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Section I
Figure 1-1 and Table 1-1

Model 414A

40 AUTOVOLTMETER
savier - vaonans ©

FUNCTION

Figure 1-1. Model 414A Autovoltmeter

Table 1-1.

Specifications

DC VOLTMETER

Voltage Range: +5millivoltsto 1500 volts full scale
in twelve ranges (manual or auto-ranging).

Input Resistance: 10 megohms on 5 and 15 mv
ranges. 100 megohms on50 mv range and above.

Superimposed AC Rejection: In manual mode, in-
sensitive to 60 cps signal with peak value less
than 7 times full scale value of range in use. In
auto mode, insensitive to 60 cps signal with peak
value less than 20% of dc being measured.

OHMMETER

Resistance Range: 5 ohms to 1.5 megohms in 12
ranges (manual or auto-ranging with linear scale).

Accuracy: +(1% of reading + 0. 5% of full scale).

Source Current: 1 ma onrangesupto5 K Qand1
fa on higher ranges.

Accuracy: z(0.5% of reading + 0.5% of full scale).

GENERAL

Automatic Range Selection: Automatically selects
correct voltage or resistance range in less than
300 milliseconds.

Manual Range Selection: Downranges onerange each
time DOWNRANGE button is pressed. Starts
over at 1500 v range from 5 mv range.

Polarity Selection: Automatic in either manual or
auto mode.

Meter: Individually calibrated taut-band meter with
linear mirror scales of 0 to 5 and 0 to 15 in both
VDC and OHMS functions.

Isolation Resistance: 100 megohms shunted by 0.1
uf between common terminal and case (power
line ground).

Floating Input: May be operated up to 500 vdc above
power line ground.

Power: 115 or 230 volts +10%, 50 to 1000 cps. Ap-
proximately 18 watts.

Weight:

Net: 10-1/4 lbs. (4, 6 kg).
Shipping: 13 Ibs. (6, 4 kg).

1-0
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Model 414A

Section I
Paragraphs 1-1 to 1-12

SECTION 1
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This section contains general information about
the Model 414A Autovoltmeter. Included are a dis-
cussion of the description and purpose of the instru-
ment, the instrument identification, and a table of
specifications.

1-3. DESCRIPTION AND PURPOSE.

1-4. The Model 414A Autovoltmeter is used to ac-
curately measure dc volts and ohms with immediate,
automatic range selection. Operation is simply ""touch
and read.'" Automatic, overload protection circuits
insure that the instrument will not be damaged by an
overrange voltage before upranging can occur. Both
range and polarity are displayed in illuminated char-
acters above the meter. ‘

1-5. Inthe AUTOmode, a downrange to the next low-
est range occurs whenthe measured voltage or resis-
tance falls below 25% of full scale; and an uprange to
the next highest range occurs when the measured

voltage or resistance rises above 96% of full scale.

1-6. A HOLD mode provides manual downranging, a
step at a time, using the DOWNRANGE switch and
also adds a noisefilter to the input. When measuring
voltage in this mode, an automatic uprange to the

01789-1

1500 v range will occur if the measured voltage ex-
ceedsfull scaleby 40%. On resistance measurements
in the HOLD mode, upranging will never occur, even
whenthe measured resistance becomes infinite, such
as when the probes are removed from a resistor.

1-7. SPECIFICATIONS.

1-8. Table 1-1 contains the specifications for the
Model 414A.

1-9. INSTRUMENT IDENTIFICATION.

1-10. Hewlett-Packard uses a two-section, eight-
digit serial number (000-00000). The serial number
is on a plate on the rear panel of the instrument. If
the first three digits of the serial number on your
instrument do notagree with those on thetitle page in
this manual, then Appendix C, Backdating Changes,
will define the differences between your instrument
and the Model 414A described in this manual.

1-11. ACCESSORY EQUIPMENT AVAILABLE.

1-12. Accessory equipment available for trouble-
shooting the 414A are an extender board, -hp- Part
No. 5060-0630, and a board extractor, -hp- Part No.
8830-0032. There are noaccessories supplied, other
than the power cord and this manual.

1-1



Model 414A

Section II
Paragraphs 2-1 to 2-21

SECTION 11
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information and instruc-
tions necessary for the installation and shipping of the
Model 414A Autovoltmeter. Included are initial in-
spection procedures, power and grounding require-
ments, installation information, and instructions for
repackaging for shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both
mechanically and electrically before shipment. It
should be physically free of mars or scratches and in
perfect electrical order upon receipt. To confirm
this, the instrument should be inspected for physical
damage that might have occurred intransit. If the in-
strument was damaged in transit, file a claim with
the carrier. Check for supplied accessories and test
the electrical performance of the instrument using the
procedures outlined in Paragraph 5-5. If there is
damage or deficiency, see the warranty on the inside
front cover of this manual.

2-5. POWER REQUIREMENTS.

2-6. The Model 414A can be operated from a 50 to
1000 cps voltage source of 115 v or 230 v (£10%).
With the instrument disconnected from the ac power
source, move the rear panel slide switch until the
desired line voltage appears. Power dissipation is
about 18 watts.

2-7. GROUNDING REQUIREMENTS.

2-8. To protect operating personnel, the National
Electrical Manufacturer's Association (NEMA) re-
commends that the instrument panel and cabinet be
grounded. This instrument is equipped with a three-
conductor power cable which, when plugged into an
appropriate receptacle, groundsthe instrument. The
offset pin on the power cable three-prong connector
is the ground wire.

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

2-10. INSTALLATION.

2-11. The Model 414A is fully transistorized; there-
fore, no special cooling is required. However, the
instrument should not be operated where the ambient
temperature exceeds 55°C (140°F) or the relative

humidity exceeds 95%.

2-12. BENCH MOUNTING.

2-13. The Model 414A is shipped with plastic feet and
tilt stand inplace, readyfor use asa bench instrument.

2-14. RACK MOUNTING.

2-15. The Model 414A may be rack mounted by using
an Adapter Frame (-hp- Part No. 5060-0797). The

01789-1

adapter frame is a rack frame that accepts any com-
bination of submodular units. It can be rack mounted
only. For additional information, address inquiries
to your -hp- Sales and Service Office. (See Appendix
B for office locations.)

2-16. COMBINATION MOUNTING.

2-17. The Model 414A may be mounted in combination
with other submodular units by using a Combining
Case -hp- Model 1051A. The Combining Case is a
full module unit which accepts various combinations
of submodular units. Being a full-module unit, it can
be bench or rack mountedand is analogous to any full-
module instrument.

2-18. REPACKAGING FOR SHIPMENT.

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

NOTE

If the instrumentis to be shipped to Hewlett-
Packard for service or repair, attach a tag
to the instrument identifying the owner and
indicating the service or repair to beaccom-
plished; include the model number and full
serial number of the instrument. In any

correspondence, identify the instrument by

model number, serial number, and serial
number prefix.

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

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

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

2-21. If original container is not to be used, proceed
as follows:

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

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

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

d. Mark shipping container with "DELICATE
INSTRUMENT, " "FRAGILE" etc.

2-1
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Figure 3-1

Model 414A

FUNCTION

v @renn

@ 414a AUTOVOLTMETER S

MEWLETT « PACKARD

@ RANGE Indicator: Indicates the present range

of the instrument, whether in VDC or OHMS
mode, and indicates the polarity of the input

voltage.

FUNCTION Switch: Selects either the dc
voltmeter (VDC) or ohmmeter (OHMS) func-
tion.

Meter: Indicates voltage or ohmic values with-
in the indicated range.

@ LINE Switch: Turns on the instrument.

@ AUTO-HOLD Switch: Selects either automatic

(AUTO) or manual (HOLD) mode of operation.

H e

®

DOWNRANGE Pushbutton: Downranges the in-
strument, a range ata time, in the HOLD mode.

@ @OHMS, COM, and VDC probes: OHMS

®

and COM probes areused for resistance mea-
surements; VDC and COM probes for voltage
measurements.

Voltage Selection Switch: Selects line voltage
of 115 volts or 230 volts ac.

AC Power Receptacle: Provides for ac line
voltage connection.

Fuse Holder: Holds 1/4 ampere slow-blow
fuse for protectionof primary power circuits.

3-0

Figure 3-1.

Controls, Indicators, and Connectors
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Model 414A

Section I
Paragraphs 3-1 to 3-11

SECTION 1IN

OPERATING

3-1. INTRODUCTION.

3-2. This section contains the information necessary
for operation of the Model 414A Autovoltmeter., In-
cluded are turn-on procedures, operating instructions,
and identification of controls, indicators and con-
nectors.

3-3. CONTROLS, INDICATORS AND
CONNECTORS.

3-4. Eachoperating control, indicator, and connector
on the frontand rear panels is identified and described

in Figure 3-1.
3-5. TURN-ON PROCEDURE.
3-6. To turn on the Model 4144, proceed as follows:
a. Ensure that the two-position Voltage Se-
lection Switch is set for available line
voltage.

b. Connect AC Power Receptacle () to power
line voltage.

¢. Push up LINE Switch @ . The "5" lamp in
the RANGE Indicator @ should illuminate.

3-7. OPERATING INSTRUCTIONS.

3-8. DC VOLTMETER.

3-9. Tomake dc voltage measurements with the 4144,
proceed as follows:

a. Set FUNCTION Switeh (2) to VDC.
b. Set AUTO-HOLD Switch (5) to AUTO.

c. Connect COM and VDC probes and (8)
to voltage to be measured.

NOTE

COM probe may be used up to
500 volts above power line
(chassis) ground.

d. Obtain the value of the measured voltage from
the Meter , assuming the full scale meter
value shown on RANGE Indicator (1) . Read
polarity on RANGE.

01789-1

INSTRUCTIONS

NOTE

If input voltage is noisy, causing
unfavorable ranging, or if repeti-
tive readings on one range are de -
sired, then proceed with step e.

e. Set AUTO-HOLD Switch (5) to HOLD.

NOTE

If a different range in HOLD is
desired, proceed with step {.

f. Successively depress DOWNRANGE Pushbutton
(®) until desired range is selected.

3-10. OHMMETER.

3-11. Tomake resistance measurements with the 414A,
proceed as follows:

NOTE

The output current of the 414A in OHMS
is 1 ma onranges up to 5K ohms, and 1
pa on higher ranges. COM probe is
positive in respect to OHMS probe.

a. Set FUNCTION Switch (2) to OHMS.
b. Set AUTO-HOLD Switch (§) to AUTO.

c. Connect COM and OHMS probes and ()
to resistance to be measured.

d. Obtain the value of the measured resistance
from the Meter assuming the full scale meter
value shown on RANGE Indicator (1).

NOTE

If repetitive readings on one range
are desired, proceed with step e.

e. Set AUTO-HOLD Switch @ to HOLD.

NOTE

If a different range in HOLD is de-
sired, proceed with step f.

f. Successively depress DOWNRANGE Pushbutton
until desired range is selected.
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Section IV
Paragraphs 4-1 to 4-10

SECTION 1V
THEORY OF OPERATION

4-1. GENERAL.

4-2, The -hp- Model 414A consists of an Analog
Measuring Circuit, an Analog-to-Digital Converter,
and a Digital Control Circuit.

4-3. The Analog Measuring Circuit provides a cur-
rent to the meter that is proportional to the input
voltage. The Digital Control Circuit varies the input
attenuationand transconductance of the Analog Meas-
uring Circuit to range the instrument. The Analog-
to-Digital Converter uses the output of the Analog
Measuring Circuit to develop digital control pulses
which operate the Digital Control Circuit.

4-4. BLOCK DIAGRAM ANALYSIS
(FIGURE 4-2, 4-3 AND 6-2).

4-5, ANALOG MEASURING CIRCUIT.

4-6. The Analog Measuring Circuit comprises the
Input Attenuator (p/o Al), the Amplifier Assembly
(A2), and the Feedback Attenuator (p/o A3)., Its func-
tion is to supply a currentto the meter that is directly
proportional to the measured voltage or resistance,
and that varies between 0 and 1 ma, giving zero to
full scale meter deflection.

4-7. See Figure 4-2. The Input Attenuator provides
input voltage attenuation of 0 db or 60 db, as deter-
mined by K1 and K2. Relays K4 through K8 vary the
transconductance, Gm, of the Analog Measuring
Circuit by connecting different points of the Feedback
Attenuator to signal common. The resistance of the
attenuator between signal common and power supply
commonwill be referred to as the feedback resistance,
Rf.

4-8. In this application, transconductance is defined
as Gy = I;/Vj, where Iy is the meter current and
Vi is the voltage from the Input Attenuator. Due to
the high voltage gain of the Amplifier Assembly, the
degenerative feedback voltage, Vf, across Rf is very
nearly equal to Vj. Thus, there is practically no
currentdrawn from the Input Attenuator and Iy, is the
only significant current through R¢. Hence, Iy = Vi/
Rs.

4-9. The feedback resistance variesfrom 5000 ohms
when K8 is energized, to 5 ohms when K4 is ener-
gized. Resistors R1, R2 and R3 are effectively re-
duced to one third of theirvalue when K7 is not ener-
gized. If the 414A is on the 1500 v range, K2, K6 and
K7 will be energized. See Table 5-6. An input volt-
age of 1500 v will be attenuated 1000 to 1 and Ry will
equal 1500 ohms. I, will equal Vi/Rf = 1.5 v/1500
Q= 1 ma, giving a full scale meter deflection. If the
input voltage is 5 v on the § v range, then K1 and K8
will be energized, giving no input attenuationand 5000
ohmsfor Rf. Iy will equal 5 v/5000Q2 = 1 ma. On the
5 mv range, K1, K3, and K4 will be energized. Ip,
at full scale meter deflection will equal 0. 005 v/5 &,
which again equals 1 ma.

4-10. Since there is essentially no currentdrawn from
the Input Attenuator, the input resistance of the 414A
is determined only by the resistance of the Input At-
tenuator, which is 100 megohms on all ranges except
the lowest two. On the 15 mv and 5 mv ranges, K3
connects a resistor in parallel to the Input Attenuator
which reduces the input resistance to 10 megohms.
If the input resistance were higher on these low ranges,
there would be an objectionable amount of instrument
ranging and meter movement due to stray electro-
magnetic fields, while the probes are open.

RANGE INDICATOR

ANALOG

INPUT >——  MEASURING

CIRCUIT

AN#'C;OG DIGITAL
DIGITAL CONTROL
CONVERTER CIRCUIT

414A-8-0696

INPUT ATTENUATION & TRANSCONDUCTANCE CONTROL

Figure 4-1. Simplified Block Diagram
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Paragraphs 4-11 to 4-16 and Figure 4-2

Model 414A

vDC

INPUT
ATTENUATOR

pe N

AVAV
2

CoM

50MV
S |50MV

S00MYV ;
1500MV #

R6 <
750{

VAV -

AMPLIFIER
ASSEMBLY

*5v FULL SCALE

INVERTED OUTPUT TO LOGIC CIRCUITS

FEEDBACK
ATTENUATOR

I MA
FULL SCALE

414A-B-03344

RELAYS ARE SHOWN DE-ENERGIZED
+ VOLTAGES AT FULL SCALE WITH K7 ENERGIZED

Figure 4-2. Analog Measuring Circuit in VDC mode

4-11. To achieve a high degree of accuracy and to
allow the use of the same linear meter scale used in
the VDC mode, the constant-current method of re-
sistance measurement is used. The voltage across
the OHMS and COM probes is adjusted so as to pro-
duce a current through the unknown resistance that is
constant and independent of the value of the resistance.
This voltage (input voltage), which is directly pro-
portional to the resistance, is then measured using
the same circuits (except the Input Attenuator) used
in the VDC mode to give an accurate measurement of
the unknown resistance.

4-12. A block diagram of the Analog Measuring Cir-
cuit for the OHMS mode is shown in Figure 4-3. A

few circuits have been added to the basic voltmeter:
a current generator, a zener diode, a unity-gainamp-
lifier, and a series resistor, Rg. Rf is the same
feedback resistance used inthe VDC mode. The zener
diode supplies a constant offset voltage, V,, between
the current generator and R¢. The current generator
develops a voltage across Rg and the unknown resis-

tance, Ryx.

4-13. It can be seen that the voltage across the cur-
rent generator will remain greater than V¢ by the
value of Vg. From Paragraph 4-8, Vf is essentially

4-2

equal to the input voltage across Rx. Hence, the vol-
tage acrossthe current generator willbe greater than
the input voltage by the value of V,, whatever the
size of Rx. Thus, Vo must be dropped across Rg,
giving a constant current through Rg and Rx, which
is the required condition. Notice thatthe OHMSprobe
is negative in respect to the COM probe.

4-14. Sincethe entire ohmmeter operation is depend-
ent upon the zener diode voltage, it is necessary to
insure that this voltage will not be affected by cur-
rent changes through the finite resistance of the diode.

To do this, the current generator is used as a con-
stant-current circuit to maintainthe diode current at
a constant level on each resistance range, regard-

less of the input voltage.

4-15. The unity-gain amplifier, which has a high in-
put impedance, is used so that current will not flow
into the ohmmeter section from the Feedback Atten-
uator and cause an error in Viy.

4-16. When measuring small resistances, the resis-
tance of the probes would cause anappreciable error.
To eliminate this, the four-lead method of measure-
ment is used; so that lead resistance is not a part
of Ry.

01789-1
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Paragraphs 4-17 to 4-26 and Figure 4-3

OHMS

CURRENT
GENERATOR

+
COM
-

UNITY GAIN
AMPLIFIER

AMPLIFIER +

ASSEMBLY

414A-B8-0759

POLARITIES ARE IN REFERENCE TO POWER SUPPLY COMMON

Figure 4-3. Analog Measuring Circuit in OHMS mode

4-17. Since the Amplifier Assembly operates as a dc
instrument, itis necessaryto insurethat unavoidable
dc drift will not produce an error inthe output. Drift
stabilization is achieved by using a Chopper Amplifier
for initial ac amplification, along with the overall dec
feedback. See Figure 6-2.

4-18. Within the Chopper Amplifier, the input voltage
is chopped into pulses which are amplifiedandinverted
by ac amplifiers and then synchronously rectified for
conversion back to dec for final amplification by the dc
amplifier. Drift in the ac amplifiers will not affect
the Amplifier Assembly output and any drift in the
output caused by dc amplifier drift will be degenerated
to a negligible value by the Chopper Amplifier.

4-19. ANALOG-TO-DIGITAL CONVERTER
[Figure 6-2),

4-20. This section comprisesthe circuitsof the Power
Supply and Control Assembly, other than the power
supplies. Iis function is to determine the polarity of
the Amplifier Assembly output and to generate pulses
which operate the Digital Control Circuit.

4-21. The Polarity Detector senses the polarity of the
Amplifier Assembly output to light the (~) or (+) lamp
of the Range Indicator. The Polarity Converter pro-
vides a positive voltage to the Amplitude Detector
that is proportional to the magnitude of the voltage
from the Amplifier Assembly.

4-22. The Amplitude Detector determines whether

the input voltage is below 25% of full scale or above
96% of full scale. If the 414A is in the AUTO mode
and the input voltage is below 25% of full scale, then
the Amplitude Detector startsthe multivibrator which

01789-1

sends downranging pulses to the Digital Control Cir-

cuit. If the input voltage is greater than 96% of full
scale, then the Amplitude Detector activates the Sch~
mitt Trigger, giving a pulse to''set" the Digital Con~
trol Circuit, causing an uprange to the 1500 v range.

4.23. For example, if the 414A is on the 150 v range
in the AUTO mode and 10 volts is applied to the input,
which is below 25% of full scale, then the multivibra-
tor will be turned on. The first pulse from the multi-
vibrator will cause a downrange to the 50 v range.
where the meter will still read below 25% of full scale.
A secondpulse will give a downrange tothe 15 v range,
where the meter will read above 25% of full scale; so
athirdpulse will not be generated. If the input voltage
now increases from 10 v to about 145 v, the Schmitt
Trigger will be activated, initiating an uprange.

4-24. DIGITAL CONTROL CIRCUIT (Figure 6-2).

4-25, The purpose of the Digital Control Circuit is to
operate the Input and Feedback Attenuators of the
Analog Measuring Circuit, and to operate the Range
Indicator. Itis a binary apparatus, in that only two
discrete voltages, called logic levels, are utilized at
each point of the circuit. At most points, the level

used to initiate a circuit operation is the more posi-
tive of the two (positive logic), and is designated "1';

the other level, "0".

4-26. A binary counter is advanced one count by each
downranging pulse from the Analog-to-Digital Con~
verter. Only 12 of the 16 possible counter states are
used, each of whichresults in a different combination
of energized relays. These relays, K1 through K8,
set the input attenuation and transconductance of the
Amplifier Assembly and light the lamps of the Range
Indicator, togive the 12 instrument ranges.
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Paragraphs 4-27 to 4-40

4-27. Four bistable multivibrators, called flip~-flops,
form the counter. Each flip-flop has two logic out-
puts, called the "set" and "reset'' outputs. These two
outputs, indicated by A and A (called "not A'") respec-
tively on FF1, are always inverted relative to each

other; i.e., the "set" output is "1 when the ""reset"
output is"'0," andvice-versa. The three logic inputs
are the "set,” '"trigger'" and ''reset.' Inputs to all

logic elements, like the flip-flop, are on the leftor top
of the symbols, and outputs on the right or bottom.

4-28. Logic level "1" applied to the various inputs of
a flip~flop will alternate its outputs. A "1" atthe T
input will trigger the flip-flop regardless of its state,
to alternate the outputs. The arrow at the T input in-
dicates ac coupling. A "1'" at the S input will alter-
nate the outputs only if the ""set" output is not already
"1 and a "1'" at the R input will give a "1" at the
"reset' output.

4-29. The A output of FF1 is connected to the T input
of FF2; likewise, Bis connected tothe T input of FF3,

and C to the T input of FF4. When output A changes

from "0" to "1," FF2 will change state; likewise for

output B and FF3, and C and FF4. So, if the counter

is initially "set' to give a ""1" from each "'set' output,

itwill binarily count from 1111 to 0000 upon receiving
enough downranging pulses from the Analog-to-Digital
Converter. A feedback from the "set" output of FF3,
through a logic inverter (indicated by a small circle),
to the "reset'" input of FF2 will cause the counter to

skip two counts each of the two times that output C
changes from "1 to "0." See Table 5-6 for this se-

quence.

4-30. AND gates and OR gates are other logic ele-
ments used. An OR gate has a ""1'"" output, if and only
if, at least one input is a ""1.'" Whereas, an AND
gate has a '"1" output, if and only if, each input is a
"1." As seen in the Figure 6-2, logic inverters are
used at the inputs of AG2 through AG5. Logical in-
version meansthat a''1'" is inverted to a'0'" and vice-
versa. $So a'0" is required at each inverter to give
a '"1" output from the gate.

4-31. Thelogic necessary to give the 12 combinations
of energized relays is acquired by using OG2, AG2
through AG5, and inverter-drivers 4, 6 and 7 along
with the counter. Each relay is energized by a "1"
only when the counter outputs are as described
below:

RELAY | ENERGIZES WHEN AND ONLY WHEN

K1 D is "0" OR when A AND C AND D
are "Q"

K2 D is "0" AND either A OR C is ""1"

K3 C is ""0" AND either A OR D is "1"

K4 Same as K3

K5 B AND C are "0"

K6 Bis "o

K7 Ais o

K8 A AND C AND D are "0"

Model 414A

4-32. Normally, downranging pulses will trigger the
counter to downrange the 414A when the measured
voltage becomes less than 25% of the present range.
However, when the 414A is on the lowest range, the
output of the counter will be 0000 and one more down-
ranging pulse would change its output to 1111 and re-
turn the 414A to the 1500 v range. This action is in-
hibited by AG1 and OG1 so that the lowest part of the
5 mv scale canbe utilized. OG1 supplies a"0" to one
input of AG1 whenthe counter outputs, A, C and D are
"0, " which occurs only on the 5 mv range. Witha"0"
at one input, AGI1 cannot supply a ''1" to trigger the
counter when a downranging pulse arrives from the
Analog-to-Digital Converter.

4-33. SCHEMATIC ANALYSIS.

4-34. INPUT ATTENUATOR AND AMPLIFIER
ASSEMBLY (Figure 6-3).

4-35. The input voltage to be measured is applied

across voltage divider, R1 through R3, which pro-
vides attenuation of 1000 to 1 or zero attenuation as
determined by K1 and K2. Photoconductors V1 and
V2 of the chopper convert the voltage from the Input

Attenuator into a square wave. This is accomplished
by alternating the resistances of V1 and V2 between
high and low values, so that V1 is low while V2 is

high and vice-versa. Pulses of light from lamps DS1
and DS3 of the relaxation oscillator cause the resis-
tance changes.

4-36. After ac amplification and phase inversion by
Ql, Q2 and Q3, the square wave is rectified by V3
and V4 of the chopper to obtain the negative half cycle
if the input voltage is positive, and the positive half
cycle if the input voltage is negative. V1 and V4 are
operated by the same lamp for synchronization and
V2 and V3 by the other lamp. Low-pass filter, R16
and C9, produces a dc voltage from the rectified 205
cps square wave.

4-37. Capacitor C10provides a high frequency bypass
around the slow responding Chopper Amplifier, so

that input-voltage changes will produce output-current
changeswith minimum delay. A summation of the by-
pass voltage and the Chopper Amplifier output voltage
is accomplished by the differential amplifier. This

fast response of the Amplifier Assembly to input-volt-
age changes is especially required for the rapid auto-
ranging capabilities of the 414A.

4-38. The voltage from the differential amplifier at

the collector of Q6 is further amplified by Q8 and Q9.
Q10 and Q11 provide a low impedance output to the
meter while CR11 through CR14 give the correct pol-
arity.

4-39. The emitter-follower output is also applied
through pin 12 to the Feedback Attenuator located on
the Ranging Assembly, and through pin 13 to the Ana-
log-to-Digital Converter for instrument ranging. This
output voltage will have the opposite polarity of the
input voltage and a proportional amplitude.

4~-40. Overload protection diodes, CR9and CR10, pro-
vide a feedback through CRT and CRS8 to the input of
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the Chopper Amplifier during overloads occuring be-
forethe instrument can uprange andwhile long recov-
ery transients are fading. CRT and CR8 prevent the
leakage current of CR9 and CR10 from appearing as
input signal. Further amplifier protection isafforded
by CR1 and CR2. Meter protection is by CR4.

4-41. In the OHMS mode, Ry, is connected between
signal common and either R43 or R40 as selected by
K1 or K2. Current of 1 ma or 1 pa flows from the
collector of the constant-current generator through
Ry anda series resistance, either R39 and R40 or R42
and R43. The Feedback Resistance, Rf, is connected
between power supply common at the base of QCRI,
and signal common. QCR1, Q13 and Q14 are the zener
diode andunity-gain amplifier discussedinparagraphs
4-12 through 4-15. A very stable voltage is developed
between the anode and base terminals of QCR1, which
is used as the offset voltage between the constanti-
current generator and Rj.

4-42. Since the voltage across Rf is essentially equal
to the input voltage across Ry, the voltage across the
series resistance must equal the constant offset volt-
age. This means a constant current through Ry, in-
dependent of the value of Ryg.

4-43. Ry is also connected to the Chopper Amplifier
input through S1R1 and A2R1 to give an input voltage
that is measured just as in the VDC mode, except
without the Input Attenuator, to give an accurate in-
dication of the value of Ry.

4-44. TransistorsQ13 and Q14 increase the input re-
sistance of QCRI1 so that current will not flow from Rt
into the base of QCR1 and cause an error in the volt-
age across Rf. Q12 is used to prevent any current
changes through QCR1 which would change the offset
voltage.

4-45. RANGING ASSEMBLY (Figure 6-5),

4-46. Transistors Q1, Q2, Q4, Q5, Q7, Q8, Q11 and
Q12 comprise the four flip-flops of the counter. The
left base of each flip-flop is the "'set" input, the right
base is the "reset" input, the left collector and right
emitter are "set'" outputs, and the right collector and
left emitter are ""reset' outputs. The junctions of C1
and C4, C5 and C6, C7 and C8, and C9 and C10 are
the "trigger' inputs.

4-47. As the flip-flops change state, their collectors
alternate between 0 v and -18 v, and their emitters
between 0 v and +1.4 v. Positive logic is used here.
A"1" output fromthe collectors will be the 0 v, and a
"0" output will be the -18 v. At the emitters, a "1"
output will be the +1.4 v, and 2 ""0" output will be the
0 v (Q2 and Q5 emitters excepted).

4-48. Transistors Q3, Q6, Q9 and Q13 are relay and
lamp drivers. When FF1 changes state so that Q1 con-
ducts, the base of Q3 will change from+1.4v to Ov and
Q3 will conduct to energize K7 and light DS3. Since
Q3 inverts the "reset" output of FF1 to operate K7, it
is correct logically to show Q3 as an amplifier
having an inverted output as seen in Figure 6-2..
Q6, Q9 and Q13 operate in the same manner to respec-
tively control K6 and DS6, DS5, and DS7 and OG2.
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4-49. The transistor of AG5, Q17, conducts to ener-
gize K5 only when Q4 and Q8 are cut off, giving -18 v
(logic "0") to CR19 and CR18. If Q7 or Q8 conducts,
then 0 v (logic ""1") is applied to CR19 or CR18, in-
creasing the current through R73. This cuts off Q17
and deenergizes K5. Since Q17 energizes K5 only
when a ''0" is present at both inputs, the symbol for
the gate is drawn with input inverters as seen in Fig-
ure 6-2. Transistors Ql5and Q16 of AG2 work in the
same manner to operate K8 and to supply inputs to
AG3, AG4 and OG2.

4-50. Transistor Q10 of AG4 will energize K3 and K4
only when Q8 is conducting and Q16 is cut off. Like-
wise, Q14 of AG3 will conduct to energize K2 only
when Q11 is conducting and Q16 is cut off.

4-51. If the collectors of Ql, Q7 and Q11 are at the
-18 v level, then CR3, CR4 and CR5 of OG1 transmit
the -18 v to CR16 of AG1, which becomes reversed
biased so that downranging pulses cannot arrive at
the trigger input of FF1. If one or more of the three
diodes of OG1 receive 0 v, then the others become
reversed biased and CR16 receives 0 v, allowing it
to pass downranging pulses.

4-52. The Feedback Attenuator is composed of R1
through R13 and accepts the output of the Amplifier
Assembly (see Figure 6-3) throughpin 12. K4through
K8 connect different points of the attenuator to signal
common.

4-53. Downrange switch S3 is used to discharge C3,
providing a trigger to the counterthrough C2for man-
ual downranging in the HOLD mode.

4-54. POWER SUPPLY AND CONTROL ASSEMBLY
(Figure 6-4).

4-55. A voltage proportional to the input voltage but
of opposite polarity comes from the Analog Measuring
Circuit through pin 16 to the bases of Q1 and Q2.

Either Q1 or Q2 conducts, depending on the polarity
of the voltage, causing Q6 to conduct, giving apositive
voltage to the basesof Q7 and Q8. If the input voltage
increases above 96% of the present range, then Q8
conducts; if it falls below 25%, then Q7 conducts.

4-56. When Q8 conducts, it draws current through

CR13 causing Q9 to turn onand Q10 off. The negative
pulse from the collector of Q10, then'sets' the coun-~
ter in the Digital Control Circuit, upranging the 414A
to the 1500 v range. But this reduces the output volt-
age from the Analog Measuring Circuit, cutting off
Q8. So Q8 conducts only momentarily to cause the
upranging.

4-57. WhenQ7 conducts, it reducesthe current through
CR11 and R21, allowing the astable multivibrator,

Q11-Q12, to free run at 40 cps. The negative pulses

from the collector of Q11 are inverted by Q19 to be-
come downranging pulses to the Digital Control Cir-
cuit. Each pulse causes a downrange, and enough
downranges take place so that the voltage from the
Analog Measuring Circuit increases enough to cut off

Q7 and stop the multivibrator. So Q7 conducts only
momentarily to downrange the 414A. When Q12 cuts
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off, giving a downranging pulse, CR14 conductsenough
current through R23 and R22 to insure that the Schmitt
Trigger will not be triggered by relay switchingtran-
sients and "'set" the counter.

4-58. Resistors R12 and R14 are adjusted to give the
96% and 25% upranging and downranging points. They
are adjusted using a positive voltage from the Analog
Measuring Circuit through pin 16 (negative measured
voltage), which cuts off Q1 and turns on Q2. R2 and
R6 are adjusted to give the same upranging and down-
ranging pointswith a negative voltage at pin 16. They
affect the voltage to Q6 only when Q1 is conducting
and Q2 is cut off.

4-59. In the VDC-AUTO mode, Q5 conducts current
through R11 to increase the voltage drop across R11
and decrease the voltage drop across resistors R12

through R16. When in the VDC-HOLD mode, Q5 cuts
off, and the voltage applied to Q8 becomes less posi-
tive. An input voltage of 140% ofthe range being held
is now required to cause Q8 to conduct and uprange
the 414A. Tn the OHMS-HOLD mode, Q5 remains cut
off and in addition, the sum of R9 and R10 is added in
parallel to R11, which further lowers the voltage ap-
plied to Q8. Now, Q8 will never conduct, even with
an infinite input resistance (probes open).

4-60. The Polarity Detector, Q3 and Q4, indicates the
polarity of the measured voltage by lighting lamp DS2
(-polarity) or DS1 (+polarity).

4-61. A positive voltage at pin 16 cuts off Q3, extin-
guishing DS1. Current fromthe -24 v supply, through
DS1, R49and R48, causes Q4 to conduct, lighting DS2.
This current through DS1 is too small to light DSI.

4-62. A negative voltage at pin 16turns on Q3 to light
DS1. Q3 is in parallel to R49, R48 and the +28 v

supply, so when it conducts, the current through R49
and R48 reduces and Q4 cuts off, extinguishing DS2.

Model 414A

4-63. POWER SUPPLIES (Figure 6-6).

4-64. The fullwave rectifier, CR1through CR4, and
the filter, C11 and C12, supply 26.8 vacross’R44and
R45. The zener diode CR8 regulates the voltage at
pin 18to be +6. 8 vin respect to signal common. The
emnitter of Q18is connected to signal common through
A4(20), A1(12), A1(11) and the COM probe. Q17 and
Q18 regulate the voltage at pin 19 to be -26.8 v in
respect to the voltage at pin 18, which gives -20 v at
pin 19 in respect to signal common.

4-65. Any change in voltage across R44 and R45 is
degeneratedto aninsignificant value by a proportional
change inthe collector resistance of Q17. The resis-
tance of Q17 is controlled by Q18, which uses the

zener diode reference voltage to detect any change

in the voltage across R44 and R45. An increase in

voltage across R44 and R45 increases the base and
collector currents of Q18, making the base of Q17
more positive, to increase the collector resistance
of Q17 andoppose the voltage increase across R44 and
R45. Exactlythe opposite occursif the voltage across
R44 and R45 decreases.

4-66. The full wave rectifier, CR1 through CR4, and
the filter, C1 and C2, supply 52 v across R40, CRI16,
and R41. Q14, Q13 and Q1 use the reference voltage
across CRT to regulate the voltage at pin 2 to be +24
v in respect to the voltage at pin 11. Q15 and Q16

regulate the voltage at pin 9 to be +52 v in respect to
the voltage at pin 11, giving +28 v at pin 9 in respect
to pin 2. An extra amplifier, Q13, is used in the -24
v regulator because of the large current changes that
take place when the lamps and relays operate.

4-67. A voltage of about 300 v across R4 is adjusted

by R2 to setthe frequency of the relaxation oscillator
of the chopper.
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Section V Model 414A
Table 5-1
Table 5-1. Test Equipment Required
INSTRUMENT REQUIRED USE RECOMMENDED
TYPE CHARACTERISTICS MODEL

DC Variable
Power Supply

Output: 0 to +15 volts,
continuously variable

Performance Checks,
Adjustment and Cali-
bration Procedure

~-hp- Model 726AR
Power Supply

DC Standard

Output: 5 millivolts to
1000 volts
Accuracy: 20.1%

Performance Checks,
Adjustment and Cali-
bration Procedure

-hp- Model 741A
AC-DC Differential
Voltmeter/DC
Standard

Resistance Box

Range: 5 ohms to 1.5
megohms
Accuracy: %0.2%

Performance Checks,
Adjustment and Cali-
bration Procedure

General Radio 1432-B
Decade Resistor

Accuracy: 5%

Resistors 1K Q +.02%1/4w Performance Checks, -hp~ Part No. 0811-0402
10M © +0.5% 1/4 w Adjustment and Cali- -hp- Part No. 0760-0025
50M @ +0.5% 1/4 w bration Procedure -hp- Part No. 0730-0150
DC Digital Range: 0 to 1.5 volts Adjustment and Cali- -hp- Model 3440A/3443A
Voltmeter Accuracy: +0.1% bration Procedure Digital Voltmeter
Frequency Range: 150 to 250 cps Adjustment and Cali- -hp- Model 5211A Elec-
Counter Accuracy: #0.5% bration Procedure tronic Counter
DC Voltmeter Range: 0 to 350 volts Troubleshooting -hp- Model 412A DC
Accuracy: 1% Voltmeter -Ohmmeter
Ohmmeter Range: 0 to 10K ohms Troubleshooting ~-hp- Model 412A DC

Voltmeter -Ohmmeter

5-0
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Section V
Paragraphs 5-1 to 5-10 and Figure 5-1

SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2. Thissection contains the information, necessary
for maintenance of the 414A Autovoltmeter. Included
are performance checks, the adjustment and calibra-
tion procedure, troubleshooting techniques, and parts
replacement procedures.

DO NOT REMOVE COVERS FROM INSTRU -
MENT UNLESSNECESSARY FOR MAINTEN -
ANCE. AN ACCUMULATION OF DUST OR
OTHER FOREIGN MATTER CAN CAUSE IM -
PROPER OPERATION. ALSO, NEVER USE
CARBON TETRACHLORIDE OR ANY COM-
MERCIAL TELEVISION AND RADIO SWITCH
CLEANERS IN THIS INSTRUMENT. THESE
AGENTS ARE VERY CONTAMINATING.

5-3. TEST EQUIPMENT.

5-4, Test equipment having the required character-
istics for maintenance of the 414A is listed in Table 5-1.
Other equipment having the required characteristics
may be used rather than the equipment listed.

5-5. PERFORMANCE CHECKS.

5-6. The performance checks described in the fol-

lowing paragraphs are front-panel procedures that

can be used to compare the performance of a 414A
with the published specifications. These checks may
be incorporated ina periodic maintenance, post-repair,
or incoming quality control inspection, These tests

should be conducted before any attempt is made at in-

strument calibration.

5-7. MANUAL RANGE CHECK.

5-8. Test equipment required: none

a. Set FUNCTION to VDC and AUTO-HOLD to
AUTO.

b. Short VDC and COM probes. Instrument
should be on the 5 mv range.

¢c. Now set AUTO-HOLD to HOLD and depress
DOWNRANGE button 12 times. If RANGE does
not follow the sequence below, then trouble-
shoot in accordance with Paragraph 5-43.

1. 1500V 5. 15 \ 9. 150MV
2. 500V 6. 5 vV 10. 50MV
3. 150 V 7. 1500MV  11. 15 MV
4. 50V 8. 500MV 12, 5 MV

5-9. VOLTMETER ACCURACY,

5-10. Test equipment required: dc standard

a. Set FUNCTION to VDC and AUTO-HOLD to
HOLD.

b. Put 414Aon 1500 v range using DOWNRANGE
button.

¢. Connect VDC and COM probes to output of dc
standard as shown in Figure 5-1.,

d. Vary dc standard output and downrange 414A
in accordance with Table 5-2, If the 414A
meter does not give the listed indications, then
perform Adjustmentand Calibration Procedure
(Paragraph 5-19),

AC-DC DIFFERENTIAL
VOLTMETER/DC STANDARD
hp 741A

S O ol

SRS ECRONC)

© 000

hp 414A
AUTOVOLTMETER

I I
77N O

)

—

_23 o o
_

4)14A-B~0712

Figure 5-1. Voltmeter Check and Calibration
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Table 5-3. Ohmmeter Accuracy Data

Table 5-2. Voltmeter Accuracy Data

DC Standard 414A Range 414A Meter

Output Indication
1000V 1500 V 9.87 to 10.13
500V 500 V 4.95t0 5.05
150v 150 V 14.85 to 15.15
120v 150 V 11.86 to 12.14
gov 150 Vv 8.88to 9.12
60V 150 Vv 5.90to 6,10
30V 150 V 2.91to 3.09
50V 50 V 4,95 to 5.05
15v 15 A 14.85 to 15.15
5V 5 \'% 4.95to0 5.05
1.5v 1500MV 14.85 to 15.15
0.5v 500MV 4.95to0 5.05
0.15Vv 150 MV 14.85 to 15.15
0.05v 50 MV 4.95to 5.05
0.015v 15 MV 14.85 to 15.15
0.005v 5 MV 4.95to 5.05

5-11. OHMMETER ACCURACY.

5-12. Test equipment required: resistance box

a.

Set FUNCTION to OHMS and AUTO-HOLD to
HOLD.

Connect OHMS and COM probes to resistance
box as shown in Figure 5-2.

Use the DOWNRANGE button to change the
range of the 414A and set the resistance box
to the values listedin Table 5-3. K the 414A
meter does not give the listed indications,
then perform Ohmmeter Calibration (Para-
graph 5-32).

5-13. INPUT RESISTANCE.

5-14, Test equipment required: power supply and 50
and 10 megohm resistors.

a.

Set FUNCTION to VDC and AUTO-HOLD to
HOLD.

Connect 414A, power supply, and 50 megohm
resistor in series as shown in Figure 5-3.

Resistance Box 414A Range 414A Meter
Setting Indication
1.5MQ 1500 K @ 14.8 to 15.2
0.5 M 500 K Q 4,92 to 5.08
150 K 150 K & 14,8 to 15.2

50 K @ 50 K& 4.92 to 5.08
15K @ 15 KQ 14.8 to 15.2
5K Q 5 K@ 4.92 to 5.08
1L.L5KQ 1500 14.8 to 15,2
500 £ 500 & 4.92 to 5,08
400 Q 500 & 3.93 to 4,07
300 500 & 2.94 to 3.06
200 @ 500 Q 1.95to 2.05
100 500 @ 0.96 to 1. 04
150 @ 150 Q 14.8 to 15.2
50 © 50 Q 4,92 to 5.08
15 Q 15 Q 14.8 to 15.2
59 5 Q 4,92 to 5.08

Set 414A on the 15 v range and increase the
output of power supply to 15 volts. 414A meter
should indicate at least 10 volts to verify an
input resistance of 100 megohms on the 15 v
range, as given by the following formula:
Rin =Rg X Ep
Ey-En

where Ry, is the 414A input resistance, Rg
is the series resistance, Ep, is the 414A
meter indication, and E, is the power supply
output voltage.

Decrease output of power supply to 5 volts
and downrange 414A to the 5v range. 414A
meter should now indicate at least 3. 3 volts
to verify an input resistance of 100 megohms
on this range.

Decrease output of power supply to 15 milli-
volts and downrange 414A to 15 mv range.

Replace 50 megohm resistor with 10 megohm
resistor. 414A meter shouldindicate at least
7.5 millivolts to verify an input resistance of
10 megohms on this range.

hp 414A
AUTOVOLTMETER

7N\ ©

o @dd

't

4148-B-07I7

DECADE RESISTOR
GENERAL RADIO 1432B

y

e

= JlCNCNCNCNONG

5-2

Figure 5-2. Ohmmeter Check and Calibration
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hp 41aA
POWER SUPPLY AUTOVOLTMETER
hp T26AR - -
@ ®
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© © f° 19° ©6 6
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AN—T
414A-B~071H4

Figure 5-3. Input Resistance Check

5-15. AUTORANGING CHECK.

5-16, Testequipment required: variable power supply

a. Set FUNCTION to VDC and AUTO-HOLD to
AUTO.

b. Apply approximately 3 volts from power supply
to VDC and COM probes as shown in Figure
5-4,

¢. Slowly increase output voltage of power sup-
ply and watch 414A meter pointer move up-
scale. If the 414A does not uprange to the
15 v range when the pointer is between 4. 75
and 4. 85, perform the Upranging Point Ad-
justment (Paragraph 5-39).

d. Decrease output of power supply andwatch the
meter pointer move downscale. If the 414A
does not downrange to the 5 v range when the
pointer is between 3.95 and 4. 05, perform the

Downranging Point Adjustment (Paragraph 5-40).

5-17. OVERLOAD PROTECTION.

5-18, Test equipment required: power supply

a. SetAUTO-HOLD to HOLD and manually down-
range to 5 v range.

b. Apply an overload voltage of 8 volts to VDC
and COM probes as shown in Figure 5-4, This
should cause the 414A touprange to the 1500 v
range.

5-19. ADJUSTMENT AND CALIBRATION
PROCEDURE.

5-20. The following paragraphs describe the complete
adjustment and calibration procedure for the Model
414A. This procedure should be accomplished if the
instrument does not perform as described in Perform-
ance Checks (Paragraph 5-5), Theinstrument should
be turned on for at least 45 minutes before this pro-
cedure isbegun and the listed sequence should be fol -
lowed. Adjustment points are shown in Figure 6-1.

POWER SUPPLY
hp 726 AR

e [~ ®

O O roﬂ

hp 414A
AUTOVOLTMETER

7N\ ©

1° 066

Ll

Figure 5-4. Autoranging Check and Adjustment

01789-1

5-3



Section V
Paragraphs 5-21 to 5-28 and Figure 5-5

5~21. METER MECHANICAL ZERO ADJUSTMENT.

5-22. Test equipment required: none

a.

Turn off the instrument and allow one minute
for all capacitors to discharge.

Rotate the front panel zero adjustment screw
clockwise until the meter pointer is to the
left of zero and moving upscale.

Continue to rotate adjustment screw until
pointer is exactly on zero. I pointer over-
shoots zero, start over at step c.

When pointer is exactly on zero, rotate the

adjustment screw very slightly counterclock-
wise. If the screw is rotated too far in this

direction so that the pointer moves, thenstart

over at step b.

5-23. METER CURRENT ADJUSTMENT.

5-24, Test equipment required: digital voltmeter,
power supply, and 1K Q resistor. This adjustment
is to ensure that the meter deflects to full scale when

the output current of the Analog Measuring Circuitis 1 ma.

a.

With power off, remove Amplifier Assembly
(A2).

Connect test equipment to 414A meter ter-
minals as shown in Figure 5-5.

Increase output of power supply until digital
voltmeter reads 1.000 volts. The current
through the meter circuit is now 1 ma.

Model 414A

d. Adjust R3 (Meter Current Adj) until meter
reads exactly full scale on the top scale.

5-25. CHOPPER FREQUENCY ADJUSTMENT.

5-26. Test equipment required:. frequency counter
and power sSupply.

a. Replace A2 assembly, turn on instrument,
and short VDC and COM probes.

b. Apply 1.5 voltsacross A2R36 from the power
supply and connect the irequency counter be-
tween chopper side of A2C7 and power supply
common as shown in Figure 5-6.

¢. Adjust A5R2 (Chopper Frequency) for 205 +1
cps.

5-27. AMPLIFIER ZERO ADJUSTMENT.

5-28. Test equipment required: power supply

a. Set AUTO-HOLD to HOLD and FUNCTION to
VDC.

b. Downrange to the 5 mv range.

c. Apply 3 mv from power supply to VDC and
COM probesas in Figure 5-4, and note exact
meter reading on 414A.

d. Reverse VDC and COM probes and note any
difference in meter reading from that in
step c.

e. Adjust A2R45 (zero) until meter reads the
same as in step c.

POWER SUPPLY
hp 726AR

©/\/'\

@) O foﬂ
\

hp 414A
AUTOVOLTMETER

| [

—TOP VIEW—

VWA

? O.(I)’é O/O?

4144-8-0718
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mr—

HIGH GAIN/AUTO
DIGITAL VOLTMETER RANGE UNIT

hp 3440A hp 3443A
<]
ol ]| o
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Figure 5-5. Meter Current Adjustment
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Section V
Paragraphs 5-29 to 5-34

ELECTRONIC COUNTER
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Figure 5-6. Chopper Frequency Adjustment

f. Continue to reverse VDC and COM probes and
adjust A2R45 until meter deflects the same
with both input polarities (zero turnover).

5-29. VOLTMETER CALIBRATION.

5-30. Test equipment required: dc standard

a. Set FUNCTION to VDC and AUTO-HOLD to
HOLD.

b. Connect the dc standard to VDC and COM
probes as shown in Figure 5-1.

c. In the sequence below, with the 414A on the
proper range, adjust the calibration resistors
for the correct meter reading when the dc
standard output is as listed.

5-31. After completing voltage calibration, perform

5-32. OHMMETER CALIBRATION.

5-33. Test equipment required: resistance box
a. Set FUNCTION to OHMS and AUTO-HOLD to
HOLD.

b. Connectthe resistancebox to COM and OHMS
probes as shown in Figure 5-2.

c¢. Perform the following calibrations:

5-34. 1 K © CALIBRATION.

a. Set 414A to 1500 © range and resistance box
to 1K Q.

b. Adjust A2R42 (1K CAL) for a meter reading

Voltmeter Accuracy check (Paragraph 5-9). of 10,
CALIBRATION RESISTOR METER READING 414A RANGE DC STANDARD OUTPUT
1. A3R3 (15MV CAL) 15 15 MV 15 MV
2. A3RT (1500MV CAL) 15 1500MV 1500MV
3. A3RI1 (500MV CAL) 5 500MV 500MV
4, A3R6 (150MV CAL) 15 150 MV 150 MV
5. A3RI11 (5V CAL) 5 5 A% 5 v
6. AIlR3 (50V CAL) 5 50 V 50 V
01789-1 5-5



Section V
Paragraphs 5-35 to 5-46

5-35,1 M © CALIBRATION.

a. Set 414A to 1500K Qrange and resistance box
to 1M Q.

b. Adjust A2R39 (1 meg CAL)for a meter reading
of 10,

5-36. After completing ohmmeter calibration, perform
Ohmmeter Accuracy check (Paragraph 5-11).

5-37. AUTOMATIC RANGING ADJUSTMENTS.

5-38, Test equipment required: power supply. The
following calibration sequence must be used:

5-39. UPRANGING POINT ADJUSTMENT.

a. With 414A turned off,

1. Set AUTO-HOLD to AUTO

2, Center A4R2 (HI MAG ADJ) and A4R6
(LO MAG ADJ)

3. Turn A4R12 (UP ADJ) fully clockwise
and A4R14 (DN ADJ) fully counterclock-
wise. :

b. Turnon414Aandconnect VDC and COM probes
to power supply in reverse polarity to that
shown in Figure 5-4.

c. Adjust power supply outputuntil negative 4. 8
volts is indicated on the 414A 5 v range.

d. Slowly turn UP ADJ counterclockwise until
414A upranges to the 15 v range.

e. Decrease power supply output until 414A down-
ranges back to the 5 v range.

f. Slowly increase power supply output and note
the meter reading atwhich upranging occurs.

g. If the upranging point is notbetween 4. 75 and
4,85, thenreadjust UP ADJand start over at
step e.

5-40. DOWNRANGING POINT ADJUSTMENT.

a. Adjustpower supply outputuntil negative 1.25
volts is indicated on the 414A 5 v range.

b. Slowly adjust DN ADJ until 414A downranges
to 1500 mv range.

c. Increase power supply output until 414A up-
ranges back to the 5 v range.

d. Slowly decrease power supply output and note
the meter reading at which downranging
occurs.

e. If the downranging point is not between 1.2
and 1.3, thenreadjustDN ADJ and start over
at step c.

5-6/5-17

Model 414A

5-41. POLARITY CONVERTER SYMMETRY ADJUST-
MENTS.

a. Reverse VDCand COMprobes toobtain posi-
tive input polarity as shown in Figure 5-4,
and adjust power supply output to a value on
the 414A 5 v range.

b. Decrease power supply output and note the
downranging point.

c. If this downranging point is not within one
minor meter division of the downranging point
established in Paragraph 5-40, then adjust
L0 MAG ADJ.

d. Increase power supply outputand note the up-
ranging point on the 5 v range.

e. If this upranging point is not within one minor
meter division of the upranging point estab-
lished in Paragraph 5-39, then adjust HI
MAG ADJ.

f. These two adjustments interact, so continue
to check the ranging points and make adjust-
ments until both ranging points are within
tolerance.

5-42. Reverse VDC and COM probes to provide a neg-
ative input voltage, and recheck ranging points as in
Paragraphs 5-39 and 5-40.

5-43. TROUBLESHOOTING.

5-44. This section is intended to aid in the isolation
of the cause of malfunction, and need notbe consulted
unless it has been established that the cause is due
to something other than maladjustmentor calibration.
However, further insight into operational theory can
be gained by reading this section after Section IV.

5-45. In this sectionare a front-panel troubleshooting
tree, a list of possible malfunctions, check-out pro-
cedures for different parts of the circuit, and logic
charts.

5-46, When troubleshooting circuits, it will be nec-
essary to gain access to components on the boardsfor
voltage and resistance measurements. Use anextender
board, -hp- Part No. 5060-0630, for this purpose.
All of the voltages on the boards, except those of the
Ohmmeter Section, are referenced to power supply
common, which may be reachedat all GND test points
on the boards or at pins 2 and 3 on A2, pins 3, 4and
5 on A3, and at pin 2 on A4. The inner-chassis is

signal common.
| WARNING I

THE CHOPPER BLOCK ON A2 ISSUPPLIED
WITH +300 VOLTS, SO BE VERY CAREFUL
WHEN WORKING AROUND THIS SIDE OF THE
BOARD. AN EXTENDERBOARD USED UNDER
A2 WILL ALSO HAVE +300 VOLTS ON THE
SAME SIDE.
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Section V
Figure 5-7

TRUE
Normal lamp brilliance, not
frozen on any range, neg. read-
out with probes shorted.
FALSE

®OOO

Figure 5-7. Troubleshooting Tree

5-8

Model 414A

TRUE
Correct meter deflection in
HOLD on all VDC and OHMS
ranges.
FALSE

Abnormal lamp brilliance. —

Both polarities indicated. Fro-

zen on 1500 mv range.

Frozen on 1500 v range.

Incorrect polarity indication.

Continuous ranging in AUTO with
input voltage above 96% of 5 mv.

Continuous ranging in AUTO with
probes shorted.

Continuous ranging in AUTO with
input voltage above about 140% of —m
full scale or below about 75%.

No auto-downranging, but cor-

rect auto-upranging in AUTO. -
No auto-upranging, but correct ’
auto-downranging in AUTO.

Correct ranging in AUTO with

only one input polarity. Frozen .

on 5 mv range with any input of
other polarity.

Correct operation in VDC but not

POLARITY DETECTOR

DR1, MULTIVIBRATOR ON A4

AGl1

UPRANGE CONTROL

DR2, DR3, A4 MULTIVIBRATOR

DR1, SCHMITT TRIGGER

POLARITY CONVERTER

TRUE

OHMMETER SECTION, +6.8 V,
-20 V SUPPLIES.

in OHMS.

-24 V SUPPLY

— +28 V SUPPLY

Frozen on any other range,

414A -D-0808

01789-1

— FF1

—® X © range.

® @

L—a» Meter pegged.

Correct meter deflection on 1500

POLARITY CONVERTER,
AMPLITUDE DETECTOR,
DR1, FF1, SCHMITT
TRIGGER.

—

Non-flickering light emitted from

@ L—s» each of the 4 photoconductors in

chopper block.

FALSE

TRUE

FALSE

®

1,0,0, M lamps operate in cor-
L_g» rect sequence upon downranging
in HOLD.

CHOPPER AMPL., DC AMPL.,
+28 V SUPPLY.

NEON SUBASSEMBLY,
+300 V SUPPLY.

TRUE

FALSE

® ® ® @

® 6

Correct meter deflection only on
5 v range and above. » P/00G2
Correct meter deflection only on
15 v range and above & Ki

Correct meter deflection only on
" 5y range and below. —e K
Correct meter deflection only on
— 150 v, 50 v, 150 mv, 50 mv
ranges.

— AGH

Correct meter deflection only on

15 v, 15 mv, 5 mv ranges. In- AG4
put resistance = 10 M ohms on 5
v range.

Correct meter deflection on all
s ranges. Input resistance = 100
M ohms on 15 mv range.

Correct meter deflecf;'ioP only on
ranges beginning with 5.

Correct meter deflection on all

except 5 v range.

Spontaneous meter movement on

15 v, 15 mv, 5 mv ranges. Cor- K4
rect input resistance on 50 mv,
15 mv ranges.

Spontaneous meter movement on

15 v, 15 mv, 5 mv ranges. In- AG4
put resistance = 100 M  on 15
mv range.

Spontaneous meter movement on
—® 150 v, 50 v, 150 mv, 50 mv
ranges.

K5, AG5

Spontaneous meter movement on
—= 1500 v, 500 v, 1500 mv, 500 mv
ranges.

§@@@®e€fe@®@@@

— K operates in correct seq

Only unity operates in correct
sequence.

Only unity and 2nd zero operate
in correct sequence.

"o

Unity remains on or off but other
3 lamps operate in correct se-
quence.

2nd-zero remains on or off but
other 3 lamps operate in correct
sequence.

—

1st-zero remains on or off but
other 3 lamps operate in correct
sequence.

—

M remains on or off but other 3
lamps operate in correct sequence.

FF2

FF3

DR4

DR5

DR6

®®

K remains on

No meter deflection with input

’ voltage on 5 v range.

—> Vreadout = 1/2 Vinput

Spontaneous meter movement on
™5y range.

®6e e

K illuminates only on 5 K
—> range. Correct meter deflection —»
only on 5 v range and below.

K operates as above. Correct
> meter deflection on all ranges.

AG3, P/O AG2

P/O OG3

K illuminates only on top 5
counter states. Correct meter
deflection only on 15 v range and
above.

P/0 AG2

@ . K operates as above. Correct

meter deflection on all ranges. P/O OG3

—8 K remains on or off. —» FF4

K operates in correct sequence. ——» DR7

On 5 v range and below Vyeadout
= 1/2 Vinput-

@)

"o

Correct meter deflection only on
5 v range.

— P/0 0G2
—=> P/OAG2

— K8

— AG3

— P/OAG2
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WHEN PERFORMING CHECKS OR MEASURE -
MENTS ON THE 414A, BE EXTREMELY CARE-
FULNOT TO SHORT BOARD PINSOR CONNECT
A TEST INSTRUMENT TO WRONG POINTS ON
THE BOARDS, AS SEVERE DAMAGE CAN RE-
SULT. BE PARTICULARLY CAREFUL NOT
TO SHORT THE SIGNAL AND POWERSUPPLY
COMMONS, AS THIS SHORTS THE FEEDBACK
ATTENUATOR, PUTTING A SEVERE OVER-
LOAD CURRENT THROUGH THE METER.
PINS 9 THROUGH 12 OF A2 ARE PARTICU-
LARLY DANGEROUS PINS TO SHORT, BE-
CAUSE THEY ARE DIRECT CONNECTIONS
TO THE POWER SUPPLIES AND THE METER.
ALSO, PINS 1 AND 2 OF A2 ARE RESPEC-
TIVELY +300 VOLTS AND COMMON.

5-47. Since the Input Attenuator is a very high imped-
ance network, care must be exercised in not contam -
inating A1R1 and R2 with finger prints or dust.

5-48. When making resistance checks on transistors
or diodes, use an ohmmeter having a short-circuit
current output not greater then 1 ma. Do not use
ranges below the 1K ohm range on the -hp- 412A,

5-49. TROUBLESHOOTING TREE.

5-50. The troubleshooting tree is a logical diagnosis
of symptoms, and names circuits that are probably
at fault for each ofseveral specificfront-panel symp-
toms. It cannot be emphasized too much that the tree
is not a strict elimination procedure, and that other
circuits than those listed could be at fault. The tree
is based on the assumptions that only one particular
circuit is at fault and that the Range Indicator lamps
are good. If any of thelamps should fail to illuminate
when they should, then they should be checked as in
Paragraph 5-67, for the first stepin troubleshooting,
before the tree is consulted.

5-51, To use the tree, simply decide whether @ is

true or false and then proceed along the correct
branch. After each true-false question there is a
choice of symptoms of another true-false question.
For each symptom is listed a circuit or circuits that
are probable causes of the malfunction. Use the
appropriate instrument mode to identify a symptom,

5-52. POSSIBLE MALFUNCTIONS.

5-53. This section is tobe used with the troubleshooting
tree. For each of several possible componentfailures,
a resultant malfunction is described which can give
rigse to the symptoms on the tree.

@ If these conditions are true, thenthe Analog Mea-
suring Circuit and the +28 v, -24 v and +300v
supplies are probably all right.

@ It must be decided at this point whether the mal-
function involves incorrect ranging or inaccurate
measurement. Autoranging malfunctions are

01789-1

Section V
Paragraphs 5-47 to 5-53

assumed tobe due tofaulty components in the Ana-
log-to-Digital Converter.

@ Dim lamps on the Range Indicator couldbe caused
by aleaky control transistor or amplifier, A4Q13
or Ql4, Also, if the zener diode voltage drops,
the collector currents of these two transistors
will increase, increasing the collector resistance
of the series regulator Ql, reducing the lamp
brilliance. If the lamps become brighter than
normal, then A4Q13 or Q14 could be open.

@ If the output of the +28 v supply becomes too low,
then the Analog Measuring Circuit has a negative
output whichallows A4Q3 to conduct, but Q4 does
not cut off as usual because current through R48
is reduced. Hence, both polarity indicators re-
main on.

@ The instrument upranges to the highest range
and holds, when the power is turned on, even
though the probes are shorted.

@ If this is the only symptom, then A4Q3 or Q4 is
probably open or leaky. '

@ This symptom will appear if the multivibrator on
A4 does not turn off as it should when the input
voltage is below 25% of full scale. The down-
ranging pulses cannot reach the counter on the
5 mv range due to AG1, but if the input voltage
is above 96% of 5 volts, the counter will "set"
to the 1500 v range and then begin downranging.
It will downrange all the way to the 5 mv range,
where it willagain ""set" due to the overload volt-
age. Thus, continuous ranging occurs. A4Q7
or Q11 might be leaky.

With the probes shorted A4QT conducts, allowing
the multivibrator to free-run. If A3CR160of AG1
is leaky, then the counter will continue to be
triggered causing this continuous ranging.

This symptom will appear if A5Q51is open. A4Q5
normally conducts in AUTO to give Q7 and Q8 a
more positive voltage. With Q5 open, the volt-
age to the Polarity Converter mustincrease to a
greater positive potential before Q8will conduct,
causinganuprange. Soanuprange willnow occur
in AUTO at about 140% of full scale. Also, the
operation of Q7 willbe affected. Itwill now con-
duct causing adownrange at a point considerably
above the normal 25% point, as the input voltage
is reduced from full scale value. Continuous
ranging will result with in input voltage above
the upranging point of a particular range, but
below the downranging point of the next higher
range.

This symptom appears when no downranging
pulses reach the counter. A4QI2 or Q19 might
be open or leaky, A5Q7 or A3CRI16 might be
open,

@ This canbe causedby A5Q8 or Q9 being open, or
AbHQ10 leaky, so that a "'set' pulse will never be
generated.
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Section V
Paragraph 5-53 (Cont'd)

@ If one of the transistors of the Polarity Converter
is open then only one input polarity can cause
A4Q6 to conduct, giving the proper ranging points,
On the other polarity, a "set' pulse will never
be generated and the multivibrator will never
turn off, and so the instrument will downrange
to the 5 mv range and hold.

@ Some circuits are used only in the OHMS mode,
so they are probably, but not necessarily, the
source of trouble if the instrument operates
properly in VDC butnot in OHMS. It is possible
that components in the Digital Control Circuit, or
other circuits, will malfunction only in the OHMS
mode.

If the meter pegs with the probes open and has
zero deflectionwith the probes shorted, in OHMS
as it should, then the instrument is probably
being held in the top range bya continuous "set"
voltage from the Analog-to-Digital Converter.
This can be caused by A4Ql, Q2, Q6, Q8 or Q9
being leaky, A4Q10 open; or FF1 frozen.

@ Meter is pegged even with probes shorted, in
either OHMS or VDC.

The light shining through the four photoconductors
in the chopper block on A2 should appear con-
tinuous and nonvarying. The instrument top cover
must be removed to observe this.

@ If the instrument is frozen on the 1500 v range
with the meter pegged and the chopper seems to
be working properly as in @, then the dc or
chopper amplifier or +28 v regulator is probably
at fault. A transistor in the amplifier might be
open or leaky, the series regulator A4Q16 might
be leaky, or A5Q15 might be open. A faulty
chopper amplifier transistor will open the feed-
back loop, allowing the dc amplifier to drift and
peg the meter on the highest range; and a faulty
dc amplifier transistor will upset thebias of the
entire amplifier, pegging the meter and causing
the chopper amplifier to saturate. An increase
in the voltage output of the +28 v supply would
also give this symptom.

If the relaxation oscillator or +300 v supply is
faulty, then the chopper amplifier will not pass
a signal and the dc amplifier will operate open-
loop and peg the meter.

If something is wrong with the unity-gain amp-
lifier, the instrument will probably malfunction
on each OHMS range; whereas a faulty constant-
current generator may cause incorrect readout
on only the 5K & range or onthis range plus any
number of succeedingly lower ranges.

If the 1,0,0, Mlamps operatein the correct se-
quence as given in the Logic Charts, when the
instrument is downranged in HOLD-VDC, this
indicates that the counter and fourdrivers on the
Ranging Assembly are operating properly.

Model 414A

@) If in OHMS, the K lamp illuminates only on the
top six counter states, as the instrument is
downranged in HOLD, then AG2, AG3 and OG3
are operating correctly.

@2 ¥ all of the 1,0,0, Mlamps fail to alternate
correctly as the DOWNRANGE switch is suc-
cessively depressed, then A3Ql or Q2 of FF1 is
probably open or leaky, holding the flip-flop in
one state so that the counter cannot be triggered
by downranging pulses.

@ If the first-zero, second-zero and M lamps fail
to alternate as the DOWNRANGE issuccessively
depressed, then A4Q4 or Q5 of FF2 is probably
open or leaky, which holds the flip-flop in one
state.

@ A3QT7 or Q8 of FF3 is probably open or leaky,
prohibiting an alternation of the flip-flop.

@ Driver A3Q3 is probably open or leaky.
Driver A3Q6 is probably open or leaky.
@ Driver A3Q9 is probably open or leaky.

M does notalternate during downranging in VDC -
HOLD.

A3Q11 or Q12 of FF4 is probably open or leaky,
holding the flip-flop in one state.

Driver A3Q13 is probably open or leaky.

An input voltage will give the correct meter de-
flection only on the 5 v range or higher. (In OHMS,
5K ohms range or higher), A1CR1is probably open
so thatK1 willbe energized only onthe 5 v range,
by the output of AG2 through A1CR2.

@ In OHMS, 5K ohms range or higher. K1 is prob-
ably open.

@ In OHMS, 5K ohms range or lower. K2 is prob-
ably open.

I A3Q17 is leaky, K5 will remain closed.

@5 ¥ A3QI0 is leaky, K3 and K4 will remain ener-
gized. The input resistance will be 10 megohms
on the 5 v range and below, because K3 reduces
the input resistance only when K1 is energized.
In OHMS, K3 is not used.

AG4 and K4 are operating properly if the meter
deflection is correct on the 15 v, 15 mv and 5 mv
ranges. This means that K3 is open if the input
resistance does not reduce to 10 megohms as it
should on the 15 mv range.

K7 must energize to give the ranges beginning
with unity. K7 is probably open.

In OHMS, 5K ohms range.
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Correct operation in ranges other than 5 v.
A1CR2 is probably open, sothat AG2 cannot ener-
gize K1 on the 5 v range.

On the 5 v range the meter deflects to only one
half the correct value; correct meter deflection
on all other ranges. A3Ql6 is probably open,
which makes K2 energize on the 5 v range. With
both K1 and K2 closed on this range, the Inout
Attenuator resistor A1R1willbe shorted, leaving
only the resistance of the probe (100K ohms) in
series with AIR2 and R3as the input resistance.

Meter moves up and down scale as though signal
were present, even with probes shorted. K8 is
probably open.

Meter moves up and down scale as though signal
were present, evenwith probes shorted. Correct
input resistance on both 50 mv and 15 mv ranges
indicates that K3 is operating properly, leaving
only K4 as a probable cause of malfunction. K3
does not operate in OHMS, so AG4 or K4 could
be at fault in OHMS.

These symptoms indicate that both K3 and K4 are
not operating. This means that A3QL0 of AG4 is
probably open. In OHMS, K3 is not used, so the
fault might be with K4.

K5 or A3Q17 of AG5 might be open.

K6 is probably open.

K remains illuminated during downranging in
OHMS-HOLD.

On 5v range and lower, the meter deflects to
only one half the correct value. A3Q14 is prob-
ably leaky, holding K2 closed, shorting AIRI.

All ranges except b v range give erroneous read-
ings. A3Ql5 is probably leaky, holding K8 and
K1 energized.

To check for this symptom, put instrument on
5 v range and then switch to OHMS. K will il-
luminate onthis range, but no other range, when
the DOWNRANGE button is successively de-
pressed. Check meter deflection on 15 v and 5v
ranges. A3Q14 is probably open or A3Q16 leaky,
so that K2 will not energize.

®

Check for this symptom like in . SICRI1 is
probably open.

®

To check for this symptom, put instrumentin
1500K ohms range on HOLD and successively de-
press DOWNRANGE to see when K illuminates.
Check meter deflection on 5 v and 15 v ranges.
A3Q15 is probably open, so that K8 and K1 will
not energize on the 5 v range, and the K lamp
will illuminate only when K2 energizes.

@ Check for this symptom like in @ . SICR2 is
probably open.
01789-1
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Paragraphs 5-54 to 5-62

5-54. CHECK-OUT PROCEDURES.

5-55. These procedures supplement @, @; @,
, and of Paragraph 5-52, as methods to
check out different parts of the circuitfor proper oper-
ation. They are not perfect checks, but they give
evidence of a high probability of correct operation.

5-56. COUNTER, DR4, DR5, AG2, AG4, AG5, K4
THROUGH K8, AND FEEDBACK ATTENUATOR.

5-57. Remove A2 board and check the resistance be-
tween power supply common and signal common.
Power supply common can be reached at A3(3); and
signal common is at the inner-chassis. From the
1500 v range, manually downrange to the 5 mv range.
The measured resistance for each range should agree
with the table below:

RANGE RESISTANCE
1500 Vv 1500 ©

500 V 500 Q@
150 V 150 @

50 V slightly less than 150
15 \% 15 @

5 \" 5K @
1500MV 1500 @

500MV 500 ©
150 MV 150 &

50 MV slightly less than 150
15 MV 15 @

5 MV slightly less than 15 ©

5-58. Adeviationfrom this chartindicatesthat a relay
is not properly energizing. On all except the 50 v,
50 mv and 5 mv ranges, the resistance measured here
is the Ry discussed in Section IV.

5-59. DC AMPLIFIER.

5-60. If the dc amplifier is operated open-loop (no de
feedback), it will driftand peg the meter on the 1500 v
range. Since the direction of drift is random, either
polarity can be indicated. However, if any component
in the amplifier is faulty, the biasarrangement will be
upset and the amplifier outputwill hold at one polarity
even when operating closed-loop.

5-61. So, if under open-loop conditions, the amplifier
can be made to switch polarity, this is an indication
that Q4 through Q11 and all the associated components
are operating properly. To open the feedback loop,
it is only necessary toremove the +300 volts from the
relaxation oscillator, crippling the chopper amplifier.
This can easily be done by removing the connector
from pin 5 on A5 boardwitha pair of needle nose pliers

5-62. If theamplifier is operating properly, the read-
outpolarity canbe changedby shorting the emitter and
base of A2Q4 or the base and power supply common,
The former will charge C9 to give a positive input to
the amplifier and a negative readout. It will be nec-
essary to hold this short a few seconds to allow C9 to
charge through R17, The latter short will forward
bias Q4, giving a positive readout. If the appropriate

5-11
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short will not cause the polarity to change, then one
of the transistors is probably leaky or open.

5-63. SCHMITT TRIGGER AND DRI.

5-64. To check these circuits, short the base of A4Q8
to power supply common and measure the voltage at
TP3inrespect to power supply common, If the voltage
jumps from 0 to at least -14 volts when the short is
accomplished, then these two circuits are probably
all right.

5-65. POLARITY CONVERTER.

5-66. Observe voltage at TP2 (MAG OUT). It should
vary between 0 and +6 volts as in input voltage deflects
the meter from zero to full scale in HOLD.

5-67, LAMPS.

5-68. Short from GND, at the top of A4, to each bulb,
This shorts the drivers to light the lamps.

5-69. POWER SUPPLIES.

5-70. The +28and -24 voltages can be measuredat the

top of board A4 across the appropriate test pins. The
"GND" pin is the common for these two voltages. To
measure the +6.8 and ~20 voltages at the test pins on
A4, it will probably be necessary to use an extender
board. Remember that these latter two voltages are
referenced to signal common, which is the inner-

chassis, not to the "GND'" pins. All of the power sup-
ply voltages, including the +300, can be measured at
the appropriate board pins from the bottom of the in-
strument. The +300 can most easily be measured
across pins 1 and 2 of A2,

5-71. LOGIC CHARTS.

5-72. The logic charts describe the flip-flop outputs
and list the energized relaysfor each instrument range.

Model 414A

Also, Boolean Algebra statements are given which
describe the counter state necessary for a ""1" output
from each gate. A gate will have a ''1"" output only
when its Boolean statement is equal to ""1"", The dot
between expressions indicates the AND gate function,
and the plus sign indicates the OR gate function. A
bar above an expression indicates logical inversion.
For example, OG3 will light the K lamp only when

AANDCANDD =1, ORwhen DANDA-C- D=1
This can be simplified to the following conditions:

A=OANDC=0ANDD =1, ORwhen AORC =1
AND D =1,

5-73. Further informationabout logic circuit operation
can be deducedfrom Figure 6-2. For ingtance, it can
be seen thatOG3 willhave a "1" output only when both
K8 and K2 operate, and OG2 will have a "1" output

only when the M lamp is illuminated and K8 is energized.

LOGIC CHART 1

GATE OUTPUT

AGI1 (A + C + D) - downranging pulse
AG2 A-C+D

AG3 D-A+C-D

AG4 C-A+-C:D

AG5H C+B

0G1 A+C+D

0G2 (A-C+D)+D

0G3 (A-C+:D)+(D+A-C-+D)

LOGIC CHART 2

FLIP-FLOP
RANGE INDICATOR OUTPUTS ENERGIZED RELAYS
ABCD K1 K2 K3 K4 K5 K6 K7 K8

1500 V KQ 1111 X X X
500 V KQ 0111 X X

150 V KQ 1011 X X X
50 V KQ 0011 X X

15 VKQ 1001 X X X X
5 V K& 0001 X X
1500 MV @ 1110 X X X
500 MV 0110 X X

150 MV @ 1010 X X X
50 MV 0010 X X

15 MV @ 1000 X X X X
5 MV Q 0000 X X X

5-12 01789-1
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Section V
Paragraphs 5-74 to 5-717

5-74. PARTS REPLACEMENT PROCEDURES. b. Heat the leadusing alow-heat (25 to 45 watts)
soldering iron, and pull the lead out of the
5-75. REPLACEMENT OF RANGE INDICATOR board.
LAMPS.
c. If a componentis never to be usedagain, then
a. Remove instrument top cover. clip the leads close to the component and re-
move the leads from the board.
b. Remove the aluminum bar just behind the ¢
lamps. ;CAUTIONi
c. Pull the plastic lampassembly awayfrom the EXCESSIVE OR PROLONGED HEAT WILL
frontof the instrument togainaccess tolamps. DAMAGE THE COMPONENT AND THE PC
BOARD.
d. Push the lamp outof the assembly with a wire
inserted through the hole behind the lamp. AVOID TOUCHING THE COMPONENTS AND
THE CONDUCTIVE AREAS OF THE PC
e. Replace parts in reverse order. BOARD. ACIDS FROM FINGERS ARE VERY
CONTAMINATING AND MIGHT CAUSE CUR-
5-76. REPLACEMENT OF PHOTOCHOPPER NEON RENT LEAKAGE PATHS, RESULTING IN
SUBASSEMBLY. INSTRUMENT MALFUNCTION.
a. Remove Amplifier Assembly A2. d. To install a new component, clean the com-
ponent-lead holes using the soldering iron and
b. Unsolder from the printed circuit board, the a toothpick.
three wires (black, white, and white/brown)
coming from top of chopper. Remember the e. Shape the component leads and insert them in
wire positions. the holes so thatthe componentis in the same
position as the original component.
¢. Remove two screws on top of chopper.
f. Placea heatsink on aleadas close tothe com-
d. Remove metal chopper top and neon printed ponent as possible.
circuit subassembly.
g. Heat the lead andapply solder to the lead, let-
e. Replace parts in reverse order. ting the solder flow into the hole around the
lead.
f. Adjust chopper frequency in accordance with
Paragraph 5-25, and perform Voltmeter Ac- h. Clipoff the excess length of the leadsand clean

curacy Check (Paragraph 5-9).

5-77. REPLACEMENT OF COMPONENTS ON PC

the connection and adjoining area witha weak
solution of warm water and mild dishwashing
detergent. Rinse thoroughly with cleanwater.

BOARDS.

USE ONLY SMALL DIAMETER, 1-2%FLUX,
ROSIN CORE SOLDER. NEVER USE ACID
CORE SOLDER OR ACID FLUX.

a. To remove a component, place a heat sink
(long nose pliers, tweezers, commercial
heat sink, etc.)on a component lead as close
to the component as possible.

01789-1 5-13
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SECT
CIRCUIT

6-1. INTRODUCTION.
6-2, This section contains a block diagram, sche-

matics, component location diagrams, and voltage
level charts for transistor elements.

6-3. BLOCK DIAGRAM.

6-4. This is a "black box" functional diagram of the
414A. Itisintended to show the overall relationshipbe-
tween circuits, and doesnotnecessarily reflectactual
circuitry. Only inputs and outputs of each circuitblock
are relevant; no internal functioning is considered.
6-5. SCHEMATICS.

6-6. Theseare "perfectcircuit' electrical equivalent
diagrams which name components and indicate in
mostinstances, the actual componentinterconnections.
They do not consider the wire resistance and stray
capacitance in the actual circuit, and do not always
indicate actual wiring. An example of the latter oc-
casion is on the A5 schematic, where only one "G"

Section VI
Paragraphs 6-1 to 6-10

ION VI
DIAGRAMS

pin is shown—there are actually nine. It is electric-
ally equivalent to show only one, because they are all
connected together and to power supply common,
Hence, the true wiring is not shown.

6-7. COMPONENT LOCATION DIAGRAMS.

6-8. Figure 6-1 is an instrument top view drawing
which shows the location of components not on pc
boards and components used in adjustment and cali-
bration. Along with this are component location photo-
graphs for the pc boards.

6-9. VOLTAGE LEVEL CHARTS.

6-10. These charts give the voltage level measured

at the transistor pins of a particular 414A usingan

-hp- 412A and an extender board, with the 414A in

HOLD and the input probes shorted. The voltages are

approximate andwill vary according to the instrument.
Some entries are missing because the voltages at

these pins will drift while the input probes are shorted,

even with zero meter deflection.

REFERENCE
PARTIAL REFERENCE DESIGNA

COMPLETE DESIGNATION.

ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTH FOR

DESIGNATIONS
TIONS ARE SHOWN: PREFIX WITH

Jack J2 mounted on Chassis

COMPLETE
ASSEMBLY SUBASSEMBLY COMPONENT DESIGNATION
A2 NONE Q1 A2Q1
A2 A1 R1 A2A1TR1
NONE NONE J1 J1
Assembly
Reference Assembly Assembly Part Number
Dersignation Name (sncludes A2A1 subassembly) n "
— A A not i
Plug P2 mounted on Assembly 4 N 8 N AHG:Z;‘; ;2 ”
or part of the Assembly Board - - = -=
A2 | POWER SUPPLY ASSEMBLY (03460-~66501)

JI:

. . }
Wire Color: Color code same as resistor |

color code. First mumber indicates base
color, second number indentifies wider strip, [
third number indicates narrower strip.
Eg. \924, denotes WHT-RED-YEL uwsre.

or another Assembly \ \ |
J2
2¢2¢52 i o 4
| | Destination of wire
I I I Assembly A3, Jack ]3
b N Pin 4
! ) - -
Number indicates pin L 6)>—4—A3J3-4
of P2 and ]2 ! I ! |
—3 Subassembly of A2 ! Pi
‘ﬂ/ } in may or may not
b bered
Al ,I// e numbere
924 [PHOTO-CHOPPER OSCILLATOR | A o2,
- !
e | — N

Eyelet or standoff terminal
may or may not be numbered

I ‘\\ Female pin connector

' ' |
RI | 4
| | on a WHT-RED wire

| Male standoff

pin connector
STD-4-0794

01789-1
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Section VI Model 414A
Figure 6-1
TOP VIEW
S4
(II5V-230V)T
HI MAG LO MAG upP DOWN
ADJ ADJ ADJ ADJ
‘ I
[ r2_| [ re § 0
£ 500M SO0MV 150MV 15MV
©CAVL @ : CALV @ CAL @ CAL @ CAL
fro Al e JEm § Fre ] 3 Frl
|_-SICRI
4 —TSICR2
SPARE
7 LAMP
Osl DS2 0S3 DS4 DSS ©0S6 DS? DSB8 DS9 DSIO
1 I
s3 Ei \55
s2 Sl
i
NOTE
@ INDICATES ORDER OF CALIBRATION
voC COM  OHMS
4148.C.0297A
Figure 6-1. Adjustment and Calibration Points
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Model 414A Section VI
Figure 6-2

/ DIGITAL CONTROL CIRCUIT \

P/0 A3| RANGING ASSEMBLY |
/ ANALOG MEASURING CIRCUIT \ / ANALOG-TO-DIGITAL CONVERTER \ To k8 :
OHMMETER - - - - - - -
SECTION P/0 A4| POWER SUPPLY AND CONTROL ASSEMBLY ] I
— L ~ |
<|7 L P/0 A2| AMPLIFIER ASSEMBLY | ost )
! I I T, -/
| ! DRIVER | ST — — s Al s | - s ¢ s D oAl
| 5 \ | 1 FFI FF2 FF3 FF4
Al ' l I
? N N N ‘ )
OHMS ATT';‘PUIT R 6 1 DC . 3 el POLARITY AMPLITUDE SET 1 . T T T T DR7 oo " \ 1
) NB';J o L |ampPL CONVERTER DETECTOR INHIBIT % | ' T0 KI
RELAYS KI, K2, K3 CHOPPER | R al— R . R o R 5 i 17 5 062 )—_‘r_’
& AMPL | DRIVER 2 MULT IVIBRATOR DRIVER 3 DOWNRANGE | _/
VDC)>—————  FUNCTION SWITCH + 3 5 5 —
4 |
| . I I | —°\ 22 ™\
| \ AG3 0
DR4 DR5 —OJ OGB)—'
com
v | TO K2 /
12 1 8
L g
p— TO K4
| _ _1 _1 v L PoLariTy ) : Jres |
0 4 . DETECTOR
s |
N To ks
- - - - - - - TO K7 +—¢ TO K6+—9
| L _ 3,5 |2_ | DR6 I
P/0 A3| RANGING ASSEMBLY 1 |
FEEDBACK AT TENUATOR - - - - - - - - J
| a " 2 0 ) 5 o 2
| RELAYS K4 THRU K8 | SIB(R) ISlB(F)
TO K3 10 1
L __ - | ° [orws) T
414A-E-0705 [VDC] SIB(R)
|—:L DO
COPYRIGHT 1965 BY HEWLETT-PACKARD COMPANY - [ OHMS]
— | 5 0 (0] M Y K 0

NOTES DSI DS2 DS3 DS4 DS5 DS6 DS? DS8 DS9 DSIO
1, - DENOTES ASSEMBLY. | ) J )\ J\ 1 J\ | 1 J§

2. ) DENOTES FRONT PANEL MARKING.

-24V

3. == DENOTES POWER SUPPLY COMMON. \ RANGE INDICATOR /

4. v DENOTES SIGNAL COMMON.

Figure 6-2. Block Diagram
01789-1 6-3



Section VI
P/0O Figure 6-3

A2
VOLTAGE CHART
TRANSISTOR E B c STATE

Q1 +1.5 +0.85 -0.65 500 V RANGE
Q2 0 -0.65 -13 500 V RANGE
Q3 -13.5 -13 +12 500 V RANGE
Q4 +0.6 +0.07 -0.65 500 V RANGE
Q5 +1,2 +0.6 0.7 500 V RANGE
Q6 41,2 +0.6 0.7 500 V RANGE
Q7 10,6 +0,035 -0.7 500 V RANGE
Q8 -1.3 -0.7 +12 500 V RANGE
Q9 +12.5 12 ——- 500 V RANGE
Q10 - — +28 500 V RANGE
Q11 ——— _— -24 500 V RANGE
Q12 -15 -14 -6.5 500K 2 RANGE
Q13 0.4 +0.2 +7 500K @ RANGE.
Ql4 +1 +6 +0.2 500K © RANGE
QCR1 -0.4, Anode -7.0 0 +6 500K © RANGE

6-4

Model 414A

Al
(00414 -66501)

RS
R2
K3
R4
RI
¢ aRe
aR
01789-1



COPYRIGHT 1965 BY HEWLETT-PACKARD COMPANY

22

(00414 -66502)
| | 2 T 3 T 4 I 5 I 6 1
R30 Q13
Qic R43 Q14
R39 R31 R38
R25
ail b . CRI
. cI3 bt
CR6 R34
y R29
R28 R33 R40
R27 i it 3 el
Qi2
¢Ra R22 R .
Cl4
CRS 2 RS - )
« Q6 - Q7 CR3 4 CRIO
R26 CRI2 CR9
R2
1 CRI4 R32
-
pLE Qs R20 CR8 CR7
ci2 P
clo
Q5 Q4 RIS BeCH
RI7
R42 RS
aQl R7 c2
R& RIO
Ri RIZ R4
Y Q2
Rﬁ Rl
R
R9 o4
c3
Ri4 c8 CHOPPE
ASSEMBLY
R46 c6 L
RIS
R44
Q3 RI3
R3 RI6

R45

R36

A2
COMPONENT LOCATION

C|CR|Q[QCR| R R
1|E5 |D6 |E2| B5 (F6 f25 B3
2 | E5 | D6 | F2 D6 |26 | D1
3| a1 |cs|H2 H3 27 |c1
4| F3|cC1|D3 F4a |28 |ct
5| F1|c1|D2 E3 |29 | B3
6|G2|B1|C2 F1 |30 |B3
7 |H3 [ D6 | C3 E3 [|31|B3
8| G3 | D6 | D2 F1 |32 (D5
9 | H5 | D5 | C2 F1 |33 |cC4
10 [ D5 | C5 | B2 F3 |34 | B4
11 | D1 | C4 | B2 F3 |35 | B4
12 (D1 |C4|C5 F3 |36 | H4
13 | B3 | C4 | B6 H3 [37(c4
14 | C5 | D4 | B5 Gl |38 | B4
15 G3 |39 |B2
16 H6 |40 | cé
17 E3 |41|cC5
18 D3 |42 | E2
19 D3 |43 | B4
20 D3 |44 |Gl
21 D3 | 45 | H2
22 c3 46 |Gt

23 D1 |47

24 cs |48




A3

(00414 -66503)

JEP— ——

Ril

R7

R

R8
RS

R6

R3

RIO

R2

RS9

Ra

RI2

®

K8

K6

K7

K5

K4

3

RI3

QI5

Q13

Q4

QI0

Qs

Qie

R7I

Q6

Q7

Q3

4

R68
R70
RET
RE6
CR2}
R62
CRS
CR20
CRI3

Ra2

CRIS
CRI4

R48

CR4
R39

R72

R78

Re28
R3I
RI6
R35
RI9

CRI8

CRIS
R74

R24
CR3

R73
R75

RE9
Clo

CRIl
R64

R63
R54

Qi

RST
RSO

Q8

R49
R4

Q7

R43

R37

Q5
R36
R30

Q4
R32

Q2
R25
RI8
Ql
R20
c3
c2

R6S
R52
R6I

R60O
R59
R58

CRIO
RS3
RSI
CR9
c8
R47
R46
RA5
R44

CR8
R40

CR?7

CR&
R29
R77
R27
CRI6
R23
CR2
c4
R22
R21
cl
CRI
RI7

RIS

2 8 8

S35 8 ¥ 50 B

-

FOR COMPLETE DESIGNATION.

DENOTES ASSEMBLY.

2,
WISE NOTED.
RESISTANCE IN OHMS
CAPACITANCE IN MICROFARADS
3. -
4,

5. [__]1DENOTES FRONT PANEL MARKING,

A3
COMPONENT LOCATION

CICRI[E[K[Q[R R R
1 |H6 |H6 |Gl | -- | H5 | D1 28 | F4 55 | --
2 | H5 | G6 -- | G5 | C2 29 | F6 56 | C4
3 | H5 | H4 -- | H3 | H1 30 | F5 57 | C5
4 | G6 | D4 H2 | F5 | G2 31 | F4 58 | B6
5 | F6 | B4 F2 | E5 | D1 32 | F5 59 | B6
6 | E6 | F6 D2 | G3 | F1 33 | F6 60 | B6
7 | D6 | E6 E3 | D5 | C1 34 | E6 61 | B6
8 | C6 | D6 B2 | C5 | D1 35 | G4 62 | B4
9 | B6 | C6 D3 | D2 36 | F6 63 | B5
10 | A5 | C6 C3 | B2 37 | E5 64 | BS
11 B5 C5 | B1 38 | E6 65 | A6
12 -- B5 | H2 39 | D4 66 | B4
13 Cc4 B3 | B3 40 | D6 67 | B4
14 D4 C3 | -- 41 | D5 68 | A4
15 D4 A3 | H6 42 | C4 69 | A5
16 G6 E3 | F4 43 | D5 70 | A4
17 F3 G3 | H6 44 | D6 71 | F3
18 G4 G5 45 | D6 72 | E4
19 G4 G4 46 | D6 73 | H4
20 Cc4 H5 47 | C6 74 | G4
21 B4 H6 48 | D4 75 | H4
22 G6 49 | D5 % | --
23 G6 50 | C5 17 | F6
24 G4 51 | Cé 78 | F4

25 G5 52 | B6

26 G5 53 | C6

27 F6 54 | C5

NOTES

PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. PREFIX
WITH ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTH

COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHER-

DENOTES FEEDBACK PATH.

6. () DENOTES SCREWDRIVER ADJUST.

@ -3

. T

9. v DENOTES SIGNAL COMMON.

10. = DENOTES POWER SUPPLY COMMON.,

. ALL RELAYS ARE SHOWN DEENERGIZED.

DENOTES COMPONENTS NOT MOUNTED ON ASSEMBLY.
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22

(00414-66504)
| T 2 T 3 T 4 T 5 T 6 1
CeBV
¥ R42 ,,
Qi Cli -
R45
CR
CR8 R43 2 ORE |
e CR3
RA4
z CR4
Q7 ci3 -20V
R3
TR
R
al
RE
CcRY R? - s
Ul ‘RS b
R23 Rga Q9 R25 a3
R20
RI9 : — | R4T
RIZ a8 ReR ai0h | | e=iRas i
1 AD R21.0 AT oAl
Rl o oD RI8 )
RI3 f28
>3 P4

M DSBS R N N R A e G5 NS N IS

A4

COMPONENT LOCATION

CICR|Q|R R
1| E5)|A6|c2|c3 J 28]|D3
2| E5|B6|Cc2|B1 f 29 |E3
3|c5|B6|D6| B3 § 30| F3
4| E3| B6| D6 | -~ 31 | E3
5| F5 | H3 | F6 [ c3 f| 32 | F3
6| G4 | H3 | F2|C1 [ 33| H4
7| G5 G3 | E2|C3 f 34 |H4
8 | H5 B2 |D2|F5 f 35 | G2
9| G5|C2|D4 | F5 36 | G4

10 | H5 | E2 (D4 | E2 | 37 | G4
11 | A5 | E4 ([ E4 | E2 || 38 | G4
12 | B5 | E2 ([ E4 | D1 § 39 | H2
13 | B3 | D2 | H4 | E2 || 40 | G4
14 |G| D4 | G3 | F1 || 41 | H4
15 G3 | H2 [ E2 | 42 | A3
16 H3 | G2 [ F2 | 43 | B3
17 B2 | F2 || 44 | B3
18 A2 [D3 | 45 | A3
19 F4 [ D2 | 46 | G2
20 D3 § 47 | D5
21 D3 | 48 | D5
22 E3 J 49 | D5
23 D2 50

24 D3 | 51

25 D5

26 c5

27 F3

A5

(00414-66505)

Ci

R2 Ee ]
Rl
CRS

CR2 CRI CR3 CRA
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Figure 6-3

SV
A

- [5) ) S— - - - - . - . - . - - - - __ _
Al |'A'#é£unon - A2 IAMPLIFIER ASSEMBLY (00414-66502)
ASSEMBLY
(00414~
FROM \9i2,|s CR! LI
A3(|7)\:/—&>—H—- esson -24V —— !
l 247 g'\oie cR3 Y § ' / CHOPPER AMPLIFIER \
1 0G2 A4 D +28V 428V +28V +28V +28V +28V
FROM \o14, 6 '
A3(20)=— | SSIRI +28v
CR2 1K1 < 100K {
Y | R6 RI3 ce RI7 SR20 SR24 Lcio SR26
1 p's 56K 20K 60PF M $130K $3m 1s0 $10K
| ' s o ' POM__ ol
[oHMS] P/O Al RIOS [cHorPER — ] M M cil
! sy ™ [cHopPeR | AMPLIFIER 3929 N e 4 =
V0, iy 3 [ | a sl fme AMPLIFIER Y VR LY 1000 1060
AGRI | Y, - 70SIC(F) SIC(F) On RI R2 | \\ c2 00227  $39.2K Q3 : ) e VAT S, Q5 Q6
100K \ SIC(F) s ¢SIC(R) SIC(R) & 0 SIC(F) 6 0K 10K I T~ .o)?”r ) fl/ | va\_/ e a7
w  [BSsicir c4 o N~ [T A J | DIFFERENTIAL
o — e L = o2 R [ | AMPLIFIER R’
0 L
A4(20) FROM —o2 r [AuTO] FILTER — AMPLIFIER $%] METER
° oo, g2c  E20[§] [AuTo] v M y | val| 22 | s Q0 cwi | METER
T NNER I 2 S - N crIY 2 R8O C) | 3R $R? = RIS -24v RIS Ri4 | s cg.L+ AMPLIFIERS EMITTER ADJ
. e e | s Oal _I M 100K 5623 1003 13K ] b3 | 100 FOLLOWER
, ! ! LT — -24v _—r - $R22 l} e gRr2 ¥
i ! ! 2 100K | > 7500
1
i 10.55M ! 1000 T 047 - -
-24V o 1 o GND
| R3S SR4 c3 L RS cal+ cs SR36 RI9 ci2 R23 R25 < CRAA R27  CI3 R29
FROM 3 3 ! 365K S 210 0T 110K 100 T T 3 10K Kcrs 10T 110K IT%3 7 02T !
JARCT = \V4 : . 20 T+ 1000 0 511K $ Rk 500 .02 10K 1000 :
P K2 _2av EROM AS(S) (3¢ -24v -24v -24v -24v -24v -24v B To A4U8)
FROM o 14 L 7 POLARITY CONVERTER
a3 b | R44 R46 ’
! K3 -24v 18K cw 20K
—_— - - - - - - -
FROM Aa(n—<11&—-2av  +28V R4S v -- - == —
7 10K . X
—2av Ly a4y ! I ZERO
} +28V [ ] I
FAgtm o lia FROM A4(9) —< 9 &—+28v oo A 1
: - | /= OHMMETER SECTION ———————— | +300v ! [CHOPPER (NEON SUBASSEMBLYI ]
- - - - - - - - c— ya -20V FROM A5(5)
414A-0-0698 SicrI2 ‘ <'6\ ﬁ\l9>— FROM A4(I9) 1 I |
. ! | Rt * sr2 ¥ *p3g |
COPYRIGHT 1965 BY HEWLETT-PACKARD COMPANY SIC(F)5 22¢ NOTES | y 220K P220K % 220Ky | :
] «0I8
nas a0 | ! 1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. PREFIX | ! |
3 b3 R373 SR35 WITH ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTH
A2 36490 3 6.49M 909 ¢ CONSTANT 29090 ! OR SU. ON(8) 0 3ov*
(00414 -66502) FOR COMPLETE DESIGNATION. X 22N |
14-66 A2 1K CURRENT =|l \l_“/
COMPONENT LOCATION gaL | GENERATOR 2. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHER- ! | 0 * |
T T T T T ] s R42 CR2 |
I 2 3 4 5 6 ' @ lo31500 Q2 WISE NOTED. | . 30V
c [crRTQ [acrI R R | cw RESISTANCE IN OHMS .0082 |
A d ! CAPACITANCE IN MICROFARADS | i€ = |
1|E5|D6 | E2| B5 |F6 [J25 | B3 1
2 | E5 | D6 | F2 D6 26 | D1 @ —— 3. - DENOTES ASSEMBLY. | | A 0082 5 |
= ~ 2 H |27 |c1 SR39 r 2
R30 13 3Gl |C3|H |
Q10 e R4S 214 SRal IM CAL é-'v’v°° | v | SR34 4, — — — — — — — DENOTES SUBASSEMBLY. | DsI DS2 DS3 |
R39 R3! R38 4| F3|cC1|D3 F4 28 | C1 | S15K —— R38 - 72707 324.3K |
B - \ 5| F1|c1|D2 E3 |29 | B3 | 35es0 | | 5. DENOTES MAIN SIGNAL PATH. | |
L R35 P 6| G2 |B1]|C2 F1 [30|B3 | QCRI I |
CR6 an ci3 - QCRI } | U SIAR) | 6. DENOTES FEEDBACK PATH. |
- . 7| H3 | D6 | C3 E3 |31 B3 2 & ,
pam — R33 R40 8| G3|Ds | D2 F1 |32 | D5 | l 6 2 7. [__] DENOTES FRONT PANEL MARKING. + v ;|
: — [ Qi3 21 20— RELAXATION OSCILLATOR
9 R24 a® R4 9| H5 | D5 | C2 F1 |33 c4 L |
— — i | | 2 8. (@) DENOTES SCREWDRIVER ADJUST. —
¢ CR4 fae — 10 | D5 | c5 | B2 F3 |34 | B4 L ] =
) e TR TC14 11 | D1 | cal B2 F3 |35 | B4 ] % — 9. \924, DENOTES WIRE COLOR: COLOR CODE SAME AS RESISTOR - - - -
e 06 Q7 - CR3 Y= CRIO 28 12|D1|c4|C5 F3 |36 | H4 a4 Y | COLOR CODE. FIRST NUMBER IDENTIFIES BASE COLOR,
- R26 CRI2 o Spas ! SECOND NUMBER IDENTIFIES WIDER STRIP, THIRD NUMBER
et el CRI4 R32 . 13 | B3 [ c4 | BE H3 [ 37| c4 k| IDENTIFIES NARROWER STRIP.
Qs R20 N 4 .l14|c5| D4 | BS Gl 38 | B4 N +648V (e.g. \924, = WHITE, RED, YELLOW.)
5 B S LERNCS S — 15 G |39 | B2 >18D>—— FROM A4(18)
ci2 Np ] 1 10. ¥ AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT
4 TR R2 - CR2 16 H6 |40 | C6 | \ UNITY GAIN / FACTORY.
| Q CRi a 17 E3 |41 |C5 AMPLIFIER
6% 18 D3 |42 | E2 l 11, ALL RELAYS ARE SHOWN DEENERGIZED.
RI
£ i - 19 p3 43| Ba - - - - == 12. = DENOTES POWER SUPPLY COMMON,
: - 20 D3 |44 | a1
21 D3 |45 | H2 13. v DENOTES SIGNAL COMMON.
Ql R7 c2
R6 RIO 22 c3 |46 | Gl
c5 RIZ2 R4 23 D1 47
F Q2 } 24 c3s |48
RS e
RS - Ri Figure 6-3. P/O Analog Measuring Circuit
~ c3
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Section VI
P/O Figure 6-4

6-6

A4
VOLTAGE CHART
TRANSISTOR E B c STATE
Q5 0 0 -3.5 ANY RANGE
Q7 +0.6 -0.05 +0. 55 ANY RANGE
Qs -0.65 -3 +18 ANY RANGE
Q 0 +17 -8 ANY RANGE
Q10 0 -0.25 -0.02 ANY RANGE
Q11 0 -5 +11 ANY RANGE
Q12 0 -6.5 +11 ANY RANGE
Q19 -0.45 0 -24 ANY RANGE

Model 414A
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Model 414A Section VI
Figure 6-4
p/0 A4 | POWER SUPPLY 8 CONTROL ASSEMBLY (00414 -66504) I
I
I
pa
sam  o—=<12€
9
-24V—o0—=0
VDC
TP3 !
! SR8 SR9 SRII R28 SET |
S 27k 2 100K 2 73.2K 4700
SET
UPRANGE > 14 TO A3(14)
7/
CONTROL Rio CRI2 |
Qs 7590
I i ABOVE = SCHMITT |
0
P RI R [
! @Fw ,EDJ 96% SCALE: DRIVER R:; GGE a0
RI2 _— W -24V
= 50003
-24v R32 c5
N% $Ri3 27K 200PF DOWNRANGE
: ] 36340 DRIVER 6 DuetinTO A3(6)
c4 R '
? 2N DRIVER wer SO e 9"
Wl Q7 Vo
% s2 o 7 RI4 -S\mmaw s
>
é f' 5000 BELOW 1/4 R3|
%’ SCALE 680
| = L AUTO
| = SRI5 SR22 ,_’ TP4 eggg;; 5 Q
M > 11K CRIO -TCR“ 26800 DOWNRANGE < s2 o
Q
wanr2,; AMPLITUDE L
DETECTOR |
a6 R21g  Clt ~=C2 $R29
1 (92 68KS .33 MULTIVIBRATOR 033 TGBK 1
/ [
FroM A2(13)—<i6 € * of cw[ | Lo
R€ MAG ail Ql2
10K ADJ
@ L
| RS R7 RI6 SRI7 B |
X 1800 6040 27K 213K |
+28V
|
I - - P — - - — - - -— - — —_—— -—— e
|\
R47 210y % 0 1 NOTES
5100 ) SIB(F) =
R48S | o 1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN., PREFIX
) 03 27K Q4 WITH ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTH
| FOR COMPLETE DESIGNATION.
N 2. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHER-
-
R49 > a)——ro DS2 (-~ POLARITY) WISE NOTED.
10K X RESISTANCE IN OHMS
N CAPACITANCE IN MICROFARADS
= |5 m—gn=TO DS| (+POLARITY)
| 3. - DENOTES ASSEMBLY.
\——————POLARITY DETECTOR————
I 4. [__IDENOTES FRONT PANEL MARKING.
L - - - - -
414A-0-0312A 5. (@) DENOTES SCREWDRIVER ADJUST.
COPYRIGHT 1965 BY HEWLETT-PACKARD COMPANY 6. 77/7/7/777) DENOTES COMPONENTS NOT MOUNTED ON
7| ASSEMBLY.
7. = DENOTES POWER SUPPLY COMMON.
Figure 6-4. Analog-to-Digital Converter
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Section VI
P/O Figure 6-5

A3
VOLTAGE CHART
TRANSISTOR E B C STATE
Q1 -0.35 -0.55 -0.36 ON
+1.4 +3.5 -18 OFF
Q2 0 -0.22 -0.04 ON
0 +6.5 -18 OFF
Q3 0 -0.35 -0. 045 Q1 ON
0 +1.4 -24 Q1 OFF
Q4 -0.35 -0.55 -0.36 ON
+1.4 +3.5 -18 OFF
Q5 0 -0.20 -0.04 ON
0 +4.0 -18 OFF
Q6 0 -0.35 -0.04 Q4 ON
0 +1.4 -24 Q4 OFF
Q1 -0.35 -0.55 -0.35 ON
+1.4 +3.5 -18 OFF
Q8 -0.3 -0.55 -0.35 ON
+1.4 +7 -18 OFF
0 -0.35 -0.05 Q7 ON
0 +1.4 -24 Q7 OFF
Q10 0 +1.4 -24 Q7 ON
0 -0.3 -0.04 Q7 OFF
Q11 -0.3 -0.50 -0.3 ON
+1.4 +3.5 -18 OFF
Q12 -0.35 -0.55 -0.4 ON
+1.4 +7 -18 OFF
Q13 0 -0.35 -0.07 Q11 ON
0 +1.4 -24 Q11 OFF
Q14 0 +1.4 -24 Q11 ON
0 -0.3 -0.03 Q11 OFF
Q15 0 -0.3 -0.07 5 V RANGE
0 +1 -24 ALL OTHER RANGES
Q16 +0.75 +2.4 -0.24 1500 V—50 VRANGES
+0.75 +2.4 -0.27 15 V RANGE
+0.7 +0. 45 +0.6 5 V RANGE
+0.75 +2.4 +1.4 1500 MV—50 MV RANGES
+0.75 +2.4 -0.27 15MV—5MV RANGES
Q17 0 -0.26 -0.07 150 v, 50 v, 150 MV,
50 MV RANGES
0 +0.3 -24 ALL OTHER RANGES

Model 414A

01789-1



Model 414A Section VI
Figure 6-5
A3 I RANGING ASSEMBLY (00414-66503) 24V 06l s LOGIC ELEMENT| CoMPONENTS
R66 ¢
a7k
|gCR4 FFI al, @2
v FF2 Q4,05
FF3 qQ7, 08
< | FFa all, Q2
SET AGI CRIS
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Figure 6-5. Digital Control Circuit and P/O Analog

01789-1
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Section V1
P/O Figure 6-6

6-10

A4
VOLTAGE CHART
TRANSISTOR E B C STATE
Q1 OFF BOARD -24 -24 -42 ANY RANGE
Q13 -23 -23 -24 ANY RANGE
Ql4 -14 -15 -23 ANY RANGE
Q15 0 +0.6 +17 ANY RANGE
Q16 +28 +29 +46 ANY RANGE
Q17 -20 -20 -29 ANY RANGE
Q18 0 -0.1 -20 ANY RANGE

Model 414A
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n N

RECTIFIER
ASSEMBLY
(00414-66505)

174 AMP S5
sB

Wi

I 3IvAl BIAv]
(i8V]se I <re 230V]

&

g

NOTES

1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. PREFIX
WITH ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTH
FOR COMPLETE DESIGNATION.

2. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHER-
WISE NOTED.

RESISTANCE IN OHMS
CAPACITANCE IN MICROFARADS

DENOTES ASSEMBLY.

3. -

4. DENOTES MAIN SIGNAL PATH.

5. DENOTES FEEDBACK PATH.
6. (] DENOTES FRONT PANEL MARKING.

7. £ZZ”"] DENOTES REAR PANEL MARKING.

8. @ DENOTES SCREWDRIVER ADJUST.

9. 924, DENOTES WIRE COLOR: COLOR CODE SAME AS RESISTOR
COLOR CODE, FIRST NUMBER IDENTIFIES BASE COLOR,

SECOND NUMBER IDENTIFIES WIDER STRIP, THIRD NUMBER

IDENTIFIES NARROWER STRIP.
(e.g.\924, = WHITE, RED, YELLOW.)

10.<¥€ DENOTES SECOND APPEARANCE OF A CONNECT OR PIN,
11. = DENOTES POWER SUPPLY COMMON.
12,(7 DENOTES SIGNAL COMMON.

13. /77 DENOTES POWER LINE GROUND.

SERIES .
REGULATOR

Model 414A

Section VI
Figure 6-6

POWER SUPPLY & CONTROL ASSEMBLY

- - - - -
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COPYRIGHT 1965 BY HEWLETT-PACKARD COMPANY
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Section VII
Figure 7-1

Model 414A

INDEX NUMBER -hp- PART NO. DESCRIPTION Q
1 00414-00601 Top cover assembly 1

2 00414-00201 Panel, front 1

3 00414-00203 Panel, readout 2

4 5040-0700 Hinge 2

5 1490-0032 Stand: half module 1

6 | 5060-0703 Frame assembly 2

7 5060-0728 Foot assembly: half module 2

8 5000-0717 Bottom cover assembly: 7 x 11 SM 1

9 00414-00202 Panel, rear 1

10 5000-0703 Side cover, 6 x 11 SM 2

Figure 7-1. Modular Cabinet Parts
7-0 01789-1



Model 414A

Section VI
Paragraphs 7-1 to 7-7

SECTION Vil
REPLACEABLE PARTS

7-1. INTRODUCTION.

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

a. Description of thepart. (Seelist of abbrevia-
tions below.)

b. Typical manufacturer of the part in a five-
digitcode. (See Appendix A for list of manu-
facturers.)

¢. Manufacturer's part number.

d. Total quantity used in the instrument (TQ

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

7-4. ORDERING INFORMATION.
7-5. To obtain replacement parts, address order or
inquiry to your local Hewlett-Packard Field Office.

(See Appendix B for list of office locations.) Identify
parts by their Hewlett-Packard part numbers.

7-6. NON-LISTED PARTS.

T-7. To obtain a part that is not listed, include:
a. Instrument model number.
b. Instrument serial number.

c. Description of the part.

column). d. Function and location of the part.
DESIGNATORS
A = assembly F = fuse P = plug \'A = vacuum tube, neon
B = motor FL = filter Q = transistor bulb, photocell etc.
BT = battery HR = heater QCR = transistor-diode w - cable
C = capacitor J = jack R = resistor X - socket
CR = diode K = relay RT = thermistor XDs - lampholder
DL = delay line L = Inductor s = switch P - reneEider
DS = lamp M = meter T = transformer -
E = misc electronic part MP = mechanical part TC = thermocouple Z = network
ABBREVIATIONS
Ag = silver D = inside diameter ns = nanosecond (s) = 10'9 SPDT = single-pole double-
Al = aluminum impg = impregnated nsr = not separately replace- throw
amp = ampere (s) incd = incandescent able SPST = single-pole single-
Au = gold ins = insulation (ed) throw
c = capacitor - _ynt3 obd = order by description Ta = tantalum
cer = ceramic K = kilohm () = 10 +3 oD = outside dlameter Tioz = titanjum dioxide
zgte: : (c:gsllfnilcoxfnt Ke = kiloyeycle (8) = 10 » = peak tog - toggle
comp = composition L = inductor pe = printed circuit 12 ::}m z :gi‘:';"e‘;e
conn = connection lin = linear taper ot = picofarad (s) = 10 TSTR - transistor
cps = cycles per second log = logarithmic taper p;v = peak inverse voltage )
= i - p/o = part of v = volt (s
%elil‘)DT - geposned m = milli = 10 8 pos = position (s) vacw = alternating current
= double-pole double- -
throw ma = milliampere (s) = 1072 poly = polystyrene working volt (s)
DPST = double-pole single- +6 pot = potentiometer var = variable
throw Mc = megacycle (s) = 10 p-p = peak-to-peak vdew = direct current working
me = megohm (g) = 10 prec = precision (temperature volt (8)
elect = electrolytic metg fim - m eg tilm coefficient, long term
encap = encapsulated - stability, and/or tol- w = watt (8)
¢ - faad (s) mir - mz.:;(acturer erance) w/ = with
- S mtg = mounting wiv = reverse working voltage
FET = field effect transistor - micro = 10-6 w/o - without
fxd = fixed K - Y R = resistor o - wirewound
GaAs = galllum arsenide my = Mylar - f_{‘h = rho:lium square
Ge - gi cle (s) = 10*? na = nanoampere (s) = 10 rz’ - :g?a;mean- quar b = optimum value selected
a - gm:iy( ed) B NC = normally closed = y at factory, average
%Se - germa.nium Ne = neon value shown (part may
d - g ound (ed) NO = normally open Se = selenjum be omttted)
gr gr NPO = negative positive zero sect = gection (8) bl = no standard type num-
h = henry (ies) (zero temperature co- 81 = silicon ber assigned (selected
Hg = mercury efficient) sl = glide or special type)
® Dupont de Nemours
01789-1 7-1



Section VII Model 414A
Table 7-1
Table 7-1. Reference Designation Index
REFERENCE
DESIGNATION -hp- PART NO. DESCRIPTION NOTE
Al 00414-66501 Attenuator board assembly includes
C1 K1 thru K3
CR1, CR2 R1 thru R6
AlC1 0160-0744 C: fxd poly 0. 047 pf +20% 50 vdew
A1CRY, 1901-0025 Diode: Si 100 ma at +1 v 100 piv 12 pf
AICR2
AlK1 Not assigned
AlK2, A1K3 0490-0182 Relay: hermetically sealed dry reed
AlR1, A1R2 0698-3461 R: set fxd 100 meg 98 K
A1R3 2100-0091 R: var comp pot lin 5 K +30% 0. 15 w
AlR4 0757-0721 R: fxd prec met flm 247 ohms 1% 1/4 w
A1R5 0730-0144 R: fxd prec carbon flm 10.52 meg +1% 1 w
AlR6 0757-0338 R: fxd prec met flm 1000 ohms £1% 1/4 w
A2 00414- 66506 Amplifier board assembly includes
A2A1 (Photochopper) Q1 thru Q14
C1 thru C14 QCRI1
CR1 thru CR14 R1 thru R46
A2A1 1990-0218 Photochopper assembly (includes neon subassembly)
Note: The neon subassembly may be ordered under -hp-
Part No. 1990-0213.
A2C1 0170-0022 C: fxd my 0.1 uf +20% 600 vdcw
A2C2 0160-0744 C: fxd my 0.047 uf +10% 50 vdew
A2C3 0150-0084 C: fxd cer 0.1 uf +80% -20% 50 vdcw
A2C4 0180-0061 C: fxd elect 100 uf +100% -10% 15 vdew
A2C5 0150-0085 C: fxd cer 0.0022 uf +20% 500 vdew
A2C6 0140-0214 C: fxd mica 60 pf +5%
A2CT 0160-2136 C: fxd my 0.18 uf +10% 200 vdcw
A2C8 0180-0142 C: fxd elect 20 uf +10% -100% 25 vdew
A2C9 0180-0137 C: fxd Ta elect 100 pf 10 vdcw
A2C10 0160-0859 C: fxd my 1.0 uf £10% 50 vdew
A2C11 0150-0024 C: fxd cer 0.02 uf +80% -20% 600 vdew
A2C12 0160-0127 C: fxd cer 1.0 uf +20% 25 vdew
A2C13 0150-0024 C: fxd cer 0.02 uf +80% -20% 600 vdcw
A2C14 0160-0127 C: fxd cer 1.0 uf +20% 25 vdcw
A2CRI1, 1901-0044 Diode: 20 ma at +1 v 10 na at -10 v/50 wiv 2 pf 6 ns
A2CR2
A2CR3 thru 1901-0025 Diode: Si 100 ma at +1 v 100 piv 12 pf
A2CR5
A2CR6 1902-0031 Diode: breakdown 12.5 v 5% 400 mw
A2CRT, 1901-0156 Diode: 50 ma at +1 v 20 wiv
A2CR8
A2CRS9, 1902-3139 Diode: Si breakdown 8. 25 v +5% 400 mw
A2CR10
A2CRI11 thru 1901-0044 Diode: 20 ma at +1 v 10 na at -10 v/50 wiv 2 pf 6 ns
A2CR14
A2Q1 1853-0007 TSTR: Si PNP 2N3251
A2Q2 1853-0010 TSTR: Si PNP **
7-2 01789-1



Model 414A Section VII
Table 7-1
Table 7-1. Reference Designation Index (Cont'd)
REFERENCE
DESIGNATION -hp- PART NO. DESCRIPTION NOTE
A2Q3 1854-0087 TSTR: Si NPN 2N3417
A2Q4 thru 1853-0010 TSTR: Si PNP **
A2Q7
A2Q8 1854-0033 TSTR: Si NPN 2N3391
A2Q9 1853-0020 TSTR: Si PNP 2N3702
A2Q10 1854-0087 TSTR: Si NPN 2N3417
A2Q11 1853-0023 TSTR: Si PNP 2N3703
A2Q12, 1854-0033 TSTR: Si NPN 2N3391
A2Q13
A2Q14 1853-0010 TSTR: Si PNP **
A2QCR1 1820-0010 Amplifier: reference Si NPN transistor with 7 v zener
A2R1, A2R2 0757-0340 R: fxd prec met flm 10 K +1% 1/4 w
A2R3 0757-0786 R: fxd prec met flm 365 K +1% 1/4 w
A2R4 0757-0346 R: fxd prec met flm 10 ohms 1% 1/8 w
A2R5 0757-0344 R: fxd prec met flm 1 meg +1% 1/4 w
A2RS6 0683-5635 R: fxd comp 56 K +5% 1/4 w
A2RT 0757-0342 R: fxd prec met flm 100 K 1% 1/4 w
A2RS8 0686-1145 R: fxd comp 110 K 5% 1/4 w
A2R9 0683-2035 R: fxd comp 20 K +5% 1/4 w
A2R10 0757-0724 R: fxd prec met flm 392 ohms +1% 1/4 w
A2R11 0757-0727 R: fxd prec met flm 562 ohms +1% 1/4 w
A2R12 0757-0766 R: fxd prec met flm 39.2K 1% 1/4 w
A2R13 0757-0760 R: fxd prec met flm 20 K +1% 1/4 w
A2R14 0683-1335 R: fxd comp 13K +5% 1/4 w
A2R15 0757-0178 R: fxd prec met flm 100 ohms 1% 1/4 w
A2R16 0757-0766 R: fxd prec met flm 39.2 K 1% 1/4 w
A2R17 0727-0292 R: fxd prec met flm 3 meg +1% 1/2 w
A2R18 0757-0338 R: fxd prec met flm 1000 ohms +1% 1/4 w
A2R19 0683-1035 R: fxd 10 K +5% 1/4 w
A2R20 0757-0778 R: fxd prec met fim 130 K £1% 1/4 w
A2R21 0'757-0338 R: fxd prec met flm 1000 ohms +1% 1/4 w
A2R22 0757-0342 R: fxd prec met flm 100 K +1% 1/4 w
A2R23 0686-1145 R: fxd comp 110 K +5% 1/4 w
A2R24 0727-0292 R: fxd prec met flm 3 meg +1% 1/2 w
A2R25 0757-0169 R: fxd prec met flm 511 K 1% 1/4 w
A2R26 0683-1035 R: fxd 10 K +5% 1/4 w
A2R27 0683-17525 R: fxd comp 7500 ohms +5% 1/4 w
A2R28 0683-3025 R: fxd comp 3000 ohms +5% 1/4 w
A2R29 0757-0340 R: fxd prec met flm 10 K +1% 1/4 w
AZRSO, 0757-0338 R: fxd prec met flm 1000 ohms +1% 1/4 w
A2R31
A2R32 0683-1035 R: fxd 10 K 5% 1/4 w
A2R33 0757-01754 R: fxd prec met flm 11 K 1% 1/4 w
A2R34 0757-0762 R: fxd prec met flm 24.3 K 1% 1/4 w
A2R35 0757-0753 R: fxd prec met flm 9090 ohms +1% 1/4 w
A2R36 0757-0338 R: fxd prec met flm 1000 ohms 1% 1/4 w
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Table 7-1
Table 7-1. Reference Designation Index (Cont'd)
REFERENCE
DESIGNATION -hp- PART NO. DESCRIPTION NOTE
A2R37 0757-0732 R: fxd prec met flm 909 ohms +1% 1/4 w
A2R38 0698-3473 R: fxd prec metflm 5.62K 1% 1/4 w
A2R39 2100-0330 R: var ww 1500 ohms +10% 1-1/2 w
A2R40 0698-3475 R: fxd prec met flm 6.49 meg +1% 1 w
A2R41 0757-0757 R: fxd prec met flm 15 K +1% 1/4 w
A2R42 2100-0330 R: var ww 1500 ohms +10% 1-1/2 w
A2R43 0698-3474 R: fxd prec met flm 6490 ohms +1% 1/4 w
A2R44 0683-1835 R: fxd comp 18 K +5% 1/4 w
A2R45 2100-0396 R: var ww 10 K +20% 1-1/2 w
A2R46 0683-2035 R: fxd comp 20 K 5% 1/4 w
A3 00414-66503 Ranging board assembly includes
C1 thru C10 L1
CR1 thru CR21 Q1 thru Q17
El R1 thru R78
K1 thru K8
A3C1 0150-0050 C: fxd cer 0.001 pf 600 vdcw
A3C2 0140-0198 C: fxd mica 200 pf +5% 300 vdcw
A3C3 0150-0012 C: fxd cer 0.01 uf +20% 1000 vdew
A3C4 thru 0150-0050 C: fxd cer 0.001 pf 600 vdcw
A3C10
A3CRI1 thru 1901-0025 Diode: Si 100 ma at +1 v 100 piv 12 pf
A3CR11
A3CR12 Not assigned
A3CR13 thru 1910-0016 Diode: Ge 1 microsecond 60 wiv
A3CR15
A3CR16 thru 1901-0025 Diode: Si 100 ma at +1 v 100 piv 12 pf
A3CR19
A3CR20, 1910-0016 Diode: Ge 1 microsecond 60 wiv
A3CR21
A3E1l 5080-0623 Compensator: thermal
A3K1 thru Not assigned
A3K3
A3K4 thru 0490-0182 Relay: hermetically sealed dry reed
A3KS6
A3KT7 0490-0171 Relay: reed
A3KS 0490-0182 Relay: hermetically sealed dry reed
A3L1 9160-0018 Coil: electromagnetic
A3Ql thru 1850-0062 TSTR: Ge PNP 2N404
A3Q14
A3Q15, 1850-0173 TSTR: Ge PNP 2N1307
A3Ql18
A3Q17 1850-0070 TSTR: Ge PNP 21373
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Table 7-1
Table 7-1. Reference Designation Index (Cont'd)
REFERENCE
DESIGNATION |-hP- PART NO. DESCRIPTION NOTE
A3R1 2100-0281 R: var ww 100 ohms +20% 1-1/2 w
A3R2 0698-3466 R: fxd prec met {lm 698 ohms 1% 1/4 w
A3R3 2100-0439 R: var ww 250 ohms 220% 1-1/2 w
A3R4 0757-1043 R: fxd prec met flm 65 ohms +1% 1/4 w
A3R5 0698-3465 R: fxd prec met flm 127 ohms +1% 1/4 w
A3R6 2100-1560 R: var ww 30 ohms +10% 1-1/2 w
A3R7 2100-0439 R: var ww 250 ohms +20% 1-1/2 w
A3RS8 0698-3469 R: fxd prec met flm 1270 ohms +1% 1/4 w
A3R9 0698-3468 R: fxd prec met flm 1070 ohms +1% 1/4 w
A3RI10 0698-3471 R: fxd prec met flm 3160 ohms +1% 1/4 w
A3R11 2100-0328 R: var ww 500 ohms +10% 1-1/2 w
A3R12 00414-82601 R: fxd prec ww 18.2 ohms 1/4 w
A3R13 0698-3470 R: fxd prec met flm 1580 ohms £1% 1/4 w
A3R14 Not assigned
A3R15 0683-2215 R: fxd comp 220 ohms 5% 1/4 w
A3R16 0683-2235 R: fxd comp 22 K 5% 1/4 w
A3RI17 0683-8235 R: fxd comp 82 K +5% 1/4 w
A3R18 0683-2245 R: fxd comp 220 K 5% 1/4 w
A3R19 0683-8225 R: fxd comp 8200 ohms +5% 1/4 w
A3R20 0683-2735 R: fxd comp 27K 5% 1/4 w
A3R21 0683-1045 R: fxd 100 K 5% 1/4 w
A3R22 0683-5125 R: fxd comp 5100 ohms 5% 1/4 w
A3R23 0683-1045 R: fxd 100 K +5% 1/4 w
A3R24 0683-8225 R: fxd comp 8200 ohms +5% 1/4 w
A3R25 0683-2735 R: fxd comp 27 K 5% 1/4 w
A3R26 0683-2245 R: fxd comp 220 K +5% 1/4 w
A3R27 0683-8235 R: fxd comp 82 K 5% 1/4 w
A3R28 0683-2235 R: fxd comp 22K 5% 1/4 w
A3R29 0683-8235 R: fxd comp 82 K 5% 1/4 w
A3R30 0683-2245 R: fxd comp 220 K 5% 1/4 w
A3R31 0683-8225 R: fxd comp 8200 ohms +5% 1/4 w
A3R32 0683-2735 R: fxd comp 27K 5% 1/4 w
A3R33 0683-1045 R: fxd 100 K 5% 1/4 w
A3R34 0683-5125 R: fxd comp 5100 ohms +5% 1/4 w
A3R35 0683-8225 R: fxd comp 8200 ohms 5% 1/4 w
A3R36 0683-2735 R: fxd comp 27T K 5% 1/4 w
A3R37 0683-2245 R: fxd comp 220 K +5% 1/4 w
A3R38 0683-8235 R: fxd comp 82 K +5% 1/4 w
A3R39 0683-2235 R: fxd comp 22 K +5% 1/4 w
A3R40 0683-8235 R: fxd comp 82 K 5% 1/4 w
A3R41 0683-2245 R: fxd comp 220 K +5% 1/4 w
A3R42 0683-8225 R: fxd comp 8200 ohms +5% 1/4 w
A3R43 0683-2735 R: fxd comp 27K +5% 1/4 w
A3R44 0683-1045 R: fxd 100K +5% 1/4 w
A3R45, 0683-5125 R: fxd comp 5100 ohms 5% 1/4 w
A3R46
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Table 7-1. Reference Designation Index (Cont'd)
REFERENCE
DESIGNATION | ~PP- PART NO. DESCRIPTION NOTE
A3RA47 0683-1045 R: fxd 100 K +5%.1/4 w
A3R48 0683-8225 R: fxd comp 8200 ohms +5% 1/4 w
A3R49 0683-2735 R: fxd comp 27 K 5% 1/4 w
A3R50 0683-2245 R: fxd comp 220 K 5% 1/4 w
A3R51 0683-8235 R: fxd comp 82 K 5% 1/4 w
A3R52 0683-2235 R: fxd comp 22 K 5% 1/4 w
AJR53 0683-8235 R: fxd comp 82 K 5% 1/4 w
A3R54 0683-2245 R: fxd comp 220 K +5% 1/4 w
A3R55 Not assigned
A3R56 0683-8225 R: fxd comp 8200 ohms 5% 1/4 w
A3R57 0683-2735 R: fxd comp 27 K 5% 1/4 w
A3R58 0683-1045 R: fxd 100 K +5% 1/4 w
A3R59, 0683-5125 R: fxd comp 5100 ohms 5% 1/4 w
A3R60
A3R61 0683-1045 R: fxd 100K +5% 1/4 w
A3R62 0683-8225 R: fxd comp 8200 ohms 5% 1/4 w
A3R63 0683-2735 R: fxd comp 27 K +5% 1/4 w
A3R64 0683-2245 R: fxd comp 220 K 5% 1/4 w
A3R65 0683-8235 R: fxd comp 82 K +5% 1/4 w
A3R66 0683-4735 R: fxd comp 47K 5% 1/4 w
A3R67 0683-7525 R: fxd comp 7500 ohms 5% 1/4 w
A3R68 0683-3625 R: fxd comp 3600 ohms +5% 1/4 w
A3R69 0683-6235 R: fxd comp 62K 5% 1/4 w
A3RT0 0683-1135 R: fxd comp 11 K +5% 1/4 w
A3RT1 0683-9135 R: fxd comp 91 K +5% 1/4 w
A3R7T2 0757-0826 R: fxd prec met flm 2430 ohms 1% 1/2 w
A3RT3 0683-1535 R: fxd comp 15 K 5% 1/4 w
A3RT74 0683-1035 R: fxd 10 K +5% 1/4 w
A3RT5 0683-1045 R: fxd 100 K +5% 1/4 w
A3R76 Not assigned
A3RTT 0683-4735 R: fxd comp 47K 5% 1/4 w
A3RT8 0683-3335 R: fxd comp 33 K +5% 1/4 w
A4 00414-66504 Power supply and control board assembly includes
C1 thru C14 Q1 thru Q19
CR1 thru CR16 R1 thru R49
A4C1, A4C2 0160-0209 C: fxd my 0. 33 uf +20% 200 vdew
A4C3 0150-0084 C: fxd cer 0.1 puf +80% -20% 50 vdew
A4C4 0150-0050 C: fxd cer 0.001 uf 600 vdcw
A4CH 0140-0198 C: fxd mica 200 pf +5% 300 vdcw
A4C6 0180-0119 C: fxd Al elect 1 uf 25 vdew
A4C7T thru 0180-0049 C: fxd Al elect 20 pf 50 vdcw
A4C10
Adcii, 0180-0050 C: fxd Al elect 40 uf +100% -15% 50 vdew
A4Cl12
A4C13 0180-0119 C: fxd Al elect 1 pf 25 vdew
A4C14 0150-0084 C: fxd cer 0.1 uf +80% -20% 50 vdew
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Table 7-1
Table 7-1. Reference Designation Index (Cont'd)

REFERENCE
DESIGNATION -hp- PART NO. DESCRIPTION NOTE
A4CRI1 thru 1901-0025 Diode: Si 100 ma at +1 v 100 piv 12 pf

A4CRS
A4CR7 1902-0763 Diode: breakdown 9.4 v IN2163A
A4CRS 1902-0048 Diode: breakdown 6. 81 v +5% 400 mw
A4CR9 1902-0566 Diode: breakdown 20 v Si temperature compensated
A4CR10 thru 1901-0025 Diode: Si 100 ma at +1 v 100 piv 12 pf

A4CR16
AdQ1 1850-0173 TSTR: Ge PNP 2N1307
A4Q2 1851-0017 TSTR: Ge NPN 2N1304
A4Q3, A4Q4 1850-0062 TSTR: Ge PNP 2N404
A4Q5 1853-0016 TSTR: Si PNP 2N3638
A4QB 1854-0033 TSTR: Si NPN 2N3391
A4QT 1853-0020 TSTR: Si PNP 2N3702
A4Q8 1854-0033 TSTR: Si NPN 2N3391
A4Q9, A4Q10 1850-0062 TSTR: Ge 2N404
AdQ11, 1851-0017 TSTR: Ge NPN 2N1304

A4Q12
A4Q13 1850-0054 TSTR: Ge PNP 2N652A
A4Q14 1853-0016 TSTR: Si PNP 2N3638
A4Q15 1854-0033 TSTR: Si NPN 2N3391
A4Q16 1854-0039 TSTR: Si NPN 2N3053

1205-0033 Heat dissipator
AdQ17 1850-0070 TSTR: Ge PNP 2N1373
1205-0033 Heat dissipator

A4Q18 1850-0062 TSTR: Ge PNP 2N404
A4Q19 1853-0016 TSTR: Si PNP 2N3638
A4R1 0757-0735 R: fxd prec met flm 1300 ohms +1% 1/4 w
A4R2 2100-0328 R: var ww 500 ohms +10% 1-1/2 w
A4R3 0757-07732 R: fxd prec met flm 909 ohms 1% 1/4 w
A4R4 Not assigned
A4R5 0686-1825 R: fxd comp 1800 ohms 5% 1/2 w
A4R6 2100-0396 R: var ww 10 K +20% 1-1/2 w
A4RT 0757-1023 R: fxd prec met flm 6040 ohms 1% 1/4 w
A4R8 0686-2735 R: fxd comp 27K 5% 1/2w
A4R9 0686-1045 R: fxd comp 100 K 5% 1/2 w
A4R10 0757-0751 R: fxd prec met flm 7500 ohms +1% 1/4 w
A4R11 0757-0116 R: fxd prec met flm 73.2 K ohms +1% 1/4 w
A4R12 2100-0331 R: var ww 5000 ohms +10% 1-1/2 w
A4R13 0757-0880 R: fxd prec met flm 6340 ohms +1% 1/4 w
A4R14 2100-0331 R: var ww 5000 ohms +10% 1-1/2 w
A4R15 0757-0754 R: fxd prec met fim 11 K 1% 1/4 w
A4R16 0686-2735 R: fxd comp 27K 5% 1/2 w
A4R17 0686-1335 R: fxd comp 13K 5% 1/2 w
A4R18 0686-3335 R: fxd comp 33 K +5% 1/2 w
A4R19 0686-1335 R: fxd comp 13 K +5% 1/2 w
A4R20 0686-3335 R: fxd comp 33 K 5% 1/2 w

01789-1 -1



Section VII Model 414A
Table 7-1
Table 7-1. Reference Designation Index (Cont'd)
REFERENCE
DESIGNATION -hp- PART NO. DESCRIPTION NOTE
A4R21 0686-6835 R: fxd comp 68 K 5% 1/2 w
A4R22 0686-6825 R: fxd comp 6800 ohms 5% 1/2 w
A4R23 0686-6835 R: fxd comp 68 K +5% 1/2 w
AdR24 0686-1035 R: fxd comp 10 K 5% 1/2 w
A4R25 0686-4725 R: fxd comp 4700 ohms +5% 1/2 w
A4R26 0686-1045 R: fxd comp 100 K +5% 1/2 w
A4R27 0686-6825 R: fxd comp 6800 ohms +5% 1/2 w
A4R28 0686-4725 R: fxd comp 4700 ohms +5% 1/2 w
A4R29 0686-6835 R: fxd comp 68 K +5% 1/2 w
A4R30 0686-6825 R: fxd comp 6800 ohms £5% 1/2 w
A4R31 0686-6815 R: fxd comp 680 ohms +5% 1/2 w
A4R32 0686-2735 R: fxd comp 27 K 5% 1/2 w
A4R33 0698-0079 R: fxd prec met flm 2370 ohms +1% 1/4 w
A4R34, 0757-0745 R: fxd prec met flm 4320 ohms +1% 1/4 w
A4R35
A4R36 0757-0737 R: fxd prec met flm 1620 ohms +1% 1/4 w
A4R3T 0757-0745 R: fxd prec met flm 4320 ohms 1% 1/4 w
A4R38, 0757-0750 R: fxd prec met flm 6810 ohms +1% 1/4 w
A4R39
A4RA40 0757-0756 R: fxd prec met flm 13 K +1% 1/4 w
A4RA41 0757-0840 R: fxd prec met flm 11 K +1% 1/2 w
A4RA42 0757-0340 R: fxd prec met flm 10 K +1% 1/4 w
A4R43 0757-0737 R: fxd prec met flm 1620 ohms +1% 1/4 w
A4R44 0757-0112 R: fxd prec met flm 25.7K 1% 1/4 w
A4RA45 0757-0753 R: fxd prec met flm 9090 ohms 1% 1/4 w
A4RA46 0757-0733 R: fxd prec met flm 1100 ohms 1% 1/4 w
A4RA4T 0686-5125 R: fxd comp 5100 ohms +5% 1/2 w
A4R48 0686-2735 R: fxd comp 27K 5% 1/2 w
A4R49 0686-1035 R: fxd comp 10 K +5% 1/2 w
Ab5 00414-66505 Rectifier board assembly includes
C1 R1, R2
CR1 thru CR5
A5C1 0180-0149 C: fxd Al elect 65 uf +100% -10% 60 vdew
A5CRI1 thru 1901-0026 Diode: Si 200 piv
A5CR4
A5CR5 1901-0030 Diode: Si 800 piv
ABR1 0686-5615 R: fxd comp 100 ohms +5% 1/4w
ABR2 2100-1739 R: var ww 5000 ohms +10% 1 w
A6 00414-62101 Probe assembly includes
R1 mechanical parts
ABR1 0757-0465 R: fxd prec met flm 100 K +1% 1/8 w
Mechanical Parts for A6
8120-0038 Cable: miniature low-noise coaxial
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Model 414A

Section VII

DS10, spare

E2A thru E2D

00414-05501

Can: isothermal

Table 7-1
Table 7-1. Reference Designation Index (Cont'd)
REFERENCE
DESIGNATION -hp- PART NO. DESCRIPTION NOTE
Mechanical Parts for A6 (Cont'd)
5040-0414 Capacitor: probe
5040-0405 Handle assembly: red
5040-0407 Lock nut
5060-0407 Probe assembly: jaw
425A-21A-5 Sleeve: cable terminal
5040-0408 Sleeve: outer probe
425A-21A-4 Sleeve: probe
AT 00414-62102 Probe assembly includes
mechanical parts
Mechanical Parts for A7
8120-0041 Cable: miniature triaxial with red jacket
1400-0088 Clip: alligator solid copper 2' long
1400-0089 Insulator: alligator black poly
A8 00414-62103 Probe assembly includes
mechanical parts
Mechanical Parts for A8
8120-0042 Cable: miniature with high flexibility and controlled
outer conductor resistance
1400-0088 Clip: alligator solid copper 2' long
1400-0089 Insulator: alligator black poly
C1 0180-0042 C: fxd elect 120 pf 350 vdcew
C2 0180-0047 C: fxd Al elect 500 uf 75 vdcew
C3 0170-0022 C: fxd my 0.1 pf £20% 600 vdew
C4 0170-0037 C: fxd poly 1 uf £10% 50 vdew
CR1 thru CR3 1901-0025 Diode: Si 100 ma at +1 v 100 piv 12 pf
CR4 1901-01586 Diode: 50 ma at +1 v 20 wiv
DS1 thru 2140-0075 Lamp: incd 24 v 15-20 ma

F1 2110-0018 Fuse: slow-blow 0.25 amps 125 volts
J1 1251-0148 Connector: ac power cord receptacle
K1 0490-0049 Relay: reed SPST normally open
L1 9100-0352 Coil: electromagnetic
M1 1120-0389 Meter
Q1 1850-0160 TSTR: Ge PNP 2N2147
R1 0698-0024 R: fxd prec met flm 2610 ohms 1% 1/2 w
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Table 7-1. Reference Designation Index (Cont'd)
REFERENCE
DESIGNATION ~hp- PART NO. DESCRIPTION NOTE
R2* 0757-0751 R: fxd prec met flm 7500 ohms +1% 1/4 w
R3 2100-1567 R: var ww 10 K +10% 2 w
R4 0757-0128 R: fxd prec met flm 200 K 1% 1/4 w
S1 3100-1714 Switch: rotary includes
R1
S1R1 0757-0342 R: fxd prec met flm 100 K 1% 1/4 w
S2 3101-0806 Switch: DPDT
S3 3101-0180 Switch: pushbutton SPDT non-shorting 7/16'" diameter red
S4 3101-0033 Switch: slide DPDT 0.5 amp 125 vdc 3 amp 125 vac
S5 3101-0001 Switch: tog SPST 250 v 3 amp molded phenolic body
T1 9100-1312 Transformer: power
XF1 1400-0084 Holder: fuse extractor post type
MISCELLANEOUS
412A-83A Boot: cable
00414-01202 Bracket: capacitor
00414-01203 Bracket: shield
00414-01204 Bracket: switch
00414-01201 Bracket: transistor
0340-0039 Bushing: insulator for stand-off and feed-thru ter-
minals
0340-0122 Bushing: insulator nylon shoulder
1410-0003 Bushing: threaded panel
8120-0078 Cable: power black extra limp 7.5' long
0510-0786 Clip: resistor
1251-0208 Connector: 22 pin contacts "Twisted-U" terminals
00414-04101 Cover: shield bottom
0340-0060 Insulator: feed-thru teflon bushing with clover leaf recep-
tacles
0340-0092 Insulator: feed-thru teflon cloverleaf type accepts 5 leads
0370-0077 Knob: skirted bar w/bar (FUNCTION)
00414-90001 Manual: operating and service
00414-01206 Shield: reed
1200-0044 Socket: transistor
1460-0218 Spring: tubular
00414-09901 Strip: symbol
5040-0646 Support: readout
0360-0499 Terminal: insulator teflon insulated
0340-0128 Terminal: standoff teflon insulated
1000-0025 Window: polaroid
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Table 7-2
Table 7-2. Replaceable Parts
-hp- PART NO. DESCRIPTION MFR MFR PART NO. TQ
412A-83A Boot: cable 28480 { 412A-83A 3
425A-21A-4 | Sleeve: probe 28480 | 425A-21A-4 1
425A-21A-5 | Sleeve: cable terminal 28480 | 425A-21A-5 1
0140-0198 C: fxd mica 200 pf +5% 300 vdcw 00853 | RDM15F201J3C 2
0140-0214 C: fxd mica 60 pf +5% 14655 | RDM15E600J3C 1
0150-0012 C: fxd cer 0.01 uf +20% 1000 vdew 71590 | 13C obd 1
0150-0024 C: fxd cer 0.02 uf +80% -20% 600 vdew 72982 | 841-000-Z5U-203 2
Z
0150-0050 C: fxd cer 0.001 uf 600 vdew 01281 Type E obd 9
0150-0084 C: fxd cer 0.1 uf +80% -20% 50 vdew 72982 | 845-222 Y5V0 3
1042
0150-0085 C: fxd cer 0.0022 uf +20% 500 vdcw 56289 | 29C332 1
0160-0127 C: fxd cer 1.0 uf +20% 25 vdcw 56289 | 5C13 obd 2
0160-0209 C: fxd my 0.33 uf +20% 200 vdew 72354 | F307C334M 2
0160-0744 C: fxd poly 0.047 uf +20% 50 vdew 56289 | 194P4730R5 1
0160-2136 C: fxd my 0.18 pf +10% 200 vdew 56289 | 148P18492 1
0170-0022 C: fxd my 0.1 puf +20% 600 vdew 56289 | 148P175A 2
0170-0037 C: fxd poly 0.1 puf +10% 50 vdew 56289 | 114P1059R5S25 1
0180-0042 C: fxd elect 120 uf 350 vdew 56289 | D32353 1
0180-0047 C: fxd Al elect 500 iif 75 vdew 56289 | D32443 1
0180-0049 C: fxd Al elect 20 uf 50 vdcw 56289 | 30D206G050DC6 4
M1
0180-0050 C: fxd Al elect 40 uf +100% -15% 50 vdew 56289 | 30D406GO50DF6 2
M1
0180-0061 C: fxd elect 100 uf +100% -10% 15 vdew 56289 | 30D107G0150D4 1
0180-0119 C: fxd Al elect 1 uf 25 vdew 56289 | 30D105G025AA4 2
0180-0137 C: fxd Ta elect 100 uf 10 vdcw 56289 | 150D107X0010R2 2
0180-0142 C: fxd Al elect 20 uf +100% -10% 25 vdew 56289 | (type D) D36039 1
0180-0149 C: fxd Al elect 65 puf +100% -10% 60 vdew 56289 | Type 30D D36978 1
0340-0039 Bushing: insulator for stand-off and feed-thru ter-| 98291 | X-B-04176-12 3
minals
0340-0060 Insulator: feed-thru teflon bushing with cloverleaf | 98291 FT-E-15 obd 2
receptacles
0340-0092 Insulator: feed-thru teflon cloverleaf type accepts | 98291 FT-E-12 obd 4
5 leads
0340-0122 Bushing: insulator nylon shoulder 26365 | 974-303 2
0340-0128 Terminal: standoff teflon insulated 98291 | ST-1500 SL.  obd 8
0360-0499 Terminal: insulator teflon insulated 98291 | ST 2500 SL  obd 4
0370-0077 Knob: skirted bar w/bar (FUNCTION) 28480 | 0370-0077 1
0490-0049 Relay: reed SPST normally open 95348 | MR830-1 ohd 1
0490-0171 Relay: reed 99208 | DRR-DTH ohd 1
0490-0182 Relay: hermetically sealed dry reed 28480 | 0490-0182 6
0510-0786 Clip: resistor 91506 | 6080-32CT 1
0683-1035 R: fxd 10 K +5% 1/4 w 01121 CBI1035 4
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Table 7-2. Replaceable Parts (Cont'd)

-hp- PART NO. DESCRIPTION MFR MFR PART NO. TQ
0683-1045 R: fxd 100 K +5% 1/4 w 01121 | CB1045 8
0683-1135 R: fxd comp 11 K +5% 1/4 w 01121 | CB1135 1
0683-1335 R: fxd comp 13 K +5% 1/4 w 01121 | CB1335 1
0683-1535 R: fxd comp 15 K +5% 1/4 w 01121 | CB1535 1
0683-1835 R: fxd comp 18 K +5% 1/4 w 01121 { CB1835 1
0683-2035 R: fxd comp 20 K +5% 1/4 w 01121 | CB2035 2
0683-2215 R: fxd comp 220 ohms +5% 1/4 w 01121 | CB2215 1
0683-2235 R: fxd comp 22K +5% 1/4 w 01121 | CB2235 4
0683-2245 R: fxd comp 220 K +5% 1/4 w 01121 | CB2245 8
0683-2735 R: fxd comp 27K 5% 1/4 w 01121 | CB2735 8
0683-3025 R: fxd comp 3000 ohms +5% 1/4 w 01121 | CB3025 1
0683-3335 R: fxd comp 33 K +5% 1/4 w 01121 | CB3335 1
0683-3576 R: fxd prec met flm 6000 ohms +1% 1/8 w 19701 | MF5C T-O obd 1
0683-3625 R: fxd comp 3600 ohms 5% 1/4 w 01121 | CB3625 1
0683-4735 R: fxd comp 47 K +5% 1/4 w 01121 | CB4735 2
0683-5125 R: fxd comp 5100 ohms 5% 1/4 w 01121 | CB5125 6
0683-5635 R: fxd comp 56 K +5% 1/4 w 01121 | CB5635 1
0683-6235 R: fxd comp 62 K +5% 1/4 w 01121 | CB6235 1
0683-~7525 R: fxd comp 7500 ohms 5% 1/4 w 01121 | CBT7525 2
0683-8225 R: fxd comp 8200 ohms +5% 1/4 w 01121 | CB8225 8
0683-8235 R: fxd comp 82 K 5% 1/4 w 01121 | CB8235 8
0683-~9135 R: fxd comp 91 K +5% 1/4 w 01121 | CB9135 1
0686-1035 R: fxd comp 10 K +5% 1/2 w 01121 | EBI1035 2
0686-1045 R: fxd comp 100 K +5% 1/2 w 01121 | EB1045 2
0686~1145 R: fxd comp 110 K +5% 1/4 w 01121 | EB1145 1
0686-1335 R: fxd comp 13 K +5% 1/2w 78488 | RC-20-1335 " 2
0686-1825 R: fxd comp 1800 ohms +5% 1/2 w 01121 | EB1825 1
0686-2735 R: fxd comp 27 K +5% 1/2w 01121 | EB2735 4
0686-3335 R: fxd comp 33 K +5% 1/2 w 01121 | EB3335 2
0686-4725 R: fxd comp 4700 ohms +5% 1/2 w 01121 | EB4725 2
0686-5125 R: fxd comp 5100 ohms 5% 1/2 w 01121 | EB5125 1
0686-5615 R: fxd comp 100 ohms +5% 1/4 w 01121 | EB5615 1
0686-6815 R: fxd comp 680 ohms +5% 1/2 w 01121 EB6815 1
0686-6825 R: fxd comp 6800 ohms 5% 1/2 w 01121 | EB6825 3
0686-6835 R: fxd comp 68 K +5% 1/2 w 01121 | EB6835 3
0698-0024 R: fxd prec met flm 2610 ohms +1% 1/2 w 75042 | CEC T-O obd 1
0698-0079 R: fxd prec met flm 2370 ohms +1% 1/4 w 75042 | CEB T-0O obd 1
0698-3461 R: set fxd 100 meg 98 K 03888 | obd 2
0698-3470 R: fxd prec met flm 1580 ohms +1% 1/4 w 75042 | CEB T-O obd 1
0698-3465 R: fxd prec met flm 127 ohms +1% 1/4 w 75042 | CEB T-2 obd 1
0698-3466 R: fxd prec met flm 698 ohms +1% 1/4 w 75042 | CEB T-2 obd 1
0698-3468 R: fxd prec met flm 1070 ohms +1% 1/4 w 75042 | CEB T-2 obd 1
0698-3469 R: fxd prec met flm 1270 ohms 1% 1/4 w 75042 | CEB T-2 obd 1
0698-3471 R: fxd prec met flm 3160 ohms +1% 1/4 w 75042 | CEB T-2 obd 1
0698-3473 R: fxd prec met flm 5.62 K +1% 1/4 w 75042 | CEB T-2 obd 1
0698-3474 R: fxd prec met flm 6490 ohms +1% 1/4 w 75042 | CEB T-2 obd 1
0698-3475 R: fxd prec met flm 6. 49 meg +1% 1 w 56289 | 421E obd 1
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Section VII

Table 7-2
Table 7-2. Replaceable Parts (Cont'd)
~-hp- PART NO. DESCRIPTION MFR MFR PART NO. TQ .
0727-0292 R: fxd prec met flm 3 meg 1% 1/2 w 75042 | CEC T-9 obd 2
0730-0144 R: fxd prec carbon flm 10.52 meg +1% 1 w 91637 | DC-1 obd 1
0757-0112 R: fxd prec met flm 25.7 K +1% 1/4 w 19701 | MF6C T-O obd 1
0757-0128 R: fxd prec met flm 200 K +1% 1/4 w 19701 | MF7C T-O obd 1
0757-0169 R: fxd prec met flm 511 K x1% 1/4 w 19701 | MF6C T-O obd 1
0757-0178 R: fxd prec met flm 100 ohms 1% 1/4 w 19701 | MF6C T-O obd 1
0757-0338 R: fxd prec met flm 1000 ohms +1% 1/4 w 19701 | MF6C T-O obd 6
0757-0340 R: fxd prec met flm 10 K +1% 1/4 w 19701 | MF6C T-O obd 4
0757-0342 R: fxd prec met flm 100 K +1% 1/4 w 19701 | MF6C T-O obd 3
0757-0344 R: fxd prec met fim 1 meg +1% 1/4 w 19701 | MF6C T-O obd 1
0757-0346 R: fxd prec met flm 10 ohms +1% 1/8 w 19701 | MF5C T-O obd 1
0757-0465 R: fxd prec met flm 100 K 1% 1/8 w 75042 | CEA T-O obd 1
0757-0721 R: fxd prec met flm 247 ohms £1% 1/4 w 19701 MF6C T-O obd 1
0757-0724 R: fxd prec met flm 392 ohms +1% 1/4 w 75042 CEB T-0O obd 1
0757-0727 R: fxd prec met flm 562 ohms +1% 1/4 w 75042 | CEB T-O obd 1
0757-0732 R: fxd prec met flm 909 ohms 1% 1/4 w 75042 | CEB T-O obd 2
0757-0733 R: fxd prec met flm 1100 ohms +1% 1/4 w 75042 | CEB T-O obd 1
0757-0735 R: fxd prec met fim 1300 ohms +1% 1/4 w 75042 | CEB T-O obd 1
0757-0737 R: fxd prec met fim 1620 ohms 1% 1/4 w 75042 | CEB T-O obd 2
0757-0745 R: fxd prec met flm 4320 ohms +1% 1/4 w 75042 | CEB T-O obd 3
0757-0750 R: fxd prec met flm 6810 ohms +1% 1/4 w 75042 | CEB T-O obd 2
0757-0751 R: fxd prec met flm 7500 ohms 1% 1/4 w 75042 | CEB T-O obd 2
0757-0753 R: fxd prec met fim 9090 ohms +1% 1/4 w 75042 | CEB T-O obd 2
0757-0754 R: fxd prec met flm 11 K 1% 1/4 w 75042 | CEB T-O obd 2
0757-0756 R: fxd prec met flm 13K 1% 1/4 w 75042 | CEB T-O obd 1
0757-0757 R: fxd prec met flm 15K +1% 1/4 w 197011 MF6C T-O obd 1
0757-0760 R: fxd prec met flm 20 K +1% 1/4 w 75042 | CEB T-O obd 1
0757-0762 R: fxd prec met flm 24.3 K +1% 1/4 w 75042 | CEB T-O obd 1
0757-0766 R: fxd prec met flm 39.2 K +1% 1/4 w 75042 [ CEB T-O obd 2
0757-0778 R: fxd prec met flm 130 K :1% 1/4 w 75042 | CEB T-O obd 1
0757-0786 R: fxd prec met flm 365 K +1% 1/4 w 75042 | CEB T-O obd 1
0757-0826 R: fxd prec met flm 2430 ohms 1% 1/2 w 75042 | CEC T-O obd 1
0757-0840 R: fxd prec met flm 11 K +1% 1/2 w 75042 | CEC T-O obd 1
0757-0880 R: fxd prec met flm 6340 ohms +1% 1/4 w 75042 | CEB T-O obd 1
0757-1023 R: fxd prec met flm 6040 ohms +1% 1/4 w 75042 | CEB T-O obd 1
0757-1043 R: fxd prec met flm 65 ohms +1% 1/4 w 75042 | CEB T-O obd 1
1000-0025 Window: polaroid 28480 | 1000-0025 1
1120-0389 Meter 28480 | 1120-0389 1
1200-0044 Socket: transistor 75042 | Type M7 (PB) obd 1
1205-0033 Heat dissipator: for A4Q16 and A4Q17 05820 | NF-207 obd 2
1251-0148 Connector: ac power cord receptacle 82389 | AC3G obd 1
1251-0208 Connector: 22 pin contacts "Twisted-U" terminals| 02660 | 143-022-08 (109) 3
1400-0084 Holder: fuse extractor post type 75915 | 342014 1
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Table 7-2. Replaceable Parts (Cont'd)

-hp- PART NO. DESCRIPTION MFR MFR PART NO. TQ
1400-0088 Clip: alligator solid copper 2' long 76545 | 60-CS obd 2
1400-0089 Insulator: alligator black poly 76545 | 6-1 41648 2
1410-0003 Bushing: threaded panel 28480 | 1410-0003 1
1460-0218 Spring: tubular 28480 | 1460-0218 1
1820-0010 Amplifier: reference Si NPN transistor with 7 v 24446 | 4JX19A555 1

zener
1850-0054 Transistor: Ge PNP 2N652A 82647 | 2N652A 1
1850-0062 Transistor: Ge PNP 2N404 82647 | GA287 obd 19
1850-0070 Transistor: Ge PNP 2N1373 82647 | 2N1373 2
1850-0160 Transistor: Ge PNP 2N2147 86684 | 2N2147 1
1850-0173 Transistor: Ge PNP 2N1307 24446 | 2N1307 3
1851-0017 Transistor: Ge NPN 2N1304 82647 | 2N1304 3
1853-0007 Transistor: Si PNP 2N3251 04713 | 2N3251 1
1853-0010 Transistor: Si PNP ** 28480 | 1853-0010 6
1853-0016 Transistor: Si PNP 2N3638 07263 | 2N3638 3
1853-0020 Transistor: Si PNP ** 28480 | 1853-0020 2
1853-0023 Transistor: Si PNP 2N3703 82647 | 2N3703 1
1854-0033 Transistor: Si NPN 2N3391 24446 | 2N3391 6
1854-0039 Transistor: Si NPN 2N3053 04713 2N3053 1
1854-0087 Transistor: Si NPN 2N3417 24446 2N3417 2
1901-0025 Diode: Si 100 ma at +1 v 100 piv 12 pf 93332 | D3072 obd 35
1901-0026 Diode: Si 200 piv 72699 | obd 4
1901-0030 Diode: Si 800 piv 72699 | obd 1
1901-0044 Diode: 20 ma at +1 v 10 na at -10 v/50 wiv 2 pf 6 07910 | obd 6

ns
1901-0156 Diode: 50 ma at +1 v 20 wiv 03877 | SG 328S obd 3
1902-0031 Diode: breakdown 12.5 v +5% 400 mw 04713 | SZ10939-212 1
1902-0048 Diode: breakdown 6. 81 v +5% 400 mw 06486 | SZ10939-134 1
1902-0566 Diode: breakdown 20 v Si temperature compen- 12954 | DT 50323M 1

sated
1902-0763 Diode: breakdown 9.4 v IN2163A 04713 | IN2163A 1
1902-3139 Diode: Si breakdown 8. 25 v +5% 400 mw 07263 | obd 2
1910-0016 Diode: Ge 1 microsecond 60 wiv 03877 | S3185G 5
1990-0218 Photochopper assembly (includes neon subassembly) | 28480 | 1990-0218 1

Note: The neon subassembly may be ordered

under -hp- Part No. 1990-0213
2100-0091 R: var comp pot lin 5 K +30% 0. 15 w 11237 | UPE T0RE (-hp-) 1
obd

2100-0281 R: var ww 100 ohms +20% 1-1/2w 79727 | E-870 obd 1
2100-0328 R: var ww 500 ohms +10% 1-1/2w 79727 | E-870 obd 2
2100-0330 R: var ww 1500 ohms £10% 1-1/2 w 79727 | E-870 obd 2
2100-0331 R: var ww 5000 ohms +10% 1-1/2 w 79727 | E-8T70 obd 2
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Table 7-2. Replaceable Parts (Cont'd)

-hp- PART NO. DESCRIPTION MFR MFR PART NO., TQ
2100-0396 R: var ww 10 K +20% 1-1/2 w 11237 | X110 obd 2
2100-0439 R: var ww 250 ohms £20% 1-1/2 w 79727 | E-870 obd 2
2100-1560 R: var ww 30 ohms +10% 1-1/2 w 79727 E-870 obd 1
2100-1567 R: var ww 10 K £10% 2w 08984 | FFF-1-XYZ obd 1
2100-1739 R: var ww 5 K +10% 1w 96791 | 2600 Series obd 1
2110-0018 Fuse: slow-blow 0.25 amps 125 volts 75915 | 313. 250 1
2140-0075 Lamp: incd 24 v 15-20 ma 82219 | 24CSB obd| 11
3100-1714 Switch: rotary 28480 | 3100-1714 1
3101-0001 Switch: tog SPST 250 v 3 amp molded phenolic 04009 | 80994-H 1

body
3101-0033 Switch: slide DPDT 0.5 amp 125 vdc 3 amp 125 79727 | G-326;6510 1
vac
3101-0180 Switch: pushbutton SPDT non-shorting 7/16'" dia- 82389 | No. 923 obd 1
meter red
3101-0806 Switch: DPDT 28480 | 3101-0806 1
5040-0405 Handle assembly: red 28480 | 5040-0405 1
5040-0407 Lock nut 28480 | 5040-0407 1
5040-0408 Sleeve: outer probe 28480 | 5040-0408 1
5040-0414 Capacitor: probe 28480 | 5040-0414 1
5040-0646 Support: readout 28480 | 5040-0646 1
5060-0407 Probe assembly: jaw 28480 | 5060-0407 1
5080-0623 Compensator: thermal 28480 | 5080-0623 1
8120-0038 Cable: miniature low-noise coaxial 28480 | 8120-0038 1
8120-0041 Cable: miniature trixial with red jacket 28480 | 8120-0041 1
8120-0042 Cable: miniature with high flexibility and con-
trolled outer conductor resistance 92607 | obd 1
8120-0078 Cable: power black extra limp 7. 5' long 70903 | KH-4147 obd 1
9100-0352 Coil: electromagnetic 28480 | 9100-0352 1
9100-1312 Transformer: power 28480 | 9100-1312 1
9160-0018 Coil: electromagnetic 28480 | 9160-0018 1
00414-01201 Bracket: transistor 28480 | 00414-01201 1
00414-01202 Bracket: capacitor 28480 | 00414-01202 1
00414-01203 Bracket: shield 28480 | 00414-01203 1
00414-01204 Bracket: switch 28480 | 00414-01204 1
00414-01206 | Shield: reed 28480 ( 00414-01206 1
00414-04101 Cover: shield bottom 28480 | 00414-04101 1
00414-05501 Can: isothermal 28480 | 00414-05501 1
00414-09901 | Strip: symbol 28480 | 00414-09901 1
00414-62101 Probe assembly 28480 | 00414-62101 1
00414-62102 | Probe assembly 28480 | 00414-62102 1
00414-62103 Probe assembly 28480 | 00414-62103 1
00414-66501 Attenuator board assembly 28480 | 00414-66501 1
00414-66506 | Amplifier board assembly 28480 | 00414-66506 1
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Table 7-2. Replaceable Parts (Cont'd)

-hp- PART NO. DESCRIPTION MFR MFR PART NO. TQ
00414-66503 Ranging board assembly 28480 | 00414-66503 1
00414-66504 Power supply and control board assembly 28480 | 00414-66504 1
00414-66505 Rectifier board assembly 28480 | 00414-66505 1
00414-82601 | R: fxd prec ww 18.2 ohms 1/4 w 28480 | 00414-82601 1
00414-90001 | Manual: operating and service 28480 | 00414-90001 1
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Appendix A

APPENDIX

CODE LIST OF MANUFACTURERS (Sheet 1 of 2)

Model 414A

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 supﬁlemeni's. The date of revision and the date of the supplements used appear at

the bottom of each page. Alphabetical codes

Code
No.

00000
60136
00213
00334
00335
00373

00656
00779
00781
00815

00853

00866
0089}
021
01255
01281
01295

01343
01561
01589
01830
01961
02114
02286
02660
0273%

02171

02777
03508
03705
03797
03877
03888
03954
04009

04013
04062
04222
04298

04354
04404

04651
04713

04732
04773
04777
04736
0411
04870
05006

05277

05347
05593
05616

05624
05728

05729

05783
05820
05004
06175
06402
06475
06540

06553
06751

06812
07088

Maaufactyrer Address
U.S.A. Conon Any supplier of U.S.
McCey Electronics Mount Holly Springs, Pa.

Sage Etectionics Corp. Rochester, K. Y.

Humidail Co. Colten, Calif.
westrex Corp. New York, K.Y,
Garlock Packing Ce.,

Electionic Products Div. Camden, N.J.

Aerovax Corp. New Bedfard, Mass.
Azp, Inc. Harrisburg, Pa.
Aircraft Radio Corp. Boanlon, N.).
Northern Engineering Laboratories, tnc.

Burfington, Wis,
Sangamo Electric Cempany,

Ordill Division (Capacltors) Marion, 11k,
Goe Engineering Co. Los Angeles, Calif.
Cail E. Holmes Corp. Los Angeles, Calif.
Allen Bragley Co. Milwaukee, Wis,
Litton Industries, Inc. Beverly Hills, Calif,
TR Semiconductors Inc. Lawndate, Calif.
Texas Instruments, Inc.

Transistor Products Div.
The Alliance Mig. Co.
Chassi-Trak Corp.

Pacitic Relays, inc.
Amerock Corp

Pulse Engineering Co.
Fenaxcube Corp. of America
Cole Mfg. Co. Palo Alto, Calil.
Amphenol-Borg Electronics Corp, Chicago, 111,
Radio Corp. of America, Semiconductor

and Materials Div. Somerville, N.J.

Vocaline Co. of America, Inc.

0id Saybrook, Conn.
Hopkins Engineering Co. San Fernando, Calif,
G. E. Semiconductor Products Dept. Syracuse, N.Y.
Apex Machine & Vool Co. Dayton, Ohio
Eldema Corp. €1 Monte, Calif.
Transition Electionic Corp. Wakelield, Mass.
Pyrofilm Resistor Co. Moiristown, N.J.
Air Marine Notors, Inc. Los Angeles, Calf,
Acrow, Hart and Hegeman Elect. Co.

Hartford, Conn,
Lambertville, N. J.

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

Dallas, Texas
Alliance, Ohio
Indianapolis, Ind,
Van Nuys, Calil.
Rockford, LI,
Santa Clasa, Calif.
Saugerties, N.Y.

Taurus Corp.

Elmenco Products Co.
Hi-Q Division of Aerovox
Efgin National Watch Co.,

Efectronics Division Burbank, Calif.
Precision Paper Tube Co. Chicago, I,
Dymec Division of Hewlett-Patkard Co.

Palo Alto, Calif.
Sylvania Electric Progs., Inc.
Etectronic Tobe Div. Mountain View, Calif.
Motorola, Inc., Semiconductor Prod. Div.
Phoenix, Arizana
Fillion Co., Inc., Western Div. Culver City, Calif.
Automatic Electric Co. Northlake, 111,
Automatic Electric Sales Corp. Northlake, HI,
Sequoia Wire & Cable Co.  Redwood City, Calil.
Piecision Coil Spring Co. £1 Monte, Calit,
P. M. Motor Company Chicago 44, Il
Twentieth Century Plastics, Inc.
Los Angeles, Calif.
Westinghouse Electiic Corp., ,

Semi-Conductor Depl.
Ultronx, Inc.

Itumitronic Engineering Co.
Cosmo Plastic
(t 0 Electnical Spec. Co.}
Baiber Colman Co.
Tillen Optical Co.

Roslyn Heights, Long Island, N.Y.
Meliopolitan Telecommunications Corp.,

Metio Cap. Division Brooklyn, N.Y.
Siewart Engineeting Co. Santa Cruz, Calif.
Wakefield Engineering Inc. Wakefield, Mass.
The Bassick Co. Bridgepon, Conn,
Bausch and Lomb Optecal Co. Rochester, N.Y.
E.T.A. Products Co. of America Chicago, 11l
Westemn Devices, Inc. Inglewood, Catif.
Amatom Electronic

Hardware Co. Inc. New Rochelle, N. Y.
Beede Efectrical (nstrument Co., Inc.

Penacook, N.H.
U. §. Semcar Division of Nuclear Corp.

o America Phoenix, Arizona
Torringlon Mfg. Co., West Div.  van Nuys, Calif.
Kelvin Electnic Co. Van Nuys, Calil.

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

Cleveland, Ohio
Rockford, Il.

Code
No.  Manutacturer Addre
07115 Corning Glass Works
Electronic Components Dept.  Bradford, Pa.
07126 Digitian Co. Pasadena, Calif.
07137 Transistor Electronics Corp.  Minneapolis, Minn.
07138 Westinghouse Electric Corp.
Elgctionic Tube Div. Elnima, N.Y.
07143 Filmohm Corp. New York, N. Y.
07233 Cinch-Graphik Co. Cily of Industry, Calif,
07261 Awvnet Corp. Los Angeles, Calif,
07263 Falichild Semiconductor Corp.
Mountain View, Calif,
07322 Minnesola Rubbet Co. Ninneapolis, Minn.
07387 The Birlcher Corp, Los Angeles, Calit,
07700 Technical Wire Products Soringlield, N.J.
07910 Continental Davice Corp. Hawthorne, Calif,
07933 Rheem Semiconductor Corp. Mountain View, Calif.
07966 Shockley Semi-Conductor
Laboratories Palo Alto, Calil.
07980 Boonton Radio Corp. Boonton, N.J.
08145 1.S. Engineering Co. Los Angeles, Calif,
08289 8linn, Defbert, Co. Pomona, Cafif.
08358 Burgess Battery Co,
Niagara Falls, Ontario, Canada.
08717 Sioan Company Burbank, Calif.
08718 Cannon Electric Co.,Phoenix Div.  Phoenix, Ariz.
{8792 CBS Electronics Semiconductor
Opesations,Div.ot C.B.S.,Inc. Lowell, Mass.
08984 Mel-Rain Indianapolis, Ind.
09026 Babcock Relays, Inc. Casla Nesa, Calif.
09134 Texas Capacitor Co, Housten, Texas
09145 Atohm Electronics Sun Valley, Calit.
09250 Electro Assemblies, Inc. Chicago, 1II.
09569 Mallory Battery Co. of
Canada, Lid. Toronto, Ontario, Canada
09664 The Bristol Ca. Waterbury, Conn.
10214 General Transisior Western Corp.
Los Angeles, Calif.
10411 Ti-Tal, e, Berkeley. Calif.
10846  Carborendum Co. Niagara Falls, N.Y.
11236 CYS of Berme, Inc. Berne, Ind.
11237 Chicago Telephone of California, Inc.
So. Pasadena, Calif.
11312 Microwave Electronics Corp. Paio Alto, Calil,
11534 Duncan Electronic, Inc. Santa Ana, Calil.
1171} Genesal Instrument Corporation
Semiconductor Division Newark, N.J.
{1717 imperial Electronic, inc. Buena Park, Calif,
11870 Melabs, inc. Palo Allo, Calif.
12136 Philadelphia Handle Co. Camden, N. J.
12697 Clarostat Mig. Co. Dover, N.K.
12859 Nippon Electsic Co., Lid. Tokyo, Japan
12930 Delta Semiconductor Inc.  Newport Beach, Callf.
13103 Thermolloy Dallas, Texas
13396 Talefunken (G.M.B.H.) Hannover, Germany
13835 Midland Mig. Co. Kansas City, Kansas
14099 Sem-Tech Newbury Park, Calif.
14193 Calif. Resistor Corp. Santa Monica, Calif,
14298 American Components, Inc.  Conshohocken, Pa,
14655 Cornell Dubitier Elec. Corp. So. Plainfield, N.J.
14960  Williams Mfg. Co. San Jose, Calif.
15203 webster Electronics Co. Inc. Brooklyn, R.Y.
15291 Adjustable Bushing Co. N. Hollywood, Calil,
15772 Twentieth Century
Coil Spring Co. Santa Clara, Calil.
15909 The Daven Co. Livingstes, N.J.
16037 Spruce Pins Mica Co. Spruce Pine, N. €.
16352 Computer Diode Corp. Lodi, N. J.
16688 De Jur-Amsco Corporation
Long Island City 1, N.Y.
16758 Delco Radio Div. of G.M. Corp. Kokoro, Ind.
17108 Thermonetics Inc. Canoga Park, Calil,
17474 Tranex Company Mountain View, Calif.
18486 Radio Ingusbries Des Plaines, ).
18583 Curlis Imstrument Inc. Mt. Kisco, N.Y.
18873 E.I. DuPont and Co., Inc. Wilmington, Del.
19315 Eclipse Picneer, Div. of
Bendix Aviation Cotp. Teterboro, N.J.
19500 Thomas A. Edison Industries,
Div. of McGraw-Edison Co, West Orange, N.J.
19701 Electra Manufacturing Co. Kansas City, Mo.
20183 Electronic Tube Corp. Philadelphia, Pa,
21226 Executive, Inc. New York, N.Y.
21520 Fansteel Metallurgical Corp. No. Chicago, 11,
21335 The Fatmir Bearing Co. New Britain, Conn.
21364 Fed. Telephone and Radie Corp. Clifton, N.J.
24446 General Electric Co. Scheneclady, N.Y.
24455 G.E., Lamp Division Nela Park, Cleveland, Ohio
00015-39

Revised: February, 1965

Code
No.

24655
26365
26462
26992
28480
3R
3434
36196
37982
39543
40920
42190
43990
44655
47904
48620

49956
520%0
87143
54294
55026
55933
55938
56137
56289
58446
$9730
£074)
61775

62119
63743
64953
65092
66295
66346
10276
10309
10319

70485
70563
70903
70998
71002
71041

nae
71286
1313

71400

71436
71450
71488
11471
71482
71580

1616
n7oo
71744
11783

s
71984
72092
7213

nir
72354
12613
7265
12693

12758
72765
12825
72928
72964
12982
73051
73076
13138

Manufocturer Address
General Radio Co.
Gries Reproducer Corp,
Grobet File Co. of America, Inc.
Hamilton Walch Co.
Hewlett-Packard Co.

G.E. Receiving Tube Depl,
Lectrohm Inc. Chicago, lit,
Stanwyck Corp. Hawkesbury, Ontario, Canada
P.R. Mallory & Co., Inc. Indianapolis, Ind.

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

Mechanical Industries Prod. Co. Akion, Ohio
Miniature Precision Bearings, inc.  Keene, N.H.
Muter Co. Chicago, {Il.

C.A. Norgren Co.
Ghmite Mg, Co,
Polatoid Corp.
Precision Thermometer and
Inst. Co.
Raytheon Company
Rowan Controiler Co.
Wagd Leonard Electric
Shallcioss Mig. Co.
Simpson Electric Co.
Sonotone Corp.
Sotenson & Co., Inc.
Spaulding Fibre Co., Inc.
Sprague Electric Co.
Telex, Inc.
Thomas & Betts Co.
Tripplett Elechrical Inc.
Union Switch and Signal, Div, of
Westinghouse Air Brake Co.

Universal Electric Co.
Ward-Leonard Electric Co. Mt. Vernon, N.Y.
Western Eleclric Co., Inc. New York, N.Y.
Weston Inst. Div. of Daystrom, Inc. Newark, N.J.
Wittek Manutacturing Co, Chicago 23, II.
Wollensak Optical Co. Rochester, N.Y.
Alfen Wfg. Co. Hartford, Conn,
Allied Control Co., Inc. New York, N.Y.
Alimetal Screw Prod. Ce., Inc,

Garden City, N.Y.

Englewood, Colo,
Skokie, 111,
Cambridge, Mass.

Philadelphia, Pa.
Lexington, Mass.
Baltimore, Md,

Mt, Vernon, N.Y.
Selma, N.C.
Chicago, il
Eimstord, N.Y.
So. Rorwalk, Conn,
Tonawanda, N.Y.
North Adams, Mass.
St. Paul, Minn,
Elizabeth [, N.J.
Bluffton, Ohio

Swissvale, Pa,
Owosso, Mich.

Atlantic India Rubber Works, Inc. Chicago, 111,
Arperite Co., Inc, New York, N.Y,
Belden Mfg. Co, Chicago, Il

Cleveland, Ohio
New York, N.Y.

Bird Electronic Corp,

Birnbach Radio Co.

Boston Gear Works Div. of
Murray Co, of Texas

Bud Radio Inc.

Camioc Fastener Corp.

Allen D, Cardwell Electronic

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

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

Edison Co. St. Louis, Ma.
Chicago Condenser Coip. Chicago, Il
CTS$ Corp. Elkhart, ind.

Cannon Electric Co.

Cinema Engineering Co.

C.P. Clare & Co.

Centralab Div. of Globe Union Inc.

Milwaukee, Wis,
Chicage, Il

New York, N.Y.
Chicago, i,

Los Angeles, Call.
Burbank, Calil.
Chicago, Il

Commercial Plastics Co.

The Cornish Wire Co,

Chicago Miniature Lamp Works

A.0. Smith Corp,, Crowley Div.

West Orange, N.J.

Chicago, I

Midland. Mich,

San Bruno, Calif.

Cinch Mfg. Corp.
Dow Corning Corp.
Eitel-McCullough, Inc.

Electro Motive Mtg. Co., Inc,
Willirantic, Conn.
Providence, R. 1.
Chicago, IIl.
Brooklyn, N.Y.
Keasbey, N.J.

Coto Coil Co., Inc.
John E. Fast & Co.
Dialight Corp.

General Ceramics Corp.
General Instrument Corp.,
Semiconductor Div.

Girard-Hopkins
Drake Mfg. Co.
Hugh H. Eby Inc.

Rewark, N.J.
Oakland, Calif.
Chicago, 11l
Philadelphia, Pa.

Gudeman Co. Chicago, M.
Robert M. Hadley Co. Los Angeles, Calif.
Erie Resistor Corp. Erie, Pa.
Hansen Mfg. Co., Inc. Princeton, Ind.
H. M. Harper Co. Chicago, II,

Helipot Div. of Beckman

Instements, lac. Fuilerton, Calif.

Code
No.

73293
13485

73490
73508
7355%
13682
37134
73743
73793
73848
73899
73905
74276
74455
14861
74868

74970
75042
5173

25378
75362
75818
75915
76005
76210
76433
76487
76493
76530
76545
76854
77068

77075
ma

71250
17252

717342

17630
77638
77764
77963
78189

78283
78290
78452
18471
78488
78493
78583
78730
78947
79142
79281
9727

79363
80031

80120
80130
80131

80207

80223
80248
80294
80411

80486
80509
80583
80640
81030

81073

B109%
81312

From:

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

Manufacturer Address
Hughes Produtts Division of

Hughes Aircrafl Co. Newport Beach, Calif.
Amperex Electionic Co., Div. of North

American Phillips Co, Inc.  Hicksville, N.Y.
Beckman Helipot Corp. So. Pasadena, Calil.
Bradley Semiconguctor Corp. Hamden, Conn,
Canling Electiic, Inc. Hasttord, Conn,
George K. Garetl Co., Inc. Philadelphia, Pa.
Federal Screw Piod. Co. Chicage, Wi,
Fischer Special Wfg. Co. Cincinnati, Ohio
The General Industries Co. Elytia, Ohia
Gashen Stamping & Too! Co. Goshen, Ind.
JFD Eleclronics Corp. Brooklyn, K. Y.
Jennings Radio Mfg. Co, San Jose, Calif.
Signalite nc. Neptune, N.J.
}.H. Winns, and Sons Winchester, Mass.
Industriat Condenser Corp. Chicago, IlI,
R.F. Products Division of Amphenol-

Borg Electronics Corp. Danbury, Conn,
€.F. Johnsan Co. Waseca, Minn.
International Resistance Co, Phitadelphia, Pa.
Jones, Haoward B., Division

of Cinch Mig. Corp. Chicago, 111,
James Knights Co, Sandwich, 1.
Kulka Electric Corposation Mt. Vernon, N.Y.
Lenz Electric Mig. Co. Chicago, II\.
Littlefuse inc. Des Plaines, Iil
Lord Mfg. Co. Erie, Pa.

C.W. Marwedel
Micamold Electronic Mfg. Corp.
James Millen Mfg, Co., Inc.
3%, Mitler Co.
Monadnock Milts
Mueller Efeclsic Co.
Qak Manulacturing Co.
Bendix Pacific Division of

Bendix Corp.
Pacific Mela)s Co.
Phaostran instrument and

Electronic Co.
Phoell Mtg. Co.
Philadelpha Steel and Wire Corp,

Philadelphia, Pa.

Potter and Brumfield, Div. of American

Machine and Foundry Princelon, Ind.
Radio Condenser Co. Camden, N.J.
Radio Receptor Co., inc. Brookiyn, N.Y.
Resistance Products Co. Harrisburg, Pa.
Rubbercralt Corp. of Calif. Torrance, Calif,
Shakepeool Division of lllineis

Tool Works
Signal Indicator Corp.
Struthers-Duna Inc.
Thompson-Bremer & Co.
Titley Mfg. Co.
Stackpole Carbon Co.
Standard Thomson Corp.
Tinnerman Products, inc.
Transformer Engineess
Ucinite Co.
Veeder Roof, Inc.
Wenco Mig. Co,
Continental-Wirt Electrorics Corp.

Phlladelphia, Pa.
New Rochelle, N.Y.

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

Cleveland, Ohio,

Crystal Lake, Iil,

No. Hollywood, Calil.
San Francisco, Calf.

South Pasadena, Calif,
Chicago, ill.

Elgin, 11,

New York, N.Y.
Pitman, N.J.
Chicago, I

San Francisco, Calil.
St. Marys, Pa.
Waltham, Mass.
Cleveiand, Ohio
Pasadena, Calll
Newtonville, Mass.
Hartford, Conn.
Chicago, .

Zierick Mfg. Corp.
Mepco Division of Sessions
Clock Co. Morristown, N.J.
Schnitzer Alloy Products Elizabeth, N.J.
Times Facsimile Corp. New York, K.Y.
Electronic Industries Association. Any brand
lwbe meeling EJA standards Washington, D.C.
Unimax Switch, Div. of
®. L. Maxson Corp.
United Transformer Corg.
Oxford Electric Corp.
Bourns Laboratories, Inc.
Acro Div. of Robertshaw
Fulton Contrals Co.
Al Star Products Ine.
Avery Adhesive Label Corp.
Harmerlund Co., Inc.
Stevens, Amold, Co., Inc.
International fastruments, Inc.

Wattinglord, Conn,
New York, N.Y.
Chicago, IVl
Riverside, Calif.

Columbus 16, Ohio
Deflance, Dhlo
Monrovia, Calif.
New York, N.Y.
Boston, Mass,

New Haven, Conn,
LaGrange, HI,
Venice, Calif.
Norwalk, Conn.

Grayhill'Co,
Ttiad Transtormer Corp.
Winchester Electronics Co., Inc.

FSC.
H4-1
H4-2

Handbook Suppiements
Dated DECEMBER 1964
Dated MARCR 1962
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Code
No.

81348
8)415
81453

81483
81541
21860
82042
214

82170
82209
82218

82376
82389
82647

82866
82877
82893
83053
83058
83086

83125
83148
83186
83298
83315
83330
83385
83501

83534

83740
83m
83821
ELI
84396
a4l
2970
85454
8547

Monufocturer

Military Specification
Wilkor Products, Inc.

Address

Cluula.n.d. Oh.i:'t

Raytheon Mig. Co., Industrial Components
Div., Industr. Tube Qperations Newlon, Mass.

Injesnational Rectitier Corp.

The Airpax Products Co.
Barry Controls, Inc.
Carter Parts Co.

El Segundo, Calif.
Cambridge, Mass.
Watartown, Mass,

Jetters Electronics Division of

Speer Carbon Co.

Allen B. DuMont Labs, Inc.

Maguire Industries, Inc.

Sylvania Electric Prod. Inc.

Electronic Tube Dlv,
Astron Co.
Switchcralt, Inc,

Skokie, I,

Du Bois, Pa.
Clifton, N.J.
Greenwich, Conn,
‘Emporium, Pa.
East Newark, N.J.
Chicago, lII,

Metals and Conlrols, Inc., Div. of

Texas Instruments, Inc.,

Spencer Prods.
Research Products Corp.

Rotron Manufacluring Co., In

Vector Electronic Co.
Westem Washer Mii. Co,
Carr Fastener Co.

Atlleboro, Mass.
Madison, Wis.

c.  Woodstock, N.Y.
Glendale, Calif.

Los Angeles, Calil.
Cambridge, Mass.

New Hampshire Bal! Bearing, Inc.

Pyramid Eleclric Co.
Electro Cords Co.
Victory Engineering Corp.

Peterborough, N.R.
Darlington, §.C.
Los Angeles, Calif.
Springtietd, N. J.

Bendix Corp., Red Bank Div. Red Bank, N.J.
Rubbe!l Corp. Mundelein, 111,
Smith, Herman H., Inc, Brooklyn, N.Y.
Ceniral Screw Co. Chicago, Il
Gavitt Wire and Cable Co.,

Div. of Amerace Corp. Brookfield, Mass.
Burroughs Corp. ,

Electronic Tube Div, Plainfield, N.).

Eveready Battery

Model Eng. and Mfg., Inc.
Loyd Scruggs Co.

Arco Electronis, Inc.
A.L. Glesener Co., Inc.
Good Afl Electric Mfg. Co.
Sarkes Tarzian, Inc.
Boonton Molding Company
A.B. Boyd Co.

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

New York, N.Y.

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

San Francisco, Cafil,

Code
Ne.

85474
85650
85811
86197
86579
85684

87216
87473

87664
87930
8140
83220
88598
89231
83462
89473

89636

89665
90179

90970
91260
91345
91418
91506
91637
91662
9In7?
91827
91929

91961
92180
21%
92357
92607
93332

93369
93410
93788

APPENDIX

CODE LIST OF MANUFACTURERS (Sheet 2 of 2)

Code

Moanyfacturer Address No.  Manufacturer Address
R.M. Bracamonle & Co. San Francisco, Calit. 93929 G. V. Cantrols Livingston, N. J.
Koiled Kords, Inc. New Haven, Conn. 93983 Insuline-Van Nomnan Ind., Inc.

Seamiess Rubber Co. Chicago, Il1. Electionic Qivision Manchester, N.H.
Clifton Precision Products  Clifton Heights, Pa. 94137 General Cable Coip. Bayonne, N.J.
Precision Rubber Products Corp. Dayton, Ohio 94144 Raytheon Mig. Co., Industrial Components

Radio Corp. of America, RCA Div., Receiving Tube Operation Quincy, Mass.

Electron Tube Div. Harrison, N.J. 94145 Raylheon Mfg. Co., Semiconductor Div.,

Philco Corporation (Lansdale California Street Plant Newton, Mass.

Divislon) Lansdale, Pa. 94148 Scientilic Radlo Products, Inc.

Western Fibrous Glass Products Co. Loveland, Colo.
San Francisco, Callf, 94154 Tung-So! Electric, Inc. Mewark, N.J,
Yan Waters & Rogers Inc. Seattle, Wash, 94197 Curtiss-Wright Corp.,
Tower Nig. Corp Pravidence, R. I. Electionics Div. East Palerson, N.J.
Cutler-Hammer, Inc. Lincoln, 1N, 94222 Southco Dlv. of S. Chester Corp. Lester, Pa.
Gould-Nationa| Batteries, inc. St. Paul, Minn. 94310 Tru Ohm Prod. Div. of Model
General Mills, Inc. Bulfalo, N.Y. Engineering and Mig. Co. Chicago, Il
Graybar Electric Co. Qakland, Calif. 84330 Wire Cloth Products Inc. Chicago, IIl,
Waldes Kohinoor, Inc. Cambridge, Mass. 94682 Worcesler Pressed Aluminum Corp,
General Electric Distributing Corp. Worcester, Mass.
Schenectady, N.Y. 95023 Philbrick Researchers, Inc. Boston, Mass.
Carter Parts Oiv. of Economy Bafer Co. 45236 Allies Products Corg. Miami, Fla,
Chlcago, 1II. 95238 Continental Connector Corp. Woodside, N.Y.
United Transformer Co. Chicago, I 95263 Leecraft Mfg. Co., lac. New York, N.Y.
U.5. Rubber Co., Nechanical 95264 Lerco Electanics, Inc, Burbank, Calit.

Goods Div. Passaic, N.J. 95265 Nationa! Coil Co. Sheridan, Wyo.
Bearing Engineering Co. San Francisco, Calif. 95275 Vilramon, inc. Bridgeport, Conn,
Connor Spring Mfg. Co. San Francisco, Calif, 95348 Gordas Corp, Bloomfield, N.J.
Miller Dial & Nameplate Co. El Monte, Calif. 95354 Methode Mg. Co. Chicago, 1),
Radio Materials Co. Chicago, il 95712 Dage Electric Co., Inc. Franklin, Ind,
Augal Brothers', Inc. Atlishoro, Mass. 95987 Weckesser Co. Chicago, 1.
Dale Electronics, Inc. Columbus, Nebr. 96067 Huggins Laboratories Sunnyvale, Calif,
Elco Coep. Phifadelphia, Pa. 96095 Hi-Q Division of Aerovox Ofean, N.Y.
Gremar Mfg. Co., inc. Wakefteld, Mass. 95256 Thordarson-Meissner Div. of
K F Development Co. Redwood City, Calil. Maguire Industries, Inc. Mt. Carmel, Il
Minneapolis-Honeywe!l Regulator Co., 96296 Solar Manufaciuring Co. Los Angeles, Calif.

Nicroswilch Div, Freeport, 1)), 95330 Carlton Screw Co. Chicago, 1)1
Nahm-Bros. Spring Co. Qakland, Calif. 96341 Mi A lates, Inc. Mass.
Tru-Connector Corp. Peabody, Mass, 96501 Excal Transtormer Co. Oskland, Calif,
Universal Metal Prod., Inc. Bassett Pusnle, Calil, 97464 Induslrial Retaining Ring Co. hrvington, N.J.
Elgeel Oplical Co., Inc. Rochester, N.Y. 97539 Automatic and Precision Mfg. Co.

Tinsolite Insulated Wire Co. Tarrylown, N. Y, Yonkers, N.Y.
Sylvania Electric Prod. In¢., 97966 CBS Electronics,

Semiconducior Div. Woburn, Mass. Div. of C.B.S., Inc. Daavers, Mass.
Robbins and Myers, Inc. New York, N.Y. 97979  Reon Resistor Corp. Yonkers, K.Y,
Stevens Mfg. Co., Inc. Mansfield, Ohio 98141 Axel Brathers Inc, Jamaica, N.Y,
Howard ). Smith Inc. Port Monmouth, N. ). 98159 Rubber Teck, Inc. Gardena, Calif,

SUPPLEMENTAL

Code
No.

12854
98791

99208

00015-39
Revised: February, 195

CODE LIST OF MANUFACTURERS

Manufacturer Addrass

Dickson Electronics Corp.
Scottsdale, Ariz.
Amphenol Controls Division of Am-
phenol-Borg Electronics Corp.
Janesville, Wis.
Hamlyn Electronics Corp.
Hicksville, N. Y.

Code
No.

98220
98278
98291
98405
98731
98821
98925

98978
99109
9313
99515
99707
99800
93848
99934
99342

93957

Model 414A

Manefacturer

Francis L, Mosley

Microdot, Inc,

Sealeclro Corp.

Carad Corp.

General Mills

North Hills Electric Co.

Clevite Transistor Prod.
Div. of Clevite Corp.

Internationz! Electronic
Research Corp.

Columbia Technical Corp.

Varian Associates

Marshall Industries, Eiectron

Products Division

Address

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

Waltham, Mass.
Burbank, Calif.
New York, N.Y.
Palo Alto, Calif.

Pasadena, Calif,

Controf Switch Divislon, Controls Co.

of America
Delevan Eleclronics Corp.
Wilco Corporation
Renbrandt, Inc.

El Segundo, Calif.
East Aurora, N.Y,
Ingianapolis, Ind.

Boston, Mass.

Holfman Semiconductor Div. of

Hoftman Electeonics Corp.

Technology Instrument Corp
of Calit,

Evaaston, 1M,

Newbury Park, Calif,

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

0000

0000F
0000M

0000P
00002
Q00AA
000AB
000AC
000BB

QO0MM
00NN
000QQ
00055

oooww

000YY S.K. Smith Co,

From:

Winchester Electionics, Inc.

Malco Tool and Die

Sants Monica, Calif.
Los Angeles, Calif,

Western Coil Div. of Automatic

tnd., Inc.
Ty-Car Mig. Co., Inc.

Redwood City, Calif.
Holliston, Mass.

Willow Lesther Products Corp. Newark, N.J).
British Radio Electronics Ltd. Washington, D.C.

ETA

England

Indiana General Corp., Elect. Div. Indiana
Precision Instiument Components Co.

Rubber Eng. & Development
A “N"' D Manufactusing Co.
Cooltron

Control of Elgin Watch Co.
California Eastern Lab.

Van Nuys, Calil,
Hayward, Calif.
San Jose 27, Calif,
Qakland, Calif.
Burbank, Calif.
Burlingame, Calil.

Los Angeles 45, Calil.

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



Model 414A Appendix B
SALES AND SERVICE OFFICES
UNITED STATES and CANADA
AhuAntBsﬁmfzssoz Hﬁ:{tﬁ”ouywow, Calif. 91604 "E?’éué‘uﬁéﬁicg 108 TE’ﬁAS 75209

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

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

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

Tucson, 85716

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

TWX: 602-792-2759

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

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

TWX: 916-444-8683

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

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

TWX: 910-373-1280

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

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

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

Orlando, 32803

621 Commonwealth Ave.
(305) 425-5541

TWX: 305-841-2568

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

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

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

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

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

LOUISIANA
New Orleans

(504) 522-4359

MARYLAND
Baltimore, 21207
6660 Security Blvd.
301) 944-5400

WX: 710-862-0850

Rockville, 20852

12303 Twinbrook Pkwy.
(301) 427-7560

TWX: 710-828-9684

MASSACHUSETTS
Burlington, 01803
Middlesex Turnpike
(617) 2729000
TWX: 710-332-0382

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

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

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

St. Louis, 63144

2812 South Brentwood Blvd.
(314) 644-0220

TWX: 910-760-1670

NEW JERSEY
Eatontown, 07724
(201) 747-1060

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

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

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

TWX: 910-983-0550

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

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

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

TWX: 914-452-7425

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

TWX: 710-541-0482

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

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

OHIO
Clevetand, 44129
5579 Pearl Road
(216) 884-9209
TWX: 216-888-0715

Dayton, 45409

1250 W. Dorothy Lane
(513) 298-0351

TWX: 513-944-0090

OKLAHOMA
Oklahoma City
(405) 235-7062

PENNSYLVANIA
Camp Hill
(717) 737-6791

West Conshohocken, 19428
144 Elizabeth Street

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

Monroeville, 15146
Monroe Complex
Building 2

Suite 2

Moss Side 8lvd.
(412) 201-5227
TWX: 710-797-3650

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

Houston, 77027

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

TWX: 713-571-1353

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

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

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

GOVERNMENT
CONTRACTING OFFICE
San Antonio, Texas 78226

Hewlett-Packard

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

TWX: 512-571-0955

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

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

(613) 722-4223

TWX: 610-562-1952

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

TWX: 610-492-2382

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

(604) 738-7520

TWX: 610-922-5059
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Appendix B Model 414A

SALES AND SERVICE OFFICES
INTERNATIONAL - Electronic Equipment

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

Mauricio A. Suarez
Telecommunicaciones
Carlos Calvo 224
Buenos Aires

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

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

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

Glebe, New South Wales

Tel. 69-6338

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

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

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

CHILE
Hector Calcagni
Casilla 13942
Santiago
Tel. 6.42.26

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

FINLAND
INTO 0/Y
Meritullinkatu 11
P.0. Box 153
Helsinki
Tel. 6 11 33

FRANCE
Hewlett-Packard France
150 Boulevard Massena
Paris 13
Tel. 70797 19

Hewlett-Packard France
2 rue Tete d'Or

Lyon, 6 - Rione

Tel. 52 35 66

GERMANY
Hewlett-Packard Vertriebs-GmbH
Kurhessenstrasse 95
Frankfurt a. Main
Tel. 52 00 36

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

Hewlett-Packard Vertriebs-GmbH
Beim Strohhause 26/28

Hamburg 1

Tel. 24 05 51

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

Hewlett-Packard Vertriebs-GmbH
Lietzenburger Strasse 30

1 Berlin W 30

Tel. 24 86 36

Hewlett-Packard Vertriebs-GmbH
Achenbachstrasse 15

4 Dusseldorf 1,

Tel. 68 52 58

GREECE
K. Karayannis
Klaftmonos Square
Athens 124
Tel. 230 301

INDIA

|
The Scientific Instrument Co., Ld.

6, Tej Bahadur Sapru Road
Allahabad 1
Tel. 2451

The Scientific Instrument Co., Ld.

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

The Scientific Instrument Co., Ld.

11 Esplanade East, Calcutta 1
Tel. 23-4129

The Scientific Instrument Co., Ld.

30 Mount Road, Madras 1
Tel. 86339

The Scientific Instrument Co., Ld.

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

IRAN
Telecom, Ltd.
P.0. Box 1812
Teheran
Tel. 43850, 48111

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

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

Hewlett-Packard ltaliana S.p.A.
Palazzo Italia

Piazza Marconi 25, Rome-Eur
Tel. 591 2544

JAPAN
Yokogawa-Hewlett-Packard Ltd.
#59, 1-chome
Yoyogi
Shibuya-ku
Tokyo,

Tel. 370-2281

Yokogawa-Hewlett-Packard Lid.
# 8, Umeda

Kita-ku, Osaka City

Tel. 313-0091

# 4, 3-chome

Himeikedori

Chigusa-ku, Nagoya City
Tel. 751-8545

KOREA

American Trading Co., Korea, Ltd.

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

Tel. 3.7049, 3.7613

LEBANON
Constantin E. Macridis
Clemenceau Street
Clemenceau Center
Beirut
Tel. 220846

NETHERLANDS
Hewlett-Packard Benelux, N.V.
23 Burg, Roellstraat
Amsterdam, W.

Tel. (020) 13 28 98

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

NORWAY

Morgenstierne & Co. A/S
ingeniofirma

6 Wessels Gate, Oslo
Tel. 2016 35

PAKISTAN
Mushko & Company, Ltd.
Oosman Chambers
Victoria Road
Karachi 3, West Pakistan
Tel. 54601

Mushko & Company, Ltd.
Zirat Chambers

31, Jinnah Avenue
Dacca, East Pakistan
Tel. 80058

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

PERU
Fernando Ezeta B
Av. Petit Thouars 4719
Mira Flores, Lima
Tel. 5-0346

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

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

SPAIN
Alaio Ingenieros
Enrique Laretta 12
Madrid, 16
Tel. 235 43 44-5

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

Buitencingle Street

Cape Town

Tel. 3-3817

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

775 Pretoria Main Road
Wynberg, Transvaal

Tel. 40-6871

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

HP Instrument AB
Box 4028
Indunagatan 28A
Molndal 4

Tel. 27 68 00

SWITZERLAND
Max Paul Frey
Wankdorffeidstrasse 66
Berne
Tel. (031) 420078

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

Taipei
Tel. 46076, 45936

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

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

VENEZUELA
Citec, C.A.
Edif. Arisan-0f. No. 4
Avda. Francisco de Miranda
Chacaito
Caracas
Tel. 71.88.05

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

For Sales and Service
Assistance in Areas Not
Listed Contact:

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

ELSEWHERE
Hewlett-Packard
1501 Page Mill Road

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

Tel. (415) 326-7000
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Model 414A Appendix C

[ MANUAL BACKDATING CHANGES

MODEL 414A
AUTOVOLTMETER

Manual Serial Prefixed: 630-
-hp- Part No. 00414-90001

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

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes
531-00275 and below 1. 2, 3. 4

* 2.3.4

below 605- 3. 4

below 630- 4

* 531-00283, 531-00284, 531-00289, 531-00319, 531-00350

Change #1 Delete CR4, Diode: Si -hp- Part No. 1901-0156 across + and - terminal of M1,

NOTE

This meter protection diode can be added to an instrument in accordance
with Service Note 414A-3 which may be obtained from your nearest -hp-
Sales and Service Office.

Change #2 Change A5R2 to R: var lin 5K ohms +30% 1/4w -hp- Part No. 2100-0383.
Change #3 Delete A3R78, R: fxd comp 33K ohms +5% 1/4w -hp- Part No. 0683-3335.
Add A3C11, C: fxd cer 0.005 uf 500 vdew -hp- Part No. 0150-0014.

Add A3CRI12, Diode: Si 100 ma at +1 v 100 piv 12 pf -hp- Part No. 1901-0025.
Add A3R76, R: fxd 100K +5% 1/4 w -hp- Part No. 0683-1045,

A3Q4

—1¢
/ A3RT76 A3CRI8 A3R73

4144-RO A3R74

Change #4 Change A2 Amplifier board assembly to -hp- Part No. 00414-66502, and change
A2A1 photochopper to ~hp- Part No, 1990-0203.



[z MANUAL CHANGES

MODEL 414A
AUTOVOLTMETER
Manual Serial Prefixed: 630-
New item -hp- Part No. 00414-90001
Instrument Serial Number Make Manual Changes Instrument Serial Number Make Manual Changes
Al ERRATA 811-00926 and above| CHANGE #1, 2, 3, 4

630-00801 and above| CHANGE #l

811-00826 and above| CHANGE #1, 2

811-00901 and above] CHANGE #1, 2, 3

ERRATA

w Page 1-0: GENERAL: Power: change '"1000 cps' to 400 cps."

'y

Section III: Add Table: OHMS-TO-COM OPEN-CIRCUIT VOLTAGE

Range Open-Ckt V Range Open-Ckt V Range Open-Ckt V
5 Q -6.2 500 Q - 1.0 50 kQ -.18
15 @ -6.2 1.5kQ - 8.6 150 kQ -.34
50 -6.3 5k -13.6 500 k2 -.83

150 @ -6.5 15kQ - .13 1.5 MQ -2.4

Page 4-1: Paragraph 4-8,second to last line; Paragraph 4-10,second line: change
"Input Attenuator' to "source by the Amplifier Assembly."

Pages 4-1, 4-4: Paragraph 4-9,sixth line; Paragraph 4-29,last sentence: change
"Table 5-6" to "Logic Chart 2."

Page 4-3: Paragraph 4-23,next to last line: change ""145 V" to "14.5 V. "
Page 4-4: Paragraph 4-31,third line: change "6 to "5."

Section V:  add following warning:

AFTER REMOVING OR REPLACING CONTROL KNOBS, REFILL SET-SCREW
HOLESWITH GE TRANSLUCENT SILICON RUBBER RTV-108 (-hp- Part No. 0470-0304).

Pages 5-9, 5-10: Paragraph 5-51,fourth line: change "of'" to "or." Paragraph 5-52 ,
,@, @ : change all "A5'" prefixes to "A4." , third from last line: change "in"
to "an." : change ""A4" prefix to "A3."

Page 6-5: change A2 PartNo, to 00414-66506.
Page 6-11: change A4R40 from "13.6 k" to "13 k."
Page 7-8: change A4R41 to 0757-0757 R: fxd met flm 15.0k +1%1/4 W

Pages 7-8, 7-9: A6: add description ""VDC Assembly (grey).'" AT: add description
"COM Assembly (black).”” A8: add description "OHMS Assembly (red)."
30 January 1969 Supplement A for 00414-90001
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SUPPLEMENTARY MECHANICAL PARTS

-hp- Model 414A Mechanical Parts



Manual Changes

Model 414A  Page 3

DESCRIPTION

Top cover assembly
Screw: Phillips, 6-32 x 3/8 in. long

6 x 11 SM
Screw: Flat head Phillips, 6-32 x 3/16
in, long. Hardware for MP3

Screw: Flat head Phillips, 6-32 x 1/4
in. long. Hardware for fastening MP4

Lock, countersink No. 6 Hard-
ware for bolting MP4 to MP2

Screw: Flat head Phillips, 6-32 x 3/8
in, long. Hardware for fastening MP4
to chassis, M1, and MP11

Bar: Lamp retainer

Insulator: rubber

Screw: Machine, 6-32 x 1 3/4 Pan H
Washer: Split lock for No, 6 screw
Washer: Flat, 3/8 in, O.D., 0.147 I.D.
Clamp: Cable, nylon 5/16 in. diameter

Screw:. Phillips, 6-32 x 3/8 in. long
Washer: Int. lock for No. 6 screw
Clamp: plastic cable

Bottom cover assembly, 7 x 11 SM
Screw: Flat head Phillips, 6-32 x 5/16
in. long. Hardware for MP7

Socket: lamp (for DS1 thru DS9)

Lamp: Incandescent

Block: Readout support

Nut: Sheet metal, tinnerman

Screw: Machine 6-32 x 0.875 in. long

Washer: flat, fits No. 6 screw. Hard-
ware for fastening M1 to MP11

Switch panel: black plastic, function
Light diffuser: white frosted

Window: Polaroid, orange

Panel: readout, RANGE

Insert: Function, VDC-OHMS

Panel: Front (does not include probes)

Probe assembly: grey VDC
Probe assembly: black, COMMON

_ Probe assembly: red, OHMS

Foot assembly: half module
Stand: half module

REFERENCE
INDEX NUMBER DESIGNATOR -hp- PART NO.
1 MP1 00414-00601
2460-0008
2 MP2 00414-00202 Panel: rear
3 MP3 5000-0703 Side cover:
2370-0020
4 MP4 5060-0703 Side frame
2370-0012
to MP2
2190-0047 Washer:
2370-0013
5 MP5 00414-01205
4320-0014
Hardware for 2460-0028
fastening MP5 2190-0006
to chassis 3050-0066
1400-0017
holds spare lamp
2460-0008
2190-0007
5 MP§S 0400-0019
1 MP7 5000-0717
2370-0016
8 MP8 1450-0129
9 DS1 thru DS10 2140-0075
10 MP9 5040-0646
11 MP10 0590-0039
2390-0003
3050-0066
12 M1 1120-0389 Meter
13 MP11 5040-0701
14 MP12 00414-04102
15 MP13 00414-09901 Strip: symbol
16 MP14 1000-0025
17 MP15 00414-00203
18 MP16 00414-00204
19 MP17 00414-00201
20 MP18 5040-0700 Hinge
21 A6 00414-62101
22 AT 00414-62102
23 A8 00414-62103
24 MP19 5060-0728
25 MP20 1490-0032
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Manual Changes Model 414A Page 4

CHANGE +#1
Page 7-2: Change A1K2, K3 to Part No. "'0490-0343."
Page 7-4: Change A3K4 thru K6 and K8 to Part No. "0490-0343. "

CHANGE #2

Figure 6-6 and Tables 7-1, 7-2: Add

A4R50 0683-0685 R: fxd comp 6.8 Q +5%1/4W
A4CRI17, CR18 1901-0025 Diode: Si 100 piv 12 pF 100 mA

[coMPONENTS 1
IAGDED TO A4

|
!
1

|

1

! Qs
I R39

16810

CHANGE #3
Page 7-6: Change A4C1, C2 to Part No. '"0160-2128."

CHANGE #4

A4R51 added from Q19 collector on A4 to power supply common. R51: fxd 82 kQ
1/4W +10% 0684-8231.

30 January 1969 Supplement A for 00414-90001
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