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CERTIFICATION

The Hewlett-Packard Company certifies that this instrument was

thoroughly tested and inspected and found to meet its published

specifications when it was shipped from the factory. The Hewlett

Packard Company further certifies that its calibration measurements

are traceable to the U. S. National Bureau of Standards to the extent

allowed by the Bureau's calibration facility.

WARRANTY AND ASSISTANCE

All Hewlett-Packard products are warranted against defects in

materials and workmanship. This warranty applies for one year from

the date of delivery, or, in the case of certain major components listed

in the operating manual, for the specified period. We will repair or

replace products which prove to be defective during the warranty

period. No other warranty is expressed or implied. We are not liable

for consequential damages.

For any assistance contact your nearest Hewlett-Packard Sales and

Service Office. Addresses are provided at the back of this manual.
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Figure 1-1. Model 740B DC Standard/Differential Voltmeter

Table 1-1. Specifications

DC STANDARD

RANGES:
Output Voltage: 0 to 1000* volts in 4 decade ranges

with outputs as follows:
o to 1. 000000 volts in 1 jJ. V steps
o to 10.00000 volts in 10 jJ.V steps
o to 100.0000 volts in 100 jJ.V steps
o to 1000. 000 volts in 1 m V steps

PERFORMANCE RATING:
Accuracy: ± (0.002% of setting + O. 0004% of range)

at 230C±10C, lessthan 70%relative humidity,
constant load.

Stability: Rated accuracy is met after 1 hour
warm -up period, with a 30 -day calibration
cycle.
Short Term: 1 ppm of setting + 0.5 ppm of

range/hour; 5 ppm of setting + 1 ppm of range/
day. « 100 volts output.)

Temp. Coefficient: Less than (2 ppm of setting
or 1 ppm of range whichever is greater) per
°C; 100C to 400C.

OUTPUT CHARACTERISTICS:
Output Current: Current limiter continuously

adjustable 5-50 rnA nominal. Max. output cur
rent, 50 rnA decreasing linearly to 20 rnA at
1000 volts output.

Output Resistance: Less than (0.0002 + 0.0001
Eo) ohms at DC.

Load Regulation: Less than (0.0005% + 10 jJ.V)
change, no load to full load.

Line Regulation: Less than ± (0.0005% of setting
+ O. OOOl%of range) for 10% line voltage change.

Noise and Hum: .01 to 1 Hz: less than 1 ppm of
range; 1 Hz to 1 MHz: 100 dB below full scale
or 100 jJ.V rms, whichever is greater.

1-0

Output Terminals: Plus and minus output, plus
and minus sense, circuit guard, and chassis
ground. Banana jacks mounted on remote
terminal box (Accessory 1l055B, furnished).
Output and sense terminals are solid copper,
gold flashed. Amaximum of 500 Vdc may be
applied between chassis ground and guard
or circuit ground.

Zero Control Limits: ±O. 001% of range nom
inal.

Readout: 5 digital display tubes indicate first
5 digits; meter displays 6th digit.

DC DIFFERENTIAL VOLTMETER

Voltage Ranges: 1 mV to 1000 v* DC in 7 de
cade ranges.

Resolution: Null ranges give full scale indi
cation of ±O. 01% of range. Max. resolution
1 ppm at full scale. Max. usable null sensi
tivity: 1 jJ.V full scale.

PERFORMANCE RATING:
Accuracy: ± (0.005% of reading + 0.0004% of

range + 1 I).V) at 230C ± 1°C, less than 70%
relative hum idity.

Stability: Rated accuracy is met after a 1 hour
warm -up period, with a 30-day calibration
cycle.
Short-term: 1 ppm/hr., 5 ppm/day exclu
sive of zero drift. (--- 100 volts input. )
Zero stability: (1 ppm of range + 2 Il. V)/day.

Temp. Coefficient: Less than ± (2 ppm of read
ing + 1 I). V)/ 0C, 10°C to 40°C.

Line Regulation: Less than ±(O. 001%ofreading
+ 2 flV) change for 10% line voltage change.

01794-1



Model 740B

SECTION I

GENERAL INFORMATION

Section I

1-1. INTRODUCTION.

1-2. This section contains general information about
the Model 740B DC Standard/Differential Voltmeter.

1-3. DESCRIPTION.

1-4. The Hewlett-Packard Model 740B is a precIsIOn
multifunction instrument that operates as a dc stan
dard voltage source, a dc differential voltmeter, a

high impedance dc voltmeter and a dc power and voltage
amplifier. The instrument is designed for use in both
the standards laboratory and the field.

1-5. DC STANDARD.

1-6. When used as a dc standard, the Model 740B
provides output voltages from 0 to 1000 V in 4 decade
ranges: 1 V, 10 V, 100 V and 1000 V. The output
voltage on each range can be set with 6-digit resolution.

Table 1-1. Specifications (Cont'd)

INPUT CHARACTERISTICS:
Input Resistance: > 1010 ohms 100mV to 1000 V

ranges.
> 109 ohms on 10 mV range.
> 108 ohms on 1 mV range.
Independent of null condition.

Superinlposed AC Noise Rejection: Less than
O. 001%error forac voltages above 60 Hz equal
to DC signal (25 V rms max.).

Effective AC Common Mode Rejection: > 120 dB
at 60 Hz with 1 kn unbalance.

Input Terminals: Plus, minus, guard, and chas
sis ground; Banana jacks mounted on remote
terminal Box. Plus and minus terminals are
solid copper, gold flashed. 500 Vdcmaximum
may be connected between chassis ground and
guard or circuit ground.

HIGH IMPEDANCE VOLTMETER

Voltage Ranges: 1 /lVto 1000* volts end scale in
10 zero centered ranges. (1 /l V to 1 m V ranges
obtained by using null sensitivity pushbuttons.)

PERFORMANCE RATING:
Accuracy: ± (2% of end scale + O. 1 /lV).

INPUT CHARACTERISTICS:
Input Resistance: > 1010 ohms 100 mVto 1000 V

raeges.
> 10 ohms on 10 mV range.
> 108 ohms on 1 /lV to 1 mV

ranges.
Zero Control Limits: ±10 /lV nominal.
Zero Drift: Less than 2 /lV per day after 30

minute warm-up.
Superimposed AC Rejection: Ac voltages above

60 Hz; 60 dB greater than end scale affects
reading less than 2% (25 V rm s max. ).

RECORDER OUTPUT

Adjustable 0 to ± 1 Vdc at 1 rnA for end
scale meter indication. Recorder nega
tive terminal common with input negative
terminal.

01794-1

AMPLIFIER

Voltage Gain: Recorder Output: 120 dB max.
Output terminals:

60 dB on 1 mV range
40 dB on 10 mV range
20 dB on 100 mV range
Unity on 1 V to 1000 V ranges

Performance Rating: (output terminals)
Gain Accuracy: ±(O.OOl% + 5 ppm of range +

2 /l V) referred to input.
Linearity: ±O. 002% on any range. (1 mVand

above)
Output Current: Same as DC Standard.
Bandwidth: DC to 0.2 Hz.
Input Resistance: Same as t.VM.
Line Regulation: Less than O. 0005%of reading

+ 2 /lV referred to inputfor 10%line voltage
change.

Noise: .01 Hz to 1 Hz (referred to input) < .5
/lVpk-pkat60dB<1.0/lV pk-pkat 40
dB gain. < 3 /lV pk - pk at 20 dB gain.
Unity gain (1 /lV range andabove) same
as DC Standard.

1 Hz to 1 MHz: 1 Vto 1000 V ranges: same
as DC Standard. Below 1 V range: < 100 /l V
RMS.

GENERAL

Operating Temperature: + 100 C to + 400 C.
Storage Temperature: - 400 C to + 650 C.
RFI: Meets MIL Spec. 6181D. **
POWer Supply: 115/230 Vac ± 10%, 50 Hz to

1000 Hz, 125 watts max.

* A maximum of -500 Vdc with respect to line
ground can be applied to or obtained from the
-hp- Model 740B.

** Positive or negative output terminals of the
output box (-hp- 11055B) cormected to chassis,
and guard and chassis terminals of the input
box (-hp- 11054A) connected together.

1-1



Section I

The output voltage is accurate to within ± (0.002% of
setting + 0.0004% of range). Output voltage is indi
cated on digital readout tubes (first five digits) and
the meter (sixth digit). Maximum output current is
50 mA on the 1 V range decreasing linearly to 20 mA
at full output voltage on the 1000 V range. The front
panel CURRENT LIMIT control allows adjustment of
the maximum output current from approximately 10%
to 100% ofthe available output current at each voltage
setting. Remote sensing allows the output voltage to
be regulated at the load, eliminating the effects of
lead resistance. The output circuit is floating and
guarded. A pushbutton switch allows the output volt
age to be switched on and off without resetting the
voltage dials.

1-7. DIFFERENTIAL VOLTMETER.

1-8. Used as a differential voltmeter, the Model
740B measures dc voltage on seven decade ranges
from 1 mVto 1000 V. Voltage measurements are ac
curate within ± (0. 005% of reading + 0.0004% of range
+ 1 jlV). The measured voltage is indicated on five
digital readout tubes (first five digits) and the meter
(sixth digit). High input resistance (> 1010 S1 on all
ranges above 10 mY) is maintained regardless of
whether or not the voltage dials are nulled. The input
circuit is floating and guarded, allowing accurate
measurements to be made under conditions where
ground loops are a problem.

1-9. mGH IMPEDANCE VOLTMETER.

1-10. The Model 740B can also be used as a ± 2%
floating and guarded dc voltmeter with 10 voltage ranges
from 1 jlvto 1000 v. Input resistance is > 1010 S1 on
all ranges above 10 m V. The measured voltage is
indicated on the meter.

1-11. AMPLIFIER.

1-12. The Model 740B canbeused as a dc power amp
lifier in the Voltmeter and Differential Voltmeter
modes of operation by connecting the source to the
input terminals and taking the output from the output
terminals. Voltage gain is unity on the 1 V range and
higher, but increases in 20 dB steps on the lower
ranges to a maximum of 60 dB on the 1 mV range.
Output current characteristics are the same as the
DC Standard mode and the high input resistance char
acteristics of the Voltmeter and Differential Voltmeter
modes are retained. Voltage gain accuracy is ±(O. 01%
+ 5 ppm of range + 2 /lV).

1-13. The Model 740B can also be used as a voltage
amplifier in the Voltmeter and Differential Voltmeter
modes with up to 120 dB of voltage gain available at
the rear panel RECORDER OUTPUT terminals.
Voltage at these terminals is directly proportional to
meter deflection and is 0 to ± 1 V on all ranges, l/J,V
to 1000 V.

1-14. INTERNAL ADJUSTMENT.

1-15. An internalbridging arrangement, requiring no
external equipment, allows resistors in the first and
second decades and the range divider to be ratio
matched to compensate for long term aging effects.
The front panel meter serves as a bridge null indi-
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cator and an internal alignment switch sets up the
bridge. A total of 12 adjustments match the re
sistors. The only other adjustment affecting basic
instnm1ent accuracy can easily be made with a stan
dard cell or other known voltage source. The internal
alignment procedure is outlined on the instrument in
ternal guard cover and described in detail in Section V
of this manual.

1-16. SPECIFICATIONS.

1-17. Table 1-1 lists the specifications for the Model
740B. Specifications are listed by instrument func tion.
Those specifications listed with a function apply Lo
that function only.

1-18. INSTRUMENT IDENTIFICATION.

1-19. Hewlett-Packard uses a two-section eight-digit
serial number (000-00000). If the first three digits
of the serial number on your instrument do noL agree
with those on the title page of this manual, a Manual
Change Sheet supplied with this manual will define
differences between your instrument and the Model
740B described in this manual. If a letter prefixes the
serial number, the instrument was manufactured out
side the United States.

1-20. ACCESSORY EQUIPMENT SUPPLIED.

1-21. The accessory equipment supplied with the
Model 740B is listed in Table 1-2.

Table 1-2. Accessory Equipment Supplied

-hp- Part No. Quantity Description

ll054A 1 Input Cable Assembly

11055B 1 Output Cable Assembly

5000-4932 1 Printed Circuit Board
Extractor

5060-0776 1 7 inch Rack Mounting
Kit

8120-0078 1 AC Power Cord

00740-66535 1 Printed Circuit Board
Extender

00740-90002 1 Operating and Service
Manual

1-22. ACCESSORY EQUIPMENT AVAILABLE.

1-23. Accessory equipment available for the Model
740B is listed in Table 1-3.

Table 1-3. Accessory Equipment Available

-hp- Part No. Description

llOOOA Test Cahle: dual hanana plug-
to dual banana plug- (44 in.)

l1002A Test Cable: dual banana plug-
to alligator clips (60 in.)

l1003A Test Cahle: dual hanana plug-
to prohe and alligatur clip
(60 in.)

01794-1
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SECTION II

INSTALLATION

Section II

2-1. INTRODUCTION.

2 -2. This section contains information on preparing
the Model 740B for use and repackaging the instrument
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 occurred in transit. If the instrument
was damaged in transit, file a claim with the carrier.
Check for supplied accessories, and test the electrical
performance of the instrument using the procedure
outlined in Paragraph 5-5. If there is damage or de
ficiency, see the warranty on the inside front cover
of this manual.

2-5. POWER REQUIREMENTS.

2 -6. The Model 740B can be operated from any source
of 115 or 230 volts (± 10%), at 50 to 1000 Hz. With
the instrument disconnected from the ac power source,
move the slide switch (located on the rear panel) until
the desired line voltage appears. Power dissipation
is 125 watts maximum.

2-7. GROUNDING REQUIREMENTS.

2-8. To protect operating personnel, the National
Electrical Manufacturers' 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, grounds the instrument. The
offset pin on the power cable three -prong connector is
the ground wire.

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

2-14. RACK MOUNTING.

2-15. The Model 740B may be rack mounted by using
the 7" Rack Mount Kit (-hp- Part No. 5060-0776).
Instructions for the conversion are included with the
kit. The rack mount for the Model 740B is an EIA
standard width of 19 inches. When mounted in a rack
using the rack mount kit, additional support at the rear
of the instrument should be provided if vibration or
similar stress is likely.

2-16. REPACKAGING FOR SHIPMENT.

2 -17. The following paragraphs contain a general guide
for repackaging of the instrument for shipment. Refer
to Paragraph 2 -18 if the original container is to be
used; 2-19 if it is not. If youhave any questions, con
tact your local -hp- Sales and Service Office. (See
Appendix B for office locations.)

----- NOTE------

If the instrument is to be shipped
to ,Hewlett-Packard for service or
repair, attach a tag to the instru
ment identifying the owner and in
dicating the service or repair to be
accomplished; include the model
number and full serial number of
the instrument. In any corres
pondence, identify the instrument
by model number and serial number.

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

a. Place instrument in original container with
appropriate packing material. If original
container is not available, one can be pur
chased from your nearest -hp- Sales and
Service Office.

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

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

2 -1 O. INSTALLATION. a. Wrap instrument in heavy paper or plastic
before placing in an inner container.

2-11. The Model 740B is fully transistorized; there
fore, no special cooling is required. However, the
instrument should not be operated where the ambient
temperature exceeds + 400 C (1040 F) or the relative
humidity exceeds 70%.

2-12. BENCH MOUNTING.

2-13. The Model 740B is shipped with plastic feet and
tilt stand in place, ready for use as a bench instrument.

01794-1

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.
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SECTION III

OPERATING INSTRUCTIONS

Section ill

3-1. INTRODUCTION.

3-2. This section contains instructions and informa
tion on operating the Model 740B. Included is a dis
cussion of the accuracy specifications, operating
precautions, identification of controls, indicators and
connectors and step-by -step operating instructions
for each instrument function.

3-3. ACCURACY SPECIFICATIONS.

3-4. When operated as a dc standard, the Model 740B
accuracy specification is: ±(O. 002% of setting+O. 0004%
of range). The differential voltmeter accuracy speci
fication is ± (0.005% of reading + 0.0004% of range +
1 JlV). The instrument should operate within these
limits providing it hasbeencalibratedwithin the past
30 days and is operated at the ambient temperature
present at the time of calibration. If operated at a
different ambient temperature, the accuracy speci
fications should be derated according to the following:

a. Standard Mode Ternperature Coefficient: Less
than (2 ppm of setting or 1 ppm of range,
whichever is greater) per °C; 100 C to 400 C.

Example: Normal allowable accuracy devia
tion for a 1 V output on the 1 V
range is ±24 JlV (0. 002% of setting
+ 0.0004% of range). If the am
bient temperature differs by 50 C
from the ambient temperature at the
time of calibration, the allowable
accuracy deviation becomes ± 34 JlV
for the 1 V output (original deviation
of 24 JlV plus the TC correction
factor of 10 JlV).

b. Differential Voltmeter Mode Temperature
Coefficient: Less than ± (2 ppm of reading +
1 JlV) per °C; 100 C to 400 C.

ExampIe: Normal allowable accuracy devia 
tion for a 1 V reading on the 1 V
range is ± 55 JlV (0. 005%of reading
+ 0.0004% of range + 1 JlV). If the
ambient ternperature differs by 50 C
from the ambient temperature at
the time of calibration, the allow
able accuracy deviation becomes
± 70 JlV for the 1 V reading (original
devia tion of 55 Jl V plus the TC cor
rection factor of 15 Jl V).

3 -5. Figure 3-1 shows how the output voltage accuracy
in Standard Mode varies with percentage of range.
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Notice that the output accuracy at 100% of range is
±0.0024% (24 ppm). However, as the magnitude of the
output decreases with respect to full scale, the ac
curacy decreases. At 10% of range, the accuracy is
±0.006% (60 ppm) of setting. At 1% of range, the ac
curacy decreases to ±0.042% (420 ppm) of setting.
Whenever optimum accuracy is desired, the Model
740B shouldbe operated as near full scale as possible.

3-6. Figure 3-2 shows how the voltage reading ac
curacy in Differential Voltmeter Mode varies with
percentage of range. Again, greatest accuracy is
achieved at 100% of range. Separate curves show the
accuracy characteristics on the millivolt ranges. The
accuracy decreases on each descending millivolt range
due to the effects of signal noise on low level dc inputs.
Inputs of 1 m V and below are measured with nearly the
same accuracy on the 1 mV and 10 mV ranges. A 1
mV input, for example, would be measured with an
accuracy of ±0.105%of reading on the 1 mV range and
±0.11% of reading on the 10 mV range. However,
measurement resolution (the capability of detecting
small changes in the input) wouldbe ten times greater
on the 1 mV range.

3-7. OPERATING PRECAUTIONS.

3 -8. The following precautions should be observed
whenever using the Model 740B.

a. BEFORE APPLYING POWER TO THE MODEL
740B, VERIFY THAT THE REAR PANEL
LINE VOLTAGE SWITCH INDICATES THE
LINE VOLTAGE TO BE USED.

b. DO NOT FLOAT -INPUT OR -OUTPUT TER
MINAL MORE THAN 500 VDC ABOVE OR
BELOW CHASSIS (POWERLINE) GROUND.

c. DISCHARGE INPUT BY MOMENTARILY
SETTING INPUT, Z SWITCH (ON INPUT BOX)
TO 2 MEG POSITION FOLLOWING ALL HIGH
VOLTAGE MEASUREMENTS.

-----NOTE------

Be sure to return switch to 00 posi
tion after discharging input to avoid
introducing a loading error in the
following measurements.

3-9. CONTROLS, INDICATORS AND
CONNECTORS.

3-10. Each operating control, indicator and connector
located on the Model 740B is identified in Figure 3-3.
The description of each cpmponent is keyed to the il
lustrations which are included within the figure.
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INDEX NO.

1

2

3

4

5

6

NAME

FUNCTION Rotary Switch

RANGE Rotary Switch

Digital Readout Tubes

Decimal Point Indicators

VOLTS Meter

ZERO Adjustment

FUNCTION

Selects one of the three basic modes of operation:
STD - DC Standard
t.VM - DC Differential Voltmeter
VM - DC Voltmeter

Selects one of seven full scale ranges in the Dif
ferential Voltmeter and DC Voltmeter modes of
operation; selects one of four output ranges in
the DC Standard mode of operation.

Display the first five digits in the Differential Volt
meter and DC Standard modes of operation.

Light to indicate position of decimal point in first
five significant digits in DC Standard and Dif
ferential Voltmeter modes of operation.

Indicates sixth digit of input voltage in Differential
Voltmeter mode of operation; indicates sixth digit
of output voltage in DC Standard mode of operation;
indicates value of input voltage in DC Voltmeter
mode of operation.

Adjusts meter to 0 with input shorted in Differential
Voltmeter and DC Voltmeter modes of operation;
used to zero the output or null out external offset
voltages in DC Standard mode of operation.

3-2

Figure 3-3. Front and Rear Panel Controls, Indicators and Connectors
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INDEX NO.

7

8

9

10

11

12

13

14

15

16

17

18

19

20

NAME

OVERLOAD Indicator

OUTPUT PUSH ON-OFF
Pushbutton-Indicator

OUTPUT Receptacle

CURRENT LIMIT
Control

STANDARD VERNIER
Rotary Switch

VOLTAGE SET Rotary
Switches

VOLTMETER SENSI
TIVITY Pushbuttons

INPUT Receptacle

POWER ON -OF»" Push
button -Indicator

Ground ( ~ ) Terminal

+ and - INPUT Terminals

Input GUARD Terminal

INPUT Z 2 -position
Switch

Output GUARD Terminal

Section III

FUNCTION

Indicates an input voltage in excess of the selected
range in the Differential Voltmeter and DC Volt
meter modes of operation-; indicates the selected
current limit has been exceeded in the DC Stan
dard mode of operation; may light momentarily
when RANGE, FUNCTION or VOLTAGE SET is
changed to indicate circuit instability.

Lights when depressed to indicate application of out
put voltage to OUTPUT CABLE terminals in DC
Standard mode of operation; goes out when depressed
second time to indicate removal of output voltage.

Supplies output voltage in DC Standard mode of
operation when the OUTPUT CABLE, -hp- ac
cessory 11055B, is connected; supplies output
voltage whenever the Model 740B is used as a
power amplifier.

Provides adjustment of maximum output current
supplied to the OUTPUT terminals.

Controls sixth digit of output voltage in the DC
Standard Mode of operation.

Provide first five significant digits of output voltage
in DC Standard or input voltage in Differential
Voltmeter mode of operation.

Select decade and meter sensitivity in Differential
mode of operation; select meter sensitivity in DC
Voltmeter mode of operation.

Accepts INPUT CABLE, -hp- accessory 11054A.
Used in Differential Voltmeter and DC Voltmeter
modes of operation.

Lights when depressed to indicate application of
line voltage to the instrument. Goes out when
depressed second time to indicate removal of
line voltage.

_,Accepts lead for connecting to power line ground.
- This terminal and the instrument case are con

nected to power line ground through the center
conductor of the power cord.

Accept leads for application of dc input voltage.

Connected to the internal guard shield. For making
guarded measurements, the GUARD terminal is
connected to the reference potential of -the source.
For making unguarded measurements, strap on
GUARD terminal is connected to the - INPUT ter
minal.

Varies instrument input impedance. The 00 position
is used for making most voltage measurements.
The 2 MEG position is used for discharging the
input circuit following high voltage measurements.

Connected to the internal guard shield. Accepts lead
for guard connections when providing guarded out
puts in the DC Standard mode of operation. For
unguarded outputs, strap on GUARD terminal is
connected to the - OUTPUT terminal.

01794-1

Fig:ure 3 -3. Front and Rear Panel Controls, Indicators and Connectors (Cont'd)
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INDEX NO.

21

22

23

24

NAME

+ and - OUTPUT Terminals

Ground ( -:!:- ) Terminal

+ and - SENSE Terminals

HIGH VOLTAGE Indicator

Model 740B

FUNCTION

Accept leads for application of outpUt voltage to
remote location.

Accepts lead for connecting to power line gro)ll1d.
This terminal and the instrument case are con
nected to power line ground through the center
conductor of the power cord.

Accept leads for remote sensing of output voltage.
When not using remote sensing, the + SENSE ter
minal is shorted to the + OUTPUT terminal and
the - SENSE terminal is shorted to the - OUTPUT
terminal.

Lights to indicate presence of high voltage (> 120
Vdc) at the OUTPUT terminals.

00
740B -C-0681

AC DC

"
RECORDER OUTPUT

+ - * OUTPUT INPUT

INDEX NO.

25

26

27

28

29

30

NAME

AC Fuses

AC Power Connector

Line Voltage Two-Position
Slide Switch

DC Fuse

RECORDER AMPLITUDE
Adjustment

RECORDER OUTPUT +,
- and -:!:- Terminals

FUNCTION

Protect Primary Power Circuitry.

Accepts power cable supplied with the instrument.

Sets the instrument for either 115 Vac or 230 Vac
operation.

Protects internal - 42 V supply.

Variable attenuator which enables adjustment of
RECORDER OUTPUT voltage.

Provide output voltage proportional to meter de
flection for recorder applications.

3-4

Figure 3-3. Front and Rear Panel Controls, Indicators and Connectors (Cont'd)
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3-11. DC STANDARD.

3-12. DESCRIPTION.

3-13. In Standard mode, the Model 740B amplifies an
internally generated reference voltage. The VOLTAGE
SET switches operate a voltage divider that varies
the reference supply output. The reference supply
output (0 to 1 V) is applied to the main loop amplifier
where it is amplified by 0 dB (1 V range), 20 dB (10
Vrange). 40 dB (1OOV range) or 60dB (1000 V range).
The gain of the amplifier is determined by the position
of the RANGE switch. The amplifier output voltage
(0-1000 V) is applied to the + and - OUTPUT terminals
when the. OUTPUT pushbutton/indicator is lighted.
The + and - SENSE terminals provide voltage feed
back to the main loop amplifier and ensure proper
voltage regulation. The CURRENT LIMIT control
varies the maximum available output current. The
OVERLOAD indicator lights whenever the output cur
rent exceeds the setting of the CURRENT LIMIT con
trol. The ZERO control is used to zero the amplifier
output or to null out the effects of small external off
set voltages. The output voltage is indicated directly
on the digital readout tubes (first five digits) and the
meter (sixth digit). The decimal point is automatically
placed.

3-14. OPERATING PROCEDURE.

3-15. To operate the Model 740B in Standard mode,
proceed as follows:

a. Set rear panel LINE VOLTAGE switch to cor
rect position for available line voltage.

b. Connectacpowercordto ac power connector;
connect cord plug to ac line.

c. Turn on the Model 740B by depressing the
POWER pushbutton (indicator glows). Allow
the instrument to warm up for one hour.

d. Set FUNCTION to STD.

Section ill

f. Connect output cable assembly (-hp- Model
11055B) to OUTPUT Receptacle.

g. Connect output box terminals for the output
condition desired, using the information in
Table 3-1.

NOTE

1. Make sure all connections are
tight. Use insulated solid cop-
per wire for all leads. + and-
OUTPUT leads should be 20
gauge or larger.

2. Sensing is explained in Para-
graph 3-16.

3. Guarding is explained in Para-
graph 3-24.

4. Negative outputs are explained
in Paragraph 3-26.

h. Set RANGE to range nearest above desired
output voltage.

NOTE

1. The 1 mV, 10 mV and 100 mV
ranges are inoperative in STD
mode. OVERLOAD indicator
will glow if these ranges are
selected.

2. OVERLOAD light may also
glow temporarily when RANGE,
FUNCTION orVOLTAGESET
controls are changed to indi-
cate temporary loop instability.

e. Check OUTPUT indicator. If glowing, depress
to turn output off.

i. Set ZERO control for desired output zero re
ference. (See Paragraph 3-31 for a detailed
discussion on using the ZERO control.)

Table 3-1. Output Terminal Connections

TYPE CONNECT OUTPUT TERMINALS
OF

OUTPUT + OUTPUT - OUTPUT + SENSE - SENSE GUARD 4-
Local output, Directly Directly To + To - To - Not

unguarded to load to load OUTPUT OUTPUT OUTPUT Connected

Remote output, To load via To load via To load + via To"load - via To - Not
unguarded a test cable a test cable a test cable a test cable OUTPUT Connected

Local output, Directly Directly To + To - To load Not
guarded to load to load OUTPUT OUTPUT guard Connected

Remote output, To load via To load via To load + via To load - via To load Not
guarded a test cable a test cable a test cable a test cable guard Connected
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j. Set VOLTAGE SET control for first five
digits of desired output voltage as indicated
by the digital readout tubes. Set STANDARD
VERNIER control for sixth digit of output
voltage as indicated by the meter.

----NOTE----

Each integer of the sixth digit
is represented by one major
division on the meter.

k. Set CURRENT LIMIT control to desired maxi
mum limit of output current. (See Paragraph
3 -38 for a detailed discussion on using the
CURRENT LIMIT control. )

1. Depress OUTPUT pushbutton. OUTPUT indi
cator glows to indicate application of output
voltage to load.

m. To remove output voltage, depress OUTPUT
pushbutton. Indicator light goes out to indi
cate removal of output voltage from OUTPUT
terminals.

I.-----WA-R-N-IN-G---"1

ALWAYS DE -ENERGIZE OUTPUT
ORSETVOLTAGESETANDSTAN
DARD VERNIER CONTROLS TO
ZERO WHEN MAKING CHANGES
IN THE OUTPUT TERMINAL CON 
NECTIONS. Figure 3-4. Local Sensing

3-16. SENSING. 3-21. REMOTE SENSING.

3 -22. Remote sensing should be used whenever the
740B is delivering current to a load and whenever the
load is away from the output terminal box.

3 -23. Remote sensing is accomplished by connecting
the + and - SENSE terminals to the load using ex
tension leads. The + SENSE terminal must be con
nected to the + end of the load and the - SENSE ter
minal must be connected to the - end of the load
(Figure 3 -5).

LOAD
+

+SENSE

-OUTPUT

- SENSE

+OUTPUT

Figure 3-5. Remote Sensing

OUTPUT CA8LE
hp 110558

740B-RO

3-18. LOCAL SENSING.

3-19. Local sensing can be used whenever the operating
conditions require little or no current from the 740B
output or when the load is connected directly (through
very short leads) to the output box terminals.

3 -20. Local sensing is accomplished by connecting
the + SENSE terminal to the + OUTPUT terminal and
connecting the - SENSE terminal to the - OUTPUT
terminal (Figure 3-4). The connections should be
made with short conductors, preferable solid copper
wire.

3-17. The purpose of the SENSE terminals is to fur
nish voltage feedback from the load to the main loop
amplifier. If current is being drawn from the OUTPUT
terminals, small voltage drops occur in the output
leads since they are not perfect conductors. This
results in slightly low voltage at the load. If the
SENSE leads are connected to the load, this low volt
age condition is "sensed" by the main loop amplifier.
The amplifier then increases its output voltage to com
pensate for the voltage drop in the output leads.
Voltage drop in the SENSE leads is insignificant, since
very little current flows in these leads.
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-----NOTE----

Either local or remote sensing
must be used at all times in
Standard mode.

3 -24. GUARDING.

3 -2 5. The output cable GUARD terminal is connected
to the Model 740B guard chassis and may be used to
reference the guard chassis to a desired potential.
Normally the GUARD terminal is connected to the
- OUTPUT terminal using the strap attached to the
GUARD terminal. The GUARD terminal may, however,
be connected to a reference potential or guard terminal
in the load to reduce the effects of unequal ground
potentials, stray ac pickup, etc.

3-26. NEGATIVE OUTPUTS.

3-27. FLOATING.

3-28. Negative output voltage not referenced to earth
ground is obtained by connecting the + OUTPUT and
+ SENSE terminals to the high (least negative) side of
the load and connecting - OUTPUT and - SENSE to
the low (most negative) side of the load. The INPUT
and OUTPUT ..Jo terminals must not be connected to
any of the other terminals.

3-29. GROUNDED.

3 -30. Negative outputs referenced to earth ground are
obtained by connecting the + OUTPUT and + SENSE
leads to the ground reference point in the circuit under
test. The 740B then drives the - OUTPUT and - SENSE
leads negative with respect to the ground reference.
Again, the INPUT and OUTPUT ..Jo terminals must
not be connected to any of the other terminals.

~
DO NOT FLOAT - OUTPUT
TERMINAL MORE THAN
500 V ABOVE OR BELOW
EARTH GROUND (~ ).

3-31. USING THE ZERO CONTROL.

3 -32. In Standard mode, the ZERO control sets the
output voltage zero reference. The ZERO control
range of adjustment varies with the voltage range
selected (Table 3-2).

Table 3-2. ZERO Control Range

Model 740B ZERO Control,

Voltage Range
Approximate Range

of Adjustment

1 V ± 10 }J.V

10 V ± 100 }J.V

100 V ± 1mV

1000 V ± 10 mV
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3-33. The ZERO control may beused to set the output
to exactly zero volts or to null the effects of small dc
offset voltages existing in a test setup. Offset voltage
is present if the load (divider, potentiometer, etc.)
produces a small voltage with no apparent drive volt
age applied. Such voltages are usually produced when
contact is made between dissimilar metals, tempera
ture gradients exist in a test setup, etc.

3-34. SETTING THE OUTPUT TO ZERO.

3-35. To set the output voltage zero reference to 0 V,
proceed as follows:

a. Set 740B FUNCTION to STD, RANGE to the
desired range , VOLTAGE SET and STANDARD
VERNIER to zero and OUTPUI on.

b. Connect a sensitive dc null detector across
the + and - OUTPUT terminals.

c. Set null detector range to obtain an off-null
indication.

d. Set 740B ZERO control to obtain a null indi
cation.

e. Disconnect null detector.

---::--- NOTE-----

The ZERO control setting varies
slightly f rom range to range. Re
adjust ZERO control each time
RANGE is changed.

3-36. NULLING EXTERNAL OFFSETS.

3 -37. To null the effects of external dc offset voltage;
proceed as follows:

a. Set 740B FUNCTION to STD, RANGE to the
desired range, VOLTAGE SET and STANDARD
VERNIER to zero and OUTPUT on.

b. Connect the OUTPUT terminals to the load.

c. Connect a sensitive null detector across the
load (or across the reference leg of the load).

d. Set null detector range to obtain an off -null
indication.

e. Set 740B ZERO control to obtain a nullindi
cation.

-----NOTE-----

The ZERO control setting varies
slightly from range to range. Re
adjust ZERO control each time
RANGE is changed.

3-38. USING THE CURRENT LIMIT CONTROL.

3-39. Maximum output current available at the OUT
PUT terminals depends on both the value of the output
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voltage and the setting of the CURRENT LIMIT control.
With the CURRENT LIMIT control set to maximum
(fully cw), the maximum output current varies from
50 rnA at voltage outputs less than 1 V to 20 rnA for a
1000 V output (Figure 3-6). When the CURRENT LIMIT
control is set to minimum (fully ccw) the maximum
output current varies from 5 rnA (less than 1 V output)
to 2 rnA (1000 V output). These figures and the values
represented in Figure 3-6 should be regarded only as
typical, since the current limit circuit is affected by
temperature and the setting of the maximum current
limit adjustment (A10R8).

-------..,,, OUTPUT VOLTAGE r.------·
Figure 3-6. Maximum Output Current

Characteristics

3-41. DIFFERENTIAL VOLTMETER.

3-42. DESCRIPTION.

3-44. High input impedance is maintained at all times
regardless of null condition. An off -null condition
does not load the voltage source being measured.

3 -43. In the Differential Voltmeter mode, the 740B
measures the input voltage by nulling feedback voltage
from the main loop amplifier with an internally gen
erated reference voltage. The value of the reference
voltage is controlled by a voltage divider operated by
the VOLTAGE SET controls. The meter indicates the
difference between the reference voltage and the feed
back voltage. The SENSITIVITY pushbuttons control
the meter sensitivity; and mOVing left to right de
pressing each successive pushbutton, increases the
meter sensitivity by a factor of 10. The ZERO con
trol sets the input zero reference. The OVERLOAD
indicator lights whenever the input voltage exceeds the
selected range and may also light temporarily when
ever RANGE, FUNCTION or VOLTAGE SET is
changed. The input voltage is indicated directly on
the digital readout tubes (first five digits) and the
meter (sixth digit). The decimal point is automatically
placed.

3-45. OPERATING PROCEDURE.

I
BOOV IOOOV

900V

I
400V 600V

500V 700V

I
200V

IOOV 300V

~AX.ISET~ING~--"""--- CURRENT lIMI

....r---- iCONTROL -f--

"f- --r--
-MIN. SETTING, r---

CURRENT t,.IMIT t

f-- j/CONTROL I
-I I

I

60MA-

40MA-

50MA-J

140B-RO

MAX.
OUTPUT 30MA

CURRENT

l
20MA-

IOMA

OMA-
I

OV

3-40. Since the setting of the CURRENT LIMIT con
trol corresponds to different current values at different
voltage outputs, accurate setting of the CURRENT
LIMIT control can be accomplished only at the desired
voltage output. The following procedure can be used
to set the CURRENT LIMIT control to limit output
current to a specific value.

3 -46. To make a differential measurement, proceed
as follows:

a. Set rear panel LINE VOLTAGE switch to cor
rect position for available line voltage.

b. Connect ac power cord to ac power connector;
connect cord plug to ac line.

a. Calculate the load resistance value needed to
draw the desired output current at the desired
output voltage:

c. Turn on the Model 740B by depressing the
POWER pushbutton (indicator glows). Allow
the instrument to warm up for one hour.

E
R = out

load Idesired

d. Set FUNCTION to 6.VM.

e. Check OUTPUT indicator. If glowing, depress
to turn Output off.

b. Calculate the load resistance power rating:

Power rating =Idesired x Eout

f. Connect Input Cable Assembly (-hp-ll054A)
to INPUT receptacle. Set INPUT Z switch
to 00 •

c. Connect a resistor meeting the requirements
of a and b across the Model 740B + and 
OUTPUT terminals.

g. Set RANGE to the range nearest above voltage
to be measured.

d. Turn CURRENT LIMIT control fully ccw. h. Set VOLTAGE SET controls to zero (all fully
ccw).

e. Set Model 740B for the desired output voltage.
Turn Output on. (OVERLOAD light will glow. ) i. Connect a shorting wire from + to - INPUT

terminals.
f. Rotate the CURRENT LIMIT control slowly

cw until the OVERLOAD light just goes out.
The Model 740B will now limit current atthe
desired current value.

j. Depress X104 SENSITIVITY. (If 1 mV range
is selected, depress X103 SENSITIVITY.)
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Table 3 -3. Input Terminal Connections

Section ill

TYPE CONNECT INPUT TERMINALS
OF

MEASUREMENT + - GUARD ~

Unguarded To high (most To low (most To - Not
positive) of negative) of terminal Connected
source source

Guarded To high (most To low (most To reference Not
positive) of negative) of potential of Connected
source source source

k. Adjust ZERO if necessary to obtain a zero
meter indication.

----NOTE----

The ZERO control has the greatest
effect on the lower ranges and no
noticeable effect on the 100 V and
1000 V ranges. Paragraph 3-47
explains how to cancel the effects
of small offset voltages with the
ZERO control.

1. Depress Xl SENSITIVITY and remove short
from input terminals.

m. Connect input box terminals for the type of
measurement desired using the information
in Table 3-3.

----NOTE-----

1. Make sure all terminals are
tight. Use insulated solid
copper wire for all leads.

2. When measuring the voltage
drop across a current car
rying load, be careful to
connect the + and - INPUT
leads directly to the load and
not to the current supply
wires. Voltage drop along
the current carrying wires
can cause a significant mea
surement error.

3. Paragraph 3-49 explains
guarded measurements.

n. Meter should indicate between +0.1 and +1. O.
If necessary, change setting of RANGE switch
until a reading of +0.1 to +1. 0 is obtained.

o. Turn Xl VOLTAGE SET clockwise until the
meter deflection is between 0 and +0.1. Each
step of the VOLTAGE SET switch changes the
meter deflection by one major scale division.

p. Depress XlO SENSITIVITY and turn the cor
responding VOLTAGE SET control cw toob
tain a meter reading between 0 and +0.1.

q. Repeat step p for X 102 , X103 and X104 SEN
SITIVITYbuttons and VOLTAGE SET controls.

01794-1

r. Read the first five digits from the digital
readout tubes; sixth digit from the meter
(Figure 3-7).

+

Figure 3 -7 . Sixth Digit ~VM

----NOTE----

A full scale input (1 V on the 1 V
range, for example) is indicated
by the digital readout tubes indi
cating 9 -9-9 -9 -9 (first five digits)
and the meter indicating 10 (sixth
digit) .

s. Before removing leads from device under test,
depress Xl SENSITIVITY.

THE 740B INPUT SHOULD BE
DISCHARGED FOLLOWING ALL
HIGH VOLTAGE MEASUREMENTS
TO PREVENT CARRYING THE
STORED CHARGE TO THE NEXT
POINT OF MEASUREMENT.

t. Remove leads from device under test or de
energize voltage source and place INPUT Z
switch to 2 Meg position to discharge Model
740B input. Return INPUT Z switch to 00

after discharging input.

3-47. ZEROING EXTERNAL OFFSET VOLTAGES.

3 -48. Quite often small offset voltages exist in a test
setup as a result of contact between dissimilar metals,
thermals, etc. Offset voltage is present if a test
setup produces a voltage with no apparent drive volt
age applied. The effects of offset voltage up to ap
proximately ± 10 J1 V can be eliminated by the following
procedure:

3-9



Section III

VOLTAGE SOURCE CIRCUIT

>-----0

CHASSIS GROUNO

>-----0 , ___ §~~RP~~~~Q___ ,

I
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- [ 7408
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+-INPUT LEAD -
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Figure 3-8. Measurement Error Caused by AC Ground Currents

Model 740B

a. Connect + and - INPUT terminals to circuit
under test. Do not turn on circuit or apply
drive voltage.

b. Set 740B RANGE to I mY; depress X103 SEN
SITIVITY.

c. Adjust ZERO control for a zero meter indi
cation.

----- NOTE -----

If the resistance connected between
the + and - INPUT terminals is
greater than 10kn, this adjustment
may be difficult due to stray volt
age pickup caused by electrostatic
charges, low humidity, etc.

VOLTAGE SOURCE
CIRCUIT

3-49. GUARDING.

3-50. The Model 740B is a floating instrument; how
ever, a finite impedance exists from the - INPUT
terminal (circuit ground) to earth ground ( -=1-). This
impedance is representedby ZI and Z2 in Figure 3 -8.

3-51. Induced ac ground currents can generate a po
tential between the voltage source ground and the
740B ground. This current will cause an ac voltage
to appear at the - INPUT terminal which may cause
a measurement error, especially when making low
level measurements. Also, the - INPUT terminal
may be driven at a potential above ground in the
voltage source circuit (Figure 3-9). The impedance
from - INPUT to chassis ground (Z I and Z2) parallels
part of the voltage source circuit (R4) and causes a
larger current to flow through RI, R2 and R3, in
creasing the apparent voltage across R3. (Arrows

3-10

r .,
~ov

., CHASSIS GROUND
""0
~v ,---§~~Q~~~~~---,

I I
I CIRCUIT GROUND 1

~ ., I I"'0 I I
+ +20' +IHPUT LEAO

I I

~ + I
I I- I I

.3 I 7408 I.,.0 1 liVM I

II +IOV
1 I

-INPUT LEAD 1 1

.~I=> -==> - 1
I I
I 1.. I -=

---1l:'_ --j
""0 1

----S;
1
1
I
~ - ---

L Jl
r}z'

-¢: I
-- - ...

Figure 3-9. Measurement Error Caused by DC Ground Currents

01794-1



Model 740B
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Figure 3-10. Guarding Against AC Ground Currents
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indicate direction of current flow in the conventional
manner: positive to negative.)

3 -52. Guarding is a procedure for eliminating these
problems. Induced ac ground currents can be elim
ina ted by connecting the guard shield to the ground
reference point (~ ) in the voltage source circuit
(Figure 3 -10). The induced ground current now flows
through the GUARD lead and Z2, bypassing the -INPUT
lead.

3 -53. The error current caused by floating the - IN
PUT terminal above ground (Figure 3-9) can be elim
inated by connecting the guard shield to a potential
equal to, but isolated from, the - INPUT potential
(Figure 3-11). In the example shown, this potential
is derived from an added string of resistors, R5 - R8.

VOLTAGE SOURCE
CIRCUIT

The added resistors may be somewhat less accurate
than Rl - R4 and do not even have to be the same
value providing they closely duplicate the voltages
available at the taps on the RI-R4 divider. By con
necting the GUARD lead to the corresponding tap on the
R5 -R8 divider, the 740B guard shield is referenced
to the same potential as the - INPUT terminal. Cur
rent through Z1 is thus eliminated and the loading cur
rent now flows through the GUARD lead, Z2 and the
ground return, eliminating the loading effect on the
Rl - R4 divider.

3-54. If the voltage source circuit is not referenced
to earth ground there is no need for guarding. In
this case the GUARD and - INPUT terminals should
be connected together at the output terminal box using
the shorting strap attached to the GUARD terminal.
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3-55. VOLTMETER.

3-56. DESCRIPTION.

3-57. In the Voltmeter mode, the Model 740Bfunctions
as a high impedance dc voltmeter with end scale
ranges from 1 MV to 1000 V. Ranges below 10mVare
obtai ned by using the SENSITIVITY pushbuttons to
increase meter sensitivity. The input voltage is in
dicated on the meter.

3-58. OPERATING PROCEDURE.

3-59. The following steps describe the procedure for
using the Model 740B in the Voltmeter mode:

a. Set rear panel LINE VOLTAGE switch to cor
rect position for available line voltage.

b. Connect ac power cord to ac power connector;
connect cord plug to ac line.

c. Turn on the Model 740B by depressing the
POWER pushbutton (indicator glows).

d. Set FUNCTION to VM.

-----NOTE-----

Digital readout tubes will not glow
in VM mode.

e. Check OUTPUT indicator. If glowing, de
press to turn output off.

f. Connect input cable assembly (-hp- 11054A)
to INPUT receptacle. Set INPUT Z switch
to co •

g. Set RANGE and SENSITIVITY for the desired
end scale voltage (Table 3-4).

-----NOTE-----

An additionalend scale voltage
range of 0.1 MV could be ob
tained by setting RANGE to
1mV and depressing X104 SEN
SITIVITY. Meaningful mea
surements cannot, however, be
made on this range due to the
problems of noise at this ex
tremely low voltage level.

Model 740B

Table 3-4. VM Mode RANGE and
SENSITIVITY Settings

Desired End Scale
RANGE SENSITIVITYVoltage Range

1000 V 1000 V Xl

100 V 100 V Xl

10 V 10 V Xl

1 V 1 V Xl
100mV 100 mV Xl

10mV 10 mV Xl

1mV 10 mV X10

100 MV 10mV X102

10 MV 10mV X103

1 MV 10mV X104

h. Zero the 740B input (1 mV range and below)
by connecting a shorting wire from + to 
INPUT terminals and adjusting ZERO control
for zero meter deflection.

i. Connect input box terminals for the type of
measurement desired using the information
in Table 3-5.

-----NOTE-----

Negative voltages upto 1 V canbe
measured in VM mode without re
versing the +and - INPUT terminal
connections.

j. Read the input voltage on the 740B meter.

THE 740B INPUT SHOULD BE
DISCHARGED FOLLOWING ALL
HIGH VOLTAGE MEASUREMENTS
TO PREVENT CARRYING THE
STORED CHARGE TO THE NEXT
POINT OF MEASUREMENT.

k. Remove leads from device under test or de
energize voltage source and place INPUT Z
switch to 2 MEG position to discharge 740B
input.

Table 3-5. Input Terminal Connections

TYPE CONNECT INPUT TERMINALS
OF

MEASUREMENT + - GUARD ~

Unguarded To high (most To low (most To - Not
(floating) positive) of negative) of terminal Connected

source source

Guarded To high (most To low (most To reference Not
(floating) positive) of negative) of potential of Connected

source source source
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3-60. AMPLIFIER.

3 -61. In the Voltmeter and Differential Voltmeter
modes of operation, the Model 740B may be used as
a power and voltage amplifier. Two separate ampli
fier outputs are available.

3 -62. POWER AMPLIFIER.

3-63. DESCRIPTION.

3 -64. Whenever an input voltage is applied to the
Model 740B in Voltmeter or Differential Voltmeter
modes, a voltage is present at the + and - OUTPUT
terminals when the Output is turned on. This voltage
is equal to the input voltage on the 1 V range and above.
Output voltage on the millivolt ranges exceeds the
input voltage by 20 dB, 40 dB or 60 dB onthe 100 mY,
10 m V and 1 m V ranges respectively (Table 3 -6).
Output current characteristics are the same as Stan
dard mode; the high input resistance characteristics
of the Voltmeter and Differential Voltmeter modes are
retained. When used as a power amplifier in Volt
meter mode, up to 110% of range may be applied to
and obtained from the Model 740B with no loss of gain
accuracy.

Table 3-6. Power Amplifier Output Voltage

VOLTAGE
OUTPUT VOLTAGE

RANGE (With full scale input
GAIN applied)

1000 V OdB 1000 V

100 V OdB 100 V

10 V OdB lOY

1 V OdB IV

100mV +20 dB IV

10 mV +40 dB IV

1 mV +60 dB IV

Section III

3-65. OPERATING PROCEDURE.

3-66. To use the Model 740B as a power amplifier,
proceed as follows:

a. Turn on the Model 740B and allow one hour
for instrument warmup.

b. Set FUNCTION to ~VM or VM as desired.

c. If measurement of input voltage is desired,
perform steps e through l' of Paragraph 3-46
for ~VM position or e through j of Paragra ph
3 -59 for VM position. If measurement of in
put is not desired, set RANGE to the range
nearest above the input voltage.

d. Check OUTPUT pushbutton-indicator. If
glowing, depress to turn Output off.

e. Connect Output Cable (-hp- Accessory 11055B)
to Output Receptacle.

f. Connect OUTPUT terminals for the output
condition desired (Table 3-1).

g. Set CURRENT LIMIT control for the desired
maximum limit of output current (Paragraph
3-38).

h. Depress OUTPUT pushbutton indicator. Indi
cator lights to indicate dc output. OVERLOAD
indicator, if glowing, indicates the current
limit has been exceeded or no remote or local
sensing is in effect.

3-67. VOLTAGE AMPLIFIER.

3-68. DESCRIPTION.

3-69. The rear panel RECORDER OUTPUT terminals
provide a dc voltage which is proportional to meter

Table 3-7. RECORDER OUTPUT Voltage Gain as a Function
of RANGE and SENSITIVITY

SENSITIVITY
RANGE

Xl X10 X102 X103 X104

1000 V -60 dB -40 dB - 20 dB OdB + 20 dB

100 V -40 dB -20 dB OdB + 20 dB + 40 dB

10 V -20 dB o dB + 20 dB + 40 dB + 60 dB

1 V o dB +20 dB + 40 dB + 60 dB + 80 dB

100 mV +20 dB +40 dB + 60 dB + 80 dB + 100 dB

10 mV +40 dB +60 dB + 80 dB + 100 dB + 120 dB

1 mV +60 dB +80 dB + 100 dB + 120 dB +140dB*

* Not recommended
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deflection. Polarity of this voltage depends upon the
polarity of the meter deflection. Magnitude of the
voltage depends upon the degree of meter deflection
and the setting of the RECORDER AMPLITUDE con
trol. With the RECORDER AMPLITUDE control set
to maximum (fully cw) the output voltage is approxi
mately 1 Vdc into a 1 kn load. The RECORDER
AMPLITUDE control may be useful in matching the
output voltage scale to an external recorder or moni
toring device. Normally the RECORDER AMPLI
TUDE control is adjusted for a 1 Vdc output (with
recorder or monitoring device connected) for an end
scale meter deflection.

3-70. Voltage gain from the Model 740B input to the
RECORDER OUTPUT terminals depends on the RANGE
and SENSITIVITY selected. Table 3-7 shows the gain
produced by different combinations of RANGE and
SENSITIVITY.

3-71. The - RECORDER OUTPUT terminal is con
nected in common with the - INPUT and - OUTPUT
terminals on the Model 740B. All of these terminals
are isolated from earth ground (~ ) although the main
chassis and cabinet are connected to earth ground
through the center pin of the line cord plug. This
allows the Model 740B to make floating measurements
(measurements where the - INPUT terminal is re
ferenced above or below earth ground) without danger
to the operator since the chassis and cabinet remain
at earth ground potential. The chassis and cabinet
of most recorders, however, are not isolated from
the recorder's - input terminal. This means that
floating measurements usually cannot be safely made
with a recorder connected to the RECORDER OUTPUT
terminals since the recorder's chassis and cabinet
would be connected to the floating potential. Using an
isolation transformer or 3 prong to 2 prong adapter to
isolate the power input to the recorder would not help.
The recorder's cabinet and chassis would be floated
at the same potential as the Model 740B - INPUT
terminal and a dangerous condition would exist. The
only safe way to make floating measurements using a

3 -14
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recorder is to select a recorder with a floating input
(- input terminal isolated from the recorder cabinet
and chassis) and a grounded chassis and cabinet.

3-72. OPERATING PROCEDURE.

3-73. To use the Model 740B as a voltage amplifier.
proceed as follows:

a. Turn on the Model 740B and allow one hour
for instrument warmup.

b. Connect recorder or monitoring device to
RECORDER OUTPUT termiI1.als.

DO NOT ATTEMPT TO FLOAT
MODEL 740B -INPUT TERMINAL
UNLESSRECORDER-TERMINAL
IS ALSO FLOATED (PARAGRAPH
3-71).

c. Set FUNCTION to STD; turn STANDARD
VERNIER fully cw (m eter deflects to + end
scale).

d. Adjust RECORDER AMPLITUDE conlrol for
desired end scale voltage value as indica led
on recorder or monitoring device.

e. Return STANDARD VERNIER conlrol to zero'
(fully ccw).

f. Set FUNCTION to toVM or VM as desired.

g. Perform steps e through l' of Paragraph 3-46
if toVM mode is selected; steps e lhrough j of
Paragraph 3-59 if VM mode is selected.

h. Observe RECORDER OUTPUT voltage on re
corder or monitoring device.
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SECTION IV

THEORY OF OPERATION

4-1. MODES OF OPERATION.

4 -2. The Model740B has three basic modes of oper
ation: 1) Standard, 2) Differential Voltmeter, and
3) Voltmeter. Through the use of a function switching
technique, many of the same basic circuits are used
in each mode of operation. These circuits are: 1)
a Main Loop, 2) a Meter Loop, and 3) a Reference
Loop. The Standard and Differential Voltmeter modes
utilize all of these basic circuits. The Voltmeter male
utilizes all of them except the Reference Loop. The
following paragraphs discuss the theory for each mode
of operation.

the effective voltage gain of the amplifier and can be
calculated from the following formula:

A
G=-

1 + (3A

where:

G =closed loop gain

A =open loop gain

{3 = portion (fraction) of the output voltage that
is used as degenerative feedback.

Table 4-1. Main Loop Gain Characteristics

4-9. The only purpose of the Meter Loop in Standard
mode is to indicate the value of the sixth digit of the

4-7. Mathematically, it can be shown that when A
becomes very large, the formula can be essentially
reduced to:

The output of the Main Loopis applied through an in
ternal switch to the + and - OUTPUT terminals when
ever the Output is turned on. The SENSE terminals
provide voltage feedback to the Main Loop Feedback
Divider.

(1 V range)
(10 V range)
(100 V range)
(1000 V range)

o to 1 V in 1 11 V steps
o to 10 V in 10 MV steps
o to 100 V in 100 IlV steps
oto 1000 V in 1 mV steps

Range A {3 G

1V 105 1 1

10 V 106 0.1 10

100 V 107 0.01 102

1000 V 108 0.001 103

G=.!.
{3

Note that closed loop gain depends only on {3 whenever
open loop gain (A) is very high. Closed loop gain
accuracy then is dependent almost entirely on the ac
curacy of the voltage divider which determines {3. The
Main Loop Feedback Divider is made from stable,
precision wire-wound resistors enabling the Main
Loop to have stable, precise closed loop gain charac
teristics.

4-8. Closed loop gain increases by a factor of ten on
each increasing voltage range. The input to the Main
Loop from the Reference Loop is 0 to 1 V in 1 11 V
steps on all ranges. This results in available outputs
from the Main Loop of:

4-4. In Standard mode of operation, the Model 740B
Reference Loop generates a very stable and accurate
reference voltage. The value of the reference volt
age (0 to 1 V) is controlled by the front panel VOLT
AGE SET and STANDARD VERNIER switches. The
voltage is then amplified by the Main Loop and applied
through the output cable to the + and - OUTPUT ter
minals.

4-5. The Reference Loop consists of a 1 V reference
supply, a binary coded decimal divider and a step
vernier control. The reference supply generates a
very stable + 1 Vdc which is applied to the binary coded
decimal divider. Divider ratios in the binary coded
decimal divider are controlled by the five front panel
VOLTAGE SET switches. The step vernier control,
operated by the front panel STANDARD VERNIER
switch, further divides the reference supply output.
The resultant output of the Reference Loop is a dc
level adjustable in11lV steps from 0 to +1 Vdc. The
output is applied to the Main Loop.

4-3. STANDARD (Figure 7-2).

4 -6. Basically, the Main Loop is a high gain dc amp
lifier which uses degenerative voltage feedback to
obtain precise gain characteristics, high input re
sistance and low output resistance. The Main Loop
consists of several internal amplifiers and a feedback
network connected from the Main Loop output to the
input. The amplifiers in the Main Loop are connected
in cascade and collectively have an open loop gain
(gain without feedback) of from'10 5 on the 1 V range
to 108 on the 1000 V range (Table 4-1). The feedback
network monitors the actual value of the output voltage
and feeds a controlled fraction of the output back to
the input. The feedback voltage is compared to the
input in such a way that it subtracts from the input
voltage. The amplifier then amplifies only the error
voltage: the difference between the input voltage and
the feedback voltage. Since the amplifier input volt
age is greatly reduced by the degenerative feedback,
the effective (closed loop) gain is much smaller than
open loop gain -- providing a sizable portion of the
output is used as feedback. The closed loop gain is
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output voltage. The value of the sixth digit is con
trolled by a deck of the ten position STANDARD VER
NIER switch. A second deck of the switch selects
a voltage proportional to the sixth digitfrom a voltage
divider. The outputfrom the second deck of the switch
isO to +0.1 Yin 0.01 V steps. The 0 to +0.1 V output
of the STANDARD VERNIER switch is applied as an
input to the Meter Loop.

4-10. The Meter Loop, like the Main Loop, is basically
a voltage feedback amplifier. In Standard Mode, the
feedback factor ({J) is always 0.1 resulting in a con
stant closed loop gain (G) of 10.

4-11. The Meter Loop consists of a meter amplifier,
a meter, and a feedback network. The output of the
meter amplifier drives the meter. The meter drives
from 0 (mid scale) to +1. 0 in .1 steps as the STAN
DARD VERNIER switch is rotated clockwise. The
decimal point in the meter indication is not considered
present in Standard mode, resulting in a 0 to 10 indi
cation for the sixth digit.

4-12. DIFFERENTIAL VOLTMETER (Figure 7-1).

4-13. In the Differential Voltmeter mode of operation,
the unknown voltage is applied to the Main Loop.
Feedback voltage from the Main Loop output to the
input controls the closed loop gain. The magnitude
of the feedback voltage is proportional to the unknown
input voltage.

4-14. The Main Loop feedback voltage, or a portion
of it (depending on range), is applied in series op
position to the Reference Loop output. The Reference
Loop generates a very stable reference voltage.
Magnitude of the reference voltage (0 to 1 V) is con
trolled by the front panel VOLTAGE SET switches.

4 -15. The Meter Loop Monitors the difference between
the Main Loop feedback and the Reference Loop out
put and indicates null (0) when the two voltages are
equal. The value of the input voltage is then indicated
on the digital readout tubes (first five digits) and the
meter (sixth digit).

4-16. The input voltage is applied through the Over
load Protection circuit and Input Filter to the Main
Loop. The Overload Protection circuit protects the
instrument from voltages that exceed the selected

Model 740B

range. The input filter removes any ac signal and
noise superimposed on the dc input.

4 -1 7. The operation of the Main Loop in Differential
Voltmeter mode is similar to its operation in.Standard
Mode. The Main Loop Feedback Divider determines
the closed loop gain by controlling the amount of feed
back returned to the input on each range. Table 4-2
shows the gain relationships.

4-18. Regardless of the range selected, the feedback
voltage to the Main Loop input is of t he same
polarity and nearly the same amplitude as the unknown
dc input. The Main Loopamplifies the difference be
tween the two voltages. Since the feedback and input
voltages are almost equal, very little current is drawn
from the input voltage source by the Main Loop and
the input section presents a very high impedance to
the signal source.

4-19. On the 1 V range andbelow, the feedback voltage
from the Main Loop output is applied directly to the
Reference Loop. Closed loop gain of the Main Loop is
1, lO,102 and103 0nthe1V, 100mV, 10mVand1mV
ranges respectively, which result in a 0 to 1 V input
to the Reference Loop on these ranges. On the ranges
above 1 V, the feedback voltage from the Main Loop
output is divided by 10, 100 and 1000 on the 10 V,
100 V and 1000 V ranges respectively before being
applied to the Reference Loop. On all ranges, the
input to the Reference Loop is 0 to 1 V, proportional
to the unknown dc input voltage (Table 4-2).

4-20. The operation of the Reference Loop in Differen
tial Voltmeter mode is very similar to its operation
in Standard mode. The reference supply furnishes
a stable and accurate 1 V reference voltage to the
binary coded decimal divider. Divider ratios are
controlled by the five VOLTAGE SET switches. The
STANDARD VERNIER control, however, is not used
in Differential Voltmeter mode. The resultant output
of the divider is 0 to +1 Vdc in 10 JlV steps. The
divider output is applied through the SENSITIVITY
switch and FUNCTION switch in series opposition to
the 0 to 1 Vfrom the Main Loop feedback. If the volt
ages are not equal, current will flow through the Re
ference Loop. This current is applied to the Meter
Loop.

Table 4-2. Main Loop Gain (AVM)

Closed Loop Gain, G

Range {J (! )
Main Loop Output with Input to Reference Loop with

{J
Full Scale Input Applied Full Scale Input Applied

1 mV .001 103 IV 1 V

10mV .01 102 IV 1 V

100 mV .1 10 IV 1 V

1 V 1 1 IV 1 V

10 V 1 1 10 V IV

100 V 1 1 100 V 1 V

1000 V 1 1 1000 V 1 V
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4-21. The Meter Loop is basically a voltage feedback
amplifier. Closed loop gain of the Meter Loop is
determined by the SENSITIVITY pushbuttons which
control the feedback factor, {3. Moving left to right,
depressing each successive SENSITIVITY pushbutton
increases the closed loop gain by a factor of ten.
Table 4-3 shows the gain relationships.

Table 4-3. Meter Loop Gain (t.VM and VM)

Closed Loop Gain, G Required Input
SENSITIVITY

( .!. )
for End-Scale
Meter Deflection

{3

Xl 1 1 V

X10 10 100 mV

X102 102 10 mV

X103 103 1 mV

X104 104 100 IlV

4-22. VOLTMETER (Figure 7-1).

4-23. In Voltmeter mode of operation, the Main Loop
amplifies the input voltage and provides a high input
impedance to the signal source. Feedback voltage
from the Main Loop Feedback Divider is applied
directly to the Meter Loop. By depressing the SEN
sITIVITy pushbuttons, the Meter Loop provides ad
ditional gain, extending the instrument useful sensi
tivity down to 1 IlVend-scale (10 mV Range, X104
Se:lsitivity). An additional range of 0.1 IlVend-scale
can be obtained by selecting the 1 m V Range and X104
Sensitivity. Meaningfulmeasurements, however, can
notbe made under these conditions due to the problems
of noise atthis extremely low voltage level. The Re
ference Loop is not used in the Voltmeter mode of
operation.

4-24. CIRCUIT DESCRIPTION.

4-25. INPUT CIRCUITS.

4-26. INPUT CABLE ASSEMBLY (Figure 7-4).

4-27. In Voltmeter and Differential Voltmeter modes
of operation, the unknown dc input voltage is applied
to the + and - INPUT terminals located on the Input
Cable Assembly (-hp-Accessory 1l054A). The INPUT
Z switch on the Input Box provides a selection of in
put resistances. In the 00 position, the input resis
tance is determined by the very high input resistance
characteristics of the Main Loop. The resulting in
put resistance for the various ranges are as follows:

1 mV range: > 108 n

10 mV range: > 109 n

100 mV to 1000 V range: > 1010 n

4-28. When the INPUT Z switch is placed in the 2
MEG position, a 2 Mn resistor is connected across
the + and - INPUT terminals. Normally, this switch
position is used only to discharge any residual voltage
charge maintained by the input circuit following high
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voltage measurements. The voltage charge might
otherwise be maintained indefinitely due to the very
high input resistance characteristics of the Main Loop.
The switch may be left in the 2 MEG position when
making voltage measurements; however, the loading
effects of the 2 Mn resistor will cause a measurement
error. The GUARD terminal on the Input Cable As
sembly is connected through the cable to the instru
ment internal guard shield. The guard shield contains
all of the critical circuits and isolates them from the
instrument main chassis. Also, the guard shield may
be referenced to a different potential than the main
chassis by connecting the GUARD terminal to a re
ference potential. Guarded measurements are ex
plained in Paragraph 3-49.

4 -29. The ~ terminal is connected through the cable
to the cabinet and main chassis and to powerline ground
through the center conductor of the line cord. The
~ terminal may be used to ground external test
equipment.

4-30. INPUT PROTECTION CIRCUIT AND INPUT
FILTER (Figure 7-3).

4-31. The +INPUT terminal is connected through the
INPUT receptacle to A9V2. Under non-overload
conditions, A9V2 is in its low resistance state and the
applied signal isfed throughA9V2 to the Input Filter.
With no over load, A9V2 remains in its low resistance
state in the following manner: Transistor A9Q1 is
normally conducting due to the forward bias conditions
established by the - 30 V supply and A9R1. When
A9Q1 conducts, A9DS2 turns on and illuminates the
photocell, A9V2. The light on A9V2 causes its re
sistance to be low and the input signal is conducted
through A9V2 to the Input Filter.

4-32. Assume now that an input voltage greatly in
excess of the selected range is applied to the + and
- INPUT terminals: A9DS1 is connected from the
Main Loop Feedback line to the Input Filter. With a
large overload, the Main Loop feedback voltage can
not match the input voltage because the amplifiers in
the Main Loop saturate. When the difference between
feedback and input reaches about 90 V, A9DS1 ionizes
and illuminates A9V1. A9V1 goes to a low resistance
state and turns off A9Q1. With A9Q1 turned off,
A9DS2 goes out and A9V2 goes to a high resistance
state and blocks the input voltage. With the overload
voltage felt across A9V2, A9DS3 now ionizes and
allows enough overload current to flow to keep A9DS1
ionized and prevent oscillations. A9R3 limits cur
rent through A9DS3 to protect the input circuits. Re
movalof the overload returns the circuit to the normal
state.

4-33. The Input Filter is a 2-section LC filter con
sisting of L2, C6 and C7. The filter presents a high
rejection to unwanted noise superimposed on the dc
input. In Standard mode, the output of the Reference
Loop is fed through part of the filter to the Main Loop
input. The filter removes any superimposed noise
on the reference voltage.
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4-34. MAIN LOOP VOLTAGE FEEDBACK AMPLIFIER

(Figure 7-3).

4-35. The input circuits feed a dc voltage to the Main
Loop. The dc voltage is the unknown dc input in Volt
meter and Differential Voltmeter modes, or the Re
ference Loop output in Standard Mode. The purpose
of the Main Loop is to furnish extremely high input re
sistance, precise voltage gain and high current gain.
Extremely high input resistance allows high impedance
voltage sources to be measured without loading errors.
It also allows the Reference Loop to be well isolated
from a load connected to the Output terminals in Stan
dard mode. Precise voltage gain is necessary for
accurate measurements in Voltmeter and Differential
Voltmeter modes and for accurate outputs in Standard
mode. High current gain allows the Main Loop output
to drive a load in Standard mode without drawing
significant current from the Reference Loop. It also
allows the Model 740B to beused as a dc power amp
lifier in Voltmeter and Differential Voltmeter modes.
Significant loads can be driven by the output without
loading the signal source applied to the input.

4-36. The Main Loop consists of a Low Voltage
Section and a High Voltage Section. The two sections
operate together as a voltage feedback amplifier. De
generative feedback voltage from the output of the
High Voltage Section is fed back to the input of the
Low Voltage Section and determines the closed loop
(effective) gain. The feedback controls the closed
loop gain in the following manner: Assume 1 Vdc is
applied as an input to the Low Voltage Section of the
Main Loop (Voltmeter mode, 1 V range). The open
loop (actual) gain of the Main Loop is 105 (Table 4-1).
The voltage at the Main Loop output starts at zero
and increases in a positive direction. On the 1 V range,
the feedback factor, {3, is 1 (unity) which means all of
the Main Loop output is fed back to the input. After a
very short time, the value of the feedback voltage
approaches the value of the input voltage (1 V). The
feedback voltage is compared to the input voltage in
such a manner as to subtract from it and the Main Loop
amplifies only the error difference between the two
voltages. Since the feedback voltage is rapidly ap
proaching the input voltage, the error voltage rapidly
approaches zero. When the error voltage reaches ap
proximately 10 /.lV, the Main Loop output stabilizes at
O. 999990 V. 10 /.l V represents the smallest error volt
age that will produce a feedback voltage nearly e~al to
the 1 V input voltage when amplified by the 10 open
loop gain.

4-37. The 10 /.l V error causes outputs to be slightly
low in Standard mode and indications to be slightly
high in Differential Voltmeter mode. Generally,
greatest instrument accuracy is desired in Standard
mode. The effects of the 10 /.lV error in Standard
mode are compensated by adjusting the 1 V Reference
Supply until the Main Loop produces an accurate 1 V
at the Output terminals (Paragraph 5-62 steps m
through p). This procedure provides best instrument
accuracy in Standard mode with a slight loss of ac
curacy in Differential Voltmeter mode. If optimum
accuracy is desired in Differential Voltmeter mode
(with some loss of accuracy in Standard mode), the
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Reference Supply calibration can be performed in Dif
erential Voltmeter mode. Paragraph 5-62, step p
describes this procedure. The effects of the small
gain error are not great enough to affect instrument
performance in Voltmeter mode.

4-38. LOW VOLTAGE SECTION.

4-39. The Low Voltage Section consists of the chopper
stabilized Low Level Amplifier (A3) and the Operational
Filter (part of A4).

4-40. Low Level Amplifier. A3 (Figure 7-3 and 7-7).
In the Voltmeter and Differential Voltmeter modes of
operation, the unknown dc input is applied throu~h the
input circuits to the Modulator, A17. In Standard mode,
the Reference Loop output (0 to + 1 V) is applied throu~h

a section of the Input Filter to the Modulator.

4-41. The Modulator consists of two photocells, A17Vl
and A17V2, and two neon lamps, A17DS1 and AI7DS2.
The photocells are in a low resistance state when
lighted by the neons, and a high resistance state when
not lighted. The neons are driven by pulses from the
Neon Driver, A8. The neons light alternately at a
rate of 162 Hz. A17Vl is in series with the volta~e

from the Input Filter. A17V2 is in series with the
Main Loop feedback. The resultant output of the
Modulator is a 162 Hz ac error signal proportional
in peak-to-peak amplitude to the difference between
input voltage and feedback voltage. The ac error
signal rides on a dc level equal to the input voltage.

4-42. The 162 Hz error signal isfed through the Range
and Function Switch to the Low Level Amplifier, A3.
An ac attenuator on the Range Switch, consisting of
SICl, SIR1, S1C2, SIR2, S1R3 and S1R4, reduces
the amplitude of the signal by a factor of ten on each
increasing range above 1 V in the Voltmeter and Dif
ferential Voltmeter modes. In Standard mode, the ac
error signal bypasses the attenuator and goes directly
to A3 pin 1.

4-43. A3Cl removes the dc component from the ac
error signal. CRI limits large negative spikes that
occur when the selected range is exceeded or when the
input voltage changes faster than the Main Loop can
respond. A3Ql through A3Q3 comprise a cascade
coupled, three-stage amplifier. Degenerative ac
feedback from the emitter of A3Q3 to the emitter of
A3Ql ensures gain stability. DC feedback from the
collector of A3Q3 to the base of A3Q1 controls the
bias on Ql and prOVides some gain correction for
varying input voltages. The signal from the collector
of A3R9 * (typically 22 kQ) is factory selected to set
the gain of the Low Level Amplifier to properly match
the gain characteristics of the other Main Loop com
ponents. Paragraph 5-91 explains the A3R9* selection
procedure. A3Q3 is capacitively coupled to A3Q4.
A3Q4 and A3Q5 comprise a variable gain differential
amplifier. The output of the amplifier, at the col
lector of A3Q4 is proportional to the difference in
signal levels between the base of A3Q4 and the base
of A3Q5. The signal applied to the base of A3Q5 is
degenerative feedback from the output stage of the
Low Level Amplifier. The feedback is divided by the
A3R19/A3Rll divider before being applied to the dll-
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ferential am plifier. A3R20 is switched in parallel
with A3R19 on the 1 V range and above to increase the
amount of degenerative feedback and reduce the Low
Level Amplifier gain on these ranges. The outputof
the differential amplifier is applied to the base of A3Q6,
amplified by A3Q6 and applied to A3Q7 and A3Q8.
A3Q7 and A3Q8 comprise a class AB push-pull amp
lifier which provides additional gain to the error sig
nal. A3R13, A3CR2, A3CR3 and A3Rl7 keep A3Q7
and A3Q8 slightly forward biased under no-signal
conditions, eliminating crossover distortion and pro
viding temperature compensation for the circuit. The
output of the push-pull amplifier can be monitored at
A3TP10.

4-44. The amplified error signal from the push-pull
output circuit is monitored by the Overload Detector
circuit. A3C6 couples the ac signal to A3CR4 and
A3CR5 which form a peak detector. If the ac signal
is large enough to turn on A3CR4 and A3CR5, negative
pulses appear at the anode of A3CR4. A3C7 filters
the pulses and the resulting dc is applied through A3R21
to A3Q9, causing A3Q9 to conduct. When A3Q9 con
ducts, A3Q10is forward biased andbegins to conduct,
turning on DS1, the front-panel OVERLOAD light.
When the error signal is small, A3CR4 and A3CR5
turn off, and A3C 7 discharges through A3R22, removing
the forward bias from A3Q9. A3Q10 then turns off
and the OVERLOAD light goes out.

4-45. The output of the Low Level Amplifier is coupled
through C 5 to the Demodulator, A17. The Demodu
lator consists of two photocells, A17V3 and A17V4.
The photocells are lighted alternately by A17DS1 and
A17DS2, the same neons that control the modulator
photocells (A17V1 and A17V2). Demodulation takes
place and the resultant output of the demodulator is a
dc level proportional in magnitude to the ac error
signal amplitude. Magnitude of the dc level is ap
proximately 0 to -10 mV on all ranges and functions.
Voltage g~n of the Low Level Amplifier is approxi
mately 10 on the 1 V to 1000 V ranges; 104 onthemV
ranges.

4-46. The Demodulator output is fed through the Gain
Check switch, S10, to the Operational Filter, part of
A4. The Gain Check switch, when depressed, intro
duces a dc offset into the Main Loop and provides a
way of checking Low Level Amplifier gain (Para
graph 5-76).

4-47. Operational Filter,p/o A4 (Figure 7-8). The
Operational Filter is basically a frequency selective,
voltage feedback amplifier. Capacitively coupledde
generativefeedbackfrom the amplifier's output stage
to the input stage greatly reduces the amplifier's ac
gain. DC voltage gain is approximately 100. The net
effect is to greatly increase the signal-to-noise ratio
without the use of large filter capacitors or inductors
which would reduce the response time of the Main Loop
when an input is applied.

4-48. The 0 to -10 mV input to the Operational Filter
is proportional to the Main Loop input voltage and re
presents the "error" between the Main Loop input and
feedback voltages. The dc input is applied through A4R1
and A4R2 to the base of A4Q1. The quiescent voltage
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at the base of A4Q1 is controlled by A4Q3, A4R5 and
A4R6. A4R6 (BAL ADJ) is adjusted for 0 Vat the base
of A4Q1 with no input signal applied. Generally, A4R6
does not need to be adjusted unless A4Q1 or A4Q2 is
replaced. A4TPll monitors the voltage at the base of
A4Q1.

4 -49. The input stage consists of a differential pair,
A4Q1 and A4Q2. A4Q2 establishes the zero reference
for the circuit and provides temperature compensation
for A4Q1. A4R13 (INT ZERO) sets the operating
point of A4Q2. A4CR2 and A4CR3 regulate the + and
- supply voltages for the Operational Filter to + 6.8 V
and - 6. 8 V respectively. The output of A4Q1 is further
amplified by A4Q4 and A4Q5.

4-50. The output of A4Q5, at the junction of A4R17
andA4R18, is fed back degeneratively through 2 paths
to the base of A4Q1. DC feedback is divided by the
A4R19/A4R20 divider and fed back through A4R21 to
A4Q1, setting the dc gain of the Operational Filter at
about 100. Degenerative ac feedback is fed directly
throughA4C4to the base ofA4Q1. A4C4 is avery low
impedance feedback path for ac and the ac gain of the
Operational Filter at most frequencies approaches
zero. On instruments above Serial No. 610-00376,
A4C4 is discharged when switching modes or when
switching between the 10 V, 100 V and 1000 V ranges.
The discharge path is from A4 pin 8 to A4 pin 22
through SlR20. The path is completed by momentary
shorting contacts on the Range and Function Switch,
S1. The contacts briefly complete the discharge path
when the Range or FWlCtion switch is between posi
tions.

4-51. The dc output of A4Q5 is further filtered by two
39 J.lF electrolytic capacitors, A4C5and A4C6. A4C5
and A4C6 are connected back-to-back which results
ina19. 5J.lF, non-polarized, low leakage filter. Shunt
limiter A4CR4 through A4CR9, limits the Operational
Filter output to values between - 1. 8 V and + 1. 8 V.
The Operational Filter output (0 to +1 Vdc) is applied
to the Differential Amplifier (Paragraph 5-54).

4-52. HIGH VOLTAGE SECTION.

4-53. The High Voltage Section is a voltage feedback
amplifier within the Main Loop. In Standard mode,
the High Voltage Section generates the desired output
voltage and current. In Voltmeter and Differential
Voltmeter modes, 1 V range and above, the High
Voltage Section duplicates the unknown dc input volt
age. On the' ranges below 1 V, the High Voltage Sec
tion generates 0 to 1 V proportional to the unknown
dc input voltage. Closed loop gain of the High Voltage
Section is controlled by voltage feedback from the
output stage to the DifferentialAmplifier input stage.
The High Voltage Section has a closed loop gain of 1
(unity) on the 1 V range and below; 10 on the 10 V,
102 on the 100 V Range; 103 on the 1000 V Range.

4-54. Differential Amplifier p/o A4 (Figure 7-8). The
Differential Amplifier is the input stage of the High
Voltage Section of the Main Loop. The differential
Amplifier compares the output of the Operational Fil
ter to feedback voltage from the output stage of the
High Voltage Section. It then furnishes a voltage to
the Pulse Width Converter (part of A5) which is pro
portional to the difference between the two voltages.
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4-55. The dc output of the Operational Filter is applied
to the base of A4Q7. The base of A4Q7 is grounded
through A4 pin 8 and a deck of the Range and Function
Switchwhenever operation on the mV ranges in Stan
dard mode is attempted, preventing operation of the
High Voltage Section. The Differential Amplifier con
sists of A4Q7 through A4QIO. A4Q7/A4Q8 and A4Q91
A4QIO are Darlington Pairs which provide high gain
and sensitivity to the amplifier. Whenever a current
is drawn from the + and - OUTPUT terminals which
exceeds the setting of the CURRENT LIMIT control,
A4Q12 is forward biased by an input from A5, and
lowers the voltage at the em itters of A4Q8 and A4Q9,
reducing the output of the differential amplifier. The
dc output of the Differential Amplifier is further amp
lified and inverted by A4Qll and fed through A4 pin 3
to the Pulse Width Converter. The signal at this point
varies from approximately +8.4 V (for a 0 V Main
Loop output) to + 6 V (for a 1000 V 20 mA Main Loop
output).

4-56. Pulse Width Converter and 20 kHz Clock, plo
A5 (Figure 7-9). The dc input to the Pulse Width
Converter from the Differential Amplifier is a dc
level that varies from approximately +8.4 V (0 V
Main Loop output) to + 6 V (1000 V 20 mA Main Loop
output). The Pulse Width Converter converts this
input voltage to 20 kHz pulses that vary in width pro
portional to the Main Loop output voltage and current.
The 20 kHz Clock controls the pulse frequency.

4-57. The 20 kHz Clock consists of A5Q1 and A5Q2
which form an astable (free -running) multivibrator.
A5Rl, A5C2 and A5R5 determine the 20 kHz switching
frequency. The multivibrator output is differentiated
byA5C1, A5C4and A5C3. A5CRlremovesthe nega
tive spikes. The remaining 20 kHz positive spikes
are applied through A5CR2 to the Pulse Width Con
verter at the collector of A5Q3.

4-58. A5Q3 and A5Q4 form a Schmitt-Trigger that
functions as a monostable (one-shot) multivibrator.
In the stable state, A5Q4 is conducting and A5Q3 is
cut off. Each positive pulse from the 20 kHz Clock
causes the multivibrator to switch to the unstable
state. The length of time the multivibrator stays in
the unstable state is determined by the voltage at the
base of A5Q3 from the Differential Amplifier. When
this voltage is +8.4 V (representing a 0 V Main Loop
output) the unstable state is very short -- approxi
mately the same length as the triggering pulse from
the 20 kHz Clock. As the voltage at the base of A5Q3
decreases toward + 6 V, the multivibrator stays in
the unstable state longer each time it is triggered.
When the A5Q3 base voltage reaches + 6 V (representing
maximum voltage and current output from the Main
Loop), the unstable state reaches a maximum dura
tion of approximately 20 /lsec. The resultant output
of the Pulse Width Converter at the collector of A5Q4
is a series of negative 20 kHz pulses, varying in width
from approximately 2 /lsec to 20 /lsec, proportional
to the Main Loop output voltage and current. A5Q5,
an emitter follower, provides current gain for the
pulses. The pulses are then fed out A5 pin 19 and
through T3 to the Power Switch Driver, part of A7.
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4-59. Power Switch Driver and Power Switch (Fig
ure 7-11). The Power Switch Driver and Power Switch
provide current gain and shaping to the variable-width
20 kHz pulses from the Pulse Width Converter.

4-60. The variable-width 20 kHz pulses from A5 pin
19 are transformer-coupled to A7 pin 1. From A7
pin 1 the pulses are applied through A7R1 and A7L1
to A7Q1. The leading edge of each pulse turns on
A7Q1. When A7Q1 conducts, negative voltage from
the emitter of A7Q1 turns on the Power Switch Tran
sistors' Q1 and Q2. When Q1 and Q2 conduct, cur
rent flows from the emitter of A7Q1 through A7R10
to the base of Q2. This base current through A7R10
keeps A7Q2 and A7Q3 cut off for the duration of the
pulse.

4-61. The trailing edge of the variable-width pulse
turns off A7Q1. The emitter of A7Qlis then clamped
to approximately +1.2 Vby A7CR1 and A7CR2. The
positive voltage turns off the Power Switch Transistors.
Q1and Q2, and turns on A7Q2 and A7Q3. Conduction
of A7Q2 and A7Q3 helps discharge the emitter-base
capacitance of the Power Switch Transistors, greatly
decreasing their turn-off time at the end of the vari
able-width pulse. A7C8* (typically 0.0068 /IF) is
factory selected to match the reactive characteristics
of the Power Switch Driver with the Power Switch
transistors, Q1 and Q2. Paragraph 5-95 explains
the A7C8* selection procedure.

4-62. Internal Current Limit, plo A7 (Figure 7-11).
The - 42 V Power Supply supplies collector current to
Q1 and Q2 through R4, F3 and the primary of T4.
At high output voltage and power levels, the voltage
pulses across R4 increase in amplitude. A7R14 and
A7C7 integrate these pulses and the resulting average
voltage is applied across A7CR3 and the emitter -base
junction of A7Q5. At excessive output voltage and
power levels, the voltage across R4 becomes suI
ficient to forward-bias A7Q5. The effect is further
amplified by A7Q4 which applies a positive voltage
to the base of A7Q1. A7Q1 then reduces or blocks
the variable width pulses from T3, resulting in lower
output voltage and current from the Main Loop.

4-63. High Voltage Pulse Transformer, T4, and High
Voltage Rectifier, plo All (Figure 7-3). The Power
Switch transistors, Q1 and Q2, function to store and
release energy in the High Voltage Transformer, T4.
The release of energy from the secondary of T4 is
converted to dc by the High Voltage Rectifier, AllCR1.

4-64. Q1 and Q2 conduct for the duration of each 20
kHz pulse from the Power Switch Driver. During this
conduction time, a magnetic field builds up around
T4 as a result of the large current drawn through the
primary winding. The voltage across the secondary
winding reverse biases the High Voltage Rectifier,
AllCR1, and no current flows in the secondary.

4-65. When the trailing edge of the 20 kHz pulse turns
off Q1 and Q2, the following events occur: The mag
netic field around T4 begins to collapse attempting to
induce current flow in both the primary and secondary
windings. The primary circuit, however, is incom-
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plete since Q1 and Q2 are in the non-conducting state.
The collapse of the field around the secondary winding
forward biases the High Voltage Rectifier, AllCRl,
and a large current flows in the secondary circuit.
The secondary current charges several capacitors in
the output circuit. These capacitors charge to a value
determined by the energy in the collapsing magnetic
field around T4.

4-66. The energy transferred to the secondary of T4
depends on several factors. Ql and Q2 turn off very
rapidly at the end of each 20 kHz pulse, partly due to
the action of A7Q2 and A7Q3 (Paragraph 4-61). This
extremely sudden interruption of primary current in
T4 results in a very high voltage across the secondary
winding. The power delivering capability of the
secondary winding depends on how much energy is
available in the collapsing magnetic field. The energy
content of the magnetic field is determined mainly by
the length of time the Power Switch allows current to
flow through the primary of T4 each time a 20 kHz
pulse is applied. A wide pulse applied to the Power
Switch allows a large magnetic field to be developed
and a large amount of power to be delivered by the
secondary. Conversely, a narrow pulse results in
a small amount of power delivered by the secondary
of T4.

4-67. The output of High Voltage Rectifier, AllCR1,
is fed through AllR1 to the output circuits.

4-68. Output Circuits (Figure 7-3). The positive spikes
from the High Voltage Rectifier are filtered in several
places. The filtering is provided by A5C4, C4 and
AllL1 on the 1 V range and below; A5C5, A5C8, C4
and AllL1 on the 10 V range; A5C8, C3, AllL1 and
C4 on the 100 V range; and C3, AllL1 and C4 on the
1000 V range.

4-69. The filtered output voltage is fed through the
Output Rotary Switch, K1, to the +OUTPUT terminal
whenK1 is energized. K1 is a two-position solenoid
actuated rotary switch that energizes when the Output
Pushbutton Switch, Sll, is depressed. - 42 V is
supplied to one lead of the switch solenoid. Depressing
Sll connects the other lead of the solenoid to ground,
completing the path for current through the solenoid
and energizing K1. In the energized position, current
through the solenoid is limited by R3 to prevent over
heating.

4-70. An interlock from pin 1 to pin 5 in the Output
Cable Assembly prevents K1 from energizing when
the Output Cable Assembly is not connected to the
Output Jack, J2. When Sll is turned on, SllDS1 lights.
When Sll is depressed a second time the ground is re
movedfrom K1; K1 de-energizes and SllDS1 goes
out. The operation of SllDS1 is not affected by the
interlock for K1. Cycling Sll without the Output Cable
Assembly connected to the Output Jack will cause
SllDS1 to alternately light and go out even though K1
will not energize.

4-71. The Floating 12 V Power Supply (p/o A5) re
ferences the - Output terminal to + 12 Vwith respect to
the negative lead of the High Voltage Pulse Trans
former, T4. This condition causes the High Voltage
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Section to generate an output in seri es -opposition to
the + 12 V from the floating supply. The High Voltage
Section then must generate a + 12 V output just to
maintain 0 V across the + and - Output terminals.
This action is necessary in order to keep the Pulse
Width Converter and Power Switch circuits in the
linear region of their dynamic range when the Main
Loop is generating an output near 0 V.

4-72. High Voltage Section Feedback Divider (Fig
ure 7-3). The closed loop gain of the High Voltage
Section is controlled by degnerative feedback from
the output stage to the Differential Amplifier input
stage (p/o A4). Feedback is controlled by the High
Voltage Section Feedback Divider, SlRll through
SlR14. On the 1 V range and below, the feedback
factor ({3) is 1 (unity) resulting in a closed loop gain
of 1. On the 10 V, 100 V and 1000 V ranges, f3 de
creases to 0.1, 0.01, and 0.001 resulting in closed
loop gains of 10, 102 and 103 respectively. Precise
closed loop gain characteristics in t)1e High Voltage
Section are not essential since the overall Main Loop
feedback controls the Main Loop accuracy and will
overcome small gain errors in both the Low Voltage
and High Voltage sections.

4-73. External Current Limit, plo A5 (Figure 7-9h
The External Current Limit Circuit functions to pro
tect the Model 740B from excessive loads connected
to the Output terminals. The External Current Limit
Circuit is comprised of the front Panel CURRENT
LIM:IT Control, the Current Limit Adjustment (A10R8)
and the Current Limit Detector, plo A5.

4-74. R12 (CURRENT LIMIT Control), A10R1 and
A10R8 are in series with the - Output from the Main
Loop. The voltage drop across this series combina
tion appears across A5 pin 17 and A5 pin 6 and is
directly proportional to th~ current delivered by the
Output terminals. Under no-load conditions, the
voltage at both pin 17 and pin 6 is approximately - 12 V,
caused by the operation of the Floating 12 V Supply.
Under these conditions, A5Q6 is turned off and the
voltage level coupled from A5Q6 to the base of A5Q7
keeps A5Q7 from conducting. The collector of A5Q7
is connected through A5 pin 15and A4 pin 20to a volt
age divider consisting of A4R35, A4CRll and A4CR12
(Figure 7-8). The voltage divider clamps the collector
of A4Q7 and the bases of A4Q6 and A4Q12 to approxi
mately -1 V. A4Q6 and A4Q12 function as diodes and
do not conduct unless an overload condition exists.

4-75. When excessive current is delivered by the Main
Loop Output, a significant voltage drop occurs across
R12, A10R1 and A10R8 causing A5Q6 to conduct. This
causes A5Q7 to conduct and the collector of A5Q7 goes
positive, overcoming the -1 V from A4R35, A4CRll
and A4CR12. The positive level at the collector of
A5Q7 is coupled through A5 pin 15 and A4 pin 20 to
the bases of A4Q6 and A4Q12. A4Q6 and A4Q12 are
then forward biased, reducing the gain of the Oper
ational Filter and Differential Amplifier, and the Main
Loop output voltage decreases to a safe level.

4-76. The CURRENT LIMIT Control (R12) varies the
sensitivity of the Current Limit Detector by changing
the resistance in series with the - Output. When the
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CURRENT LIMIT Control is set to MIN (fully ccw),
R12 is set at maximum resistance, causing a larger
voltage drop across the R121AlORllAlOR8 combina
tion for a given output current. The Current Limit
Adjustment (AlOR8) sets the range of the CURRENT
LIMIT Control.

4 -77. Output voltage also affects the Current Limit
Detector. At low voltage outputs, the sensitivity of
the circuit depends almost entirely on the current
through R12, A10R1 and A10R8 and the circuit is
calibrated to limit output current to approximately
50 mA when the CURRENT LIMIT Control is set to
MAX. At high output voltages, positive prebias volt
age from AllR4 (Figure 7-3) starts to forward bias
the emitter-base junction of A5Q6. This increases
the sensitivity of the Current Limit Detector causing
the maximum output current to decrease to approxi
mately 20 mAwhen the output voltage reaches 1000 V.

4-78. MAIN LOOP FEEDBACK DIVIDER (Figure 7-3).

4 -79. The closed loop voltage gain accuracy of the Main
Loop is almost entirely determined by the accuracy of
the Main Loop Feedback Divider. The divider controls
the Main Loop Gain on all ranges and functions as an
inputattenuatorfor the Meter Loop on all ranges above
1 V.

4-80. The Main Loop Feedback Divider consists of
A9R4 through A9R12 which comprise a 3 Mn decade
divider. A9R4 throughA9R9 are precision wirewound
resistors that are factory matched to have similar
temperature coefficient characteristics. A9RlO,
A9Rll and A9R12 calibrate the divider for precision
decade division ratios of 10:1, 100:1 and 1000:1.

4-81. ZERO CONTROL CIRCUIT (Figure 7-3).

4-82. The Zero Control circuit functions to set the
Main Loop zero reference in all modes of operation.
The Zero Control circuit is comprised of AlOBT1, the
front panel ZERO Control (R13) and several other re
sistors. 1. 4 V from A10BTl is dropped across
A10R6, AlOR7 and A10R13. Part of this series
string is paralleled by SlR9, SlR10, SlR8 and R13
(ZERO Control). Varying R13 causes the voltage
across SlR10 to vary approximately ±15 JJ.V, intro
ducing a small offset voltage in the Main Loop feed
back path. AlOBTl discharges constantly through the
resistors that comprise the Zero Control Circuit. Dis
charge current is extremely low - - approximately
0.2 JJ.A -- and the service life of the cell approaches
normal shelf -life. The variable offset can be used
to compensate for small external offset voltages
existing in a measurement setup or to set the Main
Loop input or output to exactly zero.

4-83. REFERENCE LOOP.

4-84. The Reference Loop supplies a stable, accurate
voltage to the Main Loop input in Standard mode. In
Differential Voltmeter mode, the Main Loop feedback
voltage (or a portion of it) is compared to the Re
ference Loop output voltage. The Reference Loop is
comprised of the 1 V Reference Supply and the Re
ference Divider which is operated by the front panel
VOLTAGE SET and STANDARD VERNIER Controls.
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4-85. 1 V REFERENCE SUPPLY (Figure 7-13).

4-86. The Reference Oven Assembly (A13) contains
the Control Differential Amplifier (A13Q3, A13Q4) and
the Oven Heater and Regulator Circuits.

4-87. A13CRl is a pre-aged Zener diode selected to
have excellent stability characteristics. A13CRl
establishes the reference voltage for the Control Dif
ferential Amplifier (A13Q3 and A13Q4). Also, the
voltage across A13CR1 is used to develop the + 1 V
output of the 1 V Reference Supply. The operating
voltages for the Control Differential Amplifier are
generated by the +34 V Supply (p/o A6) and pre
regulated by A2Q14 and A2Q15. The output from
A13CR1 is dropped across the Reference Adjustment
resistors (p/o AI), S3Rl and S3R2. The REF COARSE
and FINE adjustments (AlR40 and AlR4l) set the
voltage at the junction of S3R1 and S3R2 to +1 V.

4-88. The Oven Heater and Regulator Circuits func
tion to keep the interior temperature of the Reference
Oven Assembly at a constant 800 C. This allows the
reference diode, A13CR1, to develop a very stable
output voltage, regardless of ambient temperature.

4-89. The Temperature Sensing Bridge is balanced
only when the oven temperature reaches 800 C. A
termistor, A13R7, functions ,a:s the heat-sensing
element. When the bridge is not balanced, the voltage
at the collector of A13Q2 changes. This change is
amplified by the Error Amplifier, A2Q12 and A2Q13.
The output from the collector of A2Q13 is fed to the
Heater Control transistor, Q3. Q3 controls the cur
rent through the Oven heating element, HR1. The cur
rent through HR1 is increased or decreased according
to the temperature Sensing Bridge output until the
oven tem perature stabilizes at 800 C, balancing the
bridge.

4 -90. The A13 circuit com ponents are factory matched
and aged. For this reason, the components inA13
are not separately replaceable.

4-91. REFERENCE DIVIDER (Figure 7 -14).

4-92. The Reference Divider supplies a 0 to + 1. 00000
V output in Standard mode; 0 to +0.99999 V output in
Differential Voltmeter mode. The divider consists of
the five front panel VOLTAGE SET switches, the
STANDARD VERNIER switch and some padding re
sistors on AI.

4-93. The + 5. 9 V output of the 1 V Reference Supply
at Al pin 22 (Figure 7-13) is dropped across S3Rl and
S3R2. The 10kn resistance of the Xl VOLTAGE SET
divider is in parallel with S3R2, causing the parallel
resistance of S3R2 and the Xl divider to be 1 kn.
The voltage across the parallel resistance is a stable
and accurate 1 V.

4-94. Regardless of how the resistors in the Xl di
vider are switched, there will be a total of 9 kn within
the Xl divider which will make from 0 to +0.9 V in
0.1 V steps available at the Xl divider output. The
remaining 0.1 V is dropped across the parallel com
bination of S4R5 and the XlO divider resistance.
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4-95. TheX10divider is arranged in the same manner
as the Xl divider. The X10 divider input resistance is
10 kn: 9 kn within the divider and 1 kn from the ex
terior combination of S5R5 and the X102 divider. The
X10 divider divides the input voltage in 0.01 V steps
resulting in an output across the entire Reference Di
vider of 0 to +0.99 V. The X102, X103 and X104
dividers operate in the same manner. Each divider
adds resolution to the output resulting in a 0 to
+0.99999 V output when all five VOLTAGE SET Con
trols are rotated.

4-96. In Standard mode, the output voltage is taken
from the Standard Vernier Divider which drops the
remaining 0.00001 V in steps of 1 /lV, from 0 to +10
/l V. The resultant Reference Divider output in Stan
dard mode is 0 to + 1. 00000 V.

4-97. Each decade of the Reference Divider utilizes
4 resistors to derive the 1 to 0.1 division ratios. The
resistor values are 1 kn (R1), 2 kn (R2), 2 kn (R3)
and 4 kn (R4). The VOLTAGE SET switches, S4
thru S8, rearrange the connections between the four
resistors to obtain nine combinations, each combina
tion producing a different division ratio, yet main
taining a resistance of 9 kn within each divider. The
output of each decade divider is paralleled with the
resistance of an external resistor (S4R5, S5R5, etc.)
and the complex resistance of the following decade
dividers. The entire series -parallel resistance com
bination remains at 1 kn, regardless of the settings of
the VOLTAGE SET switches.

4-98. Resistors in the Xl and X10 dividers are in
dividually matched by adjusting variable padding re
sistors on Al (Figure 7-5). The Al padding resistors
allow compensation to be made for aging of the re
sistors on S4 and S5. The padding resistors are ad
justed when performing the Internal Alignment Pro
cedure (Paragraph 5-57).

4-99. METER LOOP.

4-100. The Meter Loop consists of the Meter Filter,
the Meter Amplifier, the front panel meter and part
of the Sensitivity switching. The meter displays the
input voltage in Voltmeter mode, the 6th digit of the
input voltage in Differential Voltmeter mode and the
6th digit of the output voltage in Standard mode.

4-101. The input to the Meter Loop comes from the
Main Loop voltage feedback path in Voltmeter mode.
On the 1 mV to 1 V ranges, the Meter Loop input is
o to 1 Vdc -- the same voltage fed back from the
output of the Main Loop to the Main Loop Feedback
Divider. On the 10 V, 100 V and 1000 V ranges, the
Main Loop Feedback Divider attenuates the Meter Loop
inputbya factor of 0.1, 0.01 and 0.001 respectively,
resulting in a constant 0 to 1 V input on all ranges
in Voltmeter mode.

4-102. In Differential Voltmeter mode, the Meter Loop
input is connected to W' the Reference Supply common.
The Meter Loop is referenced to W, the grolU1d re
ference for all of the critical circuits in the Main Loop.
Whenever the Reference Loop output differs from the
Main Loopfeedback voltage, current flows through the
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Meter Loop, proportional to the error between the
Main Loop feedback and Reference Loop output volt
ages. The Meter Loop detects and displays the error
voltage, allowing a differential measurement to be
made. TheXl throughX104 SENSITIVITY pushbuttons
control the Meter Loop sensitivity.

4-103. In Standard Mode, the Meter Loop input comes
from the Standard Vernier Divider, p/o S9. The input
varies from 0 to + O. 1 V according to the position of
the STANDARD VERNIER Control. Meter Loop gain
is 10 in Standard mode resulting in a 0 to + end-scale
deflection as the STANDARD VERNIER Control is
turned clockwise.

4-104. METER FILTER AND AC AMPLIFIER (Fig
ure 7-6).

4-105. The input to the Meter Loop is applied to the
Meter Filter, C8, C9, C10 and R6. The Meter Fil
ter removes noise from the dc input. The dc output
of the Meter Filter is applied to the Modulator, A16V1
and V2.

4-106. The Modulator consists of two photocells that
are lighted alternately by neon lamps A16DS1 and
A16DS2. The lamps are driven by a 95 Hz square
wave from A8. The modulated output of A16V1/V2
is a 95 Hz square wave proportional to the difference
between the Meter Loop input and degenerative feed
back voltage from the output. After the Meter Loop
responds to an input, the amplitude of the square wave
is very small due to the high gain of the Meter Amp
lifier.

4-107. The ac error signal from the Modulator is
applied through A2 pin 1 and A2C 1 to the base of A2Q1.
A2C1 decouples the ac error signal from the input dc
level. A2CR1 limits large negative spikes that may
occur when changing ranges or functions. A2Q1
through A2Q3 comprise a cascade -coupled, three
stage amplifier. Degenerative feedback within the
three-stage amplifier ensures gain stability and pro
vides some gain correction for varying input voltages.
The output of the three -stage amplifier is coupled
through A2C4 to A2Q4.

4-108. A2Q4 and A2Q5 comprise a differential amp
lifier. Gain of the amplifier is affected by feedback
voltage from the collector of A2Q16 through A2R15 to
A2Q5. When the X102. X103 orX104 SENSITIVITY
pushbutton is depressed, the degenerative feedback is
reduced by switching A2Rll in parallel with A2R12,
reducing the feedback impedance to ground. This
results in increased gain for the A2Q4/A2Q5 differ
ential amplifier. The output of the differential amp
lifier is amplified by A2Q16 and coupled through A2C 7
and A2 pin 8 to the Demodulator. A2TP8 provides a
convenient point to monitor the operation of the Meter
Amplifier AC Section.

4-109. The amplified ac error signal is demodulated
by A16V3 and A16V4. The Demodulator photocells
are lighted by A16DSI and AI6DS2, the same neons
that light the Modulator photocells. The Demodulator
output is a dc level proportional to the input ac error
signal. The Demodulator output voltage is applied to
the Meter Driver through A2 pin 10.
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4-110. METER DRIVER AND FEEDBACK DIVIDER.

4-111. From A2 pin 10, the de signal is fed through
A2R17andA2R19* to A2Q6. A2R19* (typically 22 kn)
is factory selected to set the gain of the Meter Driver.
(Paragra ph 5-86 describes the procedure for selecting
A2R19*. ) A2Q6 amplifies the de level and drives A2Q8.
A2Q7 provides temperature compensation for A2Q6.
The signal is amplified by A2Q8 and A2Q9 and applied
to the class AB push-pull output stage, A2Q10 and
A2Q11. A2CR3 and A2CR4 keep A2Q10 and A2Q11
slightly forward-biased under no-signal conditions in
order to prevent crossover distortion. Degenerative
ac feedback from the emitters of A2Q10 and A2Q11
to A2Q6 causes the Meter Driver to have good noise
rejection. DC gain of the Meter Driver is controlled
by degenerative dcfeedback through A2R32 and A2R31
to A2Q6. DC gain is approximately 200.

4-112. The output of the Meter Driver drives the Meter,
M1. C13 bypasses any sharp transients around M1.
A10R3 and A10R10 match the meter characteristics
to the output of the Meter Driver. A10R10 calibrates
the meter end-scale deflection. The Meter Driver
output voltage is also applied across R14 to the RE
CORDER OUTPUT terminals. R14 varies the voltage
from 0 to approximately 1 V for an end-scale meter
deflection, allowing the output voltage to be matched
to an external recorder or monitoring device.

4-113. The Meter Loop Feedback Divider controls
the Meter Loop gain. The divider is comprisedof
S2R1 through S2R5 and the Sensitivity switch, S2.
When the Xl SENSITIVITY button is depressed, all of
the Meter Driver output voltage is fed back to the
Modulator, A16V1/v2, setting the effective gain of
the Meter Loop at 1 (unity). Depressing the X10
through X104 pushbuttons decreases the feedback by
a factor of ten each time, resulting in an end-scale
sensitivity of 100 Jl V on the X104 Sensitivity. The
divider resistors (S2R1 through S2R5) are precision
wirewound resistors. The divider is calibrated by
adjusting A10R9 which changes the effective resistance
of S2R5.

4-114. Zero offsets in the Meter Loop are nulled out
by a controlled opposing offset voltage from A10R12.
The voltage from the wiper of A10R12 is fed through
A10R5 to the Meter Loop Feedback Divider.

4-115. POWER SUPPLIES (Figure 7-3).

4-116. Power is supplied to the Model 740B from an
external 115 Vac or 230 Vac source through the Power
Input Receptacle, J3. The power is applied through
L6 and L7 to the POWERON -OFF Switch, S12, and the
115-230 Switch, S13. S12DSllightswhenS12 is in the
ON position. S13 switches the primary windings of T1
from series -connected to parallel-connected when 115
Vac operation is selected. The voltage across one
primary winding of T1 isfed to the primary of T2. T1
provides power to the Unguarded Power Supplies; T2
provides power to the Guarded Power Supplies.

4-117. GUARDED POWER SUPPLIES.

4-118. Floating 12VPowerSupply, plo A5(Figure7-9).
The Floating 12 V Power Supply consists of a full-wave

4-10

Model 740B

rectifier (A5CR6 and A5CR7) and a filter (A5C7). A
secondary winding of T2 provides approxin1ately 30 V
rms to the power supply. The Floating 12 V Power
Supply keeps Zener Diode A5CR4 in permanentbreak
down. A5R18 limits the breakdown current. The volt
age across A5CR4 introduces a permanent 12 V offset
inthe -Outputstage of the Main Loop, allowing linear
operation at low output voltage (Paragraph 4-71).

4-119. ±22 V, ±10V, -30 V and +34 V Supplies. A6
(Figure 7-10). T2 provides approximately 40 V rms
to bridge rectifier A6CR1 through A6CR4. The +out
put of the bridge is filtered by A6C 5 and the resultant
+22 V is fed out A6 pin 13. The - output of the bridge
is filtered by A6C11 and the resultant - 22 V is fed out
A6 pin 12. The + and -22 V supplies are unregulated.

4-120. The + 10 V Supply consists of a Darlington
connected series regulator, A6Q1 and A6Q2. A6CR5
provides the reference voltage for the control amp
lifier, A6Q3. A6Q3 provides the correct bias for the
series regulator. The + 10 V Supply obtains primary
power from the +output of the bridge rectifier, A6CR1
through A6CR4. The regulated + 10 V output is fil
tered by C1 and fed out A6 pin 21.

4-121. The -10 V Supply is similar to the + 10 V Sup
ply. The major difference is the voltage reference
for the control amplifier, A6Q4, which is derived from
the output of the + 10 V Supply dropped across A6R11
and A6R10. The - 10 V regulated output is fed oul A6
pin 18.

4-122. The - 30 Vand +34 V Supplies consist of brid[':e
rectifiers A6CR10 through A6CR13 and A6CR6 through
A6CR9. The -30 V outputisfed outA6 pin 14 and fil
tered by C12. The +34 V output is filtered by A6C13
andfedoutA6 pin 3. The +34 V Supply is referenced
to Wbut may be measured with respect to \y in
Standard mode when the two grounds become eleclri
cally common. The - 30 V and + 34 V Supplies are
unregulated.

4-123. UNGUARDED POWER SUPPLIES.

4 -124. - 42 V Supply (Figure 7-3). T1 provides pri
mary power for Zl located on the main chassis. The
rectified output of Zl is filtered by C1, L1 and C2.
An interlock on A7 pins 13 and 14 interrupts the - 42 V
Supply whenever A7 is removed. The - 42 V Supply
provides power to the Power Switch (Q1 and Q2) and
supplies energizing current for the Output Rotary
Switch, K1. The output of the - 42 V Supply is re
ferenced to w· (wand ware electrically common).

4-125. ±16. 5 V Power Supply, pia A7 (Figure 7-11).
T1 supplies approximately 26 V rms to bddge-recti=
fier A7CR4 through A7CR7. The I output of the
bridge is filtered by A7C2 and connected to A6 pin 17.
The - output of the bridge is filtered by A7C 1 and
connected to A7 pin 18. The Output Switch Interlock
is connected across A7 pins 17 and 18. The interlock
consistsofrelayA7K1 and A7R19. The interlock in
terrupts the - 42 V supply r)utput tr) the Output Switch,
Kl, when the instrumenl is turned off. K1 wr)uld
otherwise remain ene rgized fr)r several secrmds due
to the long discharge time r)f the - 42 V Power Supply
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filters, C1 and C2. The + and - 16.5 V Supplies
are referenced to w· (Wand ware electrically
common).

4-126. + 180 V, +360 V Power Supply, plo A8 (Fig
ure 7-12). The + 180 V Power Supply consists of
A8CR2 and A8C2which comprise a half-wave unregu
lated supply. A8CR1 and A8C1 along with the + 180 V
Supply components form a voltage doubler for gen
erating + 360 V. Both supplies are referenced toW.
( wand Ware electrically common). The output
of the + 180 V Supply provides operating voltages
for the Neon Drivers (p/o A8). The +360 V output is
fed out A8 pin 1 to the digital indicator tubes in Stan
dard and Differential Voltmeter modes.

4-127. CHOPPERNEONDRIVERS, p/oA8 (Figure 7-12).

4-128. METER LOOP NEON DRIVER.

4-129. The Meter Loop Neon Driver supplies a 95 Hz
square wave to the Meter Chopper neons A16DS1 and
A16DS2. The Meter Loop Neon Driver is a free
running multivibrator consisting of A8Q1, A8Q2 and
associated components. A8R3 is adjusted to set the
multivibrator frequency to 95 Hz. A8R8* and A8R9*
are factory selected to set the range of adjustment
of A8R3. Paragraph 5-99 describes the procedure
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for selecting A8R8* and A8R9*. The square wave
can be observed at A8TP21.

4-130. A16DS1 and A16DS2 are connected to opposite
sides of the multivibrator which causes them to flash
alternately. A16DS1 illuminates A16V2 and A16V4;
A16DS2 illuminates A16V1 and A16V3.

4-131. MAIN LOOP NEON DRIVER.

4-132. The Main Loop Neon Driver supplies pulses to
the Main Loop Chopper Neons, A17DSl and A17DS2.
A8Q3 and A8Q4 and associated components comprise
a free-running multivibrator. The frequency is ad
justed to 162 Hz by A8R20.

4-133. A8Q5, A8Q6 and associated components act
together to shorten each of the square wave alterna
tions from the multivibrator. The leading edge of the
positive half of the square wave from A8Q4 triggers
A8Q5 and A8Q5 conducts until A8CI0 discharges. The
discharge time occurs approximately half way through
the positive alternation of the square wave. When
A8Q5 conducts, Al7DS2 lights. A8Q3 and A8Q6 func
tion in a similar manner. A17DSllights when A8Q6
conducts. This results in the neons lighting alter
nately; but each neon goes out approximately 1. 5 msec
before the other neon lights.
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Table 5-1. Required Test Equipment

Model 740B

EQUIPMENT TYPE REQUIRED CHARACTERISTICS RECOMMENDED MODEL

DC Null Detector/Voltmeter Accuracy: ±3% -hp- Model 419A DC Null
Sensitivity: 10 IJ.V end-scale to Voltmeter

500 Vend-scale
Input Resistance: > 1 Mn on ranges

above 100 mV
Input: Floating

1 V Reference Supply Accuracy: 1 V ±0.0002% (See Appendix C) -hp- Model 735A DC
Stability: 10 ppm/month Transfer Standard

Precision Decade Divider Division Ratios: 10:1, 100:1 and 1000:1 -hp- 11100A Series Re-
sistors (See Appendix C)

Variable Line Transformer Voltage Outputs: 102 Vac to 128 Vac or Superior Type UC1MB
207 Vac to 253 Vac (115 V) or UC2MB

Output Power: 125 Watts 230 V)

Oscillator Frequency: 70 Hz ± 5% -hp- Model 65lB Test
Output: 1 V rms (adjustahle) Oscillator

AC Voltmeter Accuracy: ± 5% from 1 Hz to 1 MHz -hp- Model 403A AC
Response: Average or RMS responding Voltmeter

RMS calibrated
Sensitivity: 100 IJ.V end-scale to 10 mV

end-scale

Oscilloscope Bandwidth: DC to 20 MHz -hp- Model 180A/1801A/
Vertical Sensitivity: 5 mV/cm 1802A Oscilloscope
Time Buse: 20 IJ.sec/cm to 20 msec/cm

Frequency Counter Accuracy: ±1% -hp- Model 5211A Elec-
Range: 50 Hz to 400 Hz tronic Counter

1-1000 V Power Supply Stability: . 001 %/24 hours -hp- Model 740B or 74lB
Resolution: .0001% DC Standard

Clip-On DC Milliam- Range: 1 rnA to 100 rnA full-scale -hp- Model 428B Clip-On
meter Accuracy: ±3% Milliammeter

Resistors 20 n ±1% 1/2 W -hp- Part No. 0811-0305
1 kn ±10% -hp- Part No. 0684-1021
1 kn ±5% 5 W -hp- Part No. 0812-0099
10 kn ±10% -hp- Part No. 0684-1031
100 kn ± 10% -hp- Part No. 0811-0050

Capacitor 2 IJ.F ±20% non-polarized -hp- Part No. 0170-0002

L
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SECTION V

MAINTENANCE

Section V

5-1. INTRODUCTION.

5-2. This section contains maintenance instructions
for theModel 740B. Included are performance tests,
adjustment and calibration procedures, and trouble
shooting and repair procedures.

5-3. REQUIRED TEST EQUIPMENT.

5-4. Table 5-1 lists the required test equipment
for maintenance ofthe Model 740B. Includedfor each
piece of test equipment are required characteristics
and a recommended commercial model. If the recom
mended model is not available, select another model
with similar characteristics.

5-5. PERFORMANCE TESTS.

5-6. The performance tests presented in the following
paragraphs are front-panel procedures designed to
com pare the Model 740B with its specifications (Table
1-1). These tests maybe used for incoming inspection,
periodic maintenance and for specification tests after
repair or adjustment. The tests may also be useful
as a first step in troubleshooting (Paragraph 5- 69).

5-7. A Performance Check Test Card is included in
this section on pages 5-32a and 5-32b. The card lists
the test limits and provides spaces for recording the
test readings. The card can be removed from the
manual and used in conjunction with incoming inspection
to provide a permanent record of the instrument per
formance.

5-8. In order to verify the accuracy specifications
with a high degree of certainty, itis necessary to use
a calibration system that is at least three times as
accurate as the specification being checked. The
most accurate mode of the Model 740B is Standard
where accuracy is within ± 24 ppm at maximum output
voltage on any range. This requires using a calibra
tion system accurate to within ± 8 ppm to verify this
specification.

5-9. A calibration system consisting of a precision
divider, a 1 V reference supply and a null detector
is used (in various forms) in the accuracy tests which
follow. The divider is a string of adjustable transfer
resistors which have been accurately ratio matched.
Overall ratio accuracy is within ±2 ppm at all taps,
with no need to use correction factors. The 1 V re
ference supply is a dc transfer standard, calibrated
to 1 V ± 2 ppm. The null detector is a sensitive dc
null voltmeter capab Ie of resolving off -null conditions
of less than 0.25 jlV. Using the technique described,
the overall accuracy of the system is within about
± 5 ppm -- well within the required ±8 ppm.
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5-10. Appendix C gives details on calibrating the
transfer standard and building the divider. Fixed
value standard resistors may be used in the divider
providing the correction factors for each resistor
are known (or derived) and applied.

5-11. The Meter Mechanical Zero Adjustment (Para
graph 5-36) and the Internal Alignment Procedure
(Paragraph 5-57) should be performed before pro
ceeding with the Performance Tests. These adjust
ments calibrate the instrument for the temperature
existing at the time of adjustment. If the instrument is
mounted in a rack or otherwise relocated to an area of
different ambient temperature, the allowable accuracy
deviations (given in Tables 5-2, 5-3, and 5-4)must
be increased according to the following Temperature
Coefficient specifications:

a. DC standard mode: Less than (2 ppm of setting
or 1 ppm of setting, whichever is greater) per
°C, lOoC to 40oC.

Example: Normal allowable accuracy deviation
for a 1 V output on the 1 V range is ± 24 /l V
obtained from the accuracy specification:
± (0. 002% of setting + 0.0004% of range). If
the temperature is changed 50 C, the allowable
accuracy deviation becomes ± 34 jl V for the '2r,~
1 V output (original deviation of ± 24 jl V plus I L
the temperature correction factor of 10 jlV).

b. Differential Voltmeter mode: (2 ppm of
reading + 1 jl V) per °C, lOoC to 40oC.

Example: Normal allowable accuracy deviation
for a 1 V measurement on the 1 V range is
± 55 jlV obtained from the accuracy specifi
cation: ± (0. 005% of reading + 0.0004% of
range + 1 jlV). If the temperature is changed
50 C, the allowable accuracy deviation be
comes ± 70 jl V for the same measurement
(original deviation of ± 55 jlV plus the tem
perature correction factor of 15 jlV).

----NOTE----

1. Ambient calibration tem
perature and ambient oper
ating temperature must be
between lOoC and 40oC. Re
lative humidity must be less
than 70%.

2. Allow a one hour warm -up
period before proceeding
with the performance tests.
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Figure 5-1. DC Standard Accuracy Test

5-12. DC STANDARD PERFORMANCE TESTS. b. Set 740B controls as follows:

----NOTE----

c. Zero the null detector on the 3 J.1. V range.

Periodically rezero the null
detector.

e. Set VOLTAGE SET and STANDARD VERNIER
controls to 9-9-9-9-9-10 (all fully cw) for a
1 V output.

. STD

. 1 V
.00000

o
MAX

On

FUNCTION .
RANGE .
VOLTAGE SET.
STANDARD VERNIER
CURRENT LIMIT
OUTPUT .

d. Zero the 740B output by placing Sl in position
1 and adjusting the ZERO control for a null
indication ± 1 IJ. V on the null'detector (3 11. V
range).

---- NOTE-----

5-14. This test compares the Model 740B output volt
age accuracy with the specification: ± (0. 002% of setting
+ 0.0004% of range). As the line voltage is increased
or decreased 10%, the output voltage should not change
more than ± (0. 0005% of setting + 0.0001% of range).
A precision voltage divider (-hp- 11100A series Re
sistors), a 1 V ± 0.0002% reference supply (-hp- Model
735A DC Transfer Standard), a dc null detector (-hp
Model 419A DC Null Voltmeter) and a variable line
transformer (Superior Type VC1MB or VC2MB) are
required for this test.

5-13. OUTPUT VOLTAGE ACCURACY, LINEARITY
AND LINE REGULATION TEST.

Appendix C gives details on
constructing the precision di
vider and calibrating the 1 V
reference supply to the ac
curacies required.

a. Construct test setup shown in Figure 5-1.
Make all connections with insulated solid
copper wire, 20 gauge or larger. Sl should
be a solid copper contact knife switch. Con
nect Model 740B power input to a variable
line transformer supplying 115 or 230 Vac.

f. Set Sl to position 2 to compare 740B output with
the precision 1 V reference supply output.

g. Adjust null detector range to obtain an on -scale
reading. Null detector reading should not ex
ceed ±24 IJ.V. Record reading:
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Table 5-2. DC Standard-Accuracy and Linearity Test Data

Section V

DIVIDER CONNECTIONS NULL DETECTOR
RANGE OUTPUT 740B PRECISION 1 V REFERENCE DIVIDER RATIO READINGS

(MAX)

IV 1.00000 A and B A andB 1:1 ± 24 /l V
10 V 1.00000 A and B A andB 1:1 ± 60 /lV
10 V 2.00000 A and C A and B 2:1 ±40 /lV
10 V 3.00000 A andD A and B 3:1 ± 33 /lV
10 V 4.00000 A and E A and B 4:1 ± 30 /l V
10 V 5.00000 A and F A and B 5:1 ±28 /lV
10 V 6.00000 A and G A andB 6:1 ±27/lV
10 V 7~00000 A and H A andB 7:1 ±26/lV
10 V 8.00000 A and I A andB 8:1 ±25/lV
10 V 9.00000 A and J A and B 9:1 ±24/lV
10 V 10.0000 A and K A and B 10:1 ±24/lV

100 V 100.000 A and L A and B 100:1 ±24/lV
10000 V 1000.00 A and M A and B 1000:1 ±24/lV

* Readings are max,imum allowable deviation at calibration
temperature. H performance checks are performed at a
different temperature, the allowable deviation must be
increased (Paragraph 5-11).

----NOTE----

The reading of the null detector
in /l V gives the accuracy de
viation of the Model 740B, 1. V
output, 1 V range. Deviation
should not exceed ± 24 /l V, ob
tainedfrom the Standard mode
accuracy specification: ±(O. 002%
of setting + O. 0004% of range).

h. Increase the 740B line voltage from 115 V to
126.5 V (115 V operation) or from 230 V to
253 V(230 V operation). Recordnull detector
reading: . Reduce line voltage to 103.5
V (115 V operation) or 207 V (230Voperation).
Record null detector reading: The
readings obtained in this step should not differ
from the reading recorded in step g by more
than ± 6 /lV.

----NOTE----

The changes in the null detector
reading gives the 740B output
voltage change for a 10% line
voltage change. Changes of 6
/l V or less verify the line regu
1ation specification: ±(0.0005%
of setting + 0.0001 % of range)
for a 10% line voltage change.

i. Return 740B line voltage to 115 or 230 V.

j. PIa ce SI to position 1 to remove the 1 V re
ference from the divider.

k. Return 740B VOLTAGE SET and STANDARD
VERNIER to 0-0-0-0-0-0 to remove the out
put from the divider.

1. Set 740B RANGE to 10 V and zero the output
by adjusting ZERO control for a null indication
(± 10 /l V) on the null detector.

01794-1

m. Set 740Bfor al V output (1-0-0-0-0-0) on the
10 V range.

n. Place SI to position 2 to compare the 740B
output with the precision 1 V reference. The
null detector should indicate ± 60 /lV or less.

o. De-energize 740B output and connect +OUTPUT
and +SENSE leads to point C on the divider.

p. Set 740B for a 2 V output (2 -0-0-0-0-0).

q. Null detector reading should not exceed ± 40 /l V.

----NOTE----

The null detector indicates the
difference between the 1 V re-
ference and one half of the 740B
output. Allowable accuracy de-
viation for a 2 V output on the
10 V range is ±80 /lV. Since
the output is divided in half by
the divider, only half of the error
(40 /l V or less) will be indicated
by the null detector.

r. Repeat the procedure in steps 0 through q for
the other outputs listed in Table 5-2.

(~
ALWAYS DE-ENERGIZE THE 740B
OUTPUTWHENMAKING CHANGES
IN THE TEST SETUP.

----NOTE---

Zero the 740B output according
to the procedure in step I when
ever changing ranges. Use the
100 /l V and 1 m V ranges on the
null detector for the 100 Vand
1000 V ranges respectively on
the 740B.
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CLIP - ON
DC MILLIAMMETER

hP428B

DC STANDARD/DIFFERENTIAL

[I~I]
VOLTMETER

hp 740B

@[ 11~1 0
©

@ . ©
@ @ @ @ @ @ @ 0 ~@~ ~~ 0

OUTPUT CABLE

hp 1I055B -SENSE

-@~+SENSE

~ ~+OUTPUT
20n

1
-OUTPUT

7"08 -8 -0763,t, J

Figure 5-2. Current Limit Test

5-15. OUTPUT CURRENT AND CURRENT LIMIT TEST.

5-16. This test checks the maximum output current
(at least 50 rnA) and the range of the CURRENT
LIMIT control (5-50 rnA nominal). A 20 n ±1% 1/2 W
resistor (-hp- Part No. 0811-0305) and a clip-on dc
milliammeter (-hp- Model 428B Clip-On DC Milli
ammeter) are required for this test.

a. Connect test setup shown in Figure 5-2.

b. Set 740B controls as follows:

c. The milliammeter should indicate 50 rnA or
greater.

d. Turn CURRENT LIMIT control fully ccw (MIN).

e. The milliammeter reading should decrease to
5 rnA or less.

5-17. LOAD REGULATION AND OUTPUT RE
SISTANCE TEST.

----NOTE-----

OVERLOAD indicator will glow.

FUNCTION .
RANGE .
VOLTAGE SET ..
CURRENT LIMIT.
OUTPUT.

STD
10 V

1.50000
MAX

On

5-18. This test measures the no-load to full-load
output voltage excursion of the Model 740B. From
this voltage, the load regulation and output resistance
can be calculated. A 20 n ± 1% 1/2 W resistor (-hp
Part No. 0811-0305), a 1 V ±0.0002% reference
supply (-hp- Model 735A DC Transfer Standard) and
a dc null detector (-hp- Model 419A DC Null Volt
meter) are required for this test.

R

IV REFERENCE
SUPPLY

NULL DETECTOR
DC NULL

VOLTMETER
hp 419A

+SENSEOU U

DC STANDARD/DIFFERENTIAL
VOLTMETER

hp 740B

DC TRANSFE@[ l[~l 0
~II@

STANDARD

@ . hp 735A

@@@@@@@
@ +- 0 0

II+~@:~II,) ~D ~~~I I I I I I! I
I"='

OUTPUT CABLE
hp 1I055B

-OUTPUT~V---SENSE

20n[±I"I. '1':;:;;:
140e-S-080:5A

+ TP T::.::A'-~

Figure 5-3. Load Regulation and Output Resistance Test
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Model 740B Section V

a. Connecttest setup shown in Figure 5-3. Leave
the 20 n resistor disconnected.

b. Set Model 740B controls as follows:

c. Using ZERO and STANDARD VERNIER con
trols, make small changes in the 740B output
voltage until the null detector indicates null
on the 10 fJ.V range.

----NOTE----

If null cannot be reached, the
740B reference supply should
be adjusted even though the in
strumentmaybe operating with
in specifications. Paragraph
5-62 steps m through p gives
the procedure for adjusting the
reference supply.

5-22. This test measures noise and hum superimposed
on the 740B output. A sensitive dc voltmeter (-hp
Model 419A DC Null Voltmeter) and a 1 Hz to 1 mHz
ac voltmeter (-hp- Model 403A AC Voltmeter)are
required for this test.

a. Set 740B controls as follows:

.STD

. 1 V
00000

o
. On

FUNCTION .
RANGE .
VOLTAGE SET .
STANDARD VERNIER.
DC OUTPUT .

where Ro = output resistance in ohms.

6.E = change in output voltage, no
load to full load (null de
tector reading).

6.1 =change in output current, no
load to full load (0.05 A).

5-19. RADIO FREQUENCY INTERFERENCE (RFI).

5-20. If the Model 740B is to be checked for RFI in
accordance with MIL Spec. 6181D, connect the input
and output terminals as shown in Figure 5-4.

5-21. OUTPUT NOISE AND HUM TEST.

. .. STD
. ..... 1 V

0.99999
1.0 (fully cw)

MAX
. ..... On

FUNCTION .
RANGE .
VOLTAGE SET.
STD VERNIER .
CURRENT LIMIT.
OUTPUT .....

d. Connect the 20 n resistor across the 740B +
and - OUTPUT terminals.

e. The null detector reading should be ± 15 fJ.V
or less.

-----NOTE------

1. An indication of 15 fJ.Vor less veri
fies the load regulation specifi
cation: less than (0. 0005% + 10 fJ.V)
change, no-load to full-load.

b. Connect the dc voltmeter across the 740B +
and - OUTPUT terminals.

c. Zero the 740B output by adjusting ZERO con
trol for a null indication on the voltmeter
(10 fJ.V range).

d. Voltmeter pointer movement (0. 01 Hz to 1 Hz
noise) should not exceed ± 1 fJ. V. This verifies
the 0.01 Hz to 1 Hz noise specification: less
than 1 ppm of range.

2. An indication of 15 fJ. V or less also
verifies an output resistance of
0.0003 n or less, obtained from
the output resistance specification:
less then (0.0002 + 0.0001 Eout)
ohm sat dc. Output resistance can
be calculated from the formula:

6.E
Ro =-xr

e. In a similar manner, check the 0.01 Hz to
1 Hz noise on the 10 V, 100 V and 1000 V
ranges. Table 5-3 lists the maximum volt
meter pointer movement.

---- NOTE-----

Zero the 740B output each time
before the O. 01 to 1 Hz noise is
measured.

DC STANDARD/DIFFERENTIAL
VOLTMETER

hp 7408

@@@@@@0@
_--------.....f.~} (~.u_--------_

INPUT CABLE
hp 1I054A

OUTPUT CABLE
hp 1I055B

7408-8-0106A

Figure 5-4. RFI Test
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Table 5-3. Output Noise and Hum Test Data

DCVM POINTER ACVM READING
740B RANGE MOVEMENT (Max. )(Max. )

1V ± 1 J.lV 100 J.lV

10 V ± 10 J.lV 100 J.lV

100 V ± 100 J.lV 1 mV

1000 V ± 1 mV 10 mV

f. Connect the ac voltmeter across the + and 
OUTPUT terminals and check the 1 Hz to
1 MHz noise on the 1 V, 10 V, 100 V and
1000 V ranges. Table 5-3 lists the noise
limits for each range.

Model 740B

a. Connect test setup shown in Figure 5-5.

b. Measure the 1 V reference output in ~VM mode.
Leave the X104 SENSITIVITY button depressed.

c. Open the switch to place the 100 kQ resistor
in series with the 740B input. The 740B
meter reading should change less than 10 J.lV
(1 major division).

-----NOTE----

A change of less than 10 J.l V verifies
the input resistance specification:
greaterthan1010 Q(1 V range). In
put resistance canbe calculated from
the formula:

R.
III

b. Connect + and - OUTPUT terminals to volt
meter input.

c. Vary 740B ZERO control from one extreme
to the other. Voltmeter indication should
vary from at least -10 J.lVto atleast +10 J.lV.

5-25. DIFFERENTIAL VOLTMETER AND HIGH
IMPEDANCE VOLTMETER PERFORMANCE TESTS.

5-23. ZERO CONTROL LIMITS TEST.

5-24. This test checks the range of the front panel
ZERO control. A sensitive dc voltmeter (-hp- Model
419A DC Null Voltmeter) is required for this test.

a. Set 740B controls as follows:

FUNCTION ..
RANGE ....
VOLTAGE SET
STANDARD VERNIER
OUTPUT .

STD
1 V

00000
o

On

where Rs = input resistance

Ea = applied voltage (1 V)

~Ea =voltage change (less
than 10 J.lV) when
series resistance is
added

5-28. SUPERIMPOSED AC REJECTION TEST.

5-29. This test measures the error introduced when
an ac signal is superimposed on the dc input to the
Model 740B. A 1 V source (-hp- Model 735A DC
Transfer Standard), an oscillator (-hp- Model 651B
Test Oscillator), an ac voltmeter (-hp- Mode1403A),
a 10 kQ ±10% resistor (-hp- Part No. 0684-1031),
and a 2 J.lF ±20%capacitor (-hp- PartNo. 0170-0002)
are required for this test.

a. Connect test setup shown in Figure 5-6. Do
not turn on oscillator yet.

5-26. INPUT RESISTANCE TEST.

5-27. This test measures the Model 740B inputre
sistance. A 1 V reference supply (-hp- Model 735A
DC Transfer Standard), a 100 kQ ± 1% resistor (-hp
Part No. 0811-0050) and a solid copper contact knife
switch are required for this test.

b. Measure the 1 V output of the dc transfer
standard in ~VM. Leave the X104 SENSI
TIVITY button depressed.

c. Turn on oscillator; set frequency to 70 Hz;
adjust amplitude for a reading of 1 V on the
ac voltmeter.

IOOKfi!l%

COPPER KNIFE
SWITCH

7C08-8-3OOO2

DC STANDARD/DIFFERENTIAL
VOLTMETER

hp 7408

5-6

Figure 5-5. Input Resistance Test
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DC STANDARD/DIFFERENTIAL
VOLTMETER

hp 740B
INPUT CABLE
hp 1I054A @! )I~I+INPUT 0

~FnAC VOLTMETER
~. @ .

hp 403A I'-' ~NPUT ~@@@@@@0@

B@ 2JLF

@
TEST OSCILLATOR

DC TRANSFER hp 651B
STANDARD
hp 735A @EJ

IOK!l 11.©2 0~ II
o @ @

; 0 ® $@@ 0

'-- IV OUTPUT
4ii(L

'.oe-B-JOOO3

Figure 5-6. Superimposed AC Rejection Test

d. After the initial transient, the 740B reading
should return to within 10 /lV (1 major meter
division) of the initial reading. This verifies
the specification: Less than 0.001% error
for ac voltages above 60 Hz equal to the DC
signal (25 V rms, maximum).

5-30. AC COMMON MODE REJECTION TEST.

5-31. This test measures the error introduced by an
ac signal applied between the + INPUT and ~ termi
nals with a 1 kn unbalance across the + and - INPUT
terminals. A testoscillator(-hp- Model 651B), anac
voltmeter (-hp- Model 403A), and a 1kn ± 10% resistor
(-hp- Part No. 0684-1021) are required for this test.

b. Adjust ZERO control to zero the 740B meter.

c. Remove short from input terminals.

d. Construct test setup shown in Figure 5-7.

e. Set oscillator frequency to 60 Hz; :;djustamp
Utude to 10 V rms as indicated by the ac volt
meter.

f. 740B meter deflection should be less than
10 /lV (1 major division). This verifies ac
common mode rejection> 120 dB where:

Common Mode Rejection = Eosciilator (rms)
740B

5-32. ACCURACY AND LINE REGULATION TEST.
a. Set 740B controls as follows:

t:>.VM mode
VM mode

FUNCTION ..
RANGE ....
SENSITIVITY .
INPUT ....

. VM
1V

X1Q4
Shorted

5-33. This test compares the measuring accuracy of
the Model 740B with the specifications:

± (0.005% of reading + 0.0004%
of range + 1 /lV) .

±(2% of end scale + 0.1 /lV)

hp 740B
DC STANDARD/DIFFERENTIAL

VOLTMETER
AC VOLTMETER

hp403A
TEST OSCILLA1DR

hp651B

o@@I~I@ B@ @[ )(~l 0

@ 0 0 ® $ @ f--, @ •
I~~ @ @ @ @ @ @

@

0@

I 8 INPUT CABLE
.- hp 1I054A

*--.~§" GUARD

+-'F!DIIl!I(,~-
~

~
7408-8- 30004

Figure 5-7. AC Common Mode Rejection Test
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PRECISION DIVIDER
1100 SERIES RESISTORS)
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~-------~

----Too~NINE 100K---m<;OV

STABLE POWER SUPPLY

AC-DC DIFFERENTIAL
VOLTMETER/DC STANDARD

hp741B

NULL DETECTOR
DC NULL

VOLTMETER

hp 419A
TRANSFER

ol~1STANDARD
~II© @ @ 0

hp 735A
@ 0

",+~ o~11
+- u 0 @

~III1!111
@l @@@@ @ @~@+1+'.. 0 ©

ll J

AlB
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/ IK IV, IK
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DC STANDARD/DIFFERENTIAL
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~
@( l[~l 0

@ .
T """~@@@@@

@

0765A ..."
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IV REFERENCE
SUPPLY

DC

7408-8-

Figure 5-8. ~VM and VM Accuracy Test, 1 V - 1000 V

Periodically check null detector zero.

d. Set 740B controls as follows:

As the line voltage is increased or decreased 10%,
the indicated voltage (~VM mode) should not change
more than ± (0.001%of reading + 2 Jl V). A precision
voltage divider (-hp-11100 series Resistors), a stable
1-1000 Vdc power supply (-hp-Model 74lB or 740B),
a dc null detector (-hp- Model 419A DC Null Volt
meter) and a variable line transformer (Superior type
VC 1MB or VC2MB) are required for this test.

-----NOTE-----

Appendix C gives details on con
structing the precision divider and
calibrating the 1 V reference supply
to the accuracies required.

a. Construct test setup shown in Figure 5-8.
Make all connections with insulated solid
copper wire, 20 gauge or larger. Connect
740B power input to the variable line trans
former supplying 115 or 230 Vac.

b. Connect power supply + lead to point B on
the divider.

c. Set power supply output to 1 V. Make minor
changes in the voltage source output, if needed,
to maintain a null indication on the null detector
(10 JlV range).

----- NOTE------

FUNCTION .
RANGE .
VOLTAGE SET.
SENSITIVITY. .

~VM

IV
.00000

. X104

e. Zero the 740B input by connecting the + INPUT
lead to the - INPUT lead (point A on the divider)
and adjusting ZERO control for a zero meter
indication.

f. Connect 740B + INPUT lead to point B on the
divider.

g. Measure the voltage (~VMmode). 740B should
indicate 1 V ± 55 JlV (Table 5-4). Record 740B
indication:

h. Increase the 740B line voltage from 115 V to
126.5 V (115 V operation) or from 230 V to
253 V (230 Voperation). Record 740B voltage
indication: . Reduce line voltage to
103.5 V (115 V operation) or 207 V (230 V
operation). Record 740B voltage indication:

. The readings obtained in this step
should not differ from the reading recorded in
step gbymorethan±12/1V. Returnline volt
age to 115 V or 230 V.

i. Depress Xl SENSITIVITY and set FUNCTION
to VM. 740B meter should indicate 1 V ±0.02 V
(Table 5-4).

j. Set 740B RANGE to 10 V, FUNCTION to ~VM
and zero the input on the X104 SENSITIVITY
(step e).

k. Move power supply + OUTPUT lead and 74013
+ INPUT lead to point C on the divider.

I WARNING I
DE-ENERGIZE POWER SUPPLY OUT
PUT WHEN MAKING CHANGES IN THE
TEST SETUP.
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Model 740B Section V

Table 5-4. 6.VM and VM Accuracy Test Data, 1 V - 1000 V

DIVIDER CONNECTIONS, IN-TOLERANCE 740B INDICATIONS
740B INPUT AND

POWER SUPPLY OUTPUT 6.VM MODE VM MODE

A and B 1 V ±O. 000055 V 1 V ±0.02 V
A and C 2 V ± 0.00014 V 2 V ± 0.2 V
A and D 3 V ± O. 00019 V 3 V ± 0.2 V
A and E 4 V ± 0.00024 V 4 V ± 0.2 V
A and F 5 V ± 0.00029 V 5 V ± 0.2 V
A and G 6 V ± 0.00034 V 6 V ± 0.2 V
A and H 7 V ± O. 00039 V 7 V ± 0.2 V
A and I 8 V ± 0.00044 V 8 V ± 0.2 V
A and J 9 V ± O. 00049 V 9 V ± 0.2 V
A and K 10 V ± 0.00054 V 10 V ± 0.2 V
A and L 100 V ± 0.0054 V 100 V ± 2V
A andM 1000 V ± 0.054 V 1000 V ± 20 V

----- NOTE------

p. Set 740B controls as follows:

q. Adjust ZERO control for a zero indication on
the 740B meter.

1. Make minor changes in the power
supply output at each point to main
tain null on the null detector.

2. Periodically check null detector zero.

3. Zero the 740B input whenever
changing ranges.

o. Reconnect the test setup as shown in Figure
5-9. Do not connect the reference supply and
power supply + leads yet.

It is not necessary to short the +
and - leads when adjusting ZERO
control due to the low impedance
(1 kQ) across the input terminals.

r. Connect the 1 V reference supply and stable
power supply + leads to point K on the divider.
Adjust the power supply output for null on the
null detector.

s. Measure the voltage (at point B)with the 740B
(6.VM mode). Compare the reading with the
tolerances listed in Table 5-5.

t. Switch FUNCTION to VM; depress Xl SENSI
TIVITY. Compare the 740B meter reading
with the tolerances listed in Table 5-5.

u. Move the 1 V reference supply and power
supply + leads to point L and then to point M
on the divider, measuring the voltages each
time at point B in both 6.VM and VM modes.
Compare the indications with the tolerances
given in Table 5-5.

-----NOTE------

1. Zero the 740B input each time
RANGE is changed. The ZERO
control is more sensitive on the
lower ranges. Depress X103

SENSITIVITY to zero the input
on the 1 mV range.

2. Periodically check null detector
for null and adjust (if necessary)
the stable power supply output to
mainta in null.

------NOTE-----

· . 6.VM
· 100 mV
· 00.000
· . X104

FUNCTION ...
RANGE ..•..
VOLTAGE SET.
SENSITIVITY. .

1. Set power supply output to 2 V. Make minor
changes in the output voltage, if needed, to
maintain a null indication on the null detector
(10 JlV range).

m. Measure the voltage in 6.VM and VMmodes.
Indicated voltage should be within the tolerances
listed in Table 5-4.

n. Progressively move up the divider, applying
the voltage shown at each point and measuring
the voltage at that point in 6.VM and VM modes
with the 740B. Compare the voltage readings
with the tolerances listed in Table 5-4.

Table 5-5. 6.VM and VM Accuracy Test Data, 1 mV - 100 mV

1 V REFERENCE SUPPLY
IN-TOLERANCE

AND STABLE POWER
VOLTAGE AT 740B INDICATIONS

SUPPLY + LEADS
POINT B

6.VM VM

Point K 100 mV 100 ±O. 0064 mV 100 mV ±2 mV

Point L 10 mV 10 ±O. 0015 mV 10mV±.2mV

Point M 1 mV 1 ± 0.001 mV 1 mV ±. 02 mV

01794-1 5-9
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Figure 5-9. ~VM and VM Accuracy Test, 1 mV - 100 mV

5-34. ADJUSTMENT AND CALIBRATION.

5-35. The following paragraphs contain a complete
adjustment and calibration procedure for the Model
740B. This procedure should be performed every 30
days to maintain in-specification operation. Allow
the instrument to warmup for at least one hour before
performing the procedure. Be sure to complete all
of the adjustments in the order given, as severalof
the adjustments interact. Figure 5-11 shows the
location of the internal adjustments.

5-36. METER MECHANICAL ZERO ADJUSTMENT.

5-37. The meter mechanical zero should be checked
when the instrument has been turned off for one minute
following a normal (60 minute) warmup period. If the
meter pointer does not rest exactly on the meter zero
calibration mark, perform the following adjustment:

a. Rotate the meter mechanical zero adjustment
screw to position the meter pointer to the left
of zero.

5-38. METER CHOPPER FREQUENCY ADJUST
MENT (A8R3).

5-39. The meter chopper frequency adjustment (A8R3)
adjusts the frequency of the square wave applied to
the neons in the Meter Chopper Assembly (A16). An
electronic counter (-hp- Model 5211A) is required
for this adjustment procedure.

a. Connect counter input to A8TP21. Connect
counter ground clip to W(Figure 5-11).

b. Adjust A8R21 for an indication of 95 ± 1 pulses
per second on the counter.

5-40. ALTERNATE METHOD.

If an electronic counter is not available, the following
procedure may be used to adjust A8R3.

a. Connect an oscilloscope to A8TP21 and W
(Figure 5-11).

b. Adjust A8R3 for a square wave repetition
period of 10.5 msec (Figure 5-10).

b. Carefully rotate the adjustment screw clock
wise; stop when the pointer is exactly at zero.
If the pointer overshoots zero, repeat steps
a ana b.

c. When pointer is exactly on zero, rotate the
adjustment screw approximately 15 degrees
counterclockwise to free the adjustment screw
from the meter suspension. If pointer moves
during this stepbecause the adjustment screw
is turned too far counterclockwise, repeat
steps a, band c.

5-10

B

A =AI6DSI "ON" TIME

B =AI6DS2 "ON" TIME

Figure 5-10. Meter Loop Chopper Waveshape
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A8R20
MAIN LOOP CHOPPER

FREQ

INTERNAL
ALIGNMENT
ADJUSTMENTS
(RANGE DIVIDER)

A8R3
METER CHOPPER

FREQ

1

Section V

W
II NOTE:

WANDWARE

ELECTRICALLY
COMMON IN
STD MODE.

S3

LAIRI AIR2 AIR3 AIR4 AIR5 AIR6 AIR7 AIR8 AIR9) RE/~~:~CE REF~~~~CE

INTERNAL ALiGNMINT ADJUSTMENTS COARSE FINE
(DECADES)

7408-8-'0006

* Test point located below top edge of circuit board.

** Designated TP13 on Serial Nos. 610-00375 and below.

Not shown: W. See Figure 7-14.

AIOR9
METER
IOOJ.lV

AIOR8
MAX

CURRENT
LIMIT

AIORIO
METER

IV

AIORI2
METER
ZERO

AIORII
STD

VERNIER

Figure 5-11. Internal Adjustments and Test Points
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5-41. MAIN LOOP CHOPPER FREQUENCY ADJUST

MENT (A8R20).

b. Connect a sensitive dc voltmeter across the
+ and - OUTPUT terminals.

------NOTE------
5-42. The main loop chopper frequency adjustment
(A8R20) adjusts the frequency of the neon driver wave
shape applied to the neons in the Main Loop Chopper
Assembly (A17). An electronic counter (-hp- Model
5211A) is required for this adjustment procedure.

Make sure that the + SENSE terminal
is connected to the + OUTPUT ter
minal and that the - SENSE terminal
is connected to the - OUTPUT ter
minal.

a. Connect counter input to A8TP20. Connect
counter ground clip to W(Figure 5-11).

b. Adjust A8R20 for an indication of 324 ± 2 pulses
per second on the counter.

-----NOTE------

c. Set voltmeter to 1 mV range and adjustA4R13
(INT. ZERO) for a zero indication ±100JlVon
the voltmeter.

5-46.·BALANCE ADJUSTMENT (A4R6).

324 pulses per second corresponds
to a chopper frequency of 162 Hz
since the firing pulses for both
neons are present at A8TP20.

5-47. The balance adjustment, A4R6, is factory set
to match the operating characteristics of A4Q1 and
A4Q2 and does not need to be adjusted unless A4Q1 or
A4Q2 is replaced. If one of these transistors is re
placed, proceed as follows:

5-43. ALTERNATE METHOD.

If an electronic counter is not available, the following
procedure may be used to adjust A8R20.

a. Connect an oscilloscope to A8TP20 and W
(Figure 5-11).

b. Adjust A8R20 for a repetition period (2 cycles)
of 6.17 msec (Figure 5-12).

a. Perform internal zero adjustment (Paragraph
5-44).

b. Remove instrument guard shield cover.

c. Connect a dc voltmeter (-hp- Model 419A) to
A4TP12 and W(Figure 5-11).

d. Set voltmeter range to 10 mY.

e. Adjust A4R6 for 0 ± 3 m V on the voltmeter.

a. Set Model 740B controls as follows:

-----NOTE------

. ~VM

.. 1 V
.00000

X104

. shorted

FUNCTION .
RANGE .
VOLTAGE SET.
SENSITIVITY.
INPUT .....

b. Adjust A10R12 (METER ZERO) for a zero
indication on the Model 740B meter .

f. Replace instrument guard shield cover.

5-50. METER ZERO ADJUSTMENT (A10R12).

5-49. The meter loop adjustments consist of the meter
zero adjustment (A10R12), the 1 V adjustment (A10R10)
and the 100 JlV adjustment (A10R9). The meter zero
adjustment sets the meter deflection to zero when no
input is applied to the meter loop. The 1 V adjustment
varies current through the meter, and in this manner
matches meter deflection to the meter amplifier out
put. The 100 JlV adjustment calibrates the meter
amplifier gain on the X10 thru X104 SENSITIVITY
ranges. No external test equipment is required to
perform these adjustments.

5-48. METER LOOP ADJUSTMENTS.

a. Set Model 740B controls as follows:

g. Recheck internal zero adjustment (Paragraph
5-44).

.100 V

. ~VM

00.000
. shorted

AB

RANGE .
FUNCTION .
VOLTAGE SET
INPUT .....

\. 6.17 MSEC .1
A=A/70S I "ON" TIME

B =AI70S2 "ON" TIME

Figure 5-12. Main Loop Chopper Waveshape

5-44. INTERNAL ZERO ADJUSTMENT (A4R13).

2 cycles in 6. 17 msec corresponds
to a chopper frequency of 162 Hz
since the firing pulses for both
neons are present at A8TP20.

5-45. The internal zero adjustment (A4R13) adjusts
the main loop zero reference. A sensitive dc volt
meter (-hp- Model 419A DC Null Voltmeter) is re
quired to perform this adjustment.

5-12 01794-1



Model 740B Section V

5-51. 1 V ADJUSTMENT (A10R10).

a. Set Model 740B controls as follows:

b. Connect a 1 kQ resistor across + and - OUT
PUT terminals.

FUNCTION .
RANGE .
VOLTAGE SET.
SENSITIVITY.
INPUT .....

· .~VM

· . 1 V
. 00000

· X104
shorted

c. Depress OUTPUT pushbutton to apply 60 V
to load.

d. Turn A10R8 (MAX. CURRENT LIMIT) cw
until front panel OVERLOAD light glows.

b. Zero the meter with the front panel ZERO
control.

b. Zero the meter with the front panel ZERO
control.

d. Adjust A10R10 (METER 1 V ADJ. ) for a meter
deflection of - O. 9.

e. Turn A10R8 slowly ccw until OVERLOAD light
just goes out.

5-57. INTERNAL ALIGNMENT PROCEDURE.7

5- 58. The internal alignment procedure is a method of
accurately calibrating and adjusting the VOLTAGE
SET dividers, the Precision Range Divider and the
Reference Supply.

5- 59. The VOLTAGE SET resistors are ratio matched
with the front panel meter serving as the null indicator.
Meter ratio sensitivity is very high - - approximately
8 ppm full scale - - and a perfect null is both hard to
achieve and unnecessary. The adjustments shouldbe
set as near null as possible and rechecked after the
procedure is completed. If null is maintained within
10% (one major meter division) of 0, the instrument
will operate well within its specifications. The first
adjustment, A1R1, calibrates a 2: 1 divider used as a
reference for the following adjustments. The next
eight adjustments (A1R2 through A1R9) match the
VOLTAGE SET resistors by adjusting the corresponding
parallel padding resistance on A1. After a long period
of time, one or more of the VOLTAGE SET resistors
may drift beyond the adjustment range of the variable
padding resistance. Paragraph 5-63 explains the pro
cedure for modifying the padding resistance to com
pensate for the long term drift.

5-62. The following steps describe the internal align
ment procedure. The procedure is also outlined on
the instrument guard shield cover.

5-61. The last two adjustments of this procedure (A1R40
and A1R41) calibrate the internal reference supply.
An external reference voltage (-hp- Model 735A DC
Transfer Standard) and a null detector (-hp- Model
419A DC Null Voltmeter) are required for these ad
justments.

5-60. A9RlO, A9Rll and A9R12 are adjusted to meter
indication values printed on the guard shield cover.
These values are determined at the factory for each
instrument and should not be changed unless the
precision divider (A9R4 through A9R9) is replaced.
If the precision divider is replaced, the new numbers
can be determined using the procedure given in Para
graph 5-109.

• ~VM
· .1 V
.00000

X104
shorted

FUNCTION .
RANGE .
VOLTAGE SET
SENSITIVITY
INPUT .....

a. Set Model 740B controls as follows:

FUNCTION. . . . STD
STD VERNIER . . . . . fully cw

c. DepressX1 SENSITIVITY and rotate X1 VOLT
AGE SET to 9 (fully clockwise).

b. Adjust A10Rll (STD V,ERNIER ADJ.) for a
meter deflection of + 1. O.

5-55. MAXIMUM CURRENT LIMIT ADJUSTMENT

(AlOR8).

5-53. STANDARD VERNIER ADJUSTMENT (A10Rll).

5-54. The standard vernier adjustment adjusts the
voltage applied to the meter loop input in STD mode.
No external test equipment is required to perform this
adjustment.

d. Adjust A10R9 (METER 100 /lV ADJ.) for a
meter deflection of -1. O.

5-52. 100 /lV ADJUSTMENT (A10R9).

a. Set Model 740B controls as follows:

c. Rotate X103 VOLTAGE SET to 1 (one position
cw).

5- 56. The maximum current limit adjustment (A10R8)
sets the maximum available output current by adjust
ing the range of the front panel CURRENT LIMIT con
trol. A 1 kQ ± 5% 5 W resistor (-hp- Part No. 0812
0099) is required for this adjustment procedure.

a. Set Model 740B controls as follows:r

L

r

l 01794-1

RANGE .
FUNCTION .
VOLTAGE SET
STD VERNIER
CURRENT LIMIT
OUTPUT .....

.100 V
STD

60.000
fully ccw

MAX
· . . off

a. Turn on the instrument and allow it to warm
up for at least 60 minutes.

-----NOTE-----

In-tolerance instrument perfor
mance can be expected when the
internal alignment procedure is

5-13



Section V Model 740B

b. Remove instrument top cover.

c. Set front panel controls as follows:

e. Switch RANGE to "Dot" position (fully ccw).

d. Adjust A10R12 (Meter Zero) for zero meter
indication.

There is generally a slight zero
turn-over error between VM and
~VM modes and this is quite nor
mal. A10R12 must be readjusted
in ~VM mode before proceeding
with the following steps.

----- NOTE-----

procedure printed on the guard shield. The
optimum values for these adjustments are
determined at the factory and will vary from
instrument to instrument.

m. Set FUNCTION to STD and RANGE to 1 V. Using
a sensitive dc voltmeter (10 /lV range) adjust
740B front panel ZERO control for 0 Vdc at
the + and - OUTPUT terminals.

k. Return INTERNAL ALIGNMENT switch to
OPERATE position.

1. Set FUNCTION to ~VM and check meterindi
cation. Adjust A10R12 (METER ZERO ADJ. )
for a zero meter indication .

. 100 V
VM

00.000
. X104

Shorted

RANGE .
FUNCTION .
VOLTAGE SET.
SENSITIVITY.
INPUT ...

performed after a normal (60
minute) warmup period. For
optimum instrument accuracy,
this procedure may be repeated
after an eight hour (or longer)
warmup period.

f. Turn INTERNAL ALIGNMENT switch to posi
tion 1. If meter pointer is off -scale, depress
X103 SENSITIVITY.

g. Alternate between positions 1 and 2 adjusting
A1R1 for equal meter deflection (and same
polarity) at both positions.

h. Adjust A1R2 for zero meter indication (X104
SENSITIVITY). Positions 1 and 2 should now
both read zero on the meter. If not, repeat
steps g and h.

i. Progressively switch to positions 3 through 9
adjusting the corresponding controls (A1R3
through A1R9) for a zero meter indication in
each position.

j. Adjust A9R10, Rll and R12 to the values in
dicated in step B -6 of the internal alignment

-----NOTE------

If a standard cell is used in the fol
lowing steps, zero the 740B output
(step m) on the 10 V range.

n. Connect 740B OUTPUT terminals as shown in
Figure 5-13. Set VOLTAGE SET and STD
VERNIER controls to the value of the known
external reference voltage.

-----NOTE-----

If a dc transfer standard is used,
it should be calibrated to 1 V ±2 ppm
according to the procedure in Ap
pendix C.

DC STANDARD/DIFFERENTIAL
VOLTMETER

hp 7408

@[ ][~l 0

-SENSE

-OUTPUT ~19~~,,--

1408-B-3OO15

NULL DETECTOR
DC NULL

VOLTMETER
hp 419A

REFERENCE
VOLTAGE
SOURCE

DC TRANSFER
STANDARD

hp 735A

Figure 5-13. Reference Supply Calibration
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Table 5-6. Changing the Padding Resistance with Jwnper Wires

Section V

Required Change In Series
Variable Resistance To Move Meter In A To Increase Series Resistance, To Decrease Series Resistance,
Padding Clip Jwnper Across Add Jwnper Across
Resistor Positive Negative

Direction Direction

R2 Increase Decrease R14 or R15 R14 or R15
R3 Decrease Increase R17 or R18 R17 or R18
R4 Decrease Increase R20 or R21 R20 or R21
R5 Decrease Increase R24 or R25 R24 or R25
R6 Decrease Increase R27 or R28 R27 or R28
R7 Decrease Increase R30 or R31 R30 or R31
R8 Decrease Increase R33 or R34 R33 or R34
R9 Decrease Increase R37 or R38 R37 or R38

o. Depress OUTPUT pushbutton to compare 740B
output with external voltage.

p. Adjust A1R40 (REF COARSE ADJ) andA1R41
(REF FINE ADJ) as necessary to produce a null
indication on the null voltmeter 10 MV range.
This calibrates the internal 1 V referency sup
ply for best accuracy in STD mode.

-----NOTE------

For better than specified instru
ment accuracy in the ~VM mode
(with a slight loss of accuracy in
STDmode) the reference supply ad
justments can be made with the
known external voltage applied to the
+and - INPUT terminals (~VMmode).
Set VOLTAGE SET controls to indi
cate first five digits of known ex
ternal voltage. AdjustA1R40 (REF
COARSE ADJ) and A1R41 (REF
FINE ADJ) to give correct meter
indication for sixth digit with X104
SENSITIVITY depressed.

5-63. VOLTAGE SET DRIFT CORRECTION.

cedure (Paragraph 5-57). Refer to Figure 7-5, In
ternal Alignment Schematic and Component Location
Diagram, for the following discussion.

5-65. The range of adjustment of each variable padding
resistor (A1R2 through A1R9) is controlled by several
series resistors. Some of the series resistors are
shunted by jwnper wires during manufacture.

5-66. If null cannot be achieved, determine if the
padding resistance must be increased or decreased
(Table 5-6). To increase the resistance, clip one of
the jwnper wires shunting one of the padding resistors
associated with the appropriate adjustable resistor
(Table 5-6). For example, if it is necessary to increase
the resistance in series with A1R2, clip the jwnper
wire shunting A1R14 or A1R15. To decrease the re
sistance' a jwnper mustbe addedacrossA1R140r A1R15.

5-67. In some cases, both jwnper wires may already
have been clipped or removed and it is necessary to
increase the resistance in series with one of the
variable resistors. In this case, itwill be necessary
to increase the value of one of the fixed resistors.
Table 5-7, lists the recommended changes and gives
the -hp- part nwnber of the new resistor.

5-68. It may be necessary to decrease the series
5-64. The following paragraphs describe the procedure resistance even though two of the series resistors are
for changing the range of adjustment of the VOLTAGE already shunted by a jwnper. In this case, the
SET padding resistor adjustments, A1R2 through A1R9. linearizing resistor associated with the appropriate
This procedure shouldbe performedonlywhen one or variable resistor must be changed. Table 5-7 lists
more of the resistors cannot be adjusted for a null the recommended change and gives the -hp- part number
indication when performing the internal alignment pro - of the new resistor.

Table 5-7. Changing the Padding Resistors

Variable To Increase Series Resistance -hp- Part No. To Decrease Series Resistance -hp- Part No.
Padding When Both Jwnpers Are of New Resistor When Both Jwnpers Are of New Resistor
Resistor Already Removed, Change Installed, Change

R2 R14 to 255 kil 0698-3149 R13 to 750 kil 0757-0486
R3 R17 to 511 kil 0757-0482 R16 to 1.3 Mil 0757-0872
R4 R20 to 511 kil 0757-0482 R19 to 1.3 Mil 0757-0872
R5 R24 to 1 Mil 0698-5475 R22 to 1 Mil 0698-5475
R6 R27 to 255 kil 0698-3149 R26 to 600 kil 0698-4077
R7 R30 to 511 kil 0757-0482 R29 to 1.3 Mil 0757-0872
R8 R33 to 511 kil 0757-0482 R32 to 1.3 Mil 0757-0872
R9 R37 to 1 Mil 0698-5475 R35 to 1 Mil 0698-5475

01794-1 5-15
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Section V Model 740B

FRONT PANEL TROUBLESHOOTING TREE
IIIOLATDlG THE TROUBLE TO A llECTION

Figure 5-14. Front Panel Troubleshooting Tree

5-16

NOTES

01794-1

Table 5-8. Preliminary Checks

SYMPTOM POSSIBLE CAUSE/CORRECTIVE ACTION

Inoperative (any or all 1. Check AC Fuses.
modes) 2. Make sure Internal Alignment Switch (S3)

is in "Operate" position.

3. Check Power Supply Voltages (Figure 7-3,
Sheet 2 of 4).

Erratic Operation or Switches may be dirty. Turn instrument off;
Poor Repeatability rotate all switches several times (including

Internal Alignment Switch, 83). Switches
are self-cleaning (Paragraph 5-108).

OVERLOAD Light On Check DC Fuse. If blown, replace. If fuse
(all modes) blows again, Q1 or Q2 may be shorted.

Proceed to Main Loop Troubleshooting Tree,
step 34.

OVERLOAD Light On Normal indication. In STD mode, mV Ranges
(STD mode, mV Ranges) are inoperative (Paragraph 3-15, step h).

Output voltage inaccurate 1. Make sure SENSE terminals are -connected
correctly (Paragraph 3 -17). Remote
Sensing must be used for remote loads.

2. Make sure ZERO control is set properly
(Paragraph 3-31).

~VM mode inaccurate 1. Make sure INPUT Z Switch is set to 00

position.

2. Make sure ZERO control is set properly
(Paragraph 3-46, 3-47).

Unable to zero Input or 1. Recheck Internal Zero Adjustment (Para-
Output with ZERO control graph 5-44), Balance Adjustment (Para-

graph 5-46) and Meter Zero Adjustment
(Paragraph 5-50).

2. Check A10BT1 (1. 3 V minimum).

OUTPUT Indicator lighted Normal indication. OUTPUT Indicator lights
when Output Cable is not when depressed even when Output Cable As-
connected sembly is not connected. The Output Rotary

Switch (K1), however, does not energize.

Internal Buzzing when This is normal. The noise comes from the
changing Ranges or ex- Internal Current Limit Circuit.
ceeding Current Limit

Noisy meter on 1 mV Range, Normal indication. (Paragraph 3-59, step g)
X104 Sensitivity

5-16

54. _rument

{
::~~

50. Perform STD SlId .0.VM

{

Accuracy Tests. _ru-
ment paue8.

44. Select VIiI, 1 m V Range.
Apply I mV input. Instru- 55. See Text.

{

ment gives correct indica
tion.

38. Select VM. 1000 V . 51. Troubleohoot A3 RaDp
Range 1000 V input. In- SwltchlDg.
strument gives correct
indication.

45. Troubleshool Range
Switching (used in VM).

48. Troubleshoot M.in Loop.

37. Remove 50 kllioad. Out{
put monitor indicates
1000 V. OVERLOAD. 52. Troubleshoot Range
light is off. {SwItChing (used in STD).

47. Select VM. 1000 V Range.
Apply 1000 V input. in
strument gives correct
1nd1cation.

53. Troubleshoot Main Loop.
48. Troubleshoot Function

SwllchlDg (.o.VM).

38. Select VM and check
meter indication on all
sensitivities. Meter
gives correct indications.

I V. Loop.

39. Troubleshoot Func.tion
Switching ("VM).

33.

34. Select 10 V Range, XI0 {400 i.::leshoqt Meter

SENSITIVITY. Meter
gives correct indication.

41. Troubleshoot Function
80rllcblllc (VIiI).

32. Select STD, 1000 V
Range. 1000 V Out
put. Coonect a 50 til
20 W load across Out
IUt terminals. Inatru
ment supplies 1000 V
output.

27. Output monitor indicates
IV.

26. Select "'VM. I V Range.
Apply I V in!"t. Instru
ment gives correct indi
cation.

28. Troubleshoot STANDARD

{

VERNIER circuit.

21. Select VM. 10 V Range,
XIO SENSITIVITY. Apply
1 V input. Meter indica s
+1. O.

29. Troubleshoot Meter Loop.

20. Select VM, I V Range.
Apply I V input. Meter
gives correct indication.

01794-1

30. Troubleshoot Function

{

Switching ('ITD).

22. Select .6.VM. Instrument

{

gives correct indication.

31. Troubleshoot Reference
17. Select VM. Apply I V L90p.

input. OJtput monitor
indicates 1 V.

23. TrotKJleshoot Main Loop.

16. Observe meter. Meter
indicates -+ 1. O.

8. Select STD, I V Range,

{

I V output. Output moni
tor indicates l' V.

4. Select .o.VM. I V Range,
XI04 SENSlT1VITY. Ad
joet ZERO. Meter Indi
catea 0 V. Noise < 2 J,J.V
pop (I minor division).

9. Troubleshoot Function
Switching (.o.VM).

10. Troubleshoot Function

{

Switching (STD).

5. ~1~~~Arri~~d-
just ZERO. Meter indi
cates 0 V. Noise < 2 JJ.V
pop.

11. Troubleshoot Reference
L90p.

6. Select .o.VM, I V Ranse.{12'~~t:I~~~.unCtion
Xl04 SENSITIVITY. Ad-
just ZERO. Meter indi-
cates 0 V. Noise < 2 IlV
pop (I minor division).

13. Troubleshoot Meter

L90p. {18' ~::h~f'ncllon
14. Select .o.VM, I V Range,

XI04SENSITIVITY. Ad-

{
~':~~~~'N~ie::~~:~ [24'~~::~e~:~~PUt Pro-
pop.

7. select STD. 1 V Range. 19 Connect jwnper from +
o V output. Adjust ZERO. . INPUT to AI7Vl (redwire).

C:::~::;:l~rlJ~c_~.es Noiae and offset disappear.

15. Troubleshoot M.in L90p. 25. Troubleshoot Main L90p.

2. Select STD, 1 V Range, OV
output. Adjust ZERO.
Output monitor indicates 0
V. Noi.. < 2 ~V pop.

3. (l)aerve output monitor.
Adjust ZERO. Output monl
tor iDcUcates 0 V. Noise on
output < 2 ~V pop.

FAILS

7408-0-30019

PASSES

t

2. Refer to Functional DIagram, Figure 7-3. to ob
serve overall instrument operation.

I. Uae. sensitive dc voltmeter (-hp- Model 419A)
connected to Output terminals to monitor output
voltage and noise.

3. All check. (except No. 19) should be performed
with instrument covers and shields in place.

4. Procedure.ssume.boardpluu•. cl....Slldmaldac
good contact and power supplies are workiDc. Refer
10 Fleure 7 -3 lor .-er supply voltage. SlId lest
points.

I. Select VM, 1 V Range, In
pulohorted. xl04 SENSl
TJVITY. Adjust ZERO.
Meter indicates O. Meter
noise < 2 It V p-p (l minor
division).



Model 740B

5-69. TROUBLESHOOTING PROCEDURE.

5-70. The following paragraphs contain information on
troubleshooting the Model 740B. Before troubleshooting
the Model 740B, attemptthe Adjustment and Calibra
tion Procedure (Paragraph 5-34). Some apparent mal
functions can be corrected using this procedure. For
example, inaccuracy or non-linearity maybe corrected
by performing the Internal Alignment Procedure (Para
graph 5-57).

5-71. Check Table 5-8, Preliminary Checks, for the
trouble symptom. If the symptom is not listed, the
Troubleshooting Trees (Paragraph 5-72) should be
helpful.

5-72. TROUBLESHOOTING TREES.

5-73. The Front Panel Troubleshooting Tree in Fig
ure 5-14 consists of some fairly rapid checks arranged

Section V

to isolate trouble to a major loop and occasionally
traces trouble to a specific circuit. In addition, the
Front Panel Tree checks most of the Range and Func
tion Switching.

5-74. The Main Loop, Meter Loop and Reference Loop
Troubleshooting Trees (Figures 5-15, 5-16, 5-17) can
be helpful in isolating trouble to a specific circuit with
in these major circuits.

5-75. To use the Troubleshooting Trees, decide if
step 1 passes or fails, and proceed to the next step
along the appropriate branch of the tree. The steps
in each tree are explained in detail in a table adjacent
to the tree. The checks outlined in the trees do not
usually isolate trouble to a specific circuit component.
Once the trouble is isolated to a specific circuit, ad
ditional checks will probably be required to isolate the
faulty component. Waveshapes and operating voltages
shown on the schematic diagrams may give additional
help.

Table 5-9. FRONT PANEL TROUBLESHOOTING

1. A correct indication shows that the Main Loop and
Meter Loop are probably working.

2. A correct indication shows that STD mode Func
tion switching is probably working and that the
Reference Loop is relatively noise free.

3. A correct indication shows that the Main Loop is
not causing the noise or offset shown on the 740B
meter.

4. A correct indication shows that the Main Loop,
Reference Loop and Meter Loopare all relatively
free of noise and offset.

5. A correct indication shows that the Reference
Loop is probably not causing the noise or offset.

6. A correct indication shows that the Meter Loop is
probably not causing the noise or offset problem.

7. If the output is free of noise and offset in STD
mode, the Main Loop is probably not at fault.

8. A correct indication verifies that the Reference
Loop and Main Loop are operative.

9. Since trouble occurs only in e:.VM, the trouble is
most likely in e:.VM Function switching. Possible
trouble areas: Deck SlH(F), SlI(F) and SlG(R)
of Range/Fwlction Switch, Sl (Figure 7-3).

10. Trouble is probably in STD mode Function switch
ing. Possible trouble areas: Deck SlI(F), SlH(R)
and SlH(F) of Range/Function Switch, Sl (Figure
7-3).

11. Follow procedure in Reference Loop Trouble
shooting- Tree (Figure 5-17).

12. Function Switching used in VM is probably at fault.
Possible Trouble areas: Deck SlI(F) and SlH(R)
of Range/ Function Switch, Sl (Figure 7-3).

01794-1

13. Since the Main Loop is not causing noise or off
set and the trouble occurs in both VM and e:.VM,
the problem is most likely in the Meter Loop.
Follow procedure in Meter Loop Troubleshooting
Tree (Figure 5-16).

14. A correct indication shows that the Main Loop is
capable of operating properly.

15. Since noise and offset are present at Output ter
minals in all modes, the trouble is most likely
in the Main Loop. Follow procedure in Main
Loop Troubleshooting Tree (Figure 5-15).

16. A correct indication shows that the Meter Loop
and the Standard Vernier Circuit are functioning.

17. A correct indication shows that the Main Loop is
operating.

18. VM mode Function switching in Main Loop is
probably at fault. Possible trouble areas: Deck
SlG(R) and SlH(F) of Range/Function Switch, Sl
(Figure 7-3).

19. If noise and offset disappears, the Main Loop is
not at fault.

20. A correct indication verifies proper operation of
the Input Protection Circuits, VM mode Function
switching and the Meter Loop (Xl Sensitivity).

21. These settings duplicate the Meter Loop operation
attempted in step 16. A correct indication shows
that the Meter Loop is not at fault.

22. A correct indication in e:.VM shows that the Re
ference Loop and Main Loop are probably notat
fault .

23. Follow procedure in Main Loop Troubleshooting
Tree (Figure 5-15).

5-17
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Table 5-9. FRONT PANEL TROUBLESHOOTING (Cont'd)

Model 740B

24. Troubleshoot Input Protection Circuit (Figure 7-3).
Possible trouble: Bad A9Q1, A9DS2 or A9V2.

25. If noise and offset are still present at Output ter
minals' trouble is probably in the Main Loop.
Check Range/Function swit~hingbetween A17V1,
V2 (Modulator) and A3 pin 1; also check Range/
Function switching associated with the Main Loop
Feedback Divider (p/o A9). If trouble cannot be
found, follow procedure in Main Loop Trouble
shooting Tree (Figure 5-15).

26. A good indication verifies proper operation of
t!.VM Function switching and Meter Loop operation
on the higher Sensitivities.

27. A correct voltage at the Output termipals verifies
proper operation of the Main Loop.

28. The trouble is probably in the Standard Vernier
Divider, S9A (Figure 7-3). Also check for con
tinuity (STD mode) between pins 7 and 8, deck
SlI(F), of Range/Function Switch, S1.

29. Follow procedure in Meter Loop Troubleshooting
Tree (Figure 5-16).

30. STD mode Function switching is probably at fault.
Possible trouble areas: Deck S1J(F), S1H(R),
SlH(F) and SlI(F) of Range/Function Switch, S1
(Figure 7-3).

31. Follow procedure in Reference Loop Trouble
shooting Tree (Figure 5-17).

32. A correct output verifies proper operation of the
Main Loop on the 1000 V Range.

33. A correct indication verifies proper t!.VM Func
tion switching in the Main Loop.

34. A correct indication shows that VM mode Func
tion switching is probably not at fault.

35. A correct indication shows that the Input Pro
tection Circuit is not at fault.

36. A correct indication shows that the Main Loop
works properly in VM mode, 1000 V Range.

37. A correct output with no load indicates low gain
or Current Limit problems in the Main Loop.

38. Correct indications verify proper operation of
the Meter Loop.

39. t!.VM Function Switching in the Main Loop is
probably at fault. Possible trouble areas: Deck
SlH(F) and SlG(R) of Range/Function Switch, Sl
(Figure 7-3).

40. Follow procedure in Meter Loop Troubleshooting
Tree (Figure 5-16).
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41. Check deck SlIeR) pins 4 and 5 for contin'lity in
VM mode (Figure 7-3). If trouble cannot be found,
follow procedure in Meter Loop Troubleshooting
Tree (Figure 5-16).

42. VM mode Function switching is probably at fault.
Possible trouble areas: Deck SlG(R), S1H(R),
SlH(F) and SlI(F) of Range/Function Switch, S1
(Figure 7-3).

43. Since the trouble occurs in both VM and t!.VM
modes, the trouble is probably in the Input Pro
tection Circuit (Figure 7-3). Possible trouble:
Bad A9Q1, A9DS2 or A9V2.

44. A correct indication shows that the Main Loop
provides the necessary increased gain on the m V
Ranges.

45. Range switching used .only in VM and t!.VM is
probably at fault. Possible trouble area: Deck
S1C(R) of Range/Function Switch, S1 (Figure 7-3).

46. Perform Loop Gain Check (Paragraph 5-76). If
instrument passes, proceed to step 49 in Main Loop
Troubleshooting Tree (Figure 5-15).

47. A correct indication shows that the Main Loop is
capable of functioning on the 1000 V Range.

48. t!.VM Function switching in Meter Loop or Re
ference Loop is probably at fault. Possible
trouble areas: Deck SlI(F) and SlH(R) of Range/
Function Switch, Sl (Figure 7-3).

49. Follow procedure in Meter Loop Troubleshooting
Tree (Figure 5-16).

50. STD and t!.VM Accuracy tests are outlined in the
Performance Tests section (Paragraph 5-5).

51. Range switching used only on the m V Ranges may
be at fault. Possible trouble areas: Deck SlB(F)
and SlF(F) of Range/Function Switch, Sl (Figure
7-3). If trouble cannot be found, proceed to step
2 in Main Loop Troubleshooting Tree (Figure 5-15).

52. Range Switchingused in STDmode is probably at
fault. Possible trouble areas: Deck SlB(R) and
SlC(F) of Range/Function Switch, Sl (Figure 7-3).

53. Trouble is probably in the High Voltage Section of
the Main Loop. Proceed to step 16 in Main Loop
Troubleshooting Tree (Figure 5-15).

54. If instrument passes all of the previous checks,
all of the major loops are functioning properly.

55. If the instrument fails one or more of the accuracy
tests, the trouble is probably associatedwith cir
cuits or switching peculiar to that test. For
example: If inaccuracy occurs only on the 100 V
Range and only in STDmode, the trouble may be
in Range Switching for the 100 V Range that is
used only in STD (Deck SIB (R) of Range/Function
Switch, S1).
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Section V Model 740B

MAIN LOOP TROUBLESHOOTING TREE

1. Refer to F1gure 7-3. FUnctional Diagram. for overall
Main Loop operation.

2. Use a sensitive de voltmeter (-hp- Model 419A) to 00
serve output voltage and noise.

3. All measurements should be made with respect to~
lmless otherwise spec1fled. \V

4. Place circuit board on a printed circuit board
extender to monitor voltages or waveshapes ilt
board pin•.

{

20. Troobl.shool A3.

{

10' :~;~_peat AI7V4 > 20 V {30' (;~~i~~'tIlem_Jalor

5. ~t';.~.s-rg:.:.~~;;rIh~lln 21. Wav._pe at A3TPIO
Al7V2 (white wire) to W . > 25 V P - p.
Wav._pe at A17VI/V2 (mld-
dl. lerm....!) > O. S V P p.

11. Troabl.lIhool M~lor 31. Trowl••hool A3.
(AI7Vl/V2).

54. :l=~.~O r:~~Ol:VV.Dd{5I· ~:a~~.p PerformlDc

1 m V Inplta. IDstrumeat
givea correct readiDI' 1D.
< 5 sec.

511. Troable_ RaDce SWlldllJlc
for bad RaDce.

41. 1Io1oct VM. 100 mV Raac•.
Apply 100 m V 10 IDpuI T.r
mtMla. !utrum.-t..-o
__ corNet -dlac III

<5_.

{

SO, ;;~~;::: ~~ mV Raag.

55. Instroment provides cor-

~:~~:;:~::po~~~::e~ {
61 Connect JUmper from

AI7VI/V2 (mlddl. t.rm .... l)
to A3 pin 1. Problem dis-
appears.

56. Trol1lleshoot Internal

{

Current Limit (pia A7)

49. Select I V Rang•. I V Out
put. Connect 20 n load
across Output. 1 V present
at output terminals.

57. Trol1lleshoot External
Current LImit (pia AS).

SO. Tromleshoot DWerentlal

{

Ampllll.r (pia A4).

39. 1000 V Haag. bad; 100 V
Raag. good.

51. Tromlellhoot F'ee<l:lack
Divider, Switching and
Ftlterlng for each range.

,.. C_ 5OkD. 2OW..,.d
ac~. Outplll term_t..
Set cootrola for 1000 V
0u11U. 1000 V~
at Output termiDIla.

Troubleshoot ZERO con·
trol circuit.

23. Replace Fuoe. Fuo
blow. apia.

28. select 100 aIM! 1000 V R>bpa.

{

:::::....t proride. correct

18. sel.ct 10 V Raog•• 10 V
Output.. 10 V preHnt at
OutlDt terminal•.

27. Troable_ F_ck
Divider., 9lIritc:hing aDd
Flltertnc for 10 V Range.

32. Troublellhool Raoge S1rtldllJlc

{

and Fill.rlng III High Voltag.
Section.

22. Wanwpe at collectors
d. Ql. Q2 > 15 Vp-p. (40. Tr_I._ A7.
> 5 Ji sec duration.

SJ. W••e_pe.t A5 pia II > 20 52. Tr0l1l1eshoot Pulse Width
~eee duratbl (Del portklll). -{Converter and 20 kHz

Clock (pia AS).

41. < +8 V present.t AS
pia 20.

53. Trtd»leahoot DUferent1l1

[

42. Troubl."ool A7. AmplUI.r (pia A4).

34. Emitter to collector l"UUt:uce
'" Ql. QII > 50 D.

41. Replace bod Ql or'll.

OutP"t ••roe•. {

17.

Vary ZERO.

18. Troubleshoot OperaUonal

{

Filter (pia A4). A3 and AU.

9. COIlDect a Jumper from A4
pin 8 to '0/. Output noise 28. TrQUlJleshoot DIfferential
decreases. (Output l'oltage { Amplifier (p/o A4). AS aDd
drUts slawly.) 19. Remon jumper and check A7.

noise on other ranges.
Noise increases by a factor
of ten on each increasing

range. 29. Troubleshoot 1 V FUter
(A5C4).

8.

-{

12 IX: Fuoe good.

8. OVERLOAD on. .

13. Troubl••hoot Oulplt SWitch
(Kl).

4. select.STD. I V Raog•• 0 V
Output. Nolae<2 JiV p-pat
Output terminals.

> +0'. 8 V present at A4 pin 8.

Perform 1..oq) Gain Check.
Instrument passes.

3.

NOTES

t
1. Select STD, 1 V Range,

I V OutJ:J.lt. I V present
at Output terminals.

PASSES

FAILS

7408-0- 30020

[

14, ~':.I(p~::'4cr:rallonal [4t.=~n_1a aU

7 ~
. 24. Troabl.shool Oem_Jator L--Ildtl.,..,eat perform. proper".

>-7mVpreSlntatA4p1a21. 15. OVERLOADon.-{ (Al7V3/V4). [M ~_A3. ., 45. -"'10-'1.

25 Connect a jumper fromAl7V2 •
(white wire) to W Wave- .... TnMIblnboot MocIIabt«
shape at AI7VI/V2 (mlddl.- { (AI7Vl/V2).
rear termmal) > 0 5 V p-p.

:no _ .... jwDper. 1V~
al AI7Vl (red wire).

4'. Troabl..- ..pat roler
(1.2. C8. C7).

Figure 5-15. Main Loop Troubleshooting Tree
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Model 740B

Table 5-10. MAIN LOOP TROUBLESHOOTING

Section V

L

1. A correct voltage at the Output terminals shows
that the Main Loop is functioning.

2. The Loop Gain Check is given in Paragraph 5-76.

3. > +0.9 V atA4 pin 8 verifies that the Low Volt
age Section of the Main Loop is functioning.

4. A correct output shows that the Main Loop is
relatively noise -free.

5. Connecting a jumper wire from A17V2 to W
creates a 1 V difference between the Main Loop
input voltage (+ 1 V from the Reference Loop)
and the feedback voltage (0 V). If the Modulator
output exceeds O. 5 V P - p, the Modulator is
probably not at fault.

6. If the OVERLOAD Light is on, the Low Level
Amplifier (A3) is probably functioning.

7. > -7 mV present at A4 pin 21 indicates thatthe
Operational Filter is receiving a drive voltage.

8. If output zeroes, the ZERO Control Circuit is
working properly.

9. If noise decreases when jumper wire is con
nected to A4 pin 8, the circuits between the
output of the Operational Filter and the Output
terminals are probably not causing noise.

10. A waveshape > 20 V P - P at A17V4 verifies
proper operation of the Demodulator (A17V3/V4).

11. Troubleshoot the Modulator (A17V1/V2) according
to the procedure in Paragraph 5-80.

12. If the DC Fuse is not blown, the Power Switch
transistors (Q1 and Q2) are probably not at
fault.

13. Since the OVERLOAD Light is not on, the Main
Loop is probably stable. Since no voltage (or
an incorrect voltage) is present at the Output
terminals, the Output Rotary Switch, K1, is
likely at fault (Figure 7-3).

14. The Operational Filter (p/o A4) is receiving a
sufficient input (> -7 mY) but not producing a
sufficient output. Troubleshoot Operational
Filter (Figure 7-8).

15. If the OVERLOAD Light is on, the Low Level
Amplifier (A3) is producing an output and probably
is not at fault.

16. A 10 V output verifies proper operation of the
feedback switching and filtering (10 V range) in
the High Voltage Section of the Main Loop.
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17. Check the voltage of A10BT1 (1. 3 V minimum).
IfA10BT1 isgood, check the other ZERO con
trol Circuit components (Figure 7-3).

18. Since noise decreased when the Operational
Filter output was connected to W(step 9), the
noise source is between the Main Loop input and
the Operatioml Filter output (A4 pin 8). Noise
at A4 pin 8 should be about 1% the amplitude of
the noise at A4 pin 21 if the Operational Filter
is functioning. (Observe noise with oscilloscope).
If the Operational Filter is functioning, the trouble
is probably in the Low Level Amplifier, A3
(Figure 7-7), or A17. Paragraph 5-80 gives
the procedure for troubleshooting A17.

19. If noise increases by a factor of ten on each in
creasing range, the 1 V Filter is probably not
at fault.

20. The Modulator and Demodulator are functioning
(steps 5 and 10) but the Low Voltage Section of
the Main Loop has insufficient gain (step 2).The
trouble is probably low gain in the Low Level
Amplifier, A3 (Figure 7-7).

21. A waveshape > 25 V p- pat A3TP10 shows that
the Low Level Amplifier is producing a good
output when driven to saturation.

22. A waveshape > 15 V p -p and> 5 Jlsec duration
shows that the Power Switch (Q1, Q2) and Power
Switch Driver (p/o A7) are functioning.

23. If fuse does not blow again, the instrument may
be working properly. Blownfuse may have been
caused by an excessive overload at the Output
terminals.

24. The Low Level Amplifier is producing a good
output (step 15) but the Operational Filter is not
receiving a correct input (step 7). The Demod
ulator (A17V3/V4) is probably atfault. Trouble
shoot the Demodulator according to the pro
cedure in Paragraph 5-80.

25. Connecting the jumper wire from A17V2 to W
creates a 1 V difference between the Main Loop
input voltage (1 V) and the feeci>ack voltage (0 V).
If the Modulator output exceeds O. 5 V p - p, the
Modulator is probably working correctly.

26. If the instrument provides correct output volt
ages on the 100 V and 1000 V ranges, range
switching for these ranges is functioning pro
perly.

27. The Main Loop provided a correct output on the
1 V range (step 1) so the trouble is probably in
one of the Feedback Dividers, (A9R4 - 12 and
SlRll - 14), Range switching, or the 10 V Filter,
A5C5 (Figure 7-3).
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Section V

Table5-10. MAIN LOOP TROUBLESHOOTING (Cont'd)

Model 740B

28. Since noise increases by a factor of ten on each
increasing range, filtering for each range is
probably not at fault. The noise is probably
originating in the Pulse Width Converter, plo
A5 (Figure 7-9) or the Differential Amplifier,
plo A7 (Figure 7-11).

29. Filtering for the 1 V range is probably causing
the trouble. Check for bad A5C4 (Figure 7-9).

30. The Demodulator receives a correct input from
A3 (step 21) but produces a low output (step 10).
Troubleshoot the Demodulator (A17v3/v4) ac
cording to the procedure in Paragraph 5-80.

31. The Low LevelAmplifier (A3) does not produce
a satisfactory output when driven to saturation
(step 21). Troubleshoot the Low Level Ampli
fier (Figure 7-7).

32. The Power Switch circuits are functioning (step
22) but no voltage (or an incorrect voltage) is
present at the Output terminals (step 1). The
trouble is probably in Range Switching or Fil
tering (Figure 7-3).

33. If waveshape at A5 pin 19 is greater than 20
/lsec duration, the Pulse Width Converter (p/o
A5) is furnishing T3 with a proper input.

34. Connect negative lead of ohmmeter to Wor W;
positive lead to collectors of Q1 and Q2 (blue
wires). If resistance measures > 75 il, Q1 and
Q2 are probably working.

35. Check voltage at Output terminals.

36. The Modulator is apparently working (step 25)
but the Low Level Amplifier is not turning on
the Overload Light (step 15). Troubleshoot Low
Level Amplifier (Figure 7-7).

37. If + 1 V is present at A17V1, the Modulator is
receiving a correct input voltage from the Re
ference Loop.

38. A correct output voltage shows that the Main
Loop can deliver maximum rated output power
(20 W), verifying proper operation of the In
ternal and External Current Limit circuits.

39. If the 1000 V range is the only range that mal
functions, the range switching probably is not at
fault.

40. The Pulse Width Converter is producing a cor
rect output (step 33)but the Power Switch is not
producing proper pulses (step 22). The trouble
is probably in T3 or the Power Switch Driver
(p/o A7). Refer to Figure 7-11.

41. < +8 V at A5 pin 20 verifies that the Differential
Amplifier (p/o A4) is furnishing a correct Out
put to the Pulse Width Converter.
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42. Since fuse blows (step 23) and Q1 and Q2 are not
shorted (step 34), the Power Switch Driver,
plo A7, is probably at fault (Figure 7-3). Pos
sible trouble: shorted A7Q1.

43. Replace bad Q1 or Q2. Figure 7-1, Detail D
shows the assembly sequence for Q1, Q2 and
attaching hardware. A layer of silicon grease
should be applied to both sides of the mica in
sulator (MP45) before reassembly.

44. Verify operation in VM and AVM modes. If
operating, there is probably no other malfunc
tion. If a problem occurs in VM or AVM, per
form procedure in Front Panel Troubleshooting
Tree (Figure 5-14).

45. Since the instrument does not operate, a problem
still exists in the High Voltage Section. Proceed
to step 22.

46. The Modulator is receiving a correct input volt
age from the Reference Loop (step 37) but does
not produce a good output (step 25). Trouble
shoot the Modulator according to the procedure
in Paragraph 5-80.

47. The absence of +1 V at A17V1 may be caused
by trouble in the Input Filter: L2, C6, C7 (Fig
ure 7-3). Check for open L2 or shorted C6 or
C7. If Filter is not at fault, the Reference Loop
is not generating +1 V. Follow procedure in
Reference Loop Troubleshooting Tree (Figure
5-17).

48. A correct indication shows that the 100 mV
Range switching is operative.

49. If the instrument provides a correct output (1 V
across 20 il), the External Current Limit cir
cuit is probably not at fault.

50. Marginal gain in the Operational Filter (p/o A4)
will probably show up only on the 1000 V Range.
Using an oscilloscope, compare the noise amp
litude atA4 pin 8 with the amplitude at A4pin 21.
Waveform at pin 8 should be approximately 1%
the amplitude at pin 21 if Operational Filter
has sufficient gain. If Operational Filter ap
pears to be functioning, troubleshoot 1000 V
Range switching (Figure 7-3) and Differential
Amplifier (Figure 7-8).

51. If the trouble also occurs on the 100 V range.
filtering or switching for the bad range(s) is
probably at fault. Troubleshoot C3 and Range
switching (Figure 7-3) and 100 V Filter. A5C6
(Figure 7-9).

52. The Pulse Width Converter (p/o A5) is receiving
a correct input (step 41) but is not generating a
correct output (step 33). Troubleshoot the Pulse
Width Converter and 20 kHz Clock (Figure 7-9).
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Model 740B

Table 5-10. MAIN LOOP TROUBLESHOOTING (Cont'd)

Section V

r

r

r

53. The Operational Filter is producing a correct
output to the Differential Amplifier (step 3) but
the Differential Amplifier is not generating a
correct output (step 41). Troubleshootthe Dif
ferential Amplifier, p/o A4 (Figure 7 -8).

54. Correct indications verify proper Range switching
operation on the 10 mV and 1 mV range.

55. A correct indication (but excessive response
time) shows that range switching for the Main
Loop Feedback Divider is operating.

56. Since the instrument is capable of delivering
maximum output current at low voltages (step
49) the trouble is probably in the Internal Cur
rent Limit circuit, p/o A7 (Figure 7-11).

57. Since output current is insufficient at both high
and low voltages (steps 38 and 49) the trouble
is probably in the External Current Limit cir
cuit (Figures 7 -3 and 7-9).

58. If the instrument passes all of the preceding
checks, the Main Loop is functioning properly.
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59. Troub leshoot Range switching for the inoperative
range (Figure 7 -3).

60. Excessive response time but a correct final in
dication (step 55) may be caused by incorrect
mV Range switching for the Low Level Ampli
fier. Check for a short between A3 pin 21 and
A3 pin 17. If short is present, troubleshoot
Deck SIB (F) of Range/Function Switch, SI (Fig
ure 7-3).

61. If problem disappears when jumper wire is con
nected, the Main Loop Feedback Divider switching
is not at fault.

62. If problem disappears when jumper wire is con
nected' there is probably a bad switch contact
between AI7Vl/V2 and pin 1 (Figure 7-3).
Check for continuity between these points on the
mV ranges (VM and ~VM modes).

63. Since trouble is not caused by Range/Function
switching between A17 and A3 (step 61), the
trouble may be m V Range SWitching associated
with the Main Loop Feedback Divider (Figure
7-3).
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Section V

METER LOOP TROUBLESHOOTING TREE

NOTES

1. All measurem ents should be made with reapect to W
2. Meter Loop schematic and camponSDt location diagrama

are shown In Figure 7-6.

3. Put A2 00 a printed circuit board extender to
monitor voltages and waveshapes at board pins.

4. a.serYe waveshape at A2
pin L Reduce 740B Input

-- voltage until waveahape at
A2 pin I Is appl'(lKlmately
50 m V p - p. Wavesha pe at
collector 0( A2Q3 > 5 V P - p.

Model HOB

8. Reduce Input voltage until
wavewpe at collector of
A2Q3 la I V P - p. Wave
shape at A2TP8 Is I V P - P
or greater.

8. Troubleshoot A2QI. Q2.
Q3.

12. Depre.. Xl02 SENsrrlVITY.
Wan8hllpe at A2TP8 > g V
P -po

U. Tr..... laalooot A2Q4. QS
aDd QU.

16. Depr... Xl SENSITIVITY.
Apply +1 V to Input ter
mlnala. Remon jum per
from AIM. lIeter Indi
eatea + 1 V withIn 2 MCoIIda.

17. Tr..... leshoot A2Q4. Q5.
QII aDd seoaltlvlty Gain
9Ir1tch1n&.

18. Reverae Input polarity.
Meter indicate. -1 V.

19. Connect jumper from A2
pin 12 to AI6V2 (white wire
Problem disappears,

20. Check other seoaltlvlty
poaltlooa. U tr.....le oceura.
troubleshoot correapoDdlng
sensitivity Swltehlng and
S2RI through S2R4.

21. Troubleshoot Meter DrIver
(A2Q8 through QlI).

22. Troubleshoot Feedback
Switching.

23. Troubleshoot Meter Driver
(A2Q8 through QlI) aDd M1.

2. Wan8hllpe at A2 pin 10 > I V 10. Troubleshoot Demodulator
p-p. (AIIV2/V4).

PASSES

t 5. Wave8hllpe at A2TP8 > 8 V 14. Trouble_ AJQ4. QI
p-p. udQlI.

1. select VM. 1 V Range. 1 V
Input. Xl SENSITIVITY.
COIlDect a jumper from AI6V2
(white wire) to W. Wave-
shape at A2 pin 1 > O. 5 V p-p.

I. Troubleshoot lloilulator 11. Waveahape at collector of
(AllYl/VI). A2Q3 > 5 V p-p.

I
FAILS

2. +1 V present III AllYl 15. Trodlle_ A2QI. Q2
(terminal ne~..t AU). udQl.

7408-0-30021

Figure 5-16. Meter Loop Troubleshooting Tree
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7,. Troubleaboot IIlIIn Loop.
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Model 740B

Table 5-11. METER LOOP TROUBLESHOOTING

Section V

,-.

1. Connecting a jumper wire from A16V2 to W
creates a 1 V difference between the Meter Loop
input voltage (+1 V from the Main Loop) and the
feedback voltage (0 V). If the Modulator output
exceeds 0.5 V p-p, the Modulator is probably
not at fault.

2. A waveshape > 6 V p-p at A2 pin 10 shows that
the Demodulator (A16V3/V4) is probably not at
fault.

3. If +1 V is present, the Meter Loop is receiving
a correct input voltage from the Main Loop.

4. Reducing 740B input voltage to 50 mV allows the
gain of A2Q1, Q2 and Q3 to be evaluated. > 5 V
p-p at collector of A2Q3 indicates sufficient
gain between A2 pin 1 and A2Q3 collector.

5. A waveshape >8 V p-p at A2TP8 shows that the
Demodulator (A16V3/V4) is receiving a correct
input from A2 pin 8.

6. The Modulator is receiving a correct input
(step 3) but not producing a correct output (step
1). TroubleshootA16 according to the procedure
in Paragraph 5-78.

7. Since the Meter Loop is not receiving an input
voltage from the Main Loop (step 3), the Main
Loop is probably at fault. Before troubleshooting
the Main Loop, check for shorted C9 or C10
(Meter Filter).

8. Further reduction of 740B input voltage allows
the operation of A2Q4, A2Q5 and A2Q6 to be
evaluated (Xl SENSITIVITY). 1 V p-p or more
at A2TP8 indicates A2Q4, A2Q5 and A2Q16 are
functioning.

9. Gain between A2 pin 1 and collector of A2Q3 is
low (step 4). Troubleshoot A2Q1, A2Q2 and
A2Q3.

10. The Demodulator is receiving a correct input
from A2 pin 8 (step 5) but is not producing a
correct output (step 2). Troubleshoot A16
according to the procedure in Paragraph 5-78.

11. A waveshape > 5 V p-p at the collector of A2Q3
shows that A2Q1, Q2 and Q3 are not at fault.
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12. A waveshape >9 V p-p at A2TP8 shows that the
gain of A2Q4, A2Q5 and A2Q16 is effectively
increased on the higher sensitivities.

13. Since the output of A2Q16 is low (step 8), there
is insufficient gain between A2Q3 collector and
A2TP8. Troubleshoot A2Q4, A2Q5 and A2Q16.

14. A2Q3 is providing A2Q4, A2Q5 andA2Q16 with a
correct input (step 11) but the output of A2Q16
is low (step 5). Troubleshoot A2Q4, A2Q5 and
A2Q16. Probable trouble: A2Q16.

15. A2Q1 is provided with a correct input (step 1)
but the outputofA2Q3 islow (step 11). Trouble
shoot A2Q1, A2Q2 and A2Q3.

16. End-scale deflection within 3 seconds indicates
adequate Meter Loop response time.

17. Since the output of A2Q16 did not increase on
the X102 SENSITIVITY, the gain is low. Trouble
shoot A2Q4, A2Q5, A2Q16, and Sensitivity Gain
Switch (S2).

18. If meter deflects to -1 V, Meter Driver is
working.

19. If response time changes when jumper is con
nected, the trouble is not in the Meter Amplifier.

20. If the only problem is slow response when X104
SENSITIVITY is depressed, reselect A2R19*
(Paragraph 5-86). If response is still too slow,
troubleshoot A16 (Paragraph 5-78).

21. If meter deflects positive (step 16) but will not
deflect negative, trouble is probably in Meter
Driver. Troubleshoot A2Q6 through A2Q11.

22. Check for loss of continuity between A2 pin 12
and A16V2 (white Wire), with Xl SENSITIVITY
depressed.

23. If meter does not deflect to full scale, the Meter
Driver is probably at fault. Troubleshoot A2Q6
through A2Q11.

If meter deflects to full scale but has> 3 seconds
response time, reselect A2R19* (Paragraph
5-86).
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Section V

REFERENCE LOOP TROUBLESHOOTING TREE

NOTES

1. All voltage measurements made with respect toW. Function Switch must be set to STD.

2. Reference Loop schematic and component loca
tion diagrams are shown In FIgures 7-13 and
7-14.

3. A13, Oven Assembly, Is not field reparable.

2. + 12 V ",0.11 V present at
A2TP7.

PASSES

t
1. Select STD, 1 V Range. + 5. 9 V

present at AITPI (AITP7 on
Instruments below serial No.
1110-003711).

FAILS

3. + 12 V present at A2TP7.
740B-0-30019

Figure 5-17. Reference Loop Troubleshooting
Tree
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Model 740B

4. ApprOl<lmately - 23 Vdc
present at A2 pin 18 when
Instrument Is !Irst turned
on--decreases to apprOl<I.
mately -13 V after warmup.

5. Troubleshoot series Regu
lator (A2Q14 and QI5).

II. + 5. 9 V pre8ent at Al pin 21.

7. Troubldhoot Serle8 Regu
lator (A2Q14 and QI5).
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8. +1 V pre8ent at S4E(l' -II)
(whlte/red/blue wire on
Xl Divider).

9. Remove A13 aDd m_re
real8tance from AU pin 11
to A13 pin 12. Re8lMance
apprOl<lmately 115 O.

10. TrodIle1ihoot Referecce
Adjualmenia (p/o Al)o.

11. A13 Control DIfferential
Ampllfler bad. Replace
A13.

12. Select IiVM; Input Shorted·;
1000 V Range. Successively
depre8s Xl thru xl04
SENSITIVITY buttons whUe
varying correspoDding
VOLTAGE SET from 0 to 9
aDd back to O. Meier deflecls
from 0 to -0.9 and back to 0
on each check.

13. Remove AI. Resistance
from S4E (F -6) (whitel red!
blue Wire) to WIs 1 kn.

14. Replace A13. Voltage at A2
pin III appl'Oltlmalely - 4 V
when Instrument 18 flrat
turned on.

15. A13 Heater bad. Replace
A13.

Ill. Reference Loop working
properly.

17. Troubleshoot corresponding
VOLTAGE SET and SENSI
TIVITY Switching.

18. Trow>leshoot SSRI.

19. Troubleshoot S4.

20. Troubleshoot Error Ampli
fier (A2Q12 and Q13) and
Heater Control (Q3).

21. AU Temperature Senaing
Bridge bad. Replace AU.



Model 740B

Table 5-12. REFERENCE LOOP TROUBLESHOOTING

Section V

1.

2.

3.

4.

5.

6.

7.

If +5.9 V is present at AlTP1, the Reference
Supply is generating a voltage.

If +12 V ±O. 6 V is present at A2TP7, Series
Regulator (pi 0 A2) is functioning.

+12 V at A2TP7 shews that the Series Regulator
(pi 0 A2) is probably not at fault.

Correct indications show that the Oven Heater
and Regulator circuits are working correctly.

If no voltage is present at A2TP7 (step 2) the
Series Regulator (pi 0 A2) is probably at fault.
See Figure 7-13.

+5.9 V at Al pin 21 shows that the Control
Differential Amplifier (pi oA13) is probably not
at fault.

Since +12 V is not present at A2TP7, the Series
Regulator (PI oA2) may be at fault. Remove A2
and check for +34 V at pin 22 of A2 jack. If
voltage is not present, troubleshoot +34 V supply,
pi 0 A6 (Figure 7-10). If +34 V is present,
troubleshoot Series Regulator, pi 0 A2 (Figure
7-13).

13. VOLTAGE SET and STANDARD VERNIER con
trols must be set to first position (0) to make
this check. If resistance is 1 kQ, S4 and S4R5
are probably not at fault.

14. A correct indication shows that the Temperature
Sensing Bridge is probably not at fault.

15. If Heater is bad, entire A13 assembly mustbe
replaced. Components in A13 are not separately
replaceable.

16. If the instrument passes all of the previous
checks, the Reference Loop is probably notat
fault.

17. Trouble in one of the VOLTAGE SET Switches
will probably show up only when that switch is
varied. Once the trouble is isolated, check the
SWitching associated with the malfunctioning
switch position (Figure 7-14). If one of the
switches is completely inoperative, trouble
shoot corresponding SENSITIVITY Switch.

8. +1 Vat S4E (F-6) shows that the VOLTAGE SET
Dividers are receiving a correct input from the
Reference Supply.

9. A correct reading shows that the Oven Heater
is probably not at fault.

10. Check for open A1R40.

11. The Control Differential Amplifier (pi oA13) is
receiving a correct input (step 6). Remove Al
and measure voltage at pin 21 of Al jack. If
voltage is between +5.9 V and +6.4 V, trouble
may be in VOLTAGE SET Dividers. Proceed
to step 13. If voltage does not measure between
+5.9 V and +6.4 V, the Control Differential
Amplifier (p/oA13) is not working. A13 must
be replaced. (Components in A13 are not
separately replaceable. )

12. Correct indications show that the VOLTAGE
SET and STANDARD VERNIER Dividers are
functioning properly.

01794-1

18. Check for open, shorted or changed-value S3R1.

19. To further isolate the trouble, select t.VM and
measure resistance from S4E (F-6) toW (S2A
pin 10).If resistance now measures 1kQ,trouble
is in STD mode FUNCTION Switching. Probable
trouble area: deck SlI(F) of RangelFunction
Switch, Sl (Figure 7 -3). If trouble remains,
troubleshoot S4.

20. Since the Temperature Sensing Bridge is working,
the trouble is probably in the Error Amplifier
or Heater Control (Figure 7-13).

21. Remove A2 and measure voltage at pin 16 of A2
jack. If approximately -4 V is present, the
Error Amplifier (pi 0 A2) or Heater Control is
probably at fault. If approximately -4 V is
not present, the Temperature Sensing Bridge
is not working. Entire A13 assembly must be
replaced since individual components inA13 are
not separately replaceable.

5-27



Section V

5-76. LOOP GAIN CHECK.

5-77. The following steps outline a method of evaluating
open loop gain of the Main Loop. If gain is too high
or too low, reselection of A3R9* (Paragraph 5-91) may
be helpful. Generally, insufficient gain causes slow
instrument response to an input voltage and may cause
inaccuracy in AVM or STD modes. Excessive gain may
cause output noise and instability. To perform the
Loop Gain Check, proceed as follows.

Model 740B

e. Move one of the ohmmeter leads to the rear
middle terminal. Connect a jumper wire from
A16V1 (terminalnearestA13)toA16V2 (termi
nal nearest T2). Ohmmeter should indicate
< 38 kU (Modulator parallel impedance).

f. Connect ohmmeter leads to A16V3 (black wire)
and A16V4 (white/black/yellow wire). Ohm
meter should indicate > 78 kU (Demodulator
series impedance).

a. Set Model 740B controls as follows:

FUNCTION ..
RANGE ....
SENSITIVITY.
INPUT ....

.. VM
10 mV

. . X10
Shorted

g. Leave ohmmeter leads connected toA16V3
andA16V4. Connecta 20 MF capacitor across
A16V3 (black wire and white/yellow/blue wire).
Ohmmeter should indicate < 64 kU (Demod
ulator output impedance).

b. Depress Gain Check Switch, S10 (on bottom of
instrument, behind Guard Shield).

c. Meter should deflect to between + 8% of end
scale and + 15% of end-scale. If meter deflects
to more than + 15% end-scale, gain is too low;
if deflection is less than +8%, gain is too high.
If meter does not deflect, check AllBT1 (1. 3 V
minimum).

5-78. METER LOOP CHOPPER CHECK.

5-79. The following procedure can be used to evaluate
the performance of the Meter Loop Chopper, A16.
The chopper photocells change impedance somewhat
during instrument warmup; some effects of the imped
ance change do not disappear for at least 24 hours. A
meaningful check of the chopper operation can be per
formed only if the instrument has been turned off for
24 hours (or longer) prior to performing the check.
The tests should be performed in a controlled envi
ronment with the ambient temperature remaining at
240 C ±20 C (750 F ±40 F). Since the chopper impedance
changes during warmup, all of the checks should be
performed during the period of 1 minute to 5 minutes
after instrument turn-on. Steps d and e check the
Chopper Modulator; steps f and g check the Demod
ulator. A high input impedance ohmmeter (-hp
Model 427A), a 1 MF capacitor (-hp- Part No. 0160
3033) and a 20 MF capacitor (-hp- Part No. 0180
0300) are required for the check. Do not turn on the
instrument until step d.

a. Connecta 1 MFcapacitorbetweenthe Common
and Ohms leads of the ohmmeter. Leave the
capacitor connected while making the imped
ance measurements.

b. Remove A2 and DC Fuse. Set RANGE to 1 V.

c. Connect ohmmeter leads to A16V1 (terminal
nearest A13) and A16V2 (terminal nearest
T2). Carefully turn FUNCTION Switch to a
position between AVM and VM. Ohmmeter
reading will increase when switch is positioned
correctly. This isolates the Modulator from
any input voltage.

d. Turn on the instrument; wait at least one
minute. Ohmmeter should indicate >346 kU
(Modulator series impedance).
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-----NOTE----

If the instrument passes all of the
checks, A16 is working properly.
If one or more of the check results
are marginal (within 20%of passing)
and the Meter Loop performance is
worse than marginal, A!6maynot be
the source of trouble. Before re
placing A16, check the waveshape at
A8TP21 to verify proper operation
of the Meter Loop Neon Driver. The
correct waveshape is shown in Fig
ure 7-12. Components inA16arenot
separately replaceable.

5-80. MAIN LOOP CHOPPER CHECK.

5-81. The following procedure canbe used to evaluate
the performance of the Main Loop Chopper, A17. The
chopper photocells change impedance somewhat during
instrument warmup; some effects of the impedance
change do not disappear for at least 24 hours. A
meaningful check ofthe chopper operation can be per
formed only if the instrument has been turned off for
24 hours (or longer) prior to performing the check.
The tests should be performed in a controlled envi
ronment with the ambient temperature remaining at
240 C ±20 C (750 F ±40 F). Since the chopper impedances
change during warmup, all of the checks should be
performed during the period of 1 minute to 5 minutes
after instrument turn-on. Steps d and e check the
Modulator; steps f and g check the Demodulator. A
high impedance ohmmeter (-hp- Model 427A), a 1 MF
capacitor (-hp- Part No. 0160-3033) and a 20 MF
capacitor (-hp- Part No. 0180 -0300) are required for
the check. Do not turn on the instrument until step d.

a. Connect a 1 MF capacitor between the Common
and Ohms leads of the ohmmeter. Leave the
capacitor connected while making the imped
ance measurements.

b. Remove A3, A4, A5 and rear panel de fuse.
Set FUNCTION to VM; RANGE to 1 V.

c. Connect ohmmeter to A17V1 (red wire) and
A17V2 (white wire).

d. Turn on instrument; wait at least 1 minute.
Ohmmeter should indicate> 160 kU (Modulator
series impedance).
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Model 740B Section V

a. Set Model 740B controls as follows:

5-88. Use the following procedure to evaluate the
selection of A2R19*.

Sensitivity. A2R19* is a 1/4 watt composition ±10%
resistor with a typical value of 68 kn. A2R19* may
have to be reselected if the Meter Loop Chopper (A16)
is replaced or if repair work is performed on the
Meter Amplifier (p/o A2).

e. Move one of the ohmmeter leads to the middle
terminalonA17. Connecta jumper wire from
A17V1 (red wire) to A17V2 (white wire). Ohm
meter should indicate < 30 kn (Modulator
parallel impedance).

f. Connect ohmmeter leads to A17V3 (black wire)
andA17V4 (white/red/blue wire). Ohmmeter
should indicate> 132 kn.

g. Leave ohmmeter leads connected to A17V3
andA17V4. Connecta 20 IlFcapacitoracross
A17V3 (middleterminalandblackwire). Ohm
meter should indicate < 42 kn (Demodulator
output impedance).

FUNCTION ..
RANGE ....
SENSITIVITY

. .. VM

.1000 V

... Xl

L...

,...

L...

-----NOTE-----

If the instrument passes all of the
checks, A17 is working properly.
If one or more of the check results
are marginal (within 20% of passing)
and the Main Loop performance is
worse than marginal, A17 may not
be the source of trouble. Before
replacing A17, check the wave
shape at A8TP20 to verify proper
operation of the Main Loop Neon
Driver. The correct waveshape is
shown in Figure 7-12. Components
inA17 are not separately replaceable.

5-82. REPAIR PROCEDURES.

5-83. The following paragraphs contain information on
special repair procedures and replacement parts
selection for the Model 740B.

I WARNING I
TO PROTECT THE OPERATOR FROM POS
SIBLE HIGH VOLTAGE SHOCKWHEN FLOAT
�NG THE MODEL 740B, CHECK THE CON
TROLKNOBS FOR PRESENCE OF INSULAT
ING MATERIAL IN SET-SCREW HOLES.
IF MATERIAL IS NOT PRESENT, FILL
THE SET-SCREW HOLES WITH GENERAL
ELECTRIC TRANSLUCENT SILICON RUBBER
RTV -108 (-hp- PART NUMBER 0470-0304).

5-84. REPLACEMENT OF FACTORY SELECTED

COMPONENTS.

5-85. Certain components within the Model 740B are
individually selected in order to compensate for
slightly varying circuit parameters. These com
ponents are identified by an asterisk (*) on the schematic
diagrams and a typical value is shown. The following
paragraphs describe the function of the factory selected
components and give replacement instructions.

5-86. A2R19*.

5-87. A2R19* is factory selected to set the response
time of the Meter Loop to 2 to 3 seconds on the X104
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b. Apply a + O. 1 V input voltage to the Inputtermi
nals.

c. Depress X104 SENSITIVITY. Meter should
deflect to + end scale in 2 to 3 seconds.

5-89. If response time is longer than 3 seconds, de
crease the value of A2R19* in 5 kn steps until response
time is between 2 and 3 seconds. Do not use a value
less than 30 kn for A2R19*.

5-90. If response time is shorter than 2 seconds, in
crease the value of A2R19* in 5 kn steps until response
time is between 2 and 3 seconds. Do not use a value
greater than 100 kn for A2R19*.

5-91. A3R9*.

5-92. A3R9* is factory selected to control the gain of
the Low Level Amplifier (A3). A3R9* is a 1/4 watt
composition ± 10% resistor with a typical value of
22 kn. A3R9* may have to be reselected if the Main
Loop Chopper (A17) is replaced or if repair work is
performed on A3. To determine if A3R19* is the
correct value, perform the Loop Gain Check (Para
graph 5-76). If the instrument passes, A3R9* should
not be changed.

5-93. If the instrument has low gain (meter deflection
> 15% end-scale), increase the value of A3R9* in 5 kn
steps until the meter deflection is between 8% and 15%
of end-scale. Do not use a value greater than 47kn
for A3R9*.

5-94. If the instrument has too much gain (meter de
flection <8%end-scale), decrease the value of A3R9*
in 5 kn steps until the meter deflection is between 8%
and 15% of end-scale. Do not use a value less than
6.8 kn for A3R9*.

5-95. A7C8*.

5-96. A7C8* is factory selected to compensate for
the effects of inter-element capacitance in the Power
Switch transistors (Q1 and Q2). A7C8* is a ± 20%
ceramic 1000 V capacitor with a typical value of
O. 00681lF. A7C8* may have to be reselected if Q10r
Q2 is replaced or if repair work is performed on the
Pulse Width Converter (p/o A5).

5-97. To determine if A7C8*is the correct value,per
form the following procedure.
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a. Set Model 740B controls as follows:

b. Observe waveshape at Ql - Q2 collectors.
(Waveshape is shownin Figure 7-11). Wave
shape should be stable and noise-free.

FUNCTION .
RANGE .
VOLTAGE SET.

. . STD
IV

.00000

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

5-98. If the waveshape is unstable or noisy, reselect
A7C8*. Change A7C8* in approximately 0.002 JlF
steps (either increasing or decreasing) until Ql - Q2
collector waveshape stabilizes. Value limits for
A7C8* are 0 to 0.02 JlF.

5-99. A8R8*, A8R9*.

5-100. A8R8* and A8R9* control the range of adjust
ment of the Meter Loop Chopper Frequency Adjust
ment, A8R3. A8R8*andA8R9*are 1/4W composition
± 5% resistors with a typical value of 75 kn. A8R8*
and A8R9* may have to be reselected if repair work
is performed on the Meter Loop Neon Driver (p/oA8).
A8R8* and A8R9* should be reselected only if the
Meter Chopper Frequency Adjustment cannot be set
to 95 Hz (Paragraph 5-38).

5-101. To reselect A8R8* andA8R9*, use the following
procedure.

a. Set A8R3 (Meter Chopper Frequency Adjust
ment) to mid-value.

b. Measure Meter Chopper Frequency (Para
graph 5-38).

c. If measured frequency is greater than 100 Hz,
increase the value of A8R8* and A8R9*. If
frequency is less than 90 Hz, decrease the
values of A8R8* and A8R9*. A resistance
change of 10 kn affects the chopper frequency
approximately 20 Hz. The resistance values
for A8R8* and A8R9* must be equal and
should never be changed to less than 40 kn or
greater than 150 kn.

5-102. A13R13*, A13R14*.

5-103. A13R13* and A13R14* are factory selected to
match the voltage characteristics of A13CRI with the
output voltage requirements of the Reference Oven
Assembly (A13). Components within A13 are factory
matched and aged. For this reason, none of the com 
ponents within A13 are separately replaceable.

5-104. SERVICING ETCHED CIRCUIT BOARDS.

5-105. The Model 740B contains plated-through double
sided, etched circuit boards. When working on these
boards, observe the following rules to prevent damage
to the circuit board or components:

a. Use a low-heat (25 to 50 watts) soldering iron
with a small tip.
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EXCESSIVE OR PROLONGED HEAT
CAN LIFT THE CIRCUIT FOIL FROM
THE BOARD OR CAUSE DAMAGE TO
COMPONENTS.

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

d. To mount a new component, shape the leads
and insert them in the holes. Clip a heat sink
on the component, heat with the soldering
iron, and add solder as necessary to obtain a
good electrical connection.

5-106. SERVICING ROTARY SWITCHES.

5-107. The Model 740B contains several rotary
switches: SI RANGE/FUNCTION Switch, S4 - S8
VOLTAGE SET Switches, S9 STANDARD VERNIER
Switch, and Kl Output Rotary Switch (solenoid-actuated).
When replacing components on these switches, observe
the following rules:

a. Usea low heat (25 to 50 watts) soldering iron
with a small tip.

b. When replacing components, attempt to dress
them as nearly to their original alignment as
possible.

c. Clean excessive flux from the connection and
adjoining area.

d. After cleaning the switch, apply a light coat
of lubriplate to the switch detent balls. DO
NOT apply lubricant to switch contacts or
allow lubricant to contaminate components.

e. If switch knobs were removed and reinstalled
during the switch repair, the set screw holes
should be filled with General Electric Trans
lucent Silicon Rubber RTV -108 (-hp- Part No.
0470 -0304).

5-108. The switches are self-cleaning in normal use;
but may, with time, build up a dust accumulation.
Generally, the effects of dust can be eliminated by
rotating the switches from stop-to-stop several times.
(K1 can be rotated by cycling the OUTPUT pushbutton
switch several times with the instrument turned on
and the Output Cable Assembly connected.) If dust
accumulation is severe, a small amount of distilled
water may be used as a cleaning agent. DO NOT use
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Freon, Carbon Tetrachloride or any chemical solvent
on the switches.

5-109. MAIN LOOP FEEDBACK DIVIDER REPLACE

MENT (A9R4 through A9R9).

5-110. The Main Loop Feedback Divider consists of
AVRIf flifbugn~-A9Rt2".- -A9R4-thfough-':A.9R9·'al'e-a
matched set of precision wirewound resistors. A9R10,
A9R11 and A9R12 are adjustments that calibrate the
divider and are adjusted for meter indication values
printed on the guard shield cover when performing the
Internal Alignment Procedure (Paragraph 5-57). The
meter indication values are derived at the factory for
each resistor set/instrument combination and should
be valid for the life of the resistors. If A9R4-A9R9 are
ever replaced, new meter indication values for adjust
ments A9R10, A9R11 and A9R12 must be derived.
After installing ~he new resistors, the following pro
cedure should be performed.

a. Perform steps a through i of Paragraph 5-62.

b. Set INTERNAL ALIGNMENT switch to positions
10, 11 and 12 adjusting A9R10, A9R11 and
A9R12 for a meter indication of zero at each
position. Return INTERNAL ALIGNMENT
Switch to Operate position.

c. Connect Model 740B to a Precision Divider,
1 V Reference Supply and Null Detector set
up in the configuration shown in Figure 5-1.

-----NOTE------

1. The Precision Divider must be
very accurate -- preferably
better than ± 5 ppm division ac
curacy at the 10:1, 100:1 and
1000:1 taps. Construction of
the divider shown in Figure 5-1
is described in Appendix C.

2. Calibration ofthe 1 V Reference
Supply is not highly important for
this procedure, but the Supply
must have good short-term sta
bility characteristics.

Section V

h. Adjust Model 740B REFERENCE COARSE and
FINE Adjustments (A1R40 and A1R41) until
o V ± 1 Jl V is indicated by the Null Detector.
(Periodically check Null Detector Zero setting).
The Model 740B output now matches the 1 V
Reference Supply output.

i. Return Model 740B VOLTAGE SET and
STAL~DARDVERNIER Co t ols to 0-0-0-0-0-0.
Set Sl·to position 1.

j. Connect Model 740B + SENSE and + OUTPUT
leads to point K (10: 1 division tap) on the
divider.

k. Set Range to 10 V and adjust ZERO Control
for a null indication (± 1 Jl V) on the Null
Detector.

1. Set Sl to position 2; set Model 740B controls
for a 10 V output on the 10 V Range. Do not
vary ZERO Control.

m. Adjust A9R10 until Null Detector indicates
null(±l JlV). This calibrates the 10:1 division
accuracy of the new Main Loop Feedback
Divider resistors.

n. Return 740B controls to 0 V; set Sl to position
1; connect + SENSE and +OUTPUT to point L
(100:1 division tap) on the divider.

o. Set RANGE to 100 V and ZERO control for a
null indication (± 1 Jl V) on the Null Detector.

p. Set Sl to position 2; set Model 740B controls
for a 100 V output on the 100 V Range. Do
not vary ZERO Control.

q. Adjust A9R11 until Null Detector indicates
null (± 1 Jl V). This calibrates the 100: 1
division accuracy of the new resistors.

r. Return 740B controls to 0 V; set Sl to position
1; connect + SENSE and +OUTPUT to pointM
(1000: 1 division tap) on the divider.

d. Set Model 740B controls as follows:

FUNCTION .
RANGE .
VOLTAGE SET.
STANDARD VERNIER
OUTPUT .

. STD
1V

.00000
o (fully ccw)
..... On

s. Set RANGE to 1000 V and adjust ZERO Con
trol for a null indication (± 1 Jl V) on the Null
Detector.

t. Set Sl to position 2; set Model 740B controls
for a 1000 Voutput. Do not vary ZEROCon
trol.

e. Set Sl (in test setup) to position 1.

f. Adjust Model 740B ZERO Control for a null
indication (± 1 Jl V) on the Null Detector.

g. Set Sl to Position 2. SetModel 740B VOLT
AGE SET and STANDARD VERNIER Controls
to 9-9-9-9-9-10 for a 1 V output on the 1 V
Range. Do not change ZERO Control Setting.
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u. Wait 60 seconds for the effects of self -heating
to stabilize and then adjust A9R12 until Null
Detector indicates null (± 1 Jl V). This cali
brates the 1000: 1 division accuracy of the
new resistors.

v. Return VOLTAGE SET and STANDARD
VERNIER Controls to 0-0-0-0-0-0. Discon
nect test setup.
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Section V Model 740B

w. Set Model 740B controls as follows:

x. Turn INTERNAL ALIGNMENT SWitch to
position 1 and then position 2 adjusting A1R1
for equal meter deflection (and same polarity)
at both positions.

RANGE ....
FUNCTION
SENSITIVITY
INPUT ....

. "Dot" position (fully ccw)
.. VM
.. X1Q4
Shorted

y. Set INTERNAL ALIGNMENT SWitch to position
10. Note meter deflection and polarity; record
this value in first blank in step B -6 on the
guard shield cover .

z. Set INTERNAL ALIGNMENT SWitch to position
11 and then to position 12; record the observed
meter deflection values in the second and third
blanks of step B -6 on the guard shield cover.
(Wait 60 seconds before recording reading at
position 12. )
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(Remove if desired)

Model 740B

PERFORMANCE CHECK TEST CARD

Section V

Hewlett-Packard Model 740B
DC Standard/Differential Voltmeter

Serial No.

Tests performed by
Date------

,....

TEST READING TEST LIMITS

A. DC STANDARD

1. 1 V output, 1 V range -24 JlV to +24 JlV

2. Line Regulation, high line Within 6 JlV of #1.

3. Line Regulation, low line Within 6 JlV of #1.

4. 1 V output, 10 V range - 60 Jl V to + 60 Jl V

5. 2 V output, 10 V range - 40 Jl V to + 40 Jl V

6. 3 V output, 10 V range - 33 JlV to +33 JlV

7. 4 V output, 10 V range - 30 JlV to +30 JlV

8. 5 V output, 10 V range -28 JlV to +28 JlV

9. 6 V output, 10 V range -27 JlV to +27 JlV

10. 7 V output, 10 V range - 26 Jl V to + 26 JlV

11. 8 V output, 10 V range -25 JlV to +25 JlV

12. 9 V output, 10 V range - 24 JlV to +24 JlV

13. 10 V output, 10 V range -24 JlV to +24 JlV

14. 100 V output, 100 V range - 24 JlV to +24 JlV

15. 1000 V output, 1000 V range - 24 JlV to +24 JlV

16. Maximum Output Current 50 rnA min

17. Minimum Output Current 5 rnA max

18. Load Regulation -15 JlV to +15 JlV

19. 0.01 Hz to 1 Hz noise, 1 V Range - 1JlVto+ 1JlV

20. 0.01 Hz to 1 Hz noise, 10 V Range -10 Jl V to + 10 Jl V

21. 0.01 Hz to 1 Hz noise, 100 V Range -100 JlV to +100 JlV

22. 0.01 Hz to 1 Hz noise, 1000 V Range -1 mV to +1 mV

23. 1 Hz to 1 MHz noise, 1 V Range 100 JlV rms max

24. 1 Hz to 1 MHz noise, 10 V Range 100 JlV rms max

25. 1 Hz to 1 MHz noise, 100 V Range 1 mV rms max

26. 1 Hz to 1 MHz noise, 1000 V Range 10 mV rms max

27. Zero Control Limits -10 JlV to +10 JlV
min
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Section V

PERFORMANCE CHECK TEST CARD(Cont'd)

Model 740B

TEST READING TEST LIMITS

B. DIFFERENTIAL VOLTMETER AND HIGH

IMPEDANCE VOLTMETER.

1. Input Resistance 10 IlV max

2. Superimposed AC Rejection 10 IlV change, max

3. AC Common Mode Rejection 10 IlV max

4. 1 V input, LWM .999945 V to 1. 000055 V

5. Line Regulation, high line Within 12 IlV of #4

6. Line Regulation Within l<! 11 V of #4

7. 1 V input, VM 0.98 V to 1. 02 V

8. 2 V input, .:lVM 1. 99986 V to 2.00014 V

9. 2 V input, VM 1. 8 V to 2.2 V

10. 3 V input, .:lVM 2.99981 V to 3.00019 V

11. 3 V input, VM 2.8 V to 3.2 V

12. 4 V input, .:lVM 3.99976 V to 4.00024 V

13. 4 V input, VM 3.8 V to 4.2 V

14. 5 V input, .:lVM 4.99971 V to 5.00029 V

15. 5 V input, VM 4.8 V to 5.2 V

16. 6 V input, .:lVM 5.99966 V to 6.00034 V

17. 6 V input, VM 5.8 V to 6.2 V

18. 7 V input, .:lVM 6.99961 V to 7.00039 V

19. 7 V input, VM 6.8 V to 7.2 V

20. 8 V input, .:lVM 7.99956 V to 8.00044V

21. 8 V input, VM 7.8 V to 8.2 V

22. 9 V input, .:lVM 8.99951 V to 9.00049 V

23. 9 V input, VM 8.8 V to 9.2 V

24. 10 V input, .:lVM 9.99946 V to 10.0005 V

25. 10 V input, VM 9.8 V to 10.2 V

26. 100 V input, .:lVM 99.9946 V lo 100.005 V

27. 100 V input, VM 98 V to 102 V

28. 1000 V input, .:lVM 999.946 V lo 1000.05 V

29. 1000 V input, VM 980 V to 1020 V.

30. 100 mV input, .:lVM 99. 936mV to 100. 064mV

31. 100 mV input, VM 98 mV lo 102 mV

32. 10 mV input, .:lVM 9.9985 mVlo 10.0015mV

33. 10 mV input, VM 9. 8 m V to 10. 2 m V

34. 1 mV input, .:lVM .999 mV lo 1. 001 mV

35. 1 mV input, VM 0.98 mV lo 1.02 mV
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6-1. INTRODUCTION.

6-2. This section contains information for ordering
replacement parts. Table 6-1 lists the mechanical
parts shown in Figure 6-1; Table 6-2 lists the electrical
components and miscellaneous parts. Table 6-1 lists
parts in numerical order of their reference designators
and indicates the description, -hp- part number and
total quantity of each part. Attaching hardware for
each mechanical part is listed with that part. Table
6-2 lists the electrical components in alpha-numeric
order of their reference designators and indicates the
description and -hp- part number of each part, and
provides the following:

a. Total quantity used in the instrument (TQ
column). The total quantity is given the first
time the part number appears.

b. Typical manufacturer ofthe part in a five-digit
code. (See Appendix A for list of manufacturers).

c. Manufacturers part number.

6-3. Miscellaneous parts are listed at the end of
Table 6-2.

6-4. ORDERING INFORMATION.

6-5. To obtain replacement parts, address order
or inquiry toyour local Hewlett-Packard Field Office.
(See Appendix B for list of office locations. ) Identify
parts by their Hewlett-Packard part numbers. Include
instrument model and serial numbers.

6-6. NON-LISTED PARTS.

6-7. To obtain a part that is not listed, include:

a. Instrument model and serial numbers.

b. Description of the part.

c. Function and location of the part.

DESIGNATORS

A
B
BT
C
CR
DL
DS
E

= assembly
:;:: motor
= battery
= capacitor
= diode
= delay line
= lamp
= misc electronic part

F
FL
HR
IC
J
K
L
M

= fuse
= filter
= heater
= integrated circuit
= jack
= relay
= inductor
= meter

MP
P
Q
QCR
R
RT
S
T

= mechanical part
= plug
= transistor
= transistor-diode
= resistor
= thermistor
= switch
= transformer

TC
V

w
X
XDS
XF
Z

= thermocouple
:;:: vacuum tube, neon

bulb, photocel!, etc.
= cable
= socket
= lampholder
= fuseholder
= network

ABBREVIATIONS

Ag = silver ill = inside diameter ns
Al :;:: aluminum impg = impregnated
A = ampere (s) incd :;:: incandescent nsr
Au = gold ins = insulation (ed)

C = capacitor
kO = kilohm (s) = 10+3 ohms 0cer :;:: ceramic

coef = coefficient kHz = kilohertz = 10+3 hertz obd

COm :;:: common OD

comp = composition L = inductor
conn = connection lin = linear taper p

log = logarithmic taper pc
dep = deposited
DPDT = double-pole double- = milli = 10-3 pF

throw m

DPST = double-pole single- rnA = milliampere (s) = 10-3
piv

throw amperes +6 plo
MHz = megahertz = 10 hertz pos

elect = electrolytic MO = megohm (s) = 10+6 ohms poly
encap ='encapsulated met Urn = metal film pot

mfr = manufacturer p-p
F = farad (s) mtg = mounting -3 ppm
FET = field effect transistor mV = millivolt (s) = 10 volts prec
fxd = fixed II- = micro = 10-6 -6

GaAs = gallium arsenide .II-V = microvolt (s) = 10 volts

GHz = gigahertz = 10+9 hertz my = Mylar ®
gd = guard (ed) nA = nanoampere (s) = 10-9 R
Ge :;:: germanium amperes Rh
grd = ground (ed) NC = normally closed rms

Ne :;:: neon rot
H = henr\, (ies) NO = normally open
Hg :;:: mercury NPO = negative positive zero Se
Hz = hertz (cycle (s) per (zero temperature co- sect

second) efficient) Si

® Dupont de Nemours

01794-1

= nanosecond (s) = 10-9
sl = slide

seconds SPDT = single-pole double-
= not separately replace- throw

able SPST = single-pole single-
throw

= ohm (s)
Ta = tantalum= order by description
TC = temperature coefficient

= outside diameter Ti02 = titanium dioxide

= peak tog = toggle
= printed circuit tol = tolerance

= picofarad (s) = 10-12 trim ;:; trimmer

farads
TSTR = transistor

= peak inverse voltage V = volt (s)
= part of vacw = alternating current
= position (s) working voltage
= polystyrene var = variable
= potentiometer vdcw = direct current working
= peak-to-peak voltage
= parts per million
= precision (temperature W = watt (s)

coefficient, long term wi = with
stability, and/or tol- wiv = working inverse voltage
erance) wlo = without

ww :;:: wirewound
= resistor

* = optimum value selected
= rhodium at factory, average
= root-mean-square value shown (part may
= rotary be omitted)

= selenium ** = no standard type num-
= section (s) ber assigned (selected
= silicon or special type)

6-1
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Figure 6-1. Mechanical Parts
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1
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5

4
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1
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1

4

4

4
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6-3

QtyDescription

Tilt stand

Decal Set (5 decals)

Pushbutton: gray (SENSI-
TIVITY)

Setscrew (p/o MP25)

Knob: black (VOLTAGE
SET)

Setscrew (p/o MP26)

Bushing (VOLTAGE SET,
STANDARD VERNIER
and CURRENT LIMIT)

Nut: 1/2 in ill

Washer: 11/16 in ill

Knob: red w/arrow
(FUNCTION)

Setscrew (p/o MP30)

Knob: black w/arrow
(RANGE)

Setscrew (p/o MP3l)

Bushing (RANGE/FUNC-
TION and ZERO)

Trim Strip: Front Panel

Nut: 1/2 in ill

Washer: 3/8 in ill

Washer: Plastic (RANGE/
FUNCTION and RE
CORDER AMPLITUDE)

Switch Retainer: Plastic

Socket: INPUT Connector
Jl (Includes nut, lock-
washer and 0 ring)

Socket: OUTPUT Con
nector Jl (Includes nut,
lockwasher and 0 ring)

Washer: 11/16 in ill
(hardware for MP38 and
MP39)

Screw: Roundhead 1/2 in.

Insulator: Nylon

Lug: 11/16 in.

Plate: Anodized

Insulator: Mica

Heat Sink (Ql, Q2)

Washer

Nut

Washer

Screw: Round head 5/8 in.

1251-0467

5040-0656

1251-0466

3050-0383

3030-0005

1410-0289

3030-0033

1410-0091

3030-0033

0370-0113

2950-0001

2190-0022

0370-0115

1490-0030

03420-04301

0370-0312

3030-0033

0370-0329

00740-20502

2950-0001

2190-0042

5040-0647

2200-0025

1200-0081

0360-0005

00735-64101

1200-0077

00740-21101

2190-0003

2260-0001

2190-0007

2360-0008

28

29

30

33

34

35

36

27

31

32

23

24

25

40

26

39

37

38

41

42

43

44

45

46

47

48

49

50

Table 6-1. Mechanical Parts
r---"T"""------r-------------,r-----,
MP
No. -hp- Part No.

MP -hp- Part No. Description QtyNo.

1 5060-0740 Top Cover 1

2370-0013 Screw: Phillips 3/8 in. 4
(hardware for MPl)

2 00740-00608 Guard Shield Cover: Top 1

2370-0012 Screw: Phillips 1/4 in. 6
(hardware for MP2)

3 00740-00204 Rear Panel 1

4 00740-01223 Clamp: Capacitor Mounting 2

5 5000-4932 Extractor: PC Board 1

6 5060-0765 Retainer: Handle Assy 2
(fits either side)

7 5060-0763 Handle Assy (fits either 2
side)

8 0370-0091 Knob: black w/arrow 1

0370-0084 Setscrew (p/o MP8) 2

9 00740-01208 Bracket: Chassis (fits 2
either side)

10 00740-00203 Panel: Front 1

11 1000-0031 Filter: Digital Readout 1

12- 00740-09901 Insert: Front Panel 1

13 0370-0330 Knob: black (STANDARD 1
VERNIER)

3030-0033 Setscrew (p/o MPI3) 2

14 0570-0131 Screw: Thumb 2

15 0370-0084 Knob: black w/arrow 2
(ZERO and CURRENT
LIMIT)

3030-0005 Setscrew (p/o MPI5) 2

16 00740-00613 Shield: Bottom 1

2370-0012 Screw: Phillips 1/4 in. 6
(hardware for MPI6)

17 5060-0734 Frame Assy: side (fits 2
either side)

2530-0011 Screw: Flathead 3/8 in. 12
(hardware for MPI7)

18 5000-0052 Trim Strip: Side Panel 2

19 5000-0742 Side Cover 2

2370-0012 Screw: Phillips 1/4 in. 4
(hardware for MP19)

20 00740-00611 Guard Shield Cover: 1
Bottom

2370-0012 Screw: Phillips 1/4 in. 7
(hardware for MP20)

21 5060-0767 Foot Assy 5

22 5060-0752 Bottom Cover 1

2370-0013 Screw: Phillips 3/8 in. 4
(hardware for MP22)

01794-1
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Section VI

Table 6-2. Replaceable Parts

Model740B

REFERENCE -hp- TQ DESCRIPTION MFR. PART NO.
DESIGNATOR PART NO. MFR.

- -
AI 00740 -66521 1 Assembly: Includes all mounted parts -hp-

R1 2100-1911 1 R: var 50 kQ ±10% 1 W 73490 Type 55 PR503
R2 2100-1795 3 R: var comp lin 250 kQ ±20% 1/8 W 71450 QS200
R3, R4 2100-1796 4 R: var comp lin 500 kQ ±10% 1/8 W 71450 QS200
R5 2100-1797 2 R: var comp lin 1 MQ ± 10% 1/8 W 71450 QS200
R6 2100-1795 R: var comp lin 250 kQ ±20% 1/8 W 71450 QS200

R7, R8 2100-1796 R: var comp lin 500 kQ ± 10% 1/8 W 71450 QS200
R9 2100-1797 R: var comp lin 1 MQ ± 10% 1/8 W 71450 QS200
R10, R11 0811-0407 2 R: fxd prec ww 10 kQ ±O. 02% 1/4 W -hp-
R12 0757-0156 10 R: fxd met fIm 1.5 MQ ±1% 1/2 W 75042 CEC T-O obd
R13 0698-5187 1 R: fxd met fIm 866 kQ ±1% 1/8 W 75042 CEA T-O obd

R14, R15 0757-0271 4 R: fxd met flm 124 kQ ± 1% 1/8 W 19701 MF5C T-O obd
R16 0757-0156 R: fxd met fIm 1. 5 MQ ± 1% 1/2 W 75042 CEC T-O obd
R17, R18 0698-3149 8 R: fxd met flm 255 kQ ±1% 1/8 W 19701 MF5C T-O obd
R19 0757-0156 R: fxd met fIm 1. 5 MQ ± 1% 1/2 W 75042 CEC T-O obd
R20, R21 0698-3149 R: fxd met fIm 255 kQ ± 1% 1/8 W 19701 MF5C T-O obd

R22, R23 0757-0156 R: fxd met fIm 1. 5 MQ ± 1% 1/2 W 75042 CEC T-O obd
R24, R25 0757-0482 4 R: fxd met flm 511 kQ ± 1% 1/8 W 75042 CEA T-O obd
R26 0757-0486 1 R: fxd met flm 750 kQ ±1% 1/8 W 75042 CEA T-O obd
R27, R28 0757-0271 R: fxd met fIm 124 kQ ±1% 1/8 W 19701 MF5C T-O obd
R29 0757-0156 R: fxd met fIm 1. 5 MQ ±1% 1/2 W 75042 CEC T-O obd

R30, R31 0698-3149 R: fxd met fIm 255 kQ ± 1% 1/8 W 19701 MF5C T-O obd
R32 0757-0156 R: fxd met fIm 1. 5 MQ ±1% 1/2 W 75042 CEC T-O obd
R33, R34 0698-3149 R: fxd met fIm 255 kQ ±1% 1/8 W 19701 MF5C T-O obd
R35, R36 0757-0156 R: fxd met fIm 1. 5 MQ ±1% 1/2 W 75042 CEC T-O obd
R37, R38 0757-0482 R: fxd met flm 511 kQ ± 1% 1/8 W 75042 CEA T-0 obd

R39 0698-5095 1 R: fxd comp 12 Q ±10% 1/4 W 01121 CB1201
R40 2100-0972 1 R: var ww 20 Q ±10% 74868 994P. C.
R41 2100-1481 1 R: var ww 50 Q ± 5% 3/4 W 12697 76JA30M32464
R42 0684-6801 1 R: fxd comp 68 Q ±10% 1/4 W 01121 CB6801
R43 0757-0156 R: fxd met fIm 1. 5 MQ ± 1% 1/2 W 75042 CEC T-O obd

- -_._~ -' -
A2 00740~66522 1 Assembly: Includes all mounted parts -hp-

C1 0160-0168 8 C: fxd my 0.1 JJ.F ± 10% 200 vdcw 56289 192PI0492 -PTS
C2 0180-0155 2 C: fxd Ta elect 2.2 JJ. F ±20% 20 vdcw 56289 150D225X0020

A2-DYS
C3 0180-0032 2 C: fxd Al elect 10 JJ.F + 75% -10% 12 vdcw 56289 30Dl06G012B

A2-DSM
C4 0150-0024 4 C: fxd cer 0.02 JJ.F +80% -20% 600 vdcw 72982 841-000-Z5U-

203Z
C5 0160-0127 C: fxd cer 1.0 JJ.F ±20% 25 vdcw 56289 5C13C

C6 0160-0174 C: fxd cer 0.47 JJ.F +80% - 20% 25 vdcw 56289 5C11B7
C7 0160-0127 C: fxd cer 1. 0 JJ.F ±20% 25 vdcw 56289 5C13C
C8 0180-0161 3 C: fxd Ta elect 3.3 JJ.F ±20% 35 vdcw 56289 150D335X0035

B2-DYS
C9, C10 0160-0127 C: fxd cer 1. 0 JJ.F ±20% 25 vdcw 56289 5C13C
C11, C12 0180-0161 C: fxd Ta elect 3.3 JJ.F ±20% 35 vdcw 56289 150D335X0035

B2-DYS

C13, C14 Not Assigned
C15 0150-0024 C: fxd cer 0.02 JJ.F +80% -20% 600 vdcw 72982 841-000-Z5U-

203Z
C16 Not Assigned
C17 0170-0038 1 C: fxd my 0.22 JJ.F ±10% 200 vdcw 56289 Type 148P #148P

22492
C18 0160-0168 C: fxd my 0.1 JJ.F ±10% 200 vdcw 56289 192P10492 -PTS
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Model 740B

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

Section VI

REFERENCE -hp-
TQ DESCRIPTION MFR. MFR. PART NO.

DESIGNATOR PART NO.

A2 Cont'd

CR1 1901-0156 2 Diode: Si 50 rnA at +1 V 20 wiv 84411 PS5553
CR2 thru 1901-0025 35 Diode: Si 100 rnA 12 pF 100 wiv 03877 SG-817

CR4
CR5 1902-0048 4 Diode: breakdown 6.81 V ±5% 400 mW 04713 SZ10939-134

Q1 thru Q8 1854-0033 25 TSTR: Si NPN 2N3391 24446 2N3391
Q9 1853-0001 12 TSTR: SiPNP 07263 S-3251
Q10 1854-0033 TSTR: Si NPN 2N3391 24446 2N3391
Q11 1853-0001 TSTR: Si PNP 07263 S-3251

Q12 1854-0066 3 TSTR: Si NPN 2N2925 24446 obd
Q13 1853-0001 TSTR: Si PNP 07263 S-3251
Q14, Q15 1854-0039 13 TSTR: Si NPN 2N3053 01295 obd
Q16 1853-0001 TSTR: SiPNP 07263 S-3251

R1 0683-2045 1 R: fxd comp 200 kQ ±5% 1/4 W 01121 CB2045
R2 0683-2425 1 R: fxd comp 2400 Q ±5% 1/4 W 01121 CB2425
R3 0684-8251 2 R: fxd comp 8.2 MQ ±10% 1/4 W 01121 CB8251
R4 0683-8205 1 R: fxd comp 82 Q ±5% 1/4 W 01121 CB8205
R5 0684-1051 10 R: fxd comp 1 MQ ±10% 1/4 W 01121 CB1051

R6 0684-2241 3 R: fxd comp 220 kQ ±10% 1/4 W 01121 CB2241
R7 0683-1645 2 R: fxd comp 160 kQ ±5% 1/4 W 01121 CB1645
R8 0684-2231 11 R: fxd comp 22 kQ ±10% 1/4 W 01121 CB2231
R9 0684-1051 R: fxd comp 1 MQ ±10% 1/4 W 01121 CB1051
RIO 0684-5631 2 R: fxd comp 56 kQ ±10% 1/4 W 01121 CB5631

R11 0684-1031 12 R: fxd comp 10 kQ ±10% 1/4 W 01121 CB1031
R12 0684-1061 2 R: fxd comp 10 MQ ±10% 1/4 W 01121 CB1061
R13 0684-2221 8 R: fxd comp 2200 Q ±10% 1/4 W 01121 CB2221
R14 0684-1831 R: fxd comp 18 kQ ±10% 1/4 W 01121 CBl831
R15 0684-1051 R: fxd comp 1 MQ ±10% 1/4 W 01121 CB1051

R16 0684-1021 6 R: fxd comp 1000 Q ±10% 1/4 W 01121 CB1021
R17 0684-6831 4 R: fxd comp 68 kQ ±10% 1/4 W 01121 CB6831
R18 0684-6821 4 R: fxd comp 6800 Q ±10% 1/4 W 01121 CB6821
R19* See Paragraph 5-86 for Replacement

Instructions
R20 0684-2211 3 R: fxd comp 220 Q ±10% 1/4 W 01121 CB2211

R21 0698-5102 1 R: fxd C comp 1.2 MQ ±10% 1/4 W 01121 CB1251
R22 0698-5098 4 R: fxd C comp 2.7 MQ ±10% 1/4 W 01121 CB2751
R23 0684-2231 R: fxd comp 22 kQ ±10% 1/4 W 01121 CB2231
R24 0684-1031 R: fxd comp 10 kQ ±10% 1/4 W 01121 CBl031
R25 0684-6831 R: fxd comp 68 kQ ±10% 1/4 W 01121 CB6831

R26 0684-2221 R: fxd comp 2200 Q ±10% 1/4 W 01121 CB2221
R27 0698-5098 R: fxd C comp 2.7 MQ ±10% 1/4 W 01121 CB2751
R28 0684-2231 R: fxd comp 22 kQ ±10% 1/4 W 01121 CB2231
R29 0684-6831 R: fxd comp 68 kQ ±10% 1/4 W 01121 CB6831
R30 0684-2221 R: fxd comp 2200 Q ±10% 1/4 W 01121 CB2221

R31 0698-5098 R: fxd C comp 2.7 MQ ±10% 1/4 W 01121 CB2751
R32 0684-1041 8 R: fxd comp 100 kQ ±10% 1/4 W 01121 CB1041
R33 0684-1031 R: fxd comp 10 kQ ±10% 1/4 W 01121 CB1031
R34 thru Not Assigned

R37
R38 0684-1031 R: fxd comp 10 kQ ±10% 1/4 W 01121 CBl031
R39 0684-1011 R: fxd comp 100 Q ±10% 1/4 W 01121 CBlO11
R40 0684-3321 6 R: fxd comp 3300 Q ±10% 1/4 W 01121 CB3321

R41 0690-2721 1 R: fxd comp 2700 Q ±10% 1 W 01121 GB2721
R42 0687-6811 1 R: fxd comp 680 Q ±10% 1/2 W 78488 RC-20 obd
R43 0684-6811 1 R: fxd comp 680 Q ±10% 1/4 W 01121 CB6811
R44 0684-3921 2 R: fxd comp 3900 Q ±10% 1/4 W 01121 CB3921
R45 0684-6821 R: fxd comp 6800 Q ±10% 1/4 W 01121 CB6821
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Section VI

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

Model 740B

REFERENCE -hp- TQ DESCRIPTION MFR. MFR. PART NO.
DESIGNATOR PART NO.

~

A3 00740-66523 1 Assembly: Includes all mounted parts -hp-

Cl 0160-0168 C: fxd my 0.1 /IF ±to% 200 vdcw 56289 192PI0492-PTS
C2 0180-0155 C: fxd Ta elect 2.2 /IF ±20% 20 vdcw 56289 150D225X0020

A2-DYS
CS 0180-0032 C: fxd Al elect 10 /IF +75% -10% 15 vdcw 56289 30Dl06G012BA-2

DSM
C4 0160-0170 2 C: fxd cer O. 22 /IF +80% -20% 25 vdcw 56289 5C9B

C5 0160-0127 C: fxd cer 1 /IF ±20% 25 vdcw 56289 5C13C

C6, C7 0160-0121 2 C: fxd cer O. 1 /IF +80% -20% 50 vdcw 56289 5C50Bl
C8 0160-0154 1 C: fxd my 0.0022 /IF ±10% 200 vdcw 56289 192P22292-PTS
C9 0150-0024 C: fxd cer O. 02 /IF +80% -20% 600 vdcw 72982 841-000-Z5U-

203Z
CI0 0160-0170 C: fxd cer O. 22 /IF +80% -20% 25 vdcw 56289 5C9B

CRI 1901-0156 Diode: Si 50 rnA at +1 V 20 wiv 84411 PS5553
CR2 thru 1901-0025 Diode: Si 100 rnA 12 pF 100 wiv 03877 SG-817

CR6

Ql, Q2 1854-0023 2 TSTR: Si NPN 07263 S-3620
Q3 thru Q5 1854-0033 TSTR: Si NPN 2N3391 24446 2N3391
Q6 1853-0001 TSTR: SiPNP 07263 S-3251
Q7 1854-0039 TSTR: Si NPN 2N3053 01295 obd
Q8, Q9 1853-0001 TSTR: Si PNP 07263 S-3251
QI0 1854-0033 TSTR: Si NPN 2N3391 24446 2N3391

Rl 0757-0469 1 R: fxd met flm 150 kn ±1% 1/8 W 75042 CEA T-O obd
R2 0757-0441 1 R: fxd met flm 8250 n ±1% 1/8 W 75042 CEA T-O obd
R3 0684-8251 R: fxd comp 8.2 Mn ±10% 1/4 W 01121 CB8251
R4 0698-5101 1 R: fxd C comp 33 n ±10% 1/4 W 01121 CB3301
R5 0757-0344 1 R: fxd met flm 1 Mn ±1% 1/4 W 19701 MF6C T-O obd

R6 0757-0473 1 R: fxd met flm 221 kn ±1% 1/8 W 19701 MF5C T~O obd
R7 0683-1645 R: fxd comp 160 kn ±5% 1/4 W 01121 CB1645
R8 0684-2231 R: fxd comp 22 kn ±10% 1/4 W 01121 CB2231
R9* See Paragraph 5-91 for Replacement

Instructions
RIO 0684-2231 R: fxd comp 22 kn ±10% 1/4 W 01121 CB2231

R11 0684-1031 R: fxd comp 10 kn ±fO% 1/4 W 01121 CBI031
R12 0684-1021 R: fxd comp 1000 n ±10% 1/4 W 01121 CBI021
R13 0684-1041 R: fxd comp 100 kn ±10% 1/4 W 01121 CBI041
R14 0684-2221 R: fxd comp 2200 n ±10% 1/4 W 01121 CB2221
R15 0684-1021 R: fxd comp 1000 n ±10% 1/4 W 01121 CBI021

R16 0684-2731 1 R: fxd comp 27 kn ±10% 1/4 W 01121 CB2731
R17 0684-1041 R: fxd comp 100 kn ±10% 1/4 W 01121 CBI041
R18 0684-2221 R: fxd comp 2200 n ±10% 1/4 W 01121 CB2221
R19 0683-8245 1 R: fxd comp 820 kn ±5% 1/4 W 01121 CB8245
R20 0683-5635 1 R: fxd comp 56 kn ±5% 1/4 W 01121 CB5635

R21 0684-3331 1 R: fxd comp 33 kn ±10% 1/4 W 01121 CB3331
R22 0684-1051 R: fxd comp 1 Mn ±10% 1/4 W 01121 CBl051
R23 0684-4731 3 R: fxd comp 47 kn ±10% 1/4 W 01121 CB4731
R24, R25 0684-4721 5 R: fxd comp 4700 n ±10% 1/4 W 01121 CB4721
R26 0684-2211 R: fxd comp 220 n ±10% 1/4 W 01121 CB2211

A4 00740-66524 1 Assembly: Includes all mounted parts -hp-

CI 0150-0024 C: fxd cer 0.02 /IF +80% -20% 600 vdcw 72982 841-000-Z5U-
203Z

C2 0150-0012 3 C: fxd cer 0.01 /IF ±20% 1000 vdcw 56289 29C214A3
C3 0160-0127 C: fxd cer 1. 0 /IF ±20% 25 vdcw 56289 5C13C
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Model740B

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

Section VI

REFERENCE -hp-
TQ DESCRIPTION MFR. MFR. PART NO.

DESIGNATOR PART NO.

A4 Cont'd

C4 0160-2323 1 C: fxd my 10 J.J.F ±10% 50 vdcw 56289 218P1069R5S4
C5, C6 0180-0393 2 C: fxd Ta elect 39 J.J.F ±10% 10 vdcw 56289 150D396X9010

B2-DYS

C7 0180-0104 2 C: fxd Al elect 200 J.J.F +75% -10% 15 vdcw 56289 30D207G015DF4-
DSM

C8 0160-0155 1 C: fxd my 0.0033 J.J.F ±10% 50 vdcw 56289 192P33292-PTS
C9 0180-0106 1 C: fxd Ta elect 60 J.J.F ±20% 6 vdcw 56289 150D606XOO06

B2-DYS
CI0 0150-0093 1 C: fxd cer 0.01 J.J.F +80% -20% 100 vdcw 91418 TA

CRl 1901-0025 Diode: Si 100 rnA 12 pF 100 wiv 03877 SG-817
CR2, CR3 1902-0048 Diode: breakdown 6.81 V ±5% 400 mW 04713 SZ10939-134
CR4 thru 1901-0025 Diode: Si 100 rnA 12 pF 100 wiv 03877 SG-817

CR12

Ql, Q2 1854-0033 TSTR: Si NPN 2N3391 24446 2N3391
Q3 1853-0010 1 TSTR: Si PNP 07263 obd
Q4 1854-0033 TSTR: Si NPN 2N3391 24446 2N3391
Q5 1853-0001 TSTR: SiPNP 07263 S-3251

Q6 thru Q12 1854-0033 TSTR: Si NPN 2N3391 24446 2N3391

Rl 0684-6831 R: fxd comp 68 kQ ±10% 1/4 W 01121 CB6831
R2 0683-2055 1 R: fxd comp 2 MQ ±5% 1/4 W 01121 CB2055
R3, R4 0684-4751 2 R: fxd comp 4.7 MQ ±10% 1/4 W 01121 CB4751
R5 0698-5097 1 R: fxd C comp 1. 5 MQ ±10% 1/4 W 01121 CB1551

R6 2100-1406 2 R: var comp lin 50 kQ ±20% 1/8 W 71450 XQS-200
R7 0684-1041 R: fxd comp 100 kQ ±10% 1/4 W 01121 CBI041
R8 0698-5099 1 R: fxd C comp 3.9 MQ ±10% 1/4 W 01121 CB3951
R9 0698-5098 R: fxd C comp 2.7 MQ ±10% 1/4 W 01121 CB2751
R10 0684-4711 5 R: fxd comp 470 Q ±10% 1/4 W 01121 CB4711

R11 0684-3921 R: fxd comp 3900 Q ±10% 1/4 W 01121 CB3921
R12 0698-5096 1 R: fxd C comp 680 kQ ±10% 1/4 W 01121 CB6841
R13 2100-1406 R: var comp lin 50 kQ ±30% 1/8 W 71450 XQS-200
R14 0684-1031 R: fxd comp 10 kQ ±10% 1/4 W 01121 CBI031
R15 0684-2231 R: fxd comp 22 kQ ±10% 1/4 W 01121 CB2231

R16 0684-4711 R: fxd comp 470 Q ±10% 1/4 W 01121 CB4711
R17 0684-4721 R: fxd comp 4700 Q ±10% 1/4 W 01121 CB4721
R18 0684-2231 R: fxd comp 22 kQ ±10% 1/4 W 01121 CB2231
R19 0684-2241 R: fxd comp 220 kQ ±10% 1/4 W 01121 CB2241
R20 0684-1831 R: fxd comp 18 kQ ±10% 1/4 W 01121 CB1831

R21 0698-5100 1 R: fxd C comp 22 MQ ±10% 1/4 W 01121 CB2261
R22 0684-5631 R: fxd comp 56 kQ ±10% 1/4 W 01121 CB5631
R23 0684-1061 R: fxd comp 10 MQ ±10% 1/4 W 01121 CB1061
R24 0684-4731 R: fxd comp 47 kQ ±10% 1/4 W 01121 CB4731
R25 0684-6821 R: fxd comp 6800 Q ±10% 1/4 W 01121 CB6821

R26 0684-1021 R: fxd comp 1000 Q ±10% 1/4 W 01121 CBl021
R27 0684-4731 R: fxd comp 47 kQ ±10% 1/4 W 01121 CB4731
R28 0684-2711 1 R: fxd comp 270 Q ±10% 1/4 W 01121 CB2711
R29 0684-8211 2 R: fxd comp 820 Q ±10% 1/4 W 01121 CB8211
R30 0684-2221 R: fxd comp 2200 Q ±10% 1/4 W 01121 CB2221

R31 0684-1031 R: fxd comp 10 kQ ±10% 1/4 W 01121 CBI031
R32 0684-2211 R: fxd comp 220 Q ±10% 1/4 W 01121 CB2211
R33 0684-6821 R: fxd comp 6800 Q ±10% 1/4 W 01121 CB6821
R34 0684-3321 R: fxd comp 3300 Q ±10% 1/4 W 01121 CB3321
R35 0684-1041 R: fxd comp 100 kQ ±10% 1/4 W 01121 CB1041
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Section VI

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

Model 740B

REFERENCE -hp-
TQ DESCRIPTION MFR. MFR. PART NO.

DESIGNATOR PART NO.

~1- -
AS 00740-66525 1 Assembly: Includes all mounted parts -hp-

C1 0140-0200 1 C: fxd mica 390 pF ±5% 04062 RDM15F39lJ3C
C2 0160-0314 1 C: fxd my 0.01 J.l.F ±5% 400 vdcw 84411 Type 663UW
C3 0160-0156 1 C: fxd my 0.0039 J.l.F ±10% 200 vdcw 56289 192P39292-PTS
C4 0180-0285 1 C: fxd Al elect non-polar 1200 J.l.F 56289 D31343

+100% -10% 5 vdcw
C5 0180-0293 1 C: fxd Al elect 375 J.l.F +75% -10% 15 vdcw 56289 obd

C6 0180-0282 3 C: fxd Al elect 35 J.l.F +75% -10% 250 vdcw 56289 D38270
C7 0180-0058 1 C: fxd Al elect 50 J.l.F +75% -10% 25 vdcw 56289 30D506G025

CC2-DSM
C8 0150-0012 C: fxd cer 0.01 J.l.F ±20% 1000 vdcw 56289 29C214A3
C9 0160-0127 C: fxd cer 1.0 J.l.F ±20% 25 vdcw 56289 5C13C

CR1 1910-0014 2 Diode: GeIN277 03877 obd
CR2 1901-0040 1 Diode: Si 30 rnA 2 pF 2 ns 30 wiv 07263 FDG1088
CR3 1901-0025 Diode: Si 100 rnA 12 pF 100 wiv 03877 SG-817
CR4 1902-0211 1 Diode: Si breakdown 12.1 V ±10% 12954 DZ70414Z
CR5, CR6 1901-0025 Diode: Si 100 rnA 12 pF 100 wiv 03877 SG-817

Q1, Q2 1850-0111 3 TSTR: Ge PNP 2N404A 01295 2N404A
Q3 thru 1853-0039 TSTR: Si PNP 2N3638A 07263 obd

Q5
Q6 1854-0066 TSTR: Si NPN 2N2925 24446 obd
Q7 1853-0001 TSTR: Si PNP 07263 S-3251

R1 0686-2725 1 R: fxd comp 2700 Q ±5% 1/2 W 01121 EB2725
R2 0684-3911 1 R: fxd comp 390 Q ±10% 1/4 W 01121 CB3911
R3 0687-1521 1 R: fxd comp 1500 Q ±10% 1/2 W 01121 EBl521
R4 0684-1031 R: fxd comp 10 kQ ±10% 1/4 W 01121 CBl031
R5 0686-4725 1 R: fxd comp 4700 Q ±5% 1/:1 W 78488 RC-20 obd

R6, R7 0687-1221 2 R: fxd comp 1200 Q ±10% 1/2 W 01121 EB1221
R8 0683-5135 1 R: fxd comp 51 kQ ±5% 1/4 W 01121 CB5135
R9 0687-5621 1 R: fxd comp 5600 Q ±10% 1/2 W -hp-
RIO 0684-1031 R: fxd comp 10 kQ ±10% 1/4 W 01121 CB1031

Rll 0684-1021 R: fxd comp 1000 Q ±10% 1/4 W 01121 CB1021
R12, R13 0683-0365 2 R: fxd comp 3.6 Q ±5% 1/4 W 01121 CB36G5
R14 0812-0066 1 R: fxd ww O. 33 Q ±5% 2 W 115042 BWH
R15 0684-2231 R: fxd comp 22 kQ ±10% 1/4 W 01121 CB2231
R16 0683-4725 1 R: fxd comp 4700 Q ±5% 1/4 W 01121 CB4725

R17 0684-2241 R: fxd comp 220 kQ ±10% 1/4 W 01121 CB2241
R18 0687-1821 2 R: fxd comp 1800 Q ±10% 1/2 W 78488 RC-20 obd
R19 0684-1041 R: fxd comp 100 kQ ±10% 1/4 W 01121 CB1041
R20, R21 0684-4721 R: tXd comp 4700 Q ±10% 1/4 W 01121 CB4721

-
A6 00740-66526 1 Assembly: Includes all mounted parts -hp-

C1 0180-0061 4 C: fxd Al elect 100 J.l.F +75% -10% 15 vdcw 56289 30Dl07G015
DC2-DSM

C2 0180-0059 2 C: fxd Al elect 10 J.l.F +75% -10% 25 vdcw 56289 30Dl06G025
BB2-DSM

C3 0180-0061 C: fxd Al elect 100 J.l.F +75% -10% 15 vdcw 56289 30Dl07G015
DC2-DSM

C4 0160-0162 3 C: fxd my 0.022 J.l.F ±10% 200 vdcw 56289 192P22392-PTS
C5 0180-0284 2 C: fxd Al elect 200 J.l.F +75% -10% 30 vdcw 56289 (Type 34D)

D39070

C6 Not Assigned
C7 0180-0061 C: fxd Al elect 100 J.l.F +75% -10% 15 vdcw 56289 30Dl07G015

DC2-DSM

6-8 01794-1



Model740B

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

Section VI

REFERENCE -hp-
TQ DESCRIPTION MFR. MFR. PART NO.

DESIGNATOR PART NO.

A6 Cont'd

C8 0180-0059 C: fxd Al elect 10 J-LF +75% -10% 25 vdcw 56289 30Dl06G25
BB2-DSM

C9 0180-0061 C: fxd Al elect 100 J-LF +75% -10% 15 vdcw 56289 30Dl07G015
DC2-DSM

CI0 0160-0168 C: fxd·my O. 1 J-LF ±10% 200 vdcw 56289 192PI0492-PTS

C11 0180-0284 C: fxd Al elect 200 J-LF +75% -10% 30 vdcw 56289 (Type 34D)
D39070

C12 Not Assigned
C13 0180-0149 1 C: fxd Al elect 65 J-LF +100% -10% 60 vdcw 56289 (Type 30D)

D36978

CRI thru 1901-0026 12 Diode: Si 200 piv 04713 ST1358-8
CR4

CR5 1902-0048 Diode: Si junction 200 piv 15 A IN3210 04713 SZ10939-134
CR6 thru 1901-0025 Diode: Si 100 rnA 12 pF 100 wiv 03877 SG-817

CR9
CRI0 thru 1901-0026 Diode: Si 200 piv 04713 SR1358-8

CR13

Ql, Q2 1854-0039 TSTR: Si NPN 2N3053 01295 obd

Q3 1854-0066 TSTR: Si NPN 2N2925 24446 obd
Q4, Q5 1853-0001 TSTR: Si PNP 07263 S-3251
Q6 1854-0039 TSTR: Si NPN 2N3053 01295 obd

Rl 0727-0115 1 R: fxd C flm 2000 Q ±1% 1/2 W 91637 DCS-l/2-15 obd
R2 0727-0140 1 R: fxd C flm 6000 Q ±1% 1/2 W 91637 DCS-l/2-15 obd
R3 0684-8211 R: fxd comp 820 Q ±10% 1/4 W 01121 CB8211
R4, R5 0684-3321 R: fxd comp 3300 Q ±10% 1/4 W 01121 CB3321

R6 0684-4711 R: fxd comp 470 Q ±10% 1/4 W 01121 CB4711

R7 0761-0056 1 R: fxd met ox 430 Q ±5% 1 W 07115 C32
R8 0764-0033 2 R: fxd met ox 33 Q ±5% 2 W 75042 L42
R9 Not Assigned
RIO 0758-000A 1 R: fxd met ox 2700 Q ±5% 1/2 W 07115 C5 obd

R11 0727-0124 1 R: fxd C flm 3000 Q ±1% 1/2 W 91637 DCS-l/2-15 obd
R12, R13 0684-3321 R: fxd comp 3300 Q ±10% 1/4 W 01121 CB3321
R14 0684-4711 R: fxd comp 470 Q ±10% 1/4 W 01121 CB4711
R15 0758-0043 1 R: fxd met ox 1800 Q ±5% 1/2 W 07115 C5 obd
R16 0764-0033 R: fxd 'met ox 33 Q ±5% 2 W 75042 L42

1-:-- . -,- .-- ,-

A7 00740-66527 1 Assembly: Includes all mounted parts -hp-

Cl thru 0180--0286 4 C: fxd Al elect 500 J-LF +75% -10% 25 vdcw 56289 (Type 34D)
C3 D38774

C4 0180-0104 C: fxd Al elect 200 J-LF +75% -10% 15 vdcw 56289 30D207G015
DF4-DSM

C5 0180-0286 C: fxd Al elect 500 J-LF +75% -10% 25 vdcw 56289 (Type 340)
D38774

C6 0150-0098 C: fxd cer 0.01 J-LF ±20% 1000 vdcw -hp-

C7 0160-0174 C: ixd cer 0.47 J-LF +80% -10% 25 vdcw 56289 5C11B7
C8* See Par"agraph 5-95 for Replacement

Instructions

CRI 1901-0025 Diode: Si 100 rnA 12 pF 100 wiv 03877 SG817
CR2 1910-0014 Diode: GE IN277 03877 obd
CR3 1901-0025 Diode: Si 100 inA 12 pF 100 wiv 03877 SG817
CR4 thru 1901-0026 Diode: Si 200 piv 04713 SR1358-8

CR7

Kl 0490-0343 1 Relay: reed -hp-

Ll 9140-0029 1 Coil: R. F. choke 100 J-LH 99848 3100-15-101
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Section VI

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

Model 740B

REFERENCE -hp- TQ DESCRIPTION MFR. MFR. PART NO.
DESIGNATOR PART NO.

Ar{ Cont'd

Q1 1853-0039 1 TSTR: Si PNP 2N3638A 07263 obd
Q2 1851-0017 1 TSTR: GE NPN 2N1304 01295 2N1304
Q3 1854-0039 TSTR: Si NPN 2N3053 01295 obd
Q4 1850-0111 TSTR: Ge PNP 2N404A 01295 2N404A
Q5 1854-0039 TSTR: Si NPN 2N3053 01295 obd

R1 0684-1811 1 RL fxd comp 180 n ±lO% 1/4 W 01121 CB1811
R2 0690-2701 1 R: fxd e comp 27 n ±10% 1 W 01121 GB2701
R3 0690-6801 1 R: fxd C comp 68 n ±10% 1 W 01121 GB6801
R4 0686-5125 1 R: fxd comp 5100 n ±5% 1/2 W 78488 RC-20 obd
R5 0687-2211 1 R: fxd comp 220 n ±10% 1/2 W 01121 EB2211

R6 0687-5611 2 R: fxd comp 560 n ±10% 1/2 W 01121 EB5611
R7 0690-4701 1 R: fxd C comp 47 n ±10% 1 W 01121 GB4701
E8 0687-1011 1 R: fxd comp 100 n ±10% 1/2 W 01121 EB1011
R9 0687-1501 1 R: fxd comp 15 n ±10% 1/2 W 01121 EB1501
RIO 0684-1011 R: fxd comp 100 n ±10% 1/4 W 01121 CB1011

R11 0684-1031 R: fxd comp 10 kn ±10% 1/4 W 01121 CB1031
R12 0684-4711 R: fxd comp 470 n ±10% 1/4 W 01121 CB4711
R13 0684-1031 R: fxd comp 10 kn ±10% 1/4 W 01121 CBl031
R14 0684~1021 R: fxd comp 1000 n ±10% 1/4 W 01121 CB1021
R15 0687-1821 R: fxd comp 1800 n ±10% 1/2 W 78488 RC-20 obd

R16 0684-2231 R: fxd comp 22 kn ±10% 1/4 W 01121 CB2231
R17 0684-2221 R: fxd comp 2200 n ±10% 1/4 W 01121 CB2221
R18 0687-1021 1 R: fxd comp 1000 n ±10% 1/2 W 01121 EB1021
R19 0684-2221 R: fxd comp 2200 n ±10$jl/4 W 01121 CB2221

-kit ... ~. ,
AS 00740-66528 1 Assembly: Includes all mounted parts -hp-

C1, C2 0180-0282 C: fxd Al elect 35 IJ.F +75% -10% 250 vdcw 56289 D38270
C3 0180-0091 1 C: fxd Al elect 10 IJ.F +50% -10% 100 vdcw 56289 30Dl06F100

DC2-DSM
C4 thru 0160-0168 C: fxd my 0.1 IJ.F ±10% 200 vdcw 56289 192P10492-PTS

C6
C7, C8 0160-0207 2 C: fxd my O. 01 IJ.F ±5% 200 vdcw 56289 192P10352-PTS
C9, C10 0160-0162 C: fxd my 0.022 IJ.F ±10% 200 vdcw 56289 1!l2P22392-PTS

CR1, CR2 1901-0029 2 Diode: Si 600 piv 04713 SR1358-10
CR3 thru 1901-0025 Diode: Si 100 rnA 12 pF 100 wiv 03877 SG817

CR10
CR11 1902-3259 1 Diode: Si breakdown 24.3 V ±5% 400 mW 07910 obd
CR12 1902-3179 1 Diode: Si breakdown 11.8 V ±5% 07910 CD35727

Q1, Q2 1854-0039 TSTR: Si NPN 2N3053 01295 obd
Q3, Q4 1854-0033 TSTR: Si NPN 2N3391 24446 2N3391
Q5, Q6 1854-0022 2 TSTR: 01295 SG1294

R1 0687-2741 1 R: fxd comp 27Q kQ ±10% 1/2 W 78488 RC-20 obd
R2 0767-0011 1 R: fxd met ox 20 kn ±5% 3 W 75042 I>MF-3
R3 2100-1410 1 R: var comp lin 20 kQ ±20% 1/8 W 71450 XQS-200
R4 thru R7 0687-1531 4 R: fxd comp 15 kn ±10% 1/2 W 01121 EB1531

R8*, R9* See Paragraph 5-99 for Replacement
Instructions

RIO, R11 0684-1051 R: fxd comp 1 Mn ±10% 1/4 W 01121 CB1051
R12, R13 0684-2231 R: fxd comp22 kn ±10% 1/4 W 01121 CB2231
R14, R15 0686-9135 2 R: fxd comp 91 kQ ±5% 1/2 W 78488 RC-20 obd
R16 0683-3335 2 R: fxd comp 33 kQ ±5% 1/4 W 01121 CB3335
R17, R18 0683-5645 2 R: fxd comp 560 kQ ±5% 1/4 W 01121 CB5645
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Model740B

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

Section VI

REFERENCE -hp- TQ DESCRIPTION MFR. MFR. PART NO.
DESIGNATOR PART NO.

A8 Cont'd

R19 0683-3335 R: fxd comp 33 kn ±5% 1/4 W 01121 CB3335
R20 2100-1.795 R: var comp lin 250 kQ ±20% 1/8 W 71450 QS200
R21, R22 0683-6825 2 R: fxd comp 6800 Q ±5% 1/4 W 01121 CB6825
R23 0684-8231 3 R: fxd comp 82 kQ ±10% 1/4 W 01121 CB8231
R24, R25 0684-1051 R: fxd comp 1 MQ ±10% 1/4 W 01121 CB1051

R26 0684-8231 R: fxd comp 82 kn ±10% 1/4 W 01121 CB8231
R27 0761-0019 1 R: fxd met ox 39 kn ±5% 1 W 75042 L32
R28 0757-0765 1 R: fxd C flm 36.5 kQ ±1% 1/2 W 19701 MF6C T-O obd
R29 0684-1031 R: fxd comp 10 kQ ±10% 1/4 W 01121 CB1031
R30, R31 0684-1051 R: fxd comp 1 MQ ±10% 1/4 W 01121 CB1051

R32 0684-1011 R: fxd comp 100 Q ±10% 1/4 W 01121 CB1011
R33 0757-0786 1 R: fxd met flm 365 kQ ±1% 1/4 W 19701 MF6C T-O obd

- 1 .. - 1-

A9 00740-66529 1 Assembly: Includes all mounted parts -hp-

DS1 2140-0015 2 Lamp: neon T-2 bulb 24446 obd
DS2 2140-0213 1 Lamp: incandescent 28 V 40 rnA 71744 CM7-387
DS3 2140-0015 Lamp: noen T-2 bulb 24446 obd

Q1 1853-0001 TSTR: Si PNP 07263 S3251

R1 0684-4731 R: fxd comp 47 kn ±10% 1/4 W 01121 CB4731
R2 0757-0815 1 R: fxd met flm 562 Q ±1% 1/2 W 75042 CEC T-O obd
R3 0690-1051 1 R: fxd C comp 1 MQ ±10% 1 W 01121 GB1051
R4 thru R9 0811-1519 1 R: matched set 6 resistors -hp-
RIO 2100-1800 1 R: var ww 20 Q ±10% 3/4 W 11 turn 12697 Series 76 Type 3

R11 2100-1483 1 R: vaI' ww lin 200 Q ±5% 3/4 W 11 turn 12697 76JA3CM32466
R12 2100-1643 1 R: var ww 2000 Q ±5% 3/4 W 10 turn 12697 Series 76 Type 3

VI 1990-0021 1 Photocell -hp-
V2 1990-0022 1 Photocell -hp-

1= - -
AIO 00740-66530 1 Assembly: Includes all mounted parts -hp-

BTl 1420-0018 2 Battery: Mercury 1. 34 V 37942 PX-13T2

R1 0687-1201 1 R: fxd comp 12 Q ±10% 1/2 W 01121 EBl201
R2 0687-5611 R: fxd comp 560 Q ±10% 1/2 W 01121 EB5611
R3 0698-3202 1 R: fxd met flm 1740 Q ±1% 1/8 W OOOLM obd
R4 0687-8241 1 R: fxd comp 820 kQ ±10% 1/2 W 78488 RC-20 obd
R5 0687-2261 1 R: fxd comp 22 MQ ±10% 1/2 W 01121 EB2261

R6, R7 0687-1051 2 R: fxd comp 1 MQ ±10% 1/2 W 01121 EB1051
R8 2100-0388 1 R: var ww 20 Q ±20% 2 W 08984 HHH2XYZ
R9 2100-0151 1 R: var C comp lin 500 Q ±20% 2 W 71450 UPM70RE(hp) obd
RIO 2100-0128 1 R: var C comp lin 250 Q ±20% 1/15 W 71450 UPM70RE(hp) obd

R11 2100-0102 1 R: var C comp lin 500 kQ ±30% 1/10 W 71450 UPM70RE(hp) obd
R12 2100-0096 1 R: var C comp lin 1 MQ ±30% 1/10 W 71450 UPM70RE(hp) obd
R13 0687-6851 1 R: fxd comp 6.8 MQ ±10% 1/2 W 01121 EB6851

.. - - __ n n......."...••-",.

--- .
All 00740-66531 1 Assembly: Includes all mounted parts -hp-

BTl 1420-0018 Battery: Mercury 1. 34 V 37942 PX-13T2

C1 0180-0305 1 C: fxd Al elect 1000 JlF +75% -10% 2. 5 vdcw 56289 34Dl08G2R5
FJ4-DSB

01794-1 6-11



Section VI

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

Model740B

REFERENCE
DESIGNATOR

All Cont'd

-hp
PART NO. TQ DESCRIPTION MFR. MFR. PART NO.

CRI
CR2

Ll

Rl
R2
R3
R4

A12

1901-0172
1901-0028

9100-1344

0770-0008
0815-0042

0690-1061

1
6

3

1
1

1

Diode Assembly: Si 3000 piv
Diode: Si 400 piv

Coil: RF 400 J-LH ±100 J-LH

R: fxd met ox 1000 Q ±5% 4 W
R: fxd prec ww 200 kQ ±5% 10 W
Not Assigned
R: fxd comp 10 MQ ±10% 1 W

Not Assigned

14099 SA1173
04713

-hp-

07115 FP-4
91637 RS-I0

01121 GBI061

obd

li::~::::::-::::;;:==I::::-.:~===:-"'::I~~-'-'---'.~'-
A13 00740-66901 1 Oven Assembly: Diode selected (individual

components not separately replaceable)
-hp-

A14 Not Assigned

A15
1----'--.--_11-= ~ ._=:t':=:I..:-::-.-,..:.~:- - "",.~,;:~::';;,I:=::::::!:=1:::::";===:::ii:=::~

00740-65202 1 Holding Assembly: Includes DSI thru DS9, -hp-
Rl thru R6

DSI thru
DS5

DS6 thru
DS9

Rl thru R5
R6

1970-0009

2140-0028

0757-0367
0686-1645

5

4

5
2

Tube: indicator 10 digit

Lamp: neon breakdown 65 Vac 90 Vdc

R: fxd met Hm 100 kQ ±1 % 1/2 W
R: fxd comp 160 kQ ±5% 1/2 W

83594 B5991

24446 NE2E4

19701 MF7C T-O
78488 RC-20

obd
obd

1
.:::::.-......

A16

-- ,n _

1990-0217
-11=---;;"'II~-'--I"';;~;"';;-;""~- '- ~------ -- - - _ ..•.

Photochopper Assembly: Meter Loop -hp-

7:, - -..:::=::;==t.=...;.,-: -::; I~
A17 1990-0216

- n M ...:.:::..-=-:;:..J--::::"~"""-~II.:-:.....J"''':'M~=-I.::;=:;m;;;;;;:::::::=;:::::::::::..=-I

1 Photochopper Assembly: Main Loop -hp-

'- -_==-:;;;;r-;.;;;;;==il.:::.::..:..·II~=::,'-:..I;.·..:.==I'""""':-=
A 18 11054A 1 Input Cable Assembly

Cl

Jl
J2

J3
J4

Rl

SI

6-12

0150-0023

1510-0026
1510-0027

5060-0626
1510-0009

0689-2255

3101-0110

1251-0468
1251.-Q4~0

8120-Q283
8J!50-0005
8150-0007

11054-44401
11054-44402
11054-48301
11054-48302

1

3
3

1
5

1

1

1
10

1
1
1

2
2
2
2

C: fxd cer 0.002 J-LF ±20% 1000 vdcw

Binding post assembly: red w/solder turret
Binding post assembly: black w/solder

turret
Binding post assembly: black
Binding post: black

R: fxd comp 2.2 MQ ±5% 1 W

Switch: slide DPDT non-shorting 0.5 amp
125 vdc 3 amp 125 vac

Connector: plug quick disconnect 7 contact
Contact:. male snap.-in type crimp-on
Cable: SflMial: purpose 3-1/2 feet long
Wire: elect 22 ga black 1/4 foot long
Wire: elect 22 ga black 1/4 foot long

Cabinet: molded
Base: molded
Boot assembly: cable
Boot assembly: cable

-hp

56289

-hp-
-hp-

-hp-
-hp-

01121

42190

G60LN
OOOLN
-hp
83501
83501

-hp-
-hp-
-hp-
-hp-

19C203A

GB2255

11304 obd

MDR07'-7P-090
800-20/32-1

BT Type C/U obd
BT Type C/U obd

01794-1
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Table 6-2. Replaceable Parts (Cont'd)

Section VI

REFERENCE
DESIGNATOR

-hp
PART NO. TQ DESCRIPTION MFR. MFR. PART NO.

A19

C1

DS1

J1, J2

J3
J4

J5
J6

11055B

0160-0040

1450-0048

1510-0009

1510-0026
1510-0027

1510-0026
1510-0027

1

1

1

Output Cable Assembly

C: fxd 0.01 JlF ±10% 1000 vdcw

Lamp.: pilot indicator

Binding post assembly: black w/o snIder
turret

Binding post assembly: red w/solder turret
Binding post assembly: black w/solder

turret
Binding post assembly: red w/solder turret
Binding post assembly: black w/solder

turret

-hp

14655

72765

-hp-

-hp-
-hp-

-hp-
-hp-

T ST-100

599-12"4

obd

obd

R1, R2
R3

0689-4745
0687-1061

2
1

R: fxd comp 470 kn ±5% 1 W
R: fxd comp 10 Mn ±10% 1/2 W

01121 GB4745
01121 EB1061

CHASSIS MOUNTED COMPONENTS

C1, C2 0180-0287 2 C: fxd Al elect 10,000 J,lF +75% -10% 60 vdcw 56289

C3, C4
C5

C6, C7
C8
C9, C10
C11

C12
C13
C14, C15
C16
C17
C18

1251-046'7
1251-0470
8120-0234

11054-44401
11054-44402
11054-48301
11054-48302

0160-0102
0160-012i

0160-0222
0160-0163
0160-0859
0150-0098

0180-0047
0160-0859
0150-0119
0150-0052
0160-0174
0170-0022

1

1

2
8

2
1
3
5

1

1
1
3
1

Connector: plug quick disconnect 7 contact
Contact: male snap-in type crimp-on
Cable: special purpose 3-1/2 feet IQJlg

3 conductor w/3 separate shields

Cabinet: molded input terminal
Base: molded
Boot assembly: cable
Boot assembly: cable

C: fxd paper 4 JlF ±10% 1000 vdcw
C: fxd eel' 1. 0 JlF ±20% 25 vdcw

C: fxd poly 0.1 JlF ±20% 1000 vdcw
C: fxd my 0.033 JlF ±10% 200 vdcw
C: fxd my 1 JlF ±10% 50 vdcw
C: fxd eel' 0.01 JlF ±20% 1000 vdcw

C: fxd Al elect 500 JlF 75 vdcw
C: fxd my 1 JlF ±10% 5Q vdcw
C: fxd eel' 2 x 0.01 JlF ±20% 250 vdcw
C: fxd eel' 0.05 JlF ±20% 400 vdcw
C: fxd eel' 0.47 JlF +80% -20% 25 vdcw
C: fxd my 0.1 JlF ±20% 600 vdcw

OOOLN
OOOLN
-hp-

-hp-
-hp-
-hp-
-hp-

56289
56289

56289
56289
56289
-hp-

56289
56289
56289
56289
56289
84411

MDR07-7PB-090
800-20/32-1

(Type 32D)
D38778

P47655-050
5C13C

obd
192P33392-PTS
148P335-PUM

D32443
148P335-PUM
36C219A
33C17A
5C11B7
HEW-7

76854
-hp-
01121 EB4711

L

CR1

DS1

F1
F2
F3

J1
J2
J3
J4

J5, J6

K1
K1C1
K1R1

1901-0028

2140-0054

2110-0006
2110-0012
2110-0002

1251-0466
1251-0467
1251-0148
1510-0008

1510-0009

3100-1735
0150-0098
0687-4711

1

1
1
1

1
1
1
1

2

1

1

Diode: Si 400 piv

Lamp: incandescent 10 V 14 mA (OVER-
LOAD)

Fuse: 2 A slow-blow 125 V
Fuse: 1/2 A 250 V
Fuse: 2 A 250 V

Connector: socket, INPUT, 7 pin
Connector: socket, OUTPUT, 7 pin
Connector: ac power 3 pin
Binding post assembly: red w/o solder

turret
Binding post assembly: black w/o solder

turret

Switch: output rotary
C: fxd eel' 0.01 JlF ±20% 1000 vdcw
R: fxd comp 470 n ±10% 1/2 W

04713

24446

OOOLM
75915
OOOLM

OOOLN
OOOLN
87930
-hp-

-hp-

344

MAL-2
312.500
31200Z

MDR04-7S-090
MDR04-7SB-090
1065-1

obd

obd
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Section VI

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

Model HOB

RRF.ERENCE ___-J1p.-__ ~

TQ DESCRIPTION IvIFR. IvIFR. PART NO.
DESIGNATOR PART NO.

Chassis Mounted Components Cont'd

L1 9110-0106 1 Inductor: filter -hp-
L2 9110-0107 1 Inductor: input filter -hp~

L3 9140-0041 1 Coil: R. F. 2.5 mH ±10% 95265 SA-2500-I
L4, L5 9100-1332 2 Choke: R. F. 400 JJ.H ±100 JJ.H -hp-
L6, L7 9100-1344 Choke: R. F. 400 JJ.H ±100 JJ.H -hp-

M1 1120-0916 1 Meter: calibrated -hp-

Q1 1850-0189 1 TSTR: Ge PNP 16758 7297086
Q2 1850-0160 1 TSTR: Ge PNP 2N2147 86684 2N2147
Q3 1850-0098 1 TSTR: Ge PNP 77068 B-1493

R1, R2 Not Assigned
R3 0816-0001 1 R: fxd ww 250 Q ±5% 10 W 91637 HLW-12-11W (SP1)
R4 0811-0390 1 R: fxd prec ww 0.549 Q ±1% 5 W 91637 RS-5
R5 0816-0004 1 R: fxd ww 800 Q ±5% 10 W 91637 HLW-12-11W (SP1)
R6 0684-1041 R: fxd comp 100 kQ ±10% 1/4 W 01121 CB1041

R7 thru R9 Not Assigned
RIO 0687-8231 1 R: fxd comp 82 kQ ±10% 1/2 W 01121 EB8231
R11 0687-6831 1 R: fxd comp 68 kQ ±10% 1/2 W 01121 EB6831
R12 2100-0937 1 R: val' comp 250 Q ±10% 1. 12 W 01121 Type J

(CURRENT LIMIT)

R13 2100-1780 1 R: val' prec ww lin 100 kQ ±5% 2 W 12697 Series 62
10 turn (ZERO)

R14 2100-0067 1 R: val' lin 2500 Q ±10% 1/2 W 11237 Series 45
(RECORDER OUTPUT)

R15 0687-3311 1 R: fxd comp 330 Q ±10% 1/2 W 78488 RC-20 obd

Sl 00740-61907 1 Switch assembly: RANGE and FUNCTION -hp-
Includes all mounted parts

SlC1 0160-0168 C: fxd my 0.1 JJ.F ±10% 200 vdcw 56289 192P10492-PTS
SlC2 0150-0098 C: fxd eel' 0.01 JJ.F ±20% 1000 vdcw -hp-

SlR1 0686-1645 R: fxd comp 160 kQ ±5% 1/2 W 78488 RC-20 obd
SlR2 0686-1655 1 R: fxd comp 1. 6 MQ ±5% 1/2 W 78488 RC-20 obd
SlR3 0686-1635 1 R: fxd comp 16 kQ ±5% 1/2 W 01121 EB1635
SlR4 0686-1625 1 R: fxd comp 1600 Q ±5% 1/2 W 01121 EB1625
SlR5, Not Assigned

SlR6

SlR7 0684-1041 R: fxd comp 100 kQ ±10% 1/4 W 01121 CB1041
SlR8, 0687-2251 2 R: fxd comp 2.2 MQ ±10% 1/2 W 01121 CB2251

SlR9
SlR10 0687-8221 1 R: fxd comp 8200 Q ±10% 1/2 W 01121 EB6821
SlR11 0758-0006 1 R: fxd met ox 10 kQ ±5% 1/2 W 07115 C5 obd

SlR12 0758-0053 1 R: fxd met ox 100 kQ ±5% 1/2 W 07115 C5 obd
StR13 0761-0102 1 R: fxd met ox 560 kQ ,j,5% 1 W 07115 C32
SlR14 0761-0099 1 R: fxd met ox 430 kQ ±5% 1 W 75042 L32
SlRl5 0687-1801 1 R: fxd comp 18 Q ±10% 1/2 W 01121 EBl801
SlR16 0690-1811 1 R: fxd comp 180 Q ±10% 1 W 01121 GB1811

SlR17 0687-4721 1 R: fxd comp 4700 Q ±10% 1/2 W 01121 EB4721
SlR18 0687-1831 1 R: fxd comp 18 kQ ±10% 1/2 W 01121 EB1831
SlR19 0693 -1211 1 R: fxd C comp 120 Q ±10% 2 W 01121 HB1211
SlR20 0687-1001 1 R: fxd comp 10 Q ±10% 1/2 W 01121 EB1001

(SlR20 not present on instruments before
Serial No. 610-00376)

S2 thru S8 00740-61906 1 Switch assembly: VOLTAGE SET, -hp-
SENSITIVITY and INTER~ALALIGNMENT
(Includes all mounted parts)
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Model 740B

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

Section VI

REFERENCE -hp- TQ DESCRIPTION MFR. MFR. PART NO.
DESIGNATOR PART NO.

S2 3101-0814 1 Switch: pushbutton (SENSITIVITY) 76854 obd
Does not include mounted parts.

S2Cl 0150-0012 C: fxd cer 0.01 JlF ±20% 1000 vdcw 56289 29C214A3

S2CRI 1901-0028 Diode: Si 400 piv 04713 obd
thru CR4

S2Rl 0811-1745 1 R: fxd prec ww 202.5 kn ±0.1% 1/8 W 15909 obd
S2R2 00740-82604 1 R: fxd ww 20. 250 kn -hp-
S2R3 00740-82603 1 R: fxd ww 2.025 kn -hp-
S2R4 00740-82602 1 R: fxd ww 202.5 n -hp-
S2R5 0811-2095 1 R: fxd prec ww 22.75 n ±0.1% 1/8 W 15909 obd

S3 3100-0740 1 Switch: rotary (INTERNAL ALIGNMENT) 76854 JKN

S3Rl, R2 0811-1110 1 R: matched set 7 resistors (also includes -hp-
S4Rl thru S4R5)

S4 3100-1723 1 Switch: rotary (Xl VOLTAGE SET) 76854 obd
Does not include mounted parts.

S4Rl thru 0811-1110 1 R: matched set 7 resistors (also includes -hp-
R5 S3Rl and S3R2)

S5 thru S8 3100-1724 4 Switch: rotary (VOLTAGE SET) 76854 obd
Does not include mounted parts.

S5Rl thru 0811-1111 1 R: matched set 5 resistors (2 nd decade) -hp-
R5

S6Rl thru R5 0811-1109 1 R: matched set 5 resistors ww (3 rd decade) -hp-

S7Rl 0811-1737 1 R: fxd prec ww 1000 n ±O. 025% 1/20 W 15909 obd
S7R2, R3 0811-1741 2 R: fxd prec ww 2000 n ±O. 025%' 1/20 W 01686 R344
S7R4 0811-1743 1 R: fxd prec ww 4000 n ±O. 025% 1/20 W 01686 R344
S7R5 0811-1739 1 R: fxd prec ww 1111 n ±O. 025% 1/20 W 15909 obd

S8Rl 0811-1738 1 R: fxd prec ww 1000 n ±O. 05% 1/20 W 01686 R344 obd
S8R2, R3 0811-1742 2 R: fxd prec ww 2000 n ±O. 05% 1/20 W 01686 R344 obd
S8R4 0811-1744 1 R: fxd prec ww 4000 n ±O. 05% 1/20 W 01686 R344 obd

S9 00740-61904 1 Switch assembly: (STANDARD VERNIER) -hp-
Includes all mounted parts.

S9Rl thru 0683-1025 10 R: fxd comp 1000 n ±5% 1/4 W 01121 CBI025
RIO

S9Rli thru 0757-0280 10 R: fxd met flm 1000 n ±1% 1/8 W 19701 MF5C T-O obd
R20

S9R21 0811-1740 1 R: fxd prec ww 1111 n ±O. 05% 1/20 W 01686 R344 obd

S10 3101-0014 1 Switch: pushbutton (GAIN CHECK) 82389 4S-1106

Sl1 3101-1071 2 Switch: pushbutton SPST (OUTPUT) OOOLO 54-61681-26-AIG

Sl1Cl 0150-0098 C: fxd cer 0.01 JlF ±20% 1000 vdcw -hp-
Sl1DSI 1450-0106 2 Lamp: neon (AIG) AIG

Sl1Rl 0684-8231 R: fxd comp 82 kn ±10% 1/4 W 01121 CB8231

S12 3101-1071 Switch: pushbutton SPST (POWER) OOOLO 54-61681-26-AIG

S12DSI 1450-0106 Lamp: neon (AIG) AIG

S13 3101-0033 1 Switch: slide 115 - 230 V DPDT -hp-

Tl 9100-0305 1 Transformer: power -hp-
T2 9100-0306 1 Transformer: power -hp-
T3 9100-1320 1 Transformer: pulse coupling -hp-
T4 9130-0037 1 Transformer: 'pulse output -hp-

WI 8120-0078 1 Assembly: cable power cord black 3 pin 70903 KH-4147
ZI 1901-0161 1 Diode:assembly: Si 100 piv 10 A bridge 04713 SDA 10047
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Section VI

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

Model710B

REFERENCE -hp- TQ DESCRIPTION MFR. MFR. PART NO.
DESIGNATOR PART NO.

MISCELLAN EOU 5
1200-0038 1 Socket: 12 pin (for AU) 02660 77-MIP-12TM,.

1005
1251-0208 3 Connector: ~ pin (for AI. 117, A8) 95354 SD-622-UR (1156)
1251-0435 5 Connector: 22 pin (for A2 thru A6) 95354 SD-622W (125)

(1158)

5000-4932 1 Extraatar: PC Boal'd -bp-
5060-0776 1 Rack Mounting Kit: 7 in. -bp-

00740-66535 1 Extender: PC Board, 22 pin -hp-
00740-90002 1 Manuall Operating and Service -hp-
00740-90301 1 Tag: Instruction -hp-
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Model 740B Section VII

SECTION VII

CIRCUIT DIAGRAMS

7-1. INTRODUCTION.

7-2. This section contains the circuit diagram s nec
essary for the operation and maintenance of the Model
740B. Included are block, functional, schematic, and
component location diagrams.

which do not lend themselves to a simplified pre
sentation, such as relays and switches, are shown in
schematic form. Controls and adjustment points re
1ated to maintenance are identified on this diagram.

7-7. SCHEMATIC DIAGRAMS.

7-3. BLOCK DIAGRAMS.

7-4. The block diagrams shows the relationshipbe
tween the basic circuits in the Model 740B in the dif
ferent modes of operation.

7-5. FUNCTIONAL DIAGRAM.

7-8. The circuits contained within individual replace
able assemblies are shown in the schematic diagrams.
Circuits external to the assembly are shown to show
the complete function of the assembly. The schematic
diagrams are arranged in ascending order of reference
designation.

7-9. COMPONENT LOCATION DIAGRAMS.
7-6. The overall operation of the Model 740B is shown
on the functional diagram. Assemblies and signifi
cant portions of assemblies such as amplifiers and
power supplies are not shown in schematic form, but
are shown as triangles and blocks. Circuit elements

7-10. Each component in the Model 740B is located by
reference designation. The component location dia
grams adjacent to the schematic diagrams show the
physical location of each component.

GENERAL NOTES

GUARD ---------'\ ELECTRICALLYr COMMON
POWER SUPPLY GROUND----J (ALL MODES)

WCIRCUIT GROUND ~ELECTRICALLY
COMMON INWREFERENCE SUPPLY COMMON STD MODE

W
W

14. VOLTAGES INDICATED IN RED ARE MEASURED WITH A HIGH IM
pEDANcE FLOATING VOLTMETER. SEE CORRESPONDING SCHEMATIC
NOTES FOR VOLTAGE GROUND REFERENCE POINT. INDICATED
VOLTAGES ARE TYPICAL AND WILL VARY SLIGHTLY FROM INSTHU
MENT TO INSTRUMENT.

12. * DENOTES FACTORY SELECTED VALUE. SEE REPLACEMENT OF
FACTORY SELECTED COMPONENTS. SECTION V. FOR REPLACE
MENT INSTRUCTIONS.

13. SYSTEM GROUNDS ARE AS FOLLOWS:

±- CHASSIS GROUND

15. 'QDENOTESWAVESHAPE; SEEWAVESHAPE DRAWING. WAVE
SHAPES SHOULD BE OBSERVED WITH A WIDE BANDWIDTH
FLOATING OSCILLOSCOPE. SEE CORRESPONDING SCHEMATIC
NOTES FOR WAVESHAPE GROUND REFERENCE POINT. WAVE
SHAPES ARE TYPICAL AND WILL VARY SLIGHTLY FROM IN
STRUMENT TO INSTRUMENT.

_________ DENOTES MAIN SIGNAL PATH.

__________ DENOTES DC FEEDBACK PATH.

4.

5.

3.

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

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

RESISTANCE IN OHMS

CAPACITANCE IN MICROFARADS

----DENOTES ASSEMBLY.

6. .. • • DENOTES AC FEEDBACK PATH.

7.~ DENOTES FRONT PANEL MARKING.

8. ~ -=--=. ~ DENOTES REAR PANEL MARKING.

9. ~DENOTESSCREWDRIVER ADJUST.

10. ODENOTES FRONT PANEL CONTROL.

11. ~ DENOTES WIRE COLOR: COLOR CODE SAME AS RESISTOR
COLOR CODE. FIRST NUMBER IDENTIFIES BASE COLOR.
SECOND NUMBER IDENTIFIES WIDER STRIP. TRIRD NUM
BER IDENTIFIES NARROWER STRIP.
(e.g. 924 = WRITE. RED. YELLOW.)
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Ir SECTION ===========~ --================HIGH VOLTAGE===================;]Ir SECTION

OVERLOAD
PROTECTION

IiiCl ,.... --,
~

O-I~
VDC

INPUT
FILTER

O-IOOO[VDC

PIC AI7

MODULATOR

0-1000
VDC

PIa SI
RANGE

DIVIDER

A3
- LOW LEVEL

AMPLIFIER

PIO 51

.- PIO AI7 f---- OPE~~T~O~AL
DEMODULATOR FILTER

riVTOl
l!QQ.QYJ

PIO A5
PULSE WIDTH 
CONVERTER

PIO A7
POWER
SWITCH
DR IVER

---- POWER
SWITCH

PULSE
~ TRANSFORMER ---

8 RECTI FIER
FILTER

OUTPUT
FILTER

,....-----, I DC OUTPUT I
K I

OUTPUT --<0-1000
CONTROL VDC

ZERO
SET

o
f"iMVTOl
~
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Figure 7-1. DC Voltmeter and Differential
Voltmeter Block Diagram
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IJ============================MAI~ LOOP============================>I

Section vn

---======REFERENCE========;J
Ir LOOP

LOW VOLTAGE
v======== SECTION =========>1 -=================HIGH VOLTAGE================~Ir SECTION

~AI3 54-58 59 0-1 PIO A4 0-1

~
PIO A5 PIO A7 PULSE KI

IDC OUTPUTI

BI NARY CODED STEP ~ PIO AI7 PIO AI7 f-- OPERATIONAL~ DIFFERENTIAL PULSE WIDTH t---
POWER - POWER - TRANSFORMER - FILTER -<~

OUTPUT
f-;~REFERENCE f-- t--- -v OUTPUT Ho.'OOO

DECIMAL VERNIER MODULATOR DEMODULATOR SWITCH SWITCH FIL TER VDC
SUPPLY AMPliFIER FILTER AMPliFIER CONVERTER DR IVER a RECTIFIER CONTROL

DIVIDER CONTROL

u r0-
o
>
6

PIO A3 PIO A5ZERO OVERLOAD
SET DETECTOR

20KHZ CLOCK

I
I
I H.V.
I O-IVDC SECTION O-IOOOVOC
I FEEDBACK
I DIVIDER
I
I MAIN LOOP

I FEEDBACK
DIVIDER

1I000vi 0-1000 VDC

l'ooV I

~

c::JL]

METER
~ LOOP ~'<;;.'7

............ I'....

59
STEP

VERNIER
CONTROL

7408-0-0727A.

o TO O.IVDC

SI
I5TD I

METER
FIL TER

PIO AI6
NODULATOR

PIO AI6
DEMODULATOR

•

01794-1

Figure 7-2. DC Standard Block Diagram
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Section VII Model 740B

....J

J

]

]

]

II

RI7

9 10

o ALL 0

7 0 OTHER
o DECKS

6 0 (FRONT) 0

o 0
5 0 0 2

4 3

7 6 5

8

15 16 15 18 19

14 000 00 20
13 0 0 21

o 0
12 0 DECK 0 22

o G 0
II 0 (FRONT) 0 I

o 0
10 0 0 2

9 00000 3
8 4

ALL PINS ARE NUMBERED
CLOCKWISE AS VIEWED
FROM FRONT OF INSTRU
MENT.

SOLENOID

TOP OF
INSTRUMENTt RI3 >--t....l.LJI

TOP OF
INSTRUMENT

t

FRONT
OF
INSTRUMENT..

FRONT
OF
INSTRUMENT..

K1, OUTPUT ROTARY -'
'------ SWITCH

FRONT
OF
INSTRUMENT..

RANGE/FUNCTION SWITCH,
Sl, COMPONENT LOCATIONS

R F R F

FUNCTION RANGE
SWITCH SWITCH

r A 'r~------A-----~,

VV\-f \l Rr{ \{t{ 'dVW
J I H G FED C B~

* SERIAL NUMBERS 610-00376 AND ABOVE. EAR
LIER SERIAL NUMBERS DO NOT HAVE THIS PART.

REFERENCE
CONNECTED

VALUE BETWEEN
DESIGNATOR PINS

C1 0.1 JlF F(F-7) and G(R-14)
C2 0.01 JlF F(F-8) and F(F-10)
R1 160 kU F(F-10) and F(F-12)
R2 1.6MU F(F-5) and F(F-7)
R3 16 kU F(R-2) and G(R-3)
R4 1.6 kU F(R-4) and G(R-5)
R5 NOT ASSIGNED
R6 NOT ASSIGNED
R7 100 kU I(F-8) and J(R-8)
R8 2.2 MU H(F-2) and H(F-ll)
R9 2.2 MU H(F-4) and H(F-8)
RIO 8.2 kU H(F-8) and H(F-ll)
Rll 10 kU D(F-7) and D(F-8)
R12 100 kU D(F-8) and D(F-9)
R13 560 kU C(F-10) and D(F-10)
R14 430 kU C(F-10) and D(F-9)
R15 18 U D(R-ll) and D(R-12)
R16 180 U D(R-4) and D(R-5)
R17 4.7 kU E(F-8) and E(F-10)
R18 18 kU E(F-6) and E(F-8)
R19 120 U Sw. Shaft and J(R-5)

*R20 10 U G(F-7) and G(F-15)

L..- S9, STANDARD VERNIER SWITCH----------------'

" .JIS4S5S6

BOTTOM
VIEW

S8 S7S9J2

TI

DSI

CI1IC2Q2

TOP
VIEW

QIT4

AI5R6 AI5 AI5RI AI5R2 AI5R3 AI5R4 AI5R5 CII CI3 MI

RIO

TI

16 CIR5
16VI R3 18

W
16V2 CI6

21 8(BOTTOM
"-LEAD) , /

AI6 \ I
I 7

A8
\/ 10® ,\ ®A7

All
1\

/
,

5,
/

,
"- ..... ./

C3 ---
17V4

C4AI7

AI7VI L5

S3AI7V2

S3R2 WA6

A5 S3RI

7
A4 KI

[SI

A3 6

A9 [
A2

~
AI SII

SI2

L4

L3
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'--------------- Sl, RANGE/FUNCTION SWITCH------------------l

Figure 7-3. Functional and Component Location Diagram (Sheet 1 of 4)
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Model 740B Section VII

J4
MI

VM
I V
Xl

Shorted

NOTES: FIGURE 7-6

FUNCTION:
RANGE:
SENSITIVITY:
INPUT:

S2R4
202.5

2. YOLTAGESANDWAVESHAPESARE REFERENCED TOW . FIGURE 7-3
(Top and Bottom View) SHOWS THE GROUND POINT LOCATION.

1. VOLTAGES INDICATED IN RED ARE MEASURED WlTH FRONT PANEL CON
TROLS SET AS FOLLOWS:

S2RI
202.5K

CI3
I

METER LOOP
F'======FEEDBACK DIVIDER======~

S2R2 S2R3
20.25K 2025

+ CI2
3.3

R32
lOOK

R33
10K

METER AMPLIFIER OUTPUT
o TO 1: IV DC
DIRECTLY PROPORTIONAL
TO METER DEFLECTION

...--..----4_--..--~12)--+-----------....:·;..-------------...---+--!-+--+--\.;..--~_n\

010

R25 R26
6BK 2200

CR3

CR4

QV

+IOV

09

+ .1

R23
22K

R24
10K

OB

R21
1.2M

~-- --~

r;=========== METER DRIVER==========~

C9 R22

l~:'
2.7M

R20
220

06
RI7 R19*
6BK 6BK OV

10

V4C5
I

........_~IIN'v-~ ......~~ B>-~e-.....~"""""-:)""',,,,,(
C7 I

/

+

-0.25

FROM A6-21
+IOV

---,}----

C4
0.02

RB
22K

V3 RI8

\:~-~
6BOO

R4 R9 RIO RII RI2 RI3 C6 I R27 R2B R29 R30
82 1M 56K 10K 10M 2200 0.47 + C8 2.7M 22K 6BK 2200L __ ' --~

3.3

Cl5
0.02

R6
220K

R3
B.2M

RI
200K

RI4
IBK

R7
160K

R5
1M

hp PART NO. 
.00740-66522

:-----'[;============= AC AMPLIFIER ==-=-=+::==========::;1

V2I
I

l-__

o TO 1: IV (VM) R6
~R~M+/v (STD a LlVM) lOOK

SIR7

METER
P=FILTER~

1
12V

j

1

1
50MV

1

SATURATION (Iv INPUT, IV RANGE, XI0 2 SENSITIVITY
VM OR LlVM)

IV

j
XI02, XI03 AND XI0 4 SENSITIVITY, VM AND LlVM, ALL RANGES
CON-SCALE METER DEFLECTION)

XI AND XIO SENSITIVITY, VM AND I'NM, ALL RANGES
CON-SCALE METER DEFLECTION)

A2TPS,*

740B-RO

IP/OAIOJ --,
R5

I 22M

*R2 +IOV R3
560 1740

S2R5 METER
22.75 100f'V ZAEDRJO RIOADJ RI2

~
1M ?250

-IOV

--~

0+0
I

~
I
I

---~

+

CII
3.3

R31
2.7MCR2

+,
~

+,...+
I...

---y--- 6 ---

-IOV
FROM A6-IB

0+0
I...0+0,.....

R2
2400

L _

t METER AMPLIFIER
FEEDBACK
o TO 1: IV(VM)
o TO +IVCSTD)

I FUNCTIONI
SII(R)

[YMJ
740B-J-0732A '----------------------------------------------------------------------------------------------------------------------4o----o;5==,

ILlVMI ....~+------------------------------....

22

-R30-
cEQ -R29

-C9- ~ -CR4-
-CIO- -R2B-
-R20- ~@O -R26-

B -CR3-
-R21- E -R25-
-R22- BQ
-CI2~~ -R23-
-R32- -R24-

-R33- E@B -RIB-
-R31- c -RI9-
-CII~@LCB-
-R27- c -CR2-
-RI7-E@B

c

A2
hp PART NO. 00740-66522

-CI5- E -R9-
-R3- C@ -RB-
-R4- B -CI5-
-C2- ...7Q'2I-C3-
-R2- I}eI -R6-

-RI- E@-R5-
c 01

-CI-B -R7-

-CRI-

-RI2- is -RI6-G>TPB

-RII-
-C7-

-C5- @ -RI5-
-RI3- ECB -RI4-
-C6-

~-RIO- ECB

740B-0744A

COPYRIGHT 1966 BY HEWLETT-PACKARD COMPANY
9

01794-1

Figure 7-6. Meter Amplifier (p/o A2) Schematic
and Component Location Diagram
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Model 740B Section VII

TPIO

*

RIB L2200

~'====OVE;L-OA-O-OE-T-ECTOR===-=-=~
-22V ~ I

RI7
lOOK

RII
101<

-0.06

RIO
22K

RI2
IK

FROM A6-13
+22V

1
01 FFERENT-IA-L-- - _10--- - - ---PUSH-PULL --,

r;:::==== AMPLIFIER FORIVER~v== OUTPUT~

R9*
22K

C9
0.02

R4
33

FROM A6-21
+IOV

----~---

CIO C5

0.221
I

R5 R6 R8
1M 221K 22K

C4
0.22

RI
1501<

! A:3 Ih; PART NO.
00740-66523

I r;:::~====CASCAOE AMPLIFIER===I~
R7

160K

R3
8.2M

R2
8250

FROM INPUT I CI
MODULATOR I 0.1
SIG (R-5) ----/ 1 L.........:.~...__....__..+;.;0;;;;.5~

MODULATED ~ I~
ERROR SIGNAL

I CRI

I

t
30V

~

PEAK TO PEAK AMPLITUDE
DEPENDS ON RANGE AND
FUNCTION.

!jtNMANDVM
MV RANGES: IV P-P
IV RANGE: 75MV P-P
10, 100, 1000V RANGES: 50MV P-P

STD
"'ALL RANGES: 75MV P-P

r--SM SEC-i

INPUT SHORTED (VM AND tNM)
OV OUTPUT (STDl

740B-RO

10VERLOADI

R26
220

-0.6
(-0.7)

-22
09 (-O.B)

R23
47K

R24
4700

R25
4700

OV

c=0 ~'~

CR6 I ~-

I

-22V J
--- -----

R21
33K

R22
1M

C7
0.1

CR5

CR4

C6
0.1

L _

RI9
B20K

IIOMVI
o

1i00MVI
o

R20
56<

- - -- II - - - -- 17 - - - - - - 21 - - - --,I IRANGEI I
-22V SIB(F)~ I

FROM A6-12

COPYRIGHT 1966 BY HEWLETT-PACKARD COMPANY1408-0 -0133A

FUNCTION: VM
RANGE: 1 V
INPUT: Shorted

2. VOLTAGES AND WAVESRAPES ARE REFERENCED TO W. FIGURE 7-3
(Top and Bottom View) SHOWS THE GROUND POINT LOCATION.

3. (-20.5) DENOTES VOLTAGES IN OVERLOAD DETECTOR CIRCUIT
WHEN FRONT PANEL OVERLOAD LIGHT IS ON. OVERLOAD
CONDITION CAN BE SIMULATED BY REMOVING REAR PANEL
DC FUSE.

I. VOLTAGES INDICATED IN RED ARE MEA$URED WITH FRONT PANEL CON
TROLS SET AS FOLLOWS:

NOTES: FIGURE 7-7

-R26- QIO
B

-R25- (]~

-R24-
-C6-

-CR5-
-CR4-

-R22-
-C7-
-R21-

22

-CR6-

ElTPIO
-RII-

C -RIO-
-R9- Bt='\~5 -CIO-
-C4- '-J -C5-

~B -R8- L)Q4 -RI2-Ui -R7- BeE
c -RI5-

Q2 c _RR
5
6- §B -RI9-

OB E -R20
E -C3

QI@E_CR2-ali, -RI3- Q7 B
E -RI4- c -CR3-

-RI7- rr;;{ -RI6-
-RI8- ~B

E -R23-

-R3-

-R4-

-C2-
-R2-

-RI-
-CRI-

-CI-

-C8-

-C9-

740B-0745A A3
hp PART NO. 00740-66523

Figure 7-7. Low Level Amplifier (A3) Schematic
and Component Location Diagram
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Model 740B Section VII

-------------
RI6
470

--l
~=============DIFFERENTIAL===============lr AMPLIFIER

FROM A6-21
+IOV

~_____ 4

I A4- JhPPART NO. -
00740-66524

I 1r.::.================OPERATIONALI V FILTER =======I========~

1408- 0- 0734A

NC

I
I

I TOAS-20

+--------...--4 3 >-ig·:~.6Z';~~~~~VPUT
I VOLTAGE AND CURRENT!

I

R28
270

R29
820

R27
47K

+IOV

R32 R33
220 6800

R31 011 C8
10K +8.4

0.
00331+4.5

010 +4
+4.5 R34

0 3300
+IOV

R30
2200

-------1-7------

L FROMAS-16
- OUTPUT

FROM RANGE DIVIDER, SI
HIGH VOLTAGE SECTION FEED8ACK
o TO +IV

R25
6800

R26
IK

1 100MV 13

OD
0

~
0

C@QD
0

IIOOOV 1
0

CRIO

-IOV

R24
47K

-O.S 08 +10

R23
10M

CR8

CR7

CR9CR6

CR4

CRS

--------8 ------

R20
18K

RI9
220K

CIO
0.01

RI8
22K

-6.8V

-6.8V

C4
10

R21
22M

+O.S

RII
3900

....

+6.8V
INT

RI2 ZERO 07 +10

1-
-t0"--1..........6V180fv.K_~RIW ,._.., .,..__.,. ... ~~

SDK 0

+6.BV

~O

IFUNCTION I IFUNCTIONI ~
SIR20 ~

DE:] .SOI.G.:..(FO)E!'"'---_~-'Ii';;,0~e---------------L-.12~S~II~(R;.;)c::YD ~ SIE(R)

~o+-oI,,"I_-<~--===!.;'7;. ~ 0
~O ~ ~3

'-----===~17., 0
CillJ ~ 3 CillJ ~ 3

IIOOMV I0 '-==~--t-'====~o

BETWEEN POSITIONS

~O
10)

R9
2.7M

RIO
470

R7
lOOK

R8
3.9M

01

r

-------6 ------- 22 -----

-IOV Y
FROM---
A6 -18~ERi;,tI'/J~~E;@\

610-00376 .... ....

AN.D ABOV~{ I RANGE 1

o:=J~A(F)

R6
50K

NC

BAL ADJ

~

R3
4.7M

R22
56K -1.0

OV±IOOP.V

TPII

CRII '------------------t-------i-----------------------------+- ~~--l-----------J
CRI2

R4
4.7M

VM
1 V

Shorted

TPI2

NOTES: FIGURE 7-8

OV±3MV

FUNCTION:
RANGE:
INPUT:

COPYRIGHT 1966 BY HEWLETT - PACKARD COMPANY

I. VOLTAGES INDICATED IN RED ARE MEASURED WITH FRONT PANEL
CONTROLS SET AS FOLWWS:

2. VOLTAGES ARE REFERENCED TO W. FIGURE 7·3 (Top and Bottom
VIew) SHOWS THE GROUND POINT LOCATION.

I
I

FROM AS-15 I
CURRENT ~20~--_~--~
LIMIT 81AS I

I R35
I lOOK

L-~8~ _

6~~~D AI7 RI R2
o TO -IOMV -(21 ""6"'8NK~r_"'2\/1M-+_----...- ....~0~
(ALL RANGES I "-

AND FUNCTIONS)

22

A4"p PART NO. 00740 - 66524

~C -R32- J -CR4- I cit]~ f) $\Y~ -CR5- TPI2 TPII
E -R24- -CR6- R6 RI3 -R4-

-R23- ~ -R3-
~ -CRIO- I -CR9- Co\Y.f -R29- -CRS- -R5-: 03 -C2-

E -R2S- 012-CR7 - -R20- -CI- -RI-
OlO f\ C4 -R22-
fl\~ -R31- E\c7'B I -R21- -CRI- BOOI aG

B
\...VE -CRI2- -R2- C

E
(]c

-R27- -CRII- It) RI9u - - -RI2- 02 E
09 -R26- -R35- I -RII- ()B
fl\B -R25- -RIO- C7 -C3- i\...Vi -R33- -CR3- IL...--"r--...J_ RIS _ -RS- 04QB

EC
-R34- -CR2- ID -R9-

(]
OIIB -R30- -RI6- u -R7- EJ.

C I -RI5- -RI7- 05 EB
E -CS- -CIO- -RI4-

74OB-0746A

Figure 7-8. Operational Filter and Differential
Amplifier (A4) Schematic and Com
ponent Location Diagram

-
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Section vn

+ C4 + C6
1200 3S

RI3 RI4
3.6 0.33

HIGH
VOLTAGE

V==-FILTER==~

FROM FROM FROM
SIE(F-5) SIE(F-9) SIRIS

111---2----s-'l

R21
4700

R20
4700

---~

Figure 7-9. Pulse Width Converter, 20 kHz Clock
and External Current Limit (A5) Sche
matic and Component Location Diagram

7-19/7-20

TO
A4-20

CURRENT
LIMIT BIAS

~____ IS

RI8
1800

CR6

01794-1

/-...-~....-4.pr--~+;"'-----------------"'---"'--"-~>- TO AIICI6 • 16 (-OUTPUT)
I
I

I

FLOATING
12V

I===;:::I=POWER SUPPLY~
TP9

+I0V

FROM
A6-21
+IOV

~21 _

l'

Model 740B

CURRENT
V LIMIT DETECTOR

~ +IOV

C8 RI7
0.01 220K

1-- --~
RI9
lOOK

FROM
AIIR4.HIGH +9.4
VOLTAGE 06 8:.D 07
PRE-BIAS I -12 +9.6

~7 GD CB:D
FROM T4 I C9 -11.2-OUTPUT

I GD)
CR3

17

RI6 RIS
4700 22K

RS
4700

+IOV

RI
2700

R6
1200

+IOV

R7 R8 R9
1200 SIK S600

Vi C3
0.0039

03

+S.2

20KHZ CLOCK ~
-IOV

CR2 R4 R3
10K ISOO

CI
390PF

R2
390

* 01

--========PULSE WIDTH =========\1V· CONVERTER
-IOV

+6.0V
(IOOOV 20MA
OUTPUT)

740e-D-073SA

COPYRIGHT 1966 BY HEWLETT-PACKARD COMPANY

AS r;;ppARTNO.
~ ld0740-66S2S

+8.4V

~~~~R~~T~AL--<2l",-{_OV_OU_~~Pi-U_T_)-+-01-1
AMPLIFIER "L
OUTPUT I ~

I
I

I
I
I

FROM A6-18---<18 L-- IOV
-IOV I~

I
I

*A5-19

~SOIJ.SEC~

3IJ.
SEC --+-i r I

r-~_ol'
OV OUTPUT, STD

f
3.SV

~__t
~SOI'SEC~

1000V, 20MA OUTPUT, STD

*Q3 COLLECTOR

l l j---- "'-----
2I'SEC---.J ~ I

~SOI'SEC~
OV OUTPUT, STD

~SOI'-SEC--J
ALL RANGES AND FUNCTIONS

'1
10V

_t
~ SO/1 SEC ----..J

IOOOV, 20MA OUTPUT, STD
7408-RO

*QI COLLECTOR
---j 20l'SEC j--

lJr----1U_l'

'@I
N I I ~
0, cr ~ I

o 0
I I

I I I I
01 .... I"l lD
lrlrOlr

I I I I

22

e
@

I I I
o CXl
cr cr lr
I I I

II I I
lD 01 10

f I~

A5
hp PART NO. 00740-66525

C4

NOTES: FIGURE 7-9

1. VOLTAGES INDICATED IN RED ARE MEASURED WITH FRONT PANEL CON
TROLS SET AS FOl.LOWS:

FUNCTION: ·STD
RANGE: 1 V
VOLTAGE SET: .00000

2. VOLTAGES AND WAVESHAPES ARE REFERENCED TO W. FIGURE 7-3
(Top and Bottom View) SHOWS THE GROUND POINT LOCATION.

3. GD DENOTES VOLTAGES IN CURRENT LIMIT DETECTOR CIRCUIT WHEN
CURRENT LIMIT IS EXCEEDED (10 V OUTPUT, 100 n LOAD). INDI
CATED VOLTAGES WILL VARY WITH DEGREE OF OVERLOAD.

740B-0747A
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I"'0A6f i; """0 +IOV =======-=-J-=====\I
00740- 66526

+AND-22V
I V SUPPLY===\l~ IrV============REGULATOR I ~
I +22V ~2V I

TP3 .-.....------------------------------------; 13r-+22V

---~

COPYRIGHT 1966 SY HEWLETT-PACKARD COMPANY

+34V!.2V
(SET FUNCTION

TO STO TO IMEASURE)

.----<p-------7 3 )>----- +34V

I
I
I

I
~-----------_7 4 )>---_

I +I

NOTES: FIGURE 7-10

1. VOLTAGES INDICATED IN RED ARE REFERENCED TO W FIGURE 7-3
(Top and Boltom View) SHOWS HIE GROUND POINT LOCATION .

2. WAND WARE ELECTRlCALLY COMMON IN STD MODE.

1 ~:------~

I

",-<:>------<',S ~----~

I
I
I

PIO T2

TP4

TP2

-IOV to.6V

+I(N !O.6V

C7 RIO
100 2700

+ CS +
10

RI2
3300

C9
100 +

I
I

I
F:...-__<~--~~--._---<p____-~--+-____j21 r-+IOV

I
I
I

F4----i~--If-----__<_-_--+-____j ISr--IOV

I

01

RI5
ISOO

RI3
3300

R7
430

RI4
470

RI6
33

RS
33

R3 RI RII
S20 2K 3K

C5 C3 + C2 + CI
200 + 100 10 100

R5 R4 +7.3

3300 3300

., CR5 R2
6.SV 6K

CRICR4

...- ------j12r--
22V

I

40V
RMS

I
I

I-"":'~'----
7408 -0 -0736A

I
I

I
~I~ ~-+---.--......-----..~----------+-------_t_--r-->---...,....__, I

I -IOV I

~';I + ~6'0Vr,:==========::;REGULATOR CIO ====1:0=4=====1---1 ====\1

0.1 0.6 I

"~---<:>--, 6 ~'--+----..

",..~:>--""' 5 ~,...._----_
PIO T2

I I
NIt'l

-irir
II: I

22

1
lCl
II:
<.>
I

I"T R1-- TP4l9 I ~
irfQl\lllQ Qir

I \:V~tl:~~ 11:, I
I I 1

I
Q5

II I @ I 10
~ ~~ ~ Q3 8 § Q4

I
I
~
II:

I

C5

A6
lip PART NO. 00740 -66526

CII

~~
<.><.>
I I

CI3

J>c1
11:11:
<.><.>
I I

740B-0748A

01794-1

Figure 7-10. Guarded Power Supply (A6) Sche-
matic and Component Location Diagram
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Section VII

01

p==POWER SWITCH ==:;;j

'* ~ T4

"

Figure 7-11. Power Switch Driver, Internal Cur
rent Limit and Unguarded Power
Supply (A 7) Schematic and Component
Location Diagram

I
I

F3

I 2A

~7

INTERNAL I
V CURRENT LIMIT ~ I

RI3 I
10K

IRI4
-42 IK ~

10

I R4

\E..J
0.S49

9

RI2 C6 RII RI6
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TNOTES: FIGURE 7-11

1. VOLTAGES INDICATED IN RED ARE MEASURED WITH FRONT PANEL CON
TROLS SET AS FOLLOWS:

FUNCTION: STD
RANGE: I'V
VOLTAGE SET: .00000'

2. VOLTAGES AND WAVESHAPES ARE REFERENCED TO WAND W
FIGURE 7-3 (Top and Bottom View) SHOWS THE GROUND POINT LOCATIONS.
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NOTES: FIGURE 7-12
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1. VOLTAGES AND WAVESHAPES ARE REFERENCED TO WAND W'
2. FIGURE 7-3 (Top and Bottom View) SHOWS THE GROUND POINT LOCATIONS.
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Figure 7-12. Chopper Neon Drivers (A8) Sche-
matic and Component Location Diagram
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NOTES: FIGURE 7-13

1. A13 COMPONENTS ARE FACTORY SELECTED AND ARE NOT SEPARATELY
REPLACEABLE.
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2. VOLTAGES INDICATED IN RED IN OVEN HEATER AND REGULATOR CIR
CUIT ARE REFERENCED TO W.

3. VOLTAGES INDICATED IN RED IN 1 V REFERENCE SUPPLY cmcurr ARE
REFERENCED TO WAND WIN STD MODE; WONLYIN OTHER MODES.

4. FIGURE 7-3 (Top and Bottom View) SHOWS THE GROUND POINT LOCATIONS.
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S2R5
22.75

®
TO AIO

S2E

'r: 5 ~
: TO S9BIF-IB)

I &
TO SIJ IR-12)

10

S2CI
0.01

S2R4
202.5

S2D

S2CR4

10

3. OTHER CONTACTS CONTROL METE" SENSITIVITY.

2. #5 CONTACTS GO TO VOLTAGE SET SWITCI11':S.

S4 THRU S8
SWITCH NOTES

S2
SWI TCH NOTES

1. #6 CONTACTS CONTllOL DIGITAL rn:AOOUTS.

4. WAFER "A" IS DIGITAL READOUT SWITCHING.

5. FOR COMPLETE DESIGNATION, PREFIX WITH SWITCH
NUMBER (Rl IS S4Rl ETC.).

2. INDICATED VOLTAGES ARE MEASURED WITH RESPECT
Tb W'

3. S4 - 8 ARE IDENTICAL EXCEPT FOR R5 (ON S4 -7), SHOWN
IN THE UPPER LEFT PORTION OF THIS PAGE. ADDI
TIONAL CONNECTIONS TO S4 AND S5 ARE SHOWN IN THE
UPPER LEFT PORTION OF THIS PAGE AND IN FIGURE 7-5.

1. WAFERS ARE ALPHABETICAL STARTING AT THE FRONT.
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6. "SWITCHING LOGIC" SHOWS THE RESISTANCE BETWEEN

THE POSITIVE AND NEGATIVE OUTPUTS FOR THE TEN
POSITIONS OF THE SWITCH.

Figure 7-14. Voltage Set and Sensitivity Switching
(S2, 84 thru 88) Schematic and Com
ponent Location Diagram
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APPENDIX C

BUILDING A DC CALIBRAtiON SYSTEM

Appendix C

C-1. BUILDING A PRECISION VOLTAGE
DIVIDER.

C-2. Some of the Performance Tests presented in
Section V require using a precision voltage divider.
Dividers are available with the required accuracy at
full scale (1:1 ratio). However, division accuracy
generally decreases as the division ratio increases.

C -3. The following paragraphs outline a method of
constructing a divider that achieves an accuracy of
1 to 2 ppm division accuracy at all points on the di
videI'. The matching technique used compares re
sistors in a resistive matching bridge. The bridge
is initially adjusted for null with a reference resistor
at Rx (Figure C -1). The reference resistor is then
replaced with an unmatched resistor. Adjusting the
unmatched resistor for bridge null matches it to the
reference resistor it replaced. Decade matching is
achieved by using a series string of ten resistors in
place of the reference resistor. The series string
is equal in total resistance to a single resistor of the
next higher decade.

C -4. Self heating effects of the resistors are greatly
reducedby placing them in a temperature-controlled,
stirred-oil bath. The resistors are calibrated at
their later intended working voltage which further re
duces the chances of thermal error.

C-5. The following equipment and materials are re
quired for setting up and calibrating the divider:

Table C -1. Materials for Building a Decade Divider

ITEM QUANTITY

Constant temperature oil bath 1
(American Instrument Co. )

DC Null Voltmeter (-hp- 1
Model 419A)

DC power supply (-hp- 1
Model 740B)

1 kn Adjustable Transfer 10
Resistors (-hp- Model
11103A)

10 kn Adjustable Transfer 9
Resistors (-hp- Model
11104A)

100 kn Adjustable Transfer 9
Resistors (-hp- Model
11105A)

Insulated solid copper wire as needed
(20 gauge or larger)

C -6. SETTING UP THE CONSTANT TEMPERATURE

BATH.

a .. Turn on oil bath heater and adjust regulating
temperature to approximately 20 C above am
bient room temperature.

b. Place the set of 28 resistors in the oil and
allow resistor ternperatures to stabilize for at
least 8 hours.

C-7. MATCHING THE 1 kn RESISTORS.

a. Construct the matching bridge shown in
Figure C -1, making all external connections
tothebridgewithinsulated, solidcopper wire,
20 gauge or larger. Select Rx to be a re
cently calibrated 1 kn resistor.

b. Apply 2 Vdcfrom the Model 740B to the bridge.

c. Adjust R3 for a null on the Null Voltmeter,
3 JlV range. Do not adjust Rx . If adjusting
R3 does not produce null, adjust Rl or R2
until null is achieved. The bridge is now
balanced.

ALWAYS DE -ENERGIZE THE MODEL
740B OUTPUT WHEN MAKING
CHANGES IN THE MATCHING BRIDGE
SETUP.

d. Replace Rx with one of the six remaining 1 kn
resistors. Do not disturb Rl, R2 or R3.

e. Adjust Rx for null on the Null Voltmeter.
3 Jl V range. This matches Rx to the selected
1 kn resistor formerly used ad Rx .

f. Repeat steps d and e for the remaining five
1 kn resistors. This matches the remaining
five resistors to the original Rx .

g. Rebuild the bridge using any three of the
matched 1 kn resistors for Rl, R2 and R3.
Donot adjustthe matched resistors. Use one
of the three remaining unmatched 1 kn re
sistors of Rx .

h. Adjust Rx for null on the null voltmeter, 3 fl. V
range.

i. Replace Rx with one of the two remaining un
matched 1 kn resistors.

j. Adjust Rx for null on the null voltmeter.

01794-1 C-l
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DC NULL
VOLTMETER

hp 419A
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J IJ
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IK IK
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l'4011-.~oeol

Figure C-l. 1 kO Matching Bridge

Model 740B

k. Repeat steps i and j for the remamrng un
matched 1 kU resistor. All of the 1 kO re
sistors are now matched to each other and to
the original reference resistor, !lx.

C-8. MATCHING THE 10 kO RESISTORS.

a. Rebuild the matching bridge as shown in
Figure C -2. ~ is a series string of the 10
matched 1 kO resistors.

b. Set null voltmeter to the 30 J.l V range and
check meter zero.

c. Apply 20 Vdc to the bridge from the Model
740B.

d. Adjust R3 for a null indication on the Null
Voltmeter, 30 J.lV range. Do not adjust any
of the 10 matched 1 kO resistors. If adjusting
R3 does not produce null, adjust R1 or R2 until
null is achieved.

ALWAYS DE-ENERGIZE THE 740B
OUTPUT WHEN MAKING CHANGES
IN THE MATCHING BRIDGE SETUP.

e. Replace Rx (10 - 1 kO resistors) with one of
the six remaining 10 kO resistors.

DC NULL
VOLTMETER

hp 419A

C-2

~II@

~~
J J

\ I //
DC STANDARD/DIFFERENTIAL OIL BATH V /

VOLTMETER
~ OUTPUT CABLE /Lhp740B f! hp 1I055B RI R3

10K 10K

@I II~I 0 ~.. . R2 :llK
@@@@@@@u~"~

10K
(IO-IK)

/\
J \

1401-1-080.

Figure C-2. 10 kO Matching Bridge
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Figure C -3. Assembling the Divider

r

f. Adjust Rx for a null indication on the Null
Voltmeter, 30 IlV range. This matches Rx
to the series string of 10 previously matched
1 kO resistors.

g. Repeat steps e and f for the five remaining
10 kO resistors. Thismatches the remaining
five resistors to the original R,r (series
string of 10 matched 1 kO resistors).

h. Rebuild the matching bridge using any three
of the matched 10 kO resistors for Rl, R2 and
R3. Do not adjust the matched resistors. Use
one of the three remaining unmatched 10 kO
resistors for R,r.

1. Adjust Rx for null on the Null Voltmeter, 30
IlV range.

j. Repeat steps h and i for the two remammg
unmatched 10 kO resistors. All of the 10 kO
resistors are now matched to each other and
to the series string of 10 matched 1 kO re
sistors.

3. Use a series string of 10 matched 1 kO re
sistors and 9 matched 10 kO resistors (total
100kO) for the initial R,r.

C-l1. ASSEMBLING AND USING THE DIVIDER.

a. Connect the matched resistors as shown in
Figure C-3.

b. The divider is now ready for use. Maintain
constant oil temperature whenever using the
divider.

C-12. CALIBRATING THE
-hp- MODEL 73SA TO 1 V 2 PPM

C-13. The following procedure can be used to cali
brate a Model 735A DC Transfer Standard to 1 V ± 2
ppm. Table C-2 lists the required test equipment.

a. Turn on the Transfer Standard and allow it
to warm up for at least 30 minutes.

C-9. MATCHING THE 100 kO RESISTORS.

C -10. The 100 kO resistors can be matched using the
10kO matching procedure with the following exceptions:

1. Use 200 Vdc to drive the matching bridge.

b. Construct the calibration setup shown in Fig
ure C-4. Make connections with insulated
solid copper wire, 20 gauge or larger. Omit
one connection to the standard cell.

c. Zero the Null Voltmeter on the 3 IlV range.
Return range to 300 IlV.

2. Set null voltmeter to the 300 IlV range to read
null.

d. Set Transfer Standard Function switch to 1. 018
+ t::.. for saturated or 1. 019 + t::.. for unsaturated

Table C-2. Required Test Equipment

ITEM REQUIRED RECOMMENDED
CHARACTERISTICS MODEL

Standard Cell NBS Calibrated Eppley Laboratory, Inc.
MIN type

6 Dial Kelvin-Varley Accuracy: 0.0001% full scale Julie Research Labora-
Divider Resistance: 100 kn tories Model VDRI06

DC Null Voltmeter Range: 3 IlV full scale -hp- Model 419A

Fixed Resistors 1000 n ±0.05% 1/4 W -hp- Part No. 0811-0936
low TC wirewound

8543.50 ±0.1% 1/4 W -hp- Part No. 0811-0125
low TC wirewound

Power Supply Output:. 8 to 10 V adjustable -hp- Model 740B
Resolution: 1 ppm of range
Noise: < 1 ppm of range
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Appendix C

DC TRANSFER

u<.; NULL
VOLTMETER

hp 4/9A

Model 740B

g. Construct the calibration setup shown in Fig
ure C-5.

h. Set the Kelvin-Varley divider for a 1:1 ratio.
Set the 740B Range to 10 V and adjust output
voltage for a null on the Null Voltmeter, 3 J-LV
range. Make final adjustment for null using
ZERO Control on the Model 740B. Model 740B
output will be approximately 9.63 V.

------NOTE-----

Self heating of R1 and R2 may cause
slight changes in the ratio of R1:R2.
Periodically readjust Model 740B out
put to maintain null. The resistors
should stabilize after 10 to 15 minutes.

Figure C -4. Transferring the Standard Cell Voltage

standard cell. Adjust MICROVOLTS control
so that the Function switch position plus MI
CROVOLTS setting is exactly equal to the
certified voltage of the standard cell. Lock
MICROVOLTS knob.

e. Connect remaining lead to the standard cell.

f. Adjust CAL control on the Transfer Standard
and reduce Null Voltmeter range until null is
obtained on the 3 J-LV range. This calibrates
the Transfer Standard to the standard cell
voltage.

DC STANDARD/DIFFERENTIAL
VOLTMETER
hp 7408

@@@@@@@o ..

Rl; 8~43.5n

R2:looon
- .
INPUT

i. Set the Kelvin-Varley divider for a ratio equal
to

1
transfer standard setting

j. Set the Transfer Standard to 1. 000 V position
and adjust the CAL control for a null on the
Null Voltmeter 3 J-LV range. The Transfer
Standard is now calibrated to 1 V ± 2 ppm re
ferenced to the standard cell used in steps a
through f.

DC NULL
VOLTMETER

hp 419A

() 0

@=

KELVIN -VARLEY
DIVIDER

C-4

Figure C-5. Calibrating the Transfer Standard to 1 V

01794-1
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APPENDIX
CODE LIST OF MANUFACTURERS (Sheet 1 of 2)

Appendix A

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code)
and H4-2 (Code to Name) and their latest supplements. The date of revision and the date of the supplements used appear at
the bottom of each page. Alphabetical codes have been arbitrarily assigned to suppliers not appearing in the H4 handbooks.

Cod. Cod. Cod. Cod.

No. Monufac:hlr.r AcIcI,... •.. MlIl"Il,Ifactl,H.r Aclchen •.. Manufoctur.r Addr.u ... MOflufactuNt' Addr...

00000 U.S.A. COllullon Any supplier 01 U.S. 01115 COIning Glass Works 24655 General Radio Co. West ConcOI'd. Mass. 73193 Hughes Products Division of
00136 McCoy ElectroniCS Yount Holly Sprines, Pa. Electronic Components Dept. Bradford, Pa. 16365 Glies Reproducer Corp. New Rochelle, N. Y. Hughes AilClall Co. Newport Beach, Calil.
00213 Sale Eleel/onies Corp. Rochester, N. Y. 01126 Dili!,," Co. Pasadena. Calif. 26462 Grobel File Co. 01 America, Inc. Carlstadt, N.J. 73445 AmpereK Electronic Co., Div. 01 HOlth
00334 HUlllldail Co. Colton, Calif. 01137 Transistor Electronics COlp. Minneapolis. Minn. 26992 Hallillon Watch Co. lancaster. Pa. American Phillips Co. Inc. Hicksville, N. V.
00335 Wesllex COlp. New York, N. V. 01138 Westinghouse Electllc COIP. 28480 Hewlett-Packald Co. Palo Alto, Calif. 73190 Beckman Hetipot Corp. So. Pasadena, Calif.

00313 Garlock Packlnl Co .• Elecllonic Tube Oiv. Elmira, N. V, 33173 G. E, Receivina Tube Dept. Owensboro. Ky. 13506 Bradley Selliconductor COfP. Hallden. Conn.
Elecllonlc Products Div. Camden, N.J. 07149 Filmohm Corp. New York, N. V. 35434 lectrohm Inc. Chicago, III. 13559 Carlini Electric, Inc_ Harlford, Conn.

00656 Aerovox Corp. New Bedford, Mass. 01233 Cinch·Graphik Co. City of Industry, Calif. 36196 Stanwyck Corp. Hawkesbury, Ontario, Canada /3681 Georae K. Garrett Co., Inc. Philadelphia, Pa.
00119 Amp. Inc. Harrisbufa, Pa. 07261 Avnet Corp, los Angeles. Calif. 31942 P.R. Mallory & Co., Inc. Indianapolis. Ind. 13134 federal Screw Prod. Co. Chieago, III.
00781 Aircraft Radio Corp. Boonton, N.J. 07263 Fairchild Semiconductor Corp. 39543 Mechanical Industries Prod. Co. Akron, Ohio 73713 fischer Special Mfg. Co. Cincinnati, Ohio
00815 Northern Enaineering Laboratories, Inc. Mountain View. Calif. 40920 Miniature Precision Bearings, Inc. Keene. N. H. 73793 The General Industries Co. Elyria, Ohio

Burlington, Wis. 07311 Minnesota Rubber Co. Minneapolis, Minn. 42190 Muter Co. Chicago, Ill. 13846 Goshen Stamping & Tool Co, Goshen, Ind.
00853 Sangamo Electric Company, 07381 The Birtcher Corp. los Angeles, Calif. 0990 C.A. NOlaren Co. Enalewood, Colo. 73899 JfD Electronics Corp. Blooklyn, N. Y.

Ordill DiVision (Capacitors) Marion, III. 07700 Technical Wire Products Springfield, N.L 44655 Ohmite MIa. Co. Skokie, Ill. 13905 Jenninas Radio Mfg. Co. San Jose, Calif:
00866 Goe EnglAeellna Co. Los Anaeles, Calif. 01910 Continental Device Corp. Hawthorne. Calif. 41904 Polaroid Corp. Cambridlte. Mass. 74276 Siana1itelnc. Neptune, N.J.
00891 Carl E. Holmes Corp. Los Angetes, Calif. 07933 Rheem Semiconductor Corp. Mountain View, Calif. 18610 Precision Thermometer and 7U55 LH. Winns, and Sons Winchester. Mass.
01111 Allen Bradley Co. Milwaukee, Wis. 01966 Shocktey Semi·Conductor Insl. Co. Philadelphia, Pa. 74861 Industrial Condenser Corp. Chicaao, III.
01255 lilian Industries, Inc. Beverly Hills, Calif. Laboralories Palo Alto. Calif. 19956 Raytheon Company lexington, Mass. 71868 R. F. Products Division 01 Alllphenol-
01181 TRW Semiconductors Inc. Lawndale, Calif. 07980 Boonton Radio Corp. Boonton. N.J. 51090 Rowan Controller Co. Baltimore, Md. Borg Electronics COfp. Danbury, Conn.
01195 Teus Inslfuments, Inc. 08115 U.S. Engineellna Co. Los Angeles. Calif. 63743 Ward Leonard Electric lilt. Vernon, N. V. 74970 E. F. Johnson Co. Waseca. Minn.

TranSistor Products Oiv. Dallas, Teus 08189 Bhnn, Delbert, Co. POlllona, Calif. 54294 Shallcross Mfa. Co. Selma. N.C. 15011 International Resistance Co. Philadelphia. Pa.
01349 The Alliance Mf,. Co. Alliance, Ohio 08358 Buraess Battery Co. 55016 Simpson Electric Co. Chicago. III. 75173 Jones. Howard B., Division
01561 Chassi-Trak Corp. Indianapolis, Ind. Niagara Falls. Ontafio, Canada. 55933 Sonolone Corp. ElliSfold, N. Y. of Cinch Mfg. Corp. Chicago, III.
01589 PaCIfic Relays, Inc. Van Nuys, Calif. 08711 Sloan Company Burbank. Calif. 55938 Sorenson & Co., Inc. So. Norwalk, Conn. 75378 Jallles Knilhts Co. Sandwich, III.
01930 Amerock Corp Rockford, III. 08118 Cannon Electric CO.,Phoenix Div. Phoenix, Ariz. 56131 Spauldinl fibre Co., Inc. Tonawanda. N. Y. 75381 Kulka Electric Corporation Mt. Vernon. N.Y.
01961 Pulse Engineerinl Co. Santa Clara, Ca1il. 08792 CBS Elechonics Semiconductor 56189 Sprague Electric Co. North Adams, Mass. 75818 Lenz Electric MIg. Co. Chieago. III.
02114 felfo.cube Corp. of America Saugerties. N. V. Operations.Div.of C. B. S.• lnc. lowell, Mass. 59446 Telex. Inc. St. Paul, Minn. 75915 Lillieluseinc. Des Plaines. 111.
01186 Cole Mia. Co. Palo Allo, Calif. 08984 Mel-Rain Indianapolis. Ind. 59730 Thomas & Bells Co. Elizabeth I, N. J. 76005 lord Mfg. Co. Erie, Pa.
01660 AllIphenol·Bore Electlonics Corp. Chicago, III. 09026 Babcock Relays, Inc. Costa Mesa. Calif. 60741 Tripplelt Eleclricallnc_ Blulllon, Ohio 16210 C, W. Marwedel San francisco, Cali!.
02735 Radio Corp. of Amelica, Semiconductor 09134 Texas Capacitor Co. Houslon, Texas 61715 Union Swilch and Sianal, Div. of 76133 Micamold Electronic MIl. Corp. Brooklyn, N. Y.

and Malerials Div. Somerville, N.J. 09115 Atohm Elecllonics Sun Valley, Calif. Westinghouse Air Brake Co. Swissvale. Pa. 16481 James Mi lien Mle. Co., Inc. Malden, Mass.
01771 Vocaline Co. 01 America, Inc. 09150 Electro Assemblies, Inc. Chicago. III. 62119 Uni'lersal Electric Co. Owosso. Mich. 16493 LW. Miller Co. los Angeles, Calif.

Old Sayblook, Conn. 09569 Mallory Ballery Co. or 63743 Ward· Leonard Electric CO. Mt. Vernon. N. Y. 16530 Monadnock Mills San Leandro, Calif.
OU71 Hopkins Engineering Co. San fernando, Cali!. Canada, ltd. Toronto. Ontario, Canada 64959 Western Electric Co .• Inc. New York. N. Y. 76545 Mueller Electric Co. Cleveland, Ohio.
03508 G. E. SemiconductOI Products Dept. Syracuse, N. V. 09664 The Bristol Co. Waterbury, Conn. 65091 Weston Insl. Div. of Dayshom, Inc. Newark, N. J. 768~4 Oak Manulacturing Co. Crystal lake, III.
03705 Apex Machine & Tool Co. Dayton, Ohio 10214 General Transistor Western COfP. 66295 WHtek Manufacluring Co. Chicaao 23, III. 770<;8 Bendix Pacilic Division of
03797 Eldema COlp. EI Monte, Calil. los Angeles. Calil. 66316 Wollensak Optical Co. Rochester, N. V. BendiX Corp. No. Hollywood, Calif.
03871 Transilfon Electronic COlp. Wakelield, Mass. 10411 Ti-Tal, Inc. Belkeley, Calit. 10216 Allen Mig. Co. Harllord, Conn. 77075 Pacific Metals Co. San francisco, Calif.
03888 Pyrollill Resistor Co. Morristown. N.J. 10646 Carborundum Co. Niagara falls. N.Y. 70309 Allied Control Co .. Inc. NewVork. N.V. 77111 Phaoslran Instrument ud
03954 Air Marine Motors. Inc. los Anleles, Calif. 11136 CTS 01 Berne, Inc. Berne. Ind. 70319 Allmetal SClew Plod. Co., Inc. ElectrOl'lic Co. South Pasadena, Calif.
04009 Anow, Hart and Heaeman Elect. Co_ 11231 ChicalO Telephone of Ca1ilOfnia, Inc. Garden City, N. V. 77150 Phoell "'fe. Co. Chicago, III.

Harllord, Conn. So. Pasadena, Calif. 70185 Allanllc India Rubber Works, Inc. Chicalo, III. 17252 Philadelphia Steel and 'ire COlp.
0~013 Taurus Corp. lambeltvllie. N. J. 11311 Nicrowave Electronics Corp. Palo Alto, Calif. 10563 Amperite Co., Inc. NewYOfk, N.V_ Philadelphia, Pa.
04062 Elmenco Products Co. New York, N. V. 11534 Duncan Electronic, Inc. Santa Ana, Calif. 70903 Belden Nfg. Co. Chiealo, III. 71342 Paller and BIlI.lield, Oiv. of A.erican
01111 HI-Q DIVISion 01 Aerovox Myrtle Beach, S. C. 11711 General lnstrutaent Corporation 70998 Bird Electronic Corp. Cleveland, Ohio Machine and Foundry Princeton, Ind.
04298 ElgIn National Watch Co .• Suiconductor Division Newark, N.J. 11002 Birnbach Radio Co. New York, N. V. 77630 Radio Condenser Co. Camden, N.J.

Eleclfonlcs Dlvl~lon Burbank, Calif. 11711 Impenal Electronic, Inc. Buena Park, Calif. 11041 Boston Gear Works Div. 01 77638 Radio Receptor Co., Inc. Brooklyn, N. V.
04354 PreciSion Paper Tube Co. Chicalo, 111. lI870 Melabs. Inc. Palo Alia. Calif. Murray Co. of Texas Quincy. Mass. 71164 Resistance Products Co. Hauisbura, Pa.
OU04 Dymec DIVision of Hewlett-Packard Co. 11136 Philadelphia Handle Co. Camden, N. J.

11218 Bud Radio Inc. Cleveland, Ohio 77969 RubbercraH Corp. of Calif. Torrance, Cali!.
Palo Alia, Calif. 12691 Clarosta! Mfg. Co. Dover, N.H. 71286 Cam lac fastener COlp. Paramus. N.J. 78189 Shake proal Division 01 Illinois

04651 Sylvania Electric Prods., Inc. 12859 NIppon Electllc Co .. ltd. Tokyo. Japan 11313 Allen D. Cardwelt Electronic Tool Works Ellin, III.
Eleclronic Tube Div. Mountain View, Calit. 12930 Delta Semiconductor Inc. Newport Beach, Calif. Prod. Corp. Plainville. Conn. 78183 Signal Indicator Corp. New York, N. V.

04713 Motorola, Inc., Semiconductor Prod. Div. 13103 Thermolloy Dallas, Texas
11400 Bussmann fuse Div. 01 McGraw· 78190 Struthels-Dunn Inc. Pitman, N.J.

Phoenix, Arizona 13396 Telelunken (G.M.B.H.) Hannover, Germany Edison Co. St. louis, Mo. 78151 Thompson-Blemer & Co. Chicago, Ill.
04132 Fillron Co., Inc., Westeln Div. Culver City, Calif. 13835 Midland MIg. Co. Kansas City, Kansas

71436 Chicago Condensel Corp. Chicago, III. 18471 Tilley MIg. Co. San francisco, Calif.
04173 Automallc EleclrlC Co. Northlake, III. 14099 Sem-Tech Newbury Park. Cali!.

71450 CTS Corp. Elkhart. Ind. 78488 Stackpole Calbon Co. St. Marys, Pa.
04J11 Automallc Electlic Sales Corp. Northlake. Ill. 14193 CallI. Resistor Corp. Santa Monica. Cali!.

71468 Cannon Electric Co. Los Angeles, Calil. 78493 Standard Thomson Corp. Waltham, Mass.
04196 Sequoia Wire & Cable Co. Redwood City, Cali!. 14298 American Components. Inc. Conshohocken, Pa.

11471 Cinema Enaineering Co. Burbank, Calif. 78553 Tinnerman Products, Inc. Cleveland. Ohio
04811 PreCISIon Call Sprlnl Co. EI Monte, CallI. 14655 Cornell Dubilier Elec. Corp. So. Plainfield, N. J.

11482 C.P. Clare & Co. Chlcalo, III. 78790 TranslOlmer Engineers Pasadena, Calif.
04870 P. M. Molar Company ChlealO U. 111. 14960 Williams Mfg. Co. San Jose. Calif.

71590 Cenhalab Div. 01 Globe Union Inc. 78947 Ucinite Co. Newtonville, Mass.
05006 Twenlleth Century PlastiCS, Inc. 15103 Webster Electronics Co. Inc. Brooklyn, N. V.

Milwaukee, lis. 79111 Veeder Root, Inc. Harllord, Conn.
los Anleles, Calif. t5291 Adlustable Bushlnl CO. N. Hollywood, Calif.

11616 CommerCIal Plastics Co. Chicago. Ill. 19251 Wen co Mfg. Co. Chieago, III.
05211 Wesllnghouse Electric COlp•• 15772 Twenlleth Century

11100 The Cornish Wire Co. New York, N. Y. 79717 Continental-lirt Electronics Corp.
Semi-Conductor Dept. YOUnlwood, Pa. Call Spung Co. Santa Clara, Cali!.

711U Chlcalo MinIature Lamp WOfks Chicago, 111. Philadelphia. Pa.
05341 Ultronlx, Inc. San Nateo, CallI. 15909 The Daven Co. livingston, N.J.

71153 A.O. Silith Corp., Cfowley 01'1. 19963 Zierick Mfg. Corp. New Rochelle. N_ V.
05593 lIIumllfonlC Enalneellng Co. Sunnyvale, Calif. 16037 Spruce Pine Mica Co. Spruce Pine, N. C.

West Oranle. N.J. 80031 Mepco Division of Sessions
05616 Casillo Plasllc 16351 Computer Diode Corp. lodi, N. J.

11785 Cinch Mle. Corp. Chicalo, 111. Clock Co. Morrislown, N.J.
(C a ElectllCilI Spec. Co.) Cleveland. Ohio 16688 De Jur·Amsco Corporation

11984 Dow Corninl Corp. Midland, Mich. 80110 Schnitzer Alloy Products Elizabeth, N.J.
05624 Barber Colman Co. Rockfold, III. long Island City I, N. V.

71091 Eilel·McCuliough, Inc. San Bruno. Calif. 80130 Tillles facsimile COlp. New York, N. V.
05128 Tllfen Op!lcal Co. 16758 Delco Radio Div. 01 G.M. Corp. Kokomo, Ind.

71136 Electro Motive Mfg. Co .. Inc. 80131 Electronic Industries Association. Any brand
Roslyn Helahls, long Island. N. Y. 17109 Thermonellcs Inc. Canoga Park, Calif.

05729 Metropolitan Telecommunicatlons Corp .. 11474 Tranex Company Mountain View, Calif. Willimantic. Conn. tube meeting EIA slandards Washington, D.C_

71707 Coto Coil Co., Inc. PrOVidence, R.t. 80107 Unimax Switch, Div. of
Melro Cap. DIVISion Brooklyn, N. V. 18486 Radio Indusllles Des Plaines. III.

0~183 Stewart Englneellng Co. Sanla Cruz, Calif. 18583 CurtIS Instrumenl Inc. yt. Kisco, N. Y. 12354 John E. fast & Co. Chicago, 111. W. L. MalSon Corp. Wallingford, Conn.

71619 Dialight Corp. Brooklyn, N. Y. 80113 United Translormer Corp. New York, N. V.
05820 Wakefield Engineering Inc. Wakefield. Mass. 18873 E.1. DuPont and Co., Inc. Wilmington. Del.

72656 General Ceramics Corp. Keasbey, N.J. 80118 Oxford Eleclfic Corp. Chicago, III.
06004 The BasSICk Co. Blldgeport. Conn. 19315 Eclipse Pioneer, Div. 01

12699 Generallnslrument Corp .. 80294 Bourns LaboratOfies, Inc. RivelSide, Calif.
06 t1~ Bausch and Lomb Optical Co. Rochestel, N. Y. Bendix Aviation Corp. Teterboro. N. J.

Semlconduclor 01'1. Newark, N.J. 80111 Acro Div. 01 Robertshaw
06402 E. T. A. Producls Co. of Amenca Chicaeo, Ill. 19500 Thomas A. Edison Industries,

71758 Girald·Hopkins Oakland, Calif. fulton Controls Co. Columbus 16, Ohio
I:'4JS Western DeVIces. Inc. Inglewood, Calif. 01'1. of McGraw-Edison Co. Wesl Orange. N.J.

12765 Drake Mfg. Co. Chicago, III. 80186 All Star Products Inc. Oeliance. Ohio
1:'540 Amatom Electronic 19101 Electra Manufacluring Co. Kansas City. No. 80509 Avery Adhesive label Corp. Monrovia, Calif.

Hardwale Co. Inc. New Rochelle, N. Y. 20183 ElechonlC Tube Corp. Philadelphia. Pa. 12825 Huah H. Eby Inc. Philadelphia. Pa.
72928 Gudeman Co. Chicago, III. 80583 Hammerlund Co., Inc. New York. N. V.

065~5 BEede Electllcallnslrument Co•. Inc. 21226 Execullve. Inc. New York. N. V.
Los Angeles, Calil. 80610 Stevens, Arnold, Co•• Inc. Boston. Mass.

Penacook. N. H. 11510 Fansleel Metalluralcal Corp. No. Chicago. III. 12964 Robell M. Hadley Co.
81030 InternationallnSlrulients, Inc.

{);151 U. S. Sucor DIVISion 01 Nuclear Corp. 11335 The falnlr BearlOg Co. New Britain. Conn. 72982 Elle Resistor Corp. EIIe, Pa.
73061 Hansen Mfl. Co•. Inc. Princeton, Ind. New Haven. Conn.

01 Amellca PhoeniX, Allzona 21%4 Fed. Telephone and RadiO CO/Po Clillon. N. J.
73016 H.W.. Harper Co. Chicalo, Ill. 81073 Grayhill Co. laGlanie, III.

06812 10mnllon Mia. Co., lesl Dlv. Van Nuys. Calif. 24446 General EleclrlC Co. Schenectady, N. V.
73138 Hellpot 01'1. of Beckman 81095 Triad Translorller Corp. Venice, Calif.

07088 KelVin Elect/lc Co. Van Nuys. CallI. 2U55 G. E., lamp DIVISion Nela Palk. Cleveland, OhiO 81311 Winchester Eleclronics Co .. Inc. Norwalk, Conn.Instruments. Inc. fullerton. CallI.
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APPENDIX
CODE LIST OF MANUFACTURERS (Sheet 2 of 2)

Model 740B

c..I. c..I. c..Io Co'"
H•. .... nufactur.r 4ddreu Ho. .....factur.' ...lUre., Ho. ....ftUfoctuNf .tW,... H•. ~f.c... ,., .........
81319 Military Specification 85474 R.III. Bracaaonte & Co. Sin Francisco, Calif. 91'J19 G. V. Controls livingston, N. J. 98110 Frantis l. Mos ley Pasadena. Calif.
81m WilkOf Products, Inc. Cleveland. Ohio 85660 Koiled KOl'ds, Inc. Hew H,ven, Conn. 93983 Insurine-Van Nor.an Ind.• Inc. 98178 Microdot, Inc. So. Pasadena, Calif.
81453 Raytheon IIlli. Co .• Industrial Components 85911 SUNleSS Rubber Co. Chicaao, III. Elecbonic Division Manchesler. N.H. 98191 Sealectro Corp. M3IlI.roneck. H. Y.

Diy., Industr. Tube Operations Newlon, Mass. 86197 Clilton Precision Products CUllon Heights, P,. 94137 Genera I Cable Corp. Bayonne, N.J. 98405 C,uad Corp. Redwood City, Calif.
81483 International Rectifier COlp. El Selundo, Calif. 86579 Precision Rubber Products Corp. Dayton, O~io 94144 Raytheon Mil. Co., Industrial Components 98731 Genml Mitts Minneapolis, Minn.
81541 The Airpu Products Co. Cambridge, Mass. 86684 Radio Corp. of Amelica, RCA Div:, Receivinl Tube Operation Quincy, Mass. 98811 North Hills Electric Co. Mineola, N. Y.
81860 Barry Controls, Inc. Watertown, Mass. Electron Tube Div. Harrison, N.J. 94145 Raytheon Mfl. Co., Semiconductor Div., 98915 Clevile Transistor Prod.
81041 Carter Palts Co. Skokie, III. 87116 Philco Corpolltion (Lansdale California Street Plant Newton, Mass. Div. 01 Clevite Corp. Wa It~am, Mus.
81141 Jellers Electronics Division of Division) Lansdale. Pa. 94148 Scientific Radio Products, Inc. 98978 International Elecllonic

Speer Calbon Co. Ou Bois, Pa. 87473 'esteIA Fibrous Glass Products Co. Loveland, Colo. Researc~ COIp. Burbank, Calif.
81170 Allen B. DuMont Labs. Inc. Clifton, N.J. San Francisco, Calif. 94154 Tunl-Sol Electric, Inc. Newark, H.1. 99109 Colu_bia Technical Corp. Hew YOlk, N.Y.
81109 Maluire Industries, Inc. Greenwic~, Conn, 81664 Van 'aters & ROlers Inc. Seatlle. 'ash. 94191 Curtiss·lrilht Corp., 99313 Vllian Associates Palo Alto, Calil.
81119 Sylvania Electric Prod. Inc. 87930 Tower Mfl. Corp Providence, R. I. Elechonics Oiv. Eut Patelson. N.J. 99515 Mars~allll'ldustries, Electron

Electronic Tube Div. E.POliulI, Pa. 88140 Cutler"'a••er, Inc. Uncoln. III. 94222 Southco Div. 01 S. Ches!l~r Corp. Lester, Pa. Products Division Pasadena. Calif.
81376 Astron Co. East Newark, N.J. 88110 Gould-National Batteries, Inc. St. Paul. lIIinn. 9U10 Tru Ohll Prod. Diy. 01 Model 99101 Control Switch Division, Controls Co.
81389 Swilchcllft, Inc. Chicalo, Ill. 88698 Genellllllills, Inc. Buffalo. N. Y. Enlineerin, and Mil. Co. Chicalo, III. of Allerica EI Selundo, calif.
81641 Metals and Controls, Inc., Div. of 89131 Graybill Electric Co. Oakland, Calif. 94330 lire Cloth Products Inc. Chica,o, III. 99800 Delevan Electronics Corp. Easl AurOla, N. Y.

Texas Instruments, Inc .. 89461 laldes Kohinoor, Inc. Cambridge, Mass. 94682 10ICester P,essed Aluminum Corp. 99848 Wilco Corpol3tion Indianapolis, Ind.
Spencer Prods. AtllebOlo, Mus. 89413 Genel3l Electric Distribulinl Corp. Worcester, Mass. 99934 Renbl3ndt, Inc. Boslon, Mass.

81866 Resealch Products CorP. Madison, Wis. Schenectady. N. Y. 95013 Philbrick Researchers, Inc. Boston, Mus. 99941 Hollman SemiconductOl Div. 01
81877 Rohon Manulacturinl Co., Inc. Woodstock, N. Y. 89636 Calter Parts Div. of Economy Baler Co. 95136 Allies Products Corp. Miami, Fla. HoHman Elechonics Corp. Evanston, III.
8189l Vector Electlonic Co. Glendale, Calif. Chicalo, III. 95138 Continental Connector COfP. Woodside, N.Y. 99957 Tec~nololY Instrument Corp
83053 Western 'asher Mfr. Co. Los Anleles, Calif. 89665 United Transformer Co. Chialo, Ill. 95163 Leecraft Mfl. Co., Inc. New York, N. Y. 01 Calil. Newbury Park, Calif.
83058 Carr Fastener Co. Callbridle. Mass. 90179 U. S. Rubber Co., Mechanical 95164 LelCo Electronics, Inc. Burbank, Calif.
83086 Hew Hallps~ire Ball Bealinl, Inc. Goods Div. Passaic. N.J. 95165 National Coil Co. Sheridan, 'yo. THE FOLLOWING H·P VENDORS HAVE NO NUM·

Pelerboroulh, N.H. 90970 Bearinl Enlinurinl Co. San Francisco, Calif. 95175 Vitrallon, Inc. Bridleport, Conn. BER ASSIGNED IN THE LATEST SUPPLEMENT TO
83115 Pyrallid Electric Co. Dallinlton, S.C. 911$0 Connor Sprinlillfi. Co. San Francisco, Calif. 95348 Gordas Corp. BloOilfield, N.J. THE FEDERAL SUPPLY CODE FOR MANUFAc.
83148 Elecho Cerds Co. los Anleles, Calif. 91345 Miller Dial & Nalleplate Co. Ellllonte, Calif. 95354 Met~ode IIIfl. Co. Chicalo, III, TURERS HANDBOOK.
83186 Victory Enlineerinl Corp. Sprinlfield, N.J. 91418 Radio Materials Co. Chicalo, III. 95711 Dale Eleclric Co., Inc. Franklin, Ind.
83298 Bendix Corp., Red Bank Div. Red Bank, N.J. 91506 Au,at Brothers', Inc. Altleboro, lIIass. 95987 'eckesser Co. Chicalo, Ill. JOooO Winchester Electronics, Inc.
83315 Hubbell Corp. Mundelein, III. 91637 Dale Electronics, Inc. Columbus, Nebr. 96061 HuUins Laboratories Sunnyvale, Calif. Santa Monica, Calif.
83330 SlIilh, Herlllan H., Inc. Brooklyn, N.Y. 91661 Elco Corp, Philadelphia, Pa. 96095 Hi-Q Division of Aerovox Olean, N. Y. ooOOF Malco Tool and Die Los Anltles, Calif.
83385 Central Screw Co. Chicalo, III. 91737 Gremar Mfl. Co., Inc. Wakefield, Mass. 96156 Thordarson ....einner Div. of OOOlJl Weslern Coil Div. of Automatic
83501 Gavitt Wire and Cable Co., 91817 K F Development Co. Redwood City, Calif. Maluire Industries, Inc. lilt. Carlile I, III. lnd" Inc. Redwood City, Calif.

Div. of AllIerace Corp. Brookfield, Mus, 91919 Minneapolis·Honeywell Reiulator Co" 96196 Solar lIlanufaclurinl Co. Los Anleles, Catif, OOOOP Ty·Car Mfa. Co., Inc, Holliston, Mus,
83594 Bunoulhs Corp., Microswitch Div. Freeport, III. 96330 Carlton Screw Co. Chicalo, III. ooOOI Willow Leather Products Corp. Newark, N.J.

Electronic Tube Div. Plainfield, H.J. 91961 Nahll·Bros. Sprinl Co. Oakland, Calif, 96341 lIIicrowave Associates. Inc. Burlinlton, Mass, OOMA Britis~ Radio Electronics Ltd, luhinlton, D. C.
83740 Eveready Battery New York, N. Y, 91180 Tru-Conneclor Corp. Peabody. Mus. 96501 Elcel Transformer Co. Oakland, Calif, ooDAB ETA Enlland
83777 Model Enl, and Mfl., Inc. Hunlinlton, Ind. 91196 Univer5l1llletal Prod., Inc. Bassell Puente, Calif. 97464 Industrial Retaininl Rinl Co. Irvinlton, N.J. OOMC Indiana Generll Corp., Elect. Div. Indiana
83811 loyd Scrulis Co. Festus, Mo. 91367 Elaeet Optical Co., Inc. Rochester, N. Y. 97539 Autofutic and Precision IIIfl. Co. OOOBB Precision Inslruftlent Co.ponents Co.
84111 Arco Electronis, Inc. New York. N. Y. 91607 Tinsolite Insulated 'ire Co. Tarrytown. N. Y. Yonkers, N. Y. Van Nuys, Calif.
84396 A.J. Glesener Co., Inc. San Francisco, Calif. 93331 Sylvania Eleclric Prod. Inc., 97966 CBS Electronics, OO(llM Rubber Enl. & Developllent Hayward, Calif.
84411 Good All Elecl,ic Mfl. Co. Olallall, Neb. Selliconductor Div. 'oburn, Mus. Diy. of C.B.S., Inc. Danvers, lIIus. GOONH A "H" 0 Manufatlurinl Co. san Jose 21. Calif.
84970 Sarkes Tarlian, Inc. Bloollinllon. Ind. 93369 Robbins and Myers, Inc. Hew York, N. Y. 97979 Reon Resistor CorP. Yonkers, N. Y. OOOQQ Cooltron Oakland, Calif.
85m Boonton Moldinl COfllpany Boonton, N. 1. 93410 Slevens M'I. Co., Inc. Mansfield, Ohio 98141 Aut Brothers Inc. Jalllaica, N. Y. OOO5S Control of Ellin 'atch Co. Burbank. Calif,
85411 A.B. Boyd Co. San Francisco, Calif. 93788 Howard J. Smit~ Inc. Port Monmouth, H. J. 98159 Rubber Teck, Inc. Gardena, Calif. OOOWW California Eutern Lab. Burlingame, Calif.

(Q)YY S. K. Smith Co. Los Anaeles 45, talif.

00015-39
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Model 740B Appendix B

ELECTRONIC INSTRUMENTATION SALES AND SERVICE
UNITED STATES, CANADA, CENTRAL AND SOUTH AMERICA

UNITED STATES

r

ALABAMA
P.O. Box 4207
2003 Byrd Spring Road S.W.
Huntsville 35802
TWX, 510-579-2204
Tel, (205) g81-4591

ARIZONA
3009 North Scottsdale Road
Scottsdale 85251
Tel, (602) 945-7601
TWX, 910-950-1282

232 South Tucson Boulevard
Tucson 85716
Tel, (602) 623-2564
TWX, 910-952-1162

CALIFORNIA
3939 lankershim Boulevard
North Hollywood 91604
Tel, (213) 877-1282
TWX, 910-499-2170

1101 ~barcadero Road
Palo Alto 94303
Tel, (4151 327·6500
TWX, 910·373-1280

2591 Carlsbad Avenue
Sacramento 95821
Tel, (916) 482·1463
TWX, 910·367·2092

1055 Shafter Street
san Diego 92106
Tel, (714) 223-8103
TWX, 910-335-2000

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

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

111 East Avenue
Norwalk 06851
Tel, (203) 853-1251
TWX, 710-468-3750

DELAWARE
3941 Kennett Pike
Wilmington 19807
Tel, (302) 655-6161
TWX, 510-666-2214

CANADA
BRITISH COLUMBIA
Hewlett-Packard (Canada) ltd.
2184 West Broadway
Vancouver
Tel, (604) 738-7520
TWX, 610-922·5050

FLORIDA
Suite 106
9999 N.E. 2nd Avenue
Miami Shores 33138
Tel, (305) 758-3626
TWX, 810-848-7262

P.O. Box 20007
Herndon Station 32814
621 Commonwealth Avenue
Orlando
Tel, (305) 841-3970
TWX, 810-850-0113

P.O. Box 8128
Madeira Beach 33708
410 150th Avenue
St. Petersburg
Tel, (813) 391-0211
TWX, 810-863-0366

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

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

INDIANA
4002 Meadows Drive
Indianapolis 46205
Tel, (317) 546-4891
TWX, 810-341-3263

LOUISIANA
P.O. Box 856
1942 Williams Boulevard
Kenner 70062
Tel, (504) 721-6201
TWX, 810-955-5524

MARYLAND
6707 Whitestone Road
Baltimore 21207
Tel, (301) 944-5400
TWX, 710-862-0850

P.O. Box 727
Twinbrook Station 20851
12303 Twinbrook Parkway
Rockville
Tel, (301) 427-7560
TWX, 710·828-9684

ONTARIO
Hewlett-Packard (Canada) ltd.
880 lady Ellen Place
Ollawa 3
Tel, (613) 722-4223
TWX, 610-562-1952

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

MICHIGAN
24315 Northwestern Highway
Southfield 48076
Tel, (313) 353-9100
TWX, 810-232-1532

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

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

2812 South Brentwood Blvd.
St. louis 63144
Tel, (314) 644-0220
TWX, 910-760-1670

NEW JERSEY
Crystal Brook Prof. Bldg.
Route 35
Eatontown
Tel, (201) 747·1060

391 Grand Avenue
Englewood 07631
Tel, (201) 567-3933
TWX, 710-991-9707

NEW MEXICO
P.O. Box 8366
Station C 87108
6501 lomas Boulevard N_E_
Albuquerque
Tel, (505) 255-5586
TWX, 910-989-1665

156 Wyatt Drive
Las Cruces 88001
Tel, (505) 526-2486
TWX, 910·983-0550

Hewlett-Packard (Canada) ltd.
1415 lawrence Avenue West
Toronto
Tel, (416) 249-9196
TWX, 610-492·2382

NEW YORK
1219 Campville Road
Endicott 13760
Tel, (607) 754-0050
TWX, 510-252-0890

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

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

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

1025 Northern Boulevard
Roslyn, long Island 11576
Tel, (516) 869-8400
TWX, 510-223-0811

5858 East Molloy Road
Syracuse 13211
Tel, (315) 454-2486
TWX, 710-541-0482

NORTH CAROLINA
P.O. Box 5187
1923 North Main Street
High Point 27262
Tel, (919) 882-6873
TWX, 510-926-1516

OHIO
5579 Pearl Road
Cleveland 44129
Tel, (216) 884-9209
TWX, 810-421-8500

1250 West Dorothy lane
Dayton 45409
Tel, (513) 298-0351
TWX, 810-459-1925

OREGON
2737 S.W. Corbell Avenue
Portland 97201
Tel, (503) 228-5107

PENNSYLVANIA
Park Place Office Building
Camp Hill
Tel, (717) 737-6791

QUEBEC
Hewlett-Packard (Canada) ltd.
275 Hymus Boulevard
Pointe Claire
Tel, (514) 697-4232
TWX, 610-422-3022
Telex, 01·2819

Monroe Complex
Moss Side Bou levard
Monroeville 15146
Tel, (412) 271-0724
TWX, 710-797-3650

144 Elizabeth Street
West Conshohocken 19428
Tel, (215) 248-1600, 828-6200
TWX, 510-660-8715

TEXAS
P.O. Box 7166
3605 Inwood Road
Dallas 75209
Tel, (214) 357-1881
TWX, 910-861-4081

P.O. Box 22813
4242 Richmond Avenue
Houston 77027
Tel, (713) 667-2407
TWX, 910-881-2645

GOVERNMENT CONTRACT OFFICE
225 Billy Mitchell Road
San Antonio 78226
Tel, (512) 434-4171
TWX, 910-871-1170

UTAH
2890 South Main Street
Salt lake City 84115
Tel, (801) 486-8166
TWX, 910-925-5681

VIRGINIA
P.O. Box 6514
2111 Spencer Road
Richmond 23230
Tel, (703) 282-5451
TWX, 710-956-0157

WASHINGTON
11656 N.E. Eighth Street
Bellevue 98004
Tel, (206) 454-3971
TWX, 910-443-2303

FOR AREAS NOT
LISTED, CONTACT:
Hewlett-Packard
1501 Page Mill Road
Palo Alto, California 94304
Tel, (415) 326-7000
TWX, 910-373-1267
Telex, 34-8461

FOR AREAS NOT
LISTED, CONTACT:
Hewlett-Packard Inter-Americas
1501 Page Mill Road
Palo Alto, California 94304
Tel, (415) 326-7000
TWX, 910·373-1267
Telex, 034·8461
Cable, HEWPACK Palo Alto

CENTRAL AND SOUTH AMERICA

,.

ARGENTINA
Mauricio A. Sujrez
Telecomunicaciones
Carlos Calvo 224
Buenos Aires
Tel, 30-6312, 34-9087

BRAZIL
Ciental, lmportacao e

Com~rcio ltda.
Rua Cleto Campelo, 44 • 5° andar
Recife

Ciental, Importacao e
Com~rcio ltda_

Avenida 13 de Maio, 13-22° andar
Rio de lanelro, G.B.

Ciental, lmportacao e
Com~rcio ltda.

Rua Des. Eliseu Guilherme, 62
Sao Paulo 8
Tel, 70-2318

CHILE
H~ctor Calcagni
Casi lIa 13942
Santiago
Tel, 490.505, 393.119

COSTA RICA
lie. Alfredo Gallegos Gurdi~n

Apartado 3243
San lod
Tel, 21-86'13

EL SALVADOR
Electr6nica
Apartado Postal 1589
San Salvador
Tel, 4683

GUATEMALA
Olander Associates latin America
Apartado -1226
7a. Calle, 0-22, Zona 1
Guatemala City
Tel, 22812

MEXICO
Hewlett-Packard Mexicana,

SA de C.V.
Eugenia 408, Dept. 1
Mexico t2, D.F.

NICARAGUA
Roberto Ter~n G.
Edilicio Ter~n

Apartado Postal 689
Managua
Tel, 3451, 3452

PANAMA
Electr6nico Balboa, S.A.
P.O. Box 4929
Panama City
Tel, 3-0833

PERU
Fernando Ezeta B.
Av. Petit Thouars 4719
Casilla 3061
lima
Tel, 50346

PUERTO RICO
San Juan Electronics, Inc.
Ponce de le6n No. ISO, Stop 3
Pta. de Tierra Sta.
San luan
Tel, (809) 725-3342

VENEZUELA
Citec, C.A.
Edif_ Arisan-Of. #4
Avda. Francisco de Miranda
Apartado del Este 10934 Chacaito
Caracas
Tel, 71.88.05

FOR AREAS NOT
LISTED, CONTACT:
Hewlett-Packard Inter·Americas
1501 Page Mill Road
Palo Alto, California 94304
Tel, (415) 326-7000
TWX, 910-373-1267
Telex, 034·8461
Cable, HEWPACK Palo Alto
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Appendix B

EUROPE

Mode1740B

ELECTRONIC INSTRUMENTATION SALES AND SERVICE
EUROPE, AFRICA, ASIA, AUSTRALIA

AUSTRIA
Unilabor HmbH
Wissenschaftliche lnstrumente
Rummelhardtgasse 6/3
P.O. Box 33
Vienna IX/71
Tel, 426 181

BELGIUM
~ewlelt·Packard Benelux S.A.
20-24 rue de I'Hopital
Brussels
Tel, 11 22 20

DENMARK
Tage Oisen A/S
R.nnegade 1
Cophenhalen •
Tel, 29 48 00

FINLAND
INTO O/Y
Meritullinkatu 11
P.O. Box 10153
Helsinki 10
Tel, 61 133

FRANCE
Hewlett-Packard France
2 rue Tete d'Or
lyon, 6 - Rhone
Tel, 52 35 66

Hewlett-Packard France
150 Boulevard Massena
Paris 13e
Tel, 707 97 19

GERMANY
Hewlett-Packard Vertriebs-GmbH
lietzenburger Strasse 30
1 Berlin W 30
Tel, 24 B6 36

Hewlelt-Packard Vertriebs-GmbH
Herrenberger Strasse 110
703 Boblingen, Wuurltemberg
Tel, 6971

Hewlett-Packard Vertriebs-GmbH
Achenbachstrasse 15
4 Dusseldorl 1
Tel, 68 52 58

Hewlett-Packard Vertriebs-GmbH
Kurhessenstrasse 95
6 Franklurt 50
Tel, 52 00 36

Hewlett-Packard Vertriebs-GmbH
Beim Strohhause 26
2 Hamburg 1
Tel, 240552

Hewlelt-Packard Vertriebs-GmbH
Reginlriedstrasse 13
8 Munich 9
Tel, 4951 21

GREECE
Kostas Karayannis
18, Ermou Street
Athens 126
Tel, 230 301

IRELAND
Hewlelt·Packard ltd.
224 Bath Road
Slough, Bucks, England
Tel, Slough 28406-9, 29486-9

ITALY
Hewlelt-Packard Italiana S.p.A.
Via Ie lunigiana 46
Milan
Tel, 69 15 84

Hewlelt-Packard Italiana S.p.A.
Palazzo Italia
Piazza Marconi 25
Rome· Eur
Tel, 591 2544

NETHERLANDS
Hewlett·Packard Benelux, N.V.
de Boelelaan 1043
Amsterdam, l.2
Tel, 42 77 77

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

PORTUGAL
Telectra
Rua Rodrigo da Fonseca 103
P.O. Box 2531
lisbon 1
Tel, 68 60 72

SPAIN
Ataio Ingerieros
Urgel, 259
Barceloh3, 11
Tel, 230-69-88

Ataio Ingenieros
Enrique larreta 12
Madrid, 16
Tel, 2354344

SWEDEN
HP Instrument AB
Hagakersgatan 7
Molndal
Tel, 031 - 27 68 00

HP Instrument AB
Centralvagen 28
Solna
Tel, 08 - 83 08 30

SWITZERLAND
HEWPAK AG
Zuricherstrasse 20
8952 Schlieren
Zurich
Tel, (051) 98 18 21

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

UNITED KINGDOM
Hewlelt-Packard ltd.
224 Bath Road
Slough, Bucks
Tel, Slough 28406-9, 29486-9

YUGOSLAVIA
Belram S.A.
83 avenue des Mimosas
Brussels 15, Belgium
Tel, 35 29 58

FOR AREAS NOT
LISTED, CONTACT:
Hewlett-Packard S.A.
54 Route des Acacias
Geneva, Switzerland
Tel, (022) 42 81 50
Telex, 2.24.86
Cable, HEWPACKSA Geneva

AFRICA, ASIA, AUSTRALIA
AUSTRALIA
Sample Electronics (Vic) Pty., ltd.
22-26 Weir Street
Glen Iris S.L 6
Melbourne, Victoria
Tel, 20-1371 (4 lines)

Sample Electronics
(N.S.W.) Pty. ltd.

4 Grose Street
Glebe, New South Wales
Tel, 69-6338

ETHIOPIA
African Salespower & Agency
Private ltd., Co.
P. O. Box 718
Addis Ababa
Tel, 44090

INDIA
The Scientific Instrument Co., ld
6, Tej Bahadur Sapru Road
Allahabad 1
Tel, 2451

The Scientilic Instrument Co., ld
240, Dr. Dadabhai Naoroji Road
Bombay 1
Tel, 26-2642

The Scientilic Instr. Co., ld.
11, Esplanade East
Calcutta 1
Tel, 23-4129

The Scientific Instrument Co., ld.
30, Mount Road
Madras 2
Tel, 86339

The Scientilic Instrument Co., ld.
B-7, Ajmeri Gate Extn.
New Delhi 1
Tel, 27-1053

IRAN
Telecom, ltd.
P. O. Box 1812
Teheran
Tel, 43850, 48111

ISRAEL
Electronics & Engineering
Division 01 Motorola Israel ltd.
16, Kremenetski Street
Tel-Aviv
Tel, 35021/2/3

JAPAN
Yokogawa-Hewlelt-Packard ltd.
Shinhankyu Building
No.8, Umeda
Kita-ku, Osaka City
Tel, 313-0091

Yokogawa·Hewlelt-Packard ltd.
Ito Building
No. 59, Kotori-cho
Nakamura-ku, Nagoya City
Tel, 551-0215

Yokgawa-Hewlelt·Packard ltd.
Ohashi Building
No. 59, l-chome, Yoyogi
Shibuya-ku, Tokyo
Tel, 370-2281

KENYA
R. J. Tilbury ltd.
P. O. Box '2754
Suite 517/518
Hotel Ambassadeur
Nairobi
Tel, 25670, 26803, 68206

KOREA
American Trading Co., Korea, Ltd.
Seoul P. O. 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

NEW ZEALAND
Sample Electronics (N.l.) ltd.
8 Matipo Street
Onehunga S.L 5
Auckland
Tel, 667-356

PAKISTAN (EAST)
Mushko & Company, ltd.
lirat Chambers
31, Jinnah Avenue
Dacca
Tel, 80058

PAKISTAN (WEST)
Mushko & Company, ltd.
Oosman Chambers
Victoria Road
Karachi 3
Tel, 51027, 52927

SOUTH AFRICA
F. H. Flanter & Co. (Pty.), ltd.
Rosella House
BUitencingle Street
Cape Town
Tel, 3-3817

F. H. Flanter & Co. (Pty.), ltd.
104 Pharmacy House
80 Jorissen Street
Braamlonlein, Johannesburg
Tel, 724-4172

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

THAILAND
The International

Engineering Co., ltd.
P. O. Box 39
614 Sukhumvit Road
Bangkok
Tel, 913460-1-2

FOR AREAS NOT
LISTED, CONTACT:
Hewlett-Packard Export Markeling
1501 Page Mill Road
Palo Alto, Calilornia 94304
Tel, (415) 326-7000
Telex, 034-8461
Cable, HEWPACK Palo Alto
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