NEWDEAL Dacca

Tel: 51027, 52827
Cable: COOPERATOR Karachi

PHILIPPINES
Electromex Inc.

2129 Pasong Tamo
Makati, Rizal

P.0. Box 4326

Manila

Tel: 88-91-71 or 88-83-76
Cabie: ELEMEX Manila

SINGAPORE

Mechanical and Combustion
Engineering Company Ltd.

9, Jalan Kllang

Singapors, 3

Tel: 642361-3

Cable: MECOMB Singapore

SOUTH AFRICA

Hewlett Packard South Africa
(Pty.), Lt

Hi!l House

43 Somerset Rd.

Cape Town

Tet: 3-6019

Cable: HEWPACK Cape Town

Teiex: 7038CT

Hewlett Packard South Africa
{Pty.), Ltd.

P.0. Box 31716

30 De Beer Street

Braamfontein, Jehannesburg

Tel: 724-4172 724-4195

Telex: 0226 JH

Cable: HEWPACK Johannesburg

TAIWAN
Hwa Sheng Electronic Co., Ltd.
P. 0. Box 155
Room 444
Chia Hsin Building
No. 96 Chung Shan
North Road, Sec. 2
Taipei
Tel: 555211 Ext. 532-539
Cable: VICTRONIX Taipei
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Nairobi
Tel: 25670, 26803, 68206, 58196
Cable: ARJAYTEE Nairobi

THAILAND

The International
Engineering Co., Ltd.

P. 0. Box 39

614 Sukhumvit Road

Tel: 910722 (7 lines)
Cable: GYSOM Bangkok

UGANDA

R. J. Tiibury Ltd.

P.0. Box 2754

Suite 517/518

Hotel Ambassadeur

Nalrobi

Tel: 25670, 26803, 68206, 58196
Cable: ARJAYTEE Nairobi

VIETNAM

Peninsular Trading Inc.
P.0. Box H-3

216 Hlen-Yuong

Saigen

Tel: 20.805

Cable: PENINSULA Saigon

ZAMBIA

R. 1. Tilbury (Zambia) Ltd.
P.0. Box 2792

Lusaka

Zambia, Centra! Africa

FOR AREAS NOT LISTED,

CONTACT:

Hewlett-Packard Export
Marketing

3200 Hillview Ave.

Palo Alto, California 94304

Tel: (415) 326-7000

TWX: 910-373-1267

Cable: HEWPACK Palo Alto

Telex: 034-8461
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