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DC TRANSFERSTANDARD

Paee 2-2. Figure 2-1

Switch designated *ll5l250v switch" strould be "115/230V switch".

Page 5-10

Rl5 should be Res, met flm, 3t.6KLlVo,%w, STOCK NO. 2911''+6.

Rl6 should be Res, met flm,8.06Kr1%, },w, STOCK NO.291153.

Schematic No. I
Add switch to schematic as shown belowl
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Change the designation of R15 to Rl6.
Change the designation of R15 to Rl5.

P_age 4-3. Figure 4-2

Reverse connections to Standard Cell so tltat "+" terminal of Standard Cell connects to "+" terminal of 730A.

Paee 4-4. Paraeraph 4-22(b)

Change to read:

"b. Connect the negative output terminal of the 341A to the guard terminal of the 7304 and the positive

output terminal of the 341A to case (ground) of the 730A."

Pase 4-6,Table 4-2

STEP 6: Change 1.0199999 to 1.tQ199990.

STEP 7: Change Rl to R5.

Paee 5-12

Add the following parts information to table:

FLUKE STOCK NO. MFR.PART NO.

DF3IWTC
292771

MFR.

58474
89s36

291823
2927'tr

Page 5-1 1. Figure 54

Change reference designation "R24" to "R21"
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Sect ion 'l

lntroduction & Specifications

1.1. INTRODUGTION

l-2. The Model 730A DC Transfer Standard is a ver-

satile instrument providing a variety of precision voltages

with standard cell accuracy. The instrument incorporates

four identical, lsolated reference zupplies. They each may

be operated individually to provide basic outputs of 10

volts, I volt, 1.018 volts + AE, 1.019 volts + AE, and

AE (0 to 999 uv). The four supplies can also be con-

nected in series or parallel via front pAnel controls to pro-

vide numerous voltage combinations.

1-3. The AE control is a precision l0 turn linear po-

tentiometer which has a 3-digit direct reading dial. Reso-

lution of the control is 1 microvolt, thus allowing 1 micro-

volt steps (to 999 uv) to be added to the 1.018 and 1.019

volt outputs. The AE output may be selected indepen-

dently as well.

14. The prirnary reference-element in the 730A is a

reference amplifier with precisely known characteristics.

The device is a zener diode with active circuitry added to
provide a voltage reference with a very low temperature

coefficient over a 55"C temperature range. Output voltage

stability is better than 10 ppm/month; transfer accuracy

is 2 ppm/month between standard cells; and in parallel

operation (all supply outputs paralleled), the arithmetic

mean output will be within l.0 ppm of 'a straight line

for 90 days.

l-5. Each supply is separately powered by its own

rechargeable battery pack. State of charge is indicatedon

a front panel meter.

ELECTRICAL SPECI FICATIONS

Output Voltage: 10.000 volts dc

1.000 volts dc
(1.018 + AE) volts dc
(l.019 + AE) volts dc
AE: +0.0 to 999 uv in I uv steps

2 ppm between standard cells.

3 ppm between standard cell and

I volt output.
5 ppm between standard cell and

10 volt output.

luv

Better than l0 ppm pQr month

after 30 minute warmup. Mean

of four outputs within I PPm of
a straight line for 90 days.

[,ess than I ppmltlWo line
variation.

Irss than 1.1 kf,lfor lv, 10l8v,
l.0l9v and IOY positions.

Less than l50O for AE (0.0 to
999 uv) positions.

Less than I ppm p-p from dc to
I Hz.
Less than 20 uv rms from I Hz

to I MHz.

1-6.

Transfer Accuracy:

AE Resolution

and Accuracy:

Reference

Stability:

Line Regulation:

Output Impedance:

Ripple & Noise:
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Common Mode
Rejection:

Output Current:

Isolation:

120 db at dc
100 db at 6O llz
85 db at 400 Hz

5 ma ( maximum) per reference

element with output shorted. No
instrument damage from shorted

output.

Output may be floated up to
l@0 vdcbetween chassis ground

and guard.

Calibration

1.7. ENVIRONMENTALSPECIFICATIONS

Temperature Range: +0"C to +55"C operating

-40"C to +60"C storage

Separate intemal adjustments for

the five output voltages. Front
panel adjustment common to all

voltages including the 10.000v

output. Calibrate at 90-day inter-

vals. Basic reference adjustments

accessible from front nanel.

17.00

3.50

__t

I

I

I

-----*--J

@@ @@ @@

3.90

--luu

Fisure 1-1. MODEL 730A OUTLINE DRAWING



Temperature
Coefficient:

Shock and

Vibration:

1.8. GENERAL

Terminals:

Less than 0.5 ppm/"C from 20'C
to 30oC.

Less than I ppmi"C from 4"C to
40"c.
Less than 1.5 ppm/"C from 0"C
to 4"C and 40"C to 55"C.

Meets requirements of MIL-T-
21200H.

SPECIFICATIONS

Eight five-way binding posts for
positive, negative, guard, chassis

ground, positive and negative ex-

ternal reference, and positive and

Battery Operation:

lnput Power

Size:

Weight:

730A

negative external voltmeter. AII

positive and negative terminals

are solid copper with gold flash

Rechargeable nickel-cadmium
batteries provided at least 50
hours of continuous operation.

I l5v or 230v r l0v ac, 50 to 400

Hz single phase or internal bat-
tery operation.

3.5" high x 17'o wide x 15.5"
deep. (See outline drawing,
Figure 1-1).

20 pounds.
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Section 2

0perating I nstructions

2.1. INTRODUCTION

2-2. This section contains operating instructions and
applications information for the Model 730A. If any
problem is encountered in operating the instrument, con-
tact the nearest John Fluke sales representative or write
directly to John Fluke Mfg. Co., Inc. Please include
t}te instrument serial number when writing.

2.3. INSTALLATION

24. The 730A is supplied with non-maning feet and
tiltdown bail for bench or field use. Rack mounting kits
are available for installation of the instrument in a standard
l9-inch rack. Kit M03-200-306 provides rack ears, kit
MEE 8078 provides.l8-inch chassis slides, and kit MEE
8079 provides 24-inch chassis slides. Each kit contains
necessary hardware and detailed installation instructions.

2-5. REPA,CKAGING FOR SHIPMENT

2-6. This instrument was packed and shipped in a

foam-backed cardboard carton. If reshipment is required,
the original container should be used, if available. Upon
request, a new container can be obtained from the John
Fluke Mfg. Co.,Inc. Please include the instrument model
number when requesting a new container.

2.7. INPUT POWER REOUIREMENTS

24. The 730A operates on ll5 or 230 volt, 50 to
4OO Hz ac power. To convert the instrument from one

type of operation to another, place the ll5/230 voit
switch (located at rear of instrument) in the desired

position and select the proper fuse: th anryere for I 15

volt operation and Yt ampere for 230 volt operation.

WARNING!

The round pin on the polarized three-pmng
plug conrrccb the insfrument case to power

system ground. If a three-to-two-wire adapter

is use{ ensure that the gound wire is con-

nected to a high quality earth ground.

2.9. OPERATING FEATURES

2-lO. The function of controls, terminals, and indicators

is given in Figure 2-1.

2-11. US|NG THE 7304.

2-12. Table 2-l gives instructions for using the 730A.

2-13. APPLICATIONS

2-14. Standard Gell Transfer

2-15. Each of t}te four supplies in the 730A may be

individually standardized to a standard cell by the proce-

dure given in Table 2-1. The standardized output of each
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supply will be within 2 ppm of the standard cell voltage output will then be the arithmetic mean of the individual
and will remain so within 10 ppm per month. In parallel reference supply outputs and the stability will be within
operation (MEAN), all supply outputs are paralleled. The 1 ppm of a straight line for 90 days.

l-;'*T,;*.- |
I reTerence supply 

I

I output mode I------l

r--- ----l
ll
I Calibration Adiustment Ir-l
tlr-----r----r

I

I
I

-L I

I
I

I

Rear Panel

1$taov
switch

Connects all zupply outputs
in series. Negative output of
Supply No. 1 is connected to
negative (-) OUTPUT termi-
nal and positive output of
Supply No. 4 is connected to
positive (+) OUTPUT terminal

AE Control provides

1 uV output steps

from 0 to 999 uv.

-T
I
I

I

I

I

-F

I

I
I

--l--
I

I

I

-T-+

-----l

- -'l
I
I

CC CC CCOON| m

Guard and case ground terminals.

Connections f or external
voltmeter (null detector).

Battery charge meter. Indicates
state of charge of battery.

Selects individual supply outputs.

Selects mean output voltage by
paralleling reference supply outputs-

E nables intrcomparison of
reference supply outputs.

Battery charge rate switch.
OFF - Trickle
ON Fast Charge

Power ON-OFF svritch.

Figure 2-1. CONTROLS, TERMINALS AND INDICATORS.



Table 2-1. 7304 OPERATING INSTRUCTIONS

OPEBATION

730A

REMARKS

FUNCTION

OUTPUT
IPUSHBUTTON}
SELECTION CONNECTIONS

Battery
charge

Anv BAT CHG None required Batteries are fast charged when the
BAT CHG button is pressed; other-
wise, they are automatically trickle
charged. The front panel meter in-
dicates the state of charge of the
battery during battery operation.
During line operation, the meter
pointer deflects to the right to in-
dicate that the batteries are charg-
ing.

Comparison
of internal
supply outputs

Any voltage
setting

INTERNAL COMP.
7-2, 1-3, or 14

Connect sensitiye
dc voltmeter such
as Fluke 845A8 to
73OA OUTPUT
terminals.

Voltmeter will indicate difference
betneen output voltages of
{selected} supplies.

Transfer
standard

Single
Supply
Operation

S€t selected

$rpply output
to LO18 +AE
or 1.O19 +AE
depending on
standard c€ll
voltage

EXTERNAL
COMP/OUTPUT
1,2,3 or 4

Connect standard
cell to EXT REF
terminals and \rolt-
moter to VM ter-
minals

1. Adiust AFcontrol until func-
tion switch setting plus AE
microvolts equal standard cell
volt4e

2. Adiust CAL control for null
with voltmeter on most sensi-

tive range,

3. Disconnect standard cell.

Parallel

Supply
Operation

Set all supply
otrtputs to
(1.o18 + aE)
o. 11.919 + AE)
depending on
standard call
voltage.

MEAN Mean output of
four supplies is

available at
OUTPUT
terminals

Set each set of function and AF
controls to equAl standard cell
voltage.

NOTE!

I nd iv idu aI supplie s sh ou ld
have been previously cali-
bmted to wme standard
cell.

Series
output

sbr individual
supplies to
provide any
series combina.
tion of output
voltagEs includ
ing shorted_
output

SE R IES Combined outDut
voltage is rvailable
ar OUTPUT ter-
minals.

Output is the total of individual
supply settings. Negative output
of supply no, 1 is connected to

- OUTPUT terminal and positive

output of supply no.4 is con-
nected to + OUTPUT terminal
{See Figure 2 -2).

2-16. Precision Voltage Source

2-17. The 730A can provide a variety of discrete output

voltages through series connection of the four internal

supplies. This is accomplished at the front panel by simply

pressing the SENES switch and setting the individual

function switches to provide the desired output- For ex-

ample, if each reference supply function switch were set

to the AE position, the 730A output would be 0 to 3996

microvolts in I microvolt steps' Whenever series operation

is selected, tlre reference supply outputs are connected to

730A

the 730A OUTPUT terminals as shown in Figure 2'2.

Maximum output, with all supplies at 10V, is 40 volts.

REFERENCE SUPPLIES

Figure 2-2. INTERNAL REFERENCE SUPPLY CON"

NECTIONS DURING SERIES OPERATION.
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2-18. OPERATING NOTES

2-19. Guarded Operation

2-20. Complete isolation of the 730A circuitry is pro-

vided by the guard chassis in the instrument. The guard is

brought out to the front panel GUARD terminal' In gen-

eral, guarded operation will be necessary under the follow-

ing conditions:

a. When differences of potential exist between equip
ment power line grounds.

b. When long connecting leads are used and load

impedance is high.

c. When the equipment is operating in the presence

of high level radiated noise, the most common

example of which is stray fields at the power line

frequency.

2-21. One of the most cotnmon cases requiring guarding

is that of differences in power line grounds. When the 730A

is connected to another instrument, both instruments

grounded through their respective power cords, a potential

difference may exist between the power line grounds of
these two instruments. This potential difference can cause

circulating ground currents which could cause enors in the

output voltage. To prevent these errors from occuring,

the 730,{ is equipped with a guard which completely en-

closes sensitive instrument circuitry. When properly con'

nected to the load, the guard provides a separate path for
the circulating ground currents, thus eliminating possible

errors in the output voltage. For proper connection,

connect the GUARD terminal directly to the grounded

side of the load, at the load. Figure 2-3 illustrates the cor'
rect GUARD terminal connection and the rerouted qround

currents.

MODEL 73OA

WHEBE:
Rl & C I = Leakags r6istarc3 & capacitnrce frofi chaisis to Guard'
F'2&C2 = Leakags rgislanco & cap4itanc€ from Guard to iNtrumont cas.

Ec - Potenti6l dirlss@ b€Ven pder lino ground pornt!.
Ro = OutpulresiitancoofT3oA. RL = LoEd Resistan@.

Cae

Guard

I --------l
I Cha$i! - I

J*lt'l"' *,1
' . Gudd

I n.
l__

lr^) ,r'1
;aF, Gro:ord Ec

/^\

Fisure 2-3. PROPER GUARD CONNECTION WHEN

POTENT]AL DIFFERENCES EXIST BETWEEN POWER

LINE GROUNDS.

2-22. Battery Operation

2-23 . The rechargeable nickel*admium batteries provide

at least 50 hours ofcontinuous operation before recharging

is required. The batteries are automatically trickle charged

whenever the instrument is operating from the ac line,

They may be fast charged by pressing the BAT CHG switch.

Recharging of completely discharged batteries requires 100

hours of trickle charging or l0 hours of fast charging.
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Section 3

Theory of Operation

3-1. TNTRODUCTION

3-2" This section contains the theory of operation of
the Model 730A. In the general discussion, the instrument

function is examined at the block diagram level. The de-

tailed circuit description is keyed to the schematics at the

back of the manual.

3.3. GENERAL

34. The 730A is composed of four isolated, identical

dc power supplies connected as strown in Figure 3'1. AC

power is supplied to the charging circuits of the supplies via

separate secondary windings on tlte power transformer.

These circuits provide preregulated dc for the ultra'stable

reference supplies. The reference supplies are in effect

precision tempef.ature-compensated dc sources combined

with drift-free operational amplifiers. Reference supply

outputs are selected in the clivider by front panel function

and AE controls and are supplied to the switching network

where various combinations of the four supply outputs are

called by front panel push-buttons.

$5. CIRCUIT DESCRIPTION

3-6. Charging Circuit

3-7 . Input ac from the power transformer is rectified
in a full-wave bridge composed of CRl, CR2, CR3, and

CR4. Bridge output is applied through Rl to trickle charge

battery BT1 or through ballast lamp DSl, if the BAT CHG

button is pressed, to fast charge BTl. The ballast lamp regu-

lates or limits battery charging current to ensure a safe level

Ovpr
Swi6iq

Figure 3-1. MODEL 730A BLOCK DIAGRAM

of charging current regardless ofbattery condition. Battery

output is connected directly to series pass regulator ICl,
which provides preregulated voltage to the reference supply.

3-8. The meter circuit, consisting of meter Ml, diode

CR5, and resistor R5 is connected across the battery in

$pply No. 2 only. It is calibrated to indicate the state

of charge of the battery during battery operation. During

line operation the meter pointer deflects to the right to

indicate that the batteries are charging.
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3-9. Reference Supply

3-10. Reference amplifier Q4 functions as the primary

reference element for the supply. Q4 is a silicon NPN

transistor connected in series with a zener diode. Both

devices are mounted on a coillmon zubstrate and en'

closed in a single envelope, thereby achieving extremely

close thermal coupling. The reference voltage, VREF,
(see Figure 3-2) is the sum of the zener voltage, V2
and the transistor base-toemitter voltage,V6s- Tempera-

ture variations affecting Y7 ue compensated for by cor-

responding changes in Vbe. The result is a precision,

temperature-compensated dc source.

Figure 3-2. REFERENCE AMPLIFIER

3-l 1. Supply output voltage variations are sensed at the

base of Q4, amplified, and applied to a differential pair,

Q3. The amplified output of Q3 is applied to the input of
a Dailington pair, Ql and Q2, which varies the conduction

of Q2 to maintain a constant output voltage. Potentio-

meter Rl3 is the primary calibration adjustment and is set

to provide exactly 10 volts at the reference zupply output.

Subsequent division and control of the output is provided

by the divider circuitry.

3-12. Divider

3-13. The reference supply outDut is selected by means

of function switch Sl and associated components, which

make up a resistive divider network at the reference supply

output. In 10 volt mode, the basic reference zupply out-

put is connected directly to the output switching network.

The 1 volt, 1.018 volt, 1.019 volt, and 0 to 999microvolt
outputs are derived from the 10 volt output. The I volt

output is adjusted by R25 and the 1.018 volt and 1'019

volt outputs are separately adjusted by calibration controls

R17 and Rl8, respectively. The 1.018 and 1.019 volt

outputs may be increased by a maximum of 999 microvolts

by the front panel AE control in 1 microvolt steps. The

AE control together with associated resistors provide also

a separate output of 0 to 999 microvolts.

3-14. Switching Network

3-15" The switching network is composed of nine front

panel pushbutton switches, 53 through S1 l. These switches

enable the user to intercompare the four reference supply

outputs and connect them in series or parallel to provide

a variety of output voltages. Switches 53 through 35 per-

mi1 comparison of the reference supply outputs. Switch

56 connects all four supply outputs in parallel to provide

an output equal to the arithmetic mean of the supplies.

Switches S? through Sl0 enable selection of each of the

individual supply outputs separately. Switch Sl I places

all four supply outputs in series.
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Section 4

Maintenance

+1. INTRODUCTION

+2. This section contains information and instructions

concerning preventive and corrective maintenance for the

Model730A DC Transfer Standard. heventive maintenance

consists primarily of cleaning the instrument and should be

performed as often as operating conditions require. Correc-

tive maintenance consists of performance testing, trouble-

strooting, and calibration procedures, which are designed to
aid in maintaining instrument operation within specifica-

tions. A calibration interval of 90 tlays is recommended to
ensure instrument operation within the specifications stated

in Section I of the manual.

+3. SERVICE INFORMATION

M. Each iqstrument rnanufactured by the John Fluke

Manufacturing Company is warranted for a period of one

year upon delivery to the original purchaser. Complete

warranty information is contained in the Warranty page

located at the front of the manual. Factory authorized

calibration and repair service for all Fluke instruments is
available at various wodd wide locations. A complete list
of factory authorized service centers is located at the rear

of the manual. If requested, an estimate will be provided

to the customer before any repair work is begun on instru-

ments which are beyond the warranty period.

+5. TEST EOUIPMENT

44. The equipment recommended for maintenance of
the 730.A is listed in Table 4-1. If the recommended

Table 4-1. TEST EOUIPMENT.

equipment is not available, other equivalent

mav be used.

equipment

+rl

EOUIPMENT
TYPE

HECOMM€NDED
EOUIPMENT

FUNCTION

Null Detector

DC Differential
Voltmeter

True RMS
Differential
Voltmeter

DC Voltagp
Source

Standard Gell

xlo(n
Amplifier

Resistor
(Fig.4-41

Voltage
Divider

Low-Thermal
Switch

Fluke Model 84548

FlukeModel 895,4

Fluke Model 931 B

Fluke Model 341A
DVM Calibrator

Guildline Instruments
Model 9152/P4

1000s1

Fluke Model 72OA
Kelvin-Varley Vol-
tage Divider

Leeds & Northrup
Type 3702 Tapping
Kev

Performanc€ Test-
ing and Calibration

Performance Test-
ing and Calibration

Performance Test-
ing.

Performance Test-
ing and Calibration

Performance Test-
ing and Calibration

Perforrnance Test-
ing,

Performance Test-

Ing.

Calibration

Calibration
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+7. GENERALMAINTENANCE

+8. Access/Disassembly

4-9. The following procedure should be used to gain

access to various portions of the instrument (see Figure 4- I ).

a. Remove the top and bottom dust covers and

guard covers.

The plug-in Ret-erence Suppiy boards may be re-

rnoved by lifting them carefully out of their board-

mounted connectors.

The baiance of the components will be accessible

after removing the Reference Supply boards.

Batteries are replaced by removing the battery

straps, uilsoldering the battery leads from the

rnain pctr, and lifting the batteries out of their

compartment.

d.

115/230V
AC INPUT BATTEHY

(SUPPLY NO. 3)

BA"I I LHY
(SUPPLY I\I]. 4}

r,CIWER

INANSFORME N115t230V
SWITCH

BATTERY
(SUPPLY NO.2) 1

BATTERY
(SUPPLY NO.1)

R25 "1V CAL"
R17

"1.018 CAL"
R18

"1.019 CAL',i

R19
"1 .018/1.01
+ AE CAL,'

R5
,,AE CAL"

R13 CAL
(FRONT PANE
ADJUSTMENT):,:

NO.2 NO.

NOTE: Calibration adiustment of reference suppiies
No. 2, No.3 & 4 are identical to ihcie of irlo. 'l 

.

4-T
Figure 4-1. 730,4 INTERNAL LAYOUT
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+10. Fuse Replacement 4.16. PERFORMANCE TESTS

4-ll. The line fuse is mounted in a fuse holder which 4-17. The following tests ere intended ibr use in per'

is accessible at the rear of the instrument. The fuse is rated ferrmance testing of the 730A. The tests are especiall,v

as follows: suited to acceptance testing of new instruments. Tests

should be conducted under the following conditiorls:

ll5VoltOperation -l4Ampere ambient temperature 25oC t5oc, relative humidit-v less

230 Volt Operation - % Ampere than 70%.

4-12. 115/230 Volt Conversion +18. Line Regulation

4-13. The 730A may be operated from either ll5 or a. Connect equipment as shown in Figure 4-2.

230 volt ac power, depending upon the connection of the

power transformer primary winding. Convert the 730A, b. Setline voltage to 115 volts andallowinstrument

from one type of power line operation to the other by the to warm up for approximately 30 minutes.

following procedure:
c, Zerc the 84548 on the I microvolt range then set

a. Disconnect the 730A from the power line. it to the 10 microvolt range.

b. Place the ll5l230 slide switch, located at the rear d. With the switch open, adjust 730A reference

of the instrument, in the position which corres- supply output No. I to equal the Standard Cell

ponds to the desired operating voltage. Voltage.

c. Ensure that the proper line fuse for the selected e. close the switch and adjust the 730A output for

voltage is installed (paragraph 4-10) before opera' null on the 845A8.
ting the instrument.

f. Vary the autotransformer from 115 to 105 volts

+14. Cleaning ac and from 115 to 125 volts ac. The 845Ats

indication should not change more thantl micro-

4-15. The instrument should be cleaned periodically to volt.
remove dust, grease, and other contamination. The follow'

ing procedure should be adhered to when cleaning the in- C. Repeat steps (d) through (f) for reference supplies

strument: 2.3 and 4.

a. Remove loose contamination wit[r low-pressure'

clean, dry air. Pay particular attention to the front
panel binding posts and binding post wiring.

b. The front panel and exterior surfaces may be

cleaned using anhydrous ethyl alcohol or a soft

cloth dampened in a mild solution of detergent

and water.

CAUTION!

Do not use aromatic hydrocarbons or chlori
nated solvents on the front panel, because they

will react with the Lexan binding posts.

c. Printed circuit boards can be cleaned by first
spraying with Freon TF Degreaser (MSl80 Miller
Stephenson Chemical Co., Inc.) followed by
application of iorv pressure. clean, dry air.

73OA DC TRANSFER STANOARD

Fisure 4-2. EOUIPMENT CONNECTIONS FOR LINE

REGULATION, DC TO 1 Hz OUTPUT NOISE, TRANSFER

ACCURACY AND TURN OFF _ TURN ON TESTS.

+4
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*19. Output Noise, DG to 1 Hz

a. Connect equipment as shown in Figure 4'2'

b. Zero the 845A8 on the I rnicrovolt range, then set

it to the l0 microvolt range.

0. Adjust 730A reference supply No. 1 output for
nuli on the 845A8.

d. Observe the random voltage excursions indicated

on the 845AB over a l0 second period. The ex-

cursions should be less than I microvolt peak to

Peak.

e. Repeat steps (c) and (d) for reference supplies 2,

3 and 4.

+2O. Output Noise, 1 Hz to 1 MHz

a. Connect equipment as shown in Figure 4-3.

b. Set the 9318 range to 100 millivolts, mode

switch to TVM Xl, and readout dials to zero.

c. Set 730A reference supply No. 1 output to
1.018000. The 9318 should indicate less than

lO0 millivolts rms, which represents 100 micro'
volts rms outout from the 730A.

d. Repeat step (c) for reference supplies 2,3 and 4.

MODEL 73OA DC TRANSFEF STAilDARD

Fisure 4-3. EOUIPMENT CONNECTIONS FOR 1 Hz TO

1 MHz OUTPUT NOISE TEST.

+21. Gommon-Mode Reiection

a. Connect equipment as shown in Figure 44.

b. Set the 34lA for zero volts output.

c. Set 7304 reference supply No. I output to
l.Ol80O0 volts.

MODEL 73OA DC TRANSFER STANOARD

u tlr I 't [Jl'u
QQ OO OO QO

irT,,341A OC voltrgE
Calibidor

E@O@@O@l
Il.l

n
aaaaaa

8964 Diftdntial Voltmbr

Figure4-4. EOUIPMENT CONNECTIONS FOR COMMON-

MODE REJECTION TEST.

d. Set the 8954 range to I volt, null sensitivity to
100 microvolts" and readout dials for null indi-
cation.

e. Set the 34lA output to 100 volts. The 895,{
meter indication should be zero il00 rnicrovolts.

f. Repeat steps (b) through (e) for reference supplies

2,3 and4.

+22. lsolation

a. Set the 730A for output from reference supply

No. I then turn the 730A off.

b. Connect the negative output terminal of the 34lA
to the zuard terminal of the 730A. <lr'ci fk f'qh' f ' u*

61;'fyoT |onr"t,p.rf.rtlr'-€ 1lt h tz <",t'i(cyv"'d) 
",c. Set the 34lA output to 500 volts. The 34lA *1-

meter should indicate no discernable current flow. .t-
L

d. Repeat steps (b) and (c) for the negative output -3.
terminal of the 73OA 

U
e. Repeat steps (b) and (c) for the positive output {

terminal of the 7304.

f. Repeat steps (a) through (e) for reference supplies

2,3 and4.

4-23. Transfer Accuracy

a, Connect equipment as shown in Figure 4-2.

b" Zero the.845B on the I microvolt range, then set

it to the 10 microvolt range.

c. With the switch open, adjust 730A reference

supply output No. I to equal the Standard Cell

Voltage.

*'t



d. Close tlre switch and adjust the 730A output for

riull on the 845A8.

Repeat steps (b) through (d) for reference supplies

2,3 and 4.

Lock the AE control son the /30A.

Open the switch, remove all test leads from the

setup, and allow the 730A to operate for 20

minutes.

Reconnect the equipment and check each refer-

ence supply for null against the Standard Cell'

The 845A8 should indicate less than a2 micro'

volts deviation from null (zero) in each case.

+24. Turn Off - Turn On.

Connect equipment as shown in Figure 4-2.

7*ro the 845A8 on the I microvolt range then set

it to the 10 microvolt range.

730A

With the switch open, adjust 730A reference supply

output No. I to equal the Standard Ceil Voltage.

Close the switch and adjust the 7304 output for

null on the 845A8.

Repeat steps (c) and (d) for reference supplies

2. 3 and 4.

Turn off the 7304 and allow it to remain in-

operative for a 24-hour period.

g. Turn on the 730A and allow 4 hours for warmup.

Check each reference supply for nuii against the

Standard Cell. The 845.48 should indicate less

than *3 microvolts deviation from null in each case.

4-25. TROUBLESHOOTING

4-26. Because the 730A is composed of four identical

supplies, substitituon is a convenient and practical method

of trouble isolation. If a supply is not functioning properly

first try substituting a Reference Supply board that is

known to be good. If the trouble persists, the fault is

not in the Reference Supply, which leaves only the

d.

h.

b.

aoo a a a a o o

t
aa

o

OO OC CQ

Figure 4-5. DIVIDER ADJUSTMENT EOUI PMENT CONNECTIONS.
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Charging Circuit or ac input circuitry. At this point, it
rnight be practical to check the suspect circuit voltages

by comparison with those of another Charging Circuit that

is known to be good.

+27. CALIBRATION

4-28. The calibration procedure for the 730A is given

in Table 4-2. A description of the equipment required fbr
calibration is given in Table 4-1. Calibration shouldbe per-

formed under the following test conditions: ambient

t€mperature 25oC *.soc, relative humidity less than 707o.

Adjustment locations are shown in Figure 4t1 .

Figure 4-6. ABSOLUTE VOLTAGE ADJUSTMENT

EOUIPMENT CONNECTIONS.

' Gll, H
/n

lol
-t 845A8

r:-l
ilr'f--liIr_r_Jl

e
a a

{
-?{ e

,
t
a

lC OC OO O'--' rrrrrtm

r+ v

Slhd.rd
Crll

Iable 4-2. MODEL 73OA CALIBBATION.

$TEP
EAUIPMENT

CONNECTIONS

73OA COilTROL SETTINGS

7mA
DIAL

SETTINGS

845A8
RANGE

3414

OUTPUT
(vDc)

CALIBRATIOhI

INSTRUCTIONS

Ft NCTtOt{ AE

OUTPUT

FUSH.

BUTTONS}

1 Flgure 4-E 10v Any EXTEBNAL
COMP/

OUTPUT 1

L9OO0(x)o 10 uV 11 Adiust 341A out-
put {or z€ro
(+ 1O uV) on the
84548

2 1V 1(X)oq)o luV As sst
in step
(1).

Adiust the "lV
Csl" control (R25)
for zero (t'! uV) on
the 845A8.

1V l.OOOOOOO luV 1.1 Adiust 341A out-
put for zero (!'! uV)
on the 84548.

4 r.ore +AF fix) l.OlaoOOO 1uV As set
in st€p
(3).

Adjust rhe "1.O1 I
Cal"control (F|17)
for zero (1.1 uV)
on the 84548.

E 1,O1g +AF 1.O190000 1uV As sEt
in step
(3).

Adiust the "1.o1-q
Cal" control ( R1 8l
for zero (+1 uV)
on the 84548.

b r.org +AE 999 Lglsee99

t.0llgr-flc
1uv As s€t

in step
(3).

Adiust the "1.A1Al
r.ots +AF. crt"
control iF19) for
zero (1,1 rrVl cn
the 84548,

AE .oo1omo luv As set
in st€p
(3).

Adjust "AE cal" ^
control;lPtl'tor K'
zero (:.1 uV) on
the 845A8.

8 Figure 4-6 Set to
$andard
c€d I

voltage.

luV Adiust front panel
''CAL" control f or
zero (t! uV) on
rhe 845A8,

9 Ropeat st€ps (1) through (81 for supplies 2, 3' and 4-
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S ect ion 5

List of Repl aceable Parts

5-1. INTRODUCTION

5-2. This section of the rnanual is a complete illustratcd

parls list breakdown itemizing all assemblies and their com'

pone nts lor this instrument. Illustrations [or each listing

aid in locating the assemblies and components. A Cross

Ref-erence List of Fluke stock numbers to original manu'

facturers'part numbers is included at the rear of this section-

-i-3. Assemblies and subassemblies are identified by a

r.eference designation beginning with the letter A followed

by a number (e.g., Al etc). Electrical componentsappear-

ing on the schematic diagram are identified by their sche-

rnatic diagrarn reference designation. Components not

appearing on the schematic diagram are identified by Fluke

stock rrunrbers on the illustrations. Flagnotes are some-

rimes used and r'bfer to special ordering explanations.

5.4. PARTS LIST COLUMN DESCRIPTIONS

a. The REF DESIG column idnexes the item descrip-

tion to the associated illustration. lrr general the

reference designations are listed under each assem-

bly in alpha-numericorder. Subassemblies of minor
proportions are sometimes listed with the assembly

ot'rvhich they are a part. In this case, the reference

dcsignations for the conrponents of the subassem-

bly rnay appear out of order.

b. Tlrc DESCRIPTION column describes the salient

characteristicsof the component. Indention of the

description indicates the relationship to other

assemblies, components, etc. ln many cases it is

necessary to abbreviate in tltis column. For abbLe'

viations and symbols used, refer to Appendix B

located at the rcar of the rnanual.

The six-digit part number, by which the itent is

identified at the John Fluke Mlg. Co., is listed irt

the STOCK NO. column. Use this number when

ordering parts from thc factory or authorized tcp-

resentat ives.

The TOT QTY column lists the total quantity rrf

the items used in the instrument and reflects tlie

latest Use Code. Second and subsequent listings rrf

the sarne itern are referenced to the first Iistirrgi

with the abbreviation REF. The TOT QTY col

urnn lists the total quantity of the jtem in that

particular assembly.

Entrics in the REC QTY column indicate the rt'c-

comnrended number of' spare parts ncccssary t(l

support one to five illstruments for a periQd tlt

two years. This list presumes an availabilitl' ol

cornmon electronic parts at the maintenance sitt'.

For rnaintenance for one year or more at an lsola-

ted site, it is recommended that at least onc ()l

cvery part in the instrument bc stocked. ln lht
case of optional subassemblies, plug'ins, etc. thrl
are not always part of the instrumcnt. or are devrr'

tions from the basic instrument model. The It[rC

QTY column lists the recommended quantitv oi
the item in that particular assernbly.

d.
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The USE CODE column identifies certain parts

rvh icl-, havc been added, deleted or modified during

tfre production of the instrument. Each part fbr

rvhicli a Use Code has been assigned rnay be iden-

tiiied rvith a particular instrument serial number by

consulting the Serial Number Effectivity List,
paragruph 59. Sometimes when a part is changed,

the new part can and should be used as a replace-

ment for the original part. In this event a paren-

thetical note is added in the DESCRIPTION

column.

5-6. HOW TO OBTAIN PARTS

5-7 . Standard components have been used lvhct'ever

possible. Standard components may be ordered diLcctll'

from the manufacturer by using the manufaclurer's part

number, or parts may be ordered from the John F'luke

Mfg. Co. factory or authorized representative by using the

Fluke part number. In the event the part vou order has been

replaced by a new or improved part, the replacement will
be accompanied by an explanatory note and installation
instructions, if necessary.

53. You can insure prompt and efficient handling of
your order to the John Fluke Mfg. Co., if you include the

following informatiorr:

a. Quantity.

FLUKE Stock Number.

Description.

Re[erence Designation.

Instrument model and serial number.

Example: I each. 2A3547, Diode, lN759A.
A3CR5 for 7304, SiN 123.

If you must order structural parts not listed in the parts

list, describe the part as completely as possible. A sketch

of the part, showing its location tcl other parts of tlte
instrrrment, is usually most helpful.

5.5.

a.

MANUFACTURERS' CROSS REFER_
ENCE LIST COLUMN DESCRIPTIONS

The six-digit part number. by which the item is

identif ied at the John Fluke Mfg. Co., is listed in
the FLUKE STOCK NO. column. Use this num-

ber when ordering parts from the factory or

authorized representatives.

The Federal Supply Code for the item manuf'ac-

turer is listed in the MFG column. An abbreviated

iist of Federal Supply Codes is included in the

Appendix.

The part number which uniquely identifies the

item to the original manufacturer is Iisted in the

MFG PART NO. column. If a component must be

ordered by description, the type number is listed.

b.

d,.
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5.9. SER IAL NUMBEH EFFECTIVITY

i-10" A Use Code column is providcd t<l idcrrtify certairr
palts that have been added. dcletcd, or nroditlcd during
production oi the l\{odcl 7-10A. Laclt part lirr whiclr a Lrsc

codc has tlccl assigncd nrav be idcntif icd with a Darticulill
irlstnrrnent selial nulubcr by corrsultilg lhe LJsc C()dc

l-f i'ectivity Lrst bclow. All part.s with rro code arc uscd ()n

all irrstrLrments with serial rrurnbers above l2-1.

USE

CSDE EFFECTIVITY

NONL Modcl 730A serial rrunrbcr 123 arrd on.
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REF DESIG DESCRIPTION STOCK NO
TOT
OTV

REC

OTY

USE

coDs

AI

A?

A3

AiAl thru
A3A4

tsTr

DC TRANSFER STANDARD - Fisure 5-1

Front Panel Assembly (See Figure 5-2)

Rear PanelAssembly (See Figure 5-l)

Main PCB Assembly (See Figure 5-3)

Reference Supply Assernbly (See Figure 5-4)

Battery pack, rechargeable, Ni{ad, 16.8v

Cover, bottom

Cover, top

Foot

Line cord

Power cable

Tilt stand

730A

297457

297465

295634

2974t6

297390

292870

226t00

291481

231407

I

I

I

A

.l

I

I

,l

I

I

I

I
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Fisure 5-1. MODEL 7304 DC TRANSFEB STANDARD



?304

REF DESIG DESCRIPTION STOCK NO
tt,I
f,TV

REC

3TY
USE

coDf

A1

i l. J3, J5

12,14,16

T1

J8

MI

RI

FRONT PANEL ASSEMBLY

Binding post, red

Binding post, black

Binding post, blue

Binding post, white

Meter,0-l ma

Res, var, ww,5k lSVo, lffiv

Counting dial

Handle

Knob

Pustr-button, green

Push-button, gray

Figure 5-2

142976

t42984

233833

29t823

266494

295626

295642

295659

158956

268862

268896

RE F

3

J

I

I

4

4

2

4

2

9

I

I

2

6 Irrn e H
fr

r68956 H
C

rErr
zsa8{'iz

e,@

@@ @@ @@ @@m

f,'b
Fisure 5-2. FRONT PANEL ASSEMBLY
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REF DESIG DESCRIPTION STOCK NO
roT
]TY

REC

OTY

usE
CODE

A2

FI

FI

PI

s2

tt

XFl

REAR PANEL ASSEMBLY - (See Figure 5'1)

Fu$e, fast acting, thamP,25Ov
(for I l5v operation)

Fuse, fast acting, YtarnP,ZSAv
(for 230v operation)

Connector, male, 3 contact

Switch, slide

Transformer, power

Fuse holder

153858

109314

222612

226274

29tO47

100107

REF]

I

I

I

I

5-I



297 457

297465

r6 r992

1485 36

105 r97

l16lll

203s47

2t8354

2912t1

10895 l

108092

t512"7 4

192930

tt2672

261164

l5 I 134

r09 I 6s

289421

292912

RE

4

i

It)

I

+

+

A+

4

A

4

MAIN PCB ASSEMBLY'Figure 5-3

Reference SuPPIY AssemblY
(See Figure 54)

Cap, plstc, 0-l uf t 19", 25Ov

Cap, mica, 47 pf t sVo, 50W

Cap, elect, 2 uf + 100/'107o, 50v

Diode, silicon, I amP, 100 Piv

Diode, zener, lZv

Lamp, incandescent, 24v

IC, voltage regulator

Res, comp, 510 {l tSVo,thw

Res, comp, lO Q LIV/o,thw

Res, met flm, lOk *.|%,thw

Res, met flm, l.5k *-lVo,tAw

Res. var, ww, l0 {7 IIO%,l-l %w

Res, met flm,732k tl%,thw

Res, met flm, 130 dLrl%,'Aw

Res, comp, l0k*-57o,%w

Switch AssemblY

Connector, f'emale, 20 contact

A3

A3Al tlrru
A'3A4

t. l

C2

C3

CRI thru
CR4

CR5

DSI

lcl

r(I

R2

K-J

R4

R5

R6

t(l

R8

Sl thru Sl I
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Figure 5-3. MAIN PCB ASSEMBLY

;-1
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REF DESIG DESCRIPTION STOCK NO
ror
}TY

REC

]TY
USE

cosE

A3A1 thru
43A4

a1

C2

C3

Qr

Q?

Q3

Q4, R9, Rr r

Rl2, R24

RI, R3

R2

pc.

R.5

R6

R7

R8

R10

Rr 3, R25

R14

R.i 5

Rl6

Ri7 thru
Rl9

R20

R2l

R22

R23

REFERENCE SUPPLY ASSEMBLY
Figure 5-4

Cap, plstc, 0.22 uf *-lA7o, SOtr

Cap, elect, 5 uf +751-lwo,25v

Cap, elect, 100 uf +751-lo7o, liv
Tstr, silicon, NPN

Tstr, silicon, NPN

Tstr, silicon, NPN

Reference Amplifier s"t p

Res, comp, 3Ok LSVo,lew

Res, comp, 2.7 dl l1Vo,Ycw

Res, met flm,4.22k LlVo, ll8w

Res, met flm, lOk *-1%, llSw

Res, met flm, l2.lk *.1%, U8w

Res, met flm,54.9k *,1%, llSw

Res, met flm, 1.27k ll%, llSw

Res, ww, tapped, l2kl5.9k LO.OSVo,lw

Res, var, cermet l0 dl l3Vo,3v

Res, met flm,4l2k ll7o,tfr.w

Res, met flm.8,e6k-'t lVo,lhw jLbl-

Res, met flm,-3L6k:a.l%,1Aw E ,tbE-
Res, var, cermet, l0k llWo, lOOv

Res, met flm, lk tt%,r|w

Res, ww, tapped, 856 O i 8.995k *.0.O5%,lw

Res, ww, 146 9l5Vo,lLw

Res. met flm.732k tl%.)Lw

297465

t59392

152009

175059

1687 16

179374

288662

297473

t934t7

246744

168245

r68260

234997

27 t353

234997

292763

186205

29rr38

H##
'8ij42)

1599 I 3

15t324

29277r

2t3728

26n64

RE F

I

I

I

I

I

i

I

I

I

I

I

I

I

I

l

l

I

I

I

f

-)

I

i

Q4, R9, Rll, Rl2 and R24 are a factory selected and matched
set. For replacement order the entire Reference Amplifier Set,
part number 297473.

5lD
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MANUFACTURERS' CROSS REFERENCE LIST

FLUKE STOCK NO. MFH. MFR. PART NO. FLUKE STCICK NO. MFR. MFR. PART NCI.

100107

105 197

108092

I 0895 I

109r65

1093 i 4

n2612

i l61l I

142976

142984

148536

15 I 134

l5 1274

15t324

152009

I 53858

158956

I 59392

r599 I 3

161992

I riS145

168260

168716

I 75059

179314

186205

t9293A

t93411

243541

2t3128

2 I 8354

71400 HKP

s6289 30D205G0508A4

0l 12l EB1001

01 12i EBs1 15

0t 121 EBl035

7l4OO Type AGC

71450 Type ll0

o527'l lN48l7

s8474 DF3IRC

58474 DF3lBC

14655 CD15E470J

91637 Type MFF %

91637 Type MFF %

91637 Type MFF }1

56289 30D505G0258A4

7140/':: Type Atr
89536 158956

56289 r92P2249R8

73138 78PRI0K

7344s C280AEAl00K

91637 Type MFF 1/8

91637 Type MFF l/8

07263 519254

56289 30Dl07G0l5DC4

07263 2N2218

73138 78PRl0

9163'7 Type MFF %

0ll2l c83035

07910 lN759A

89536 213728

08806 1252

222612

225tOO

226274

23t407

233833

234997

246144

26t164

266494

268862

268896

27t353

288662

289421

291047

291138

29tt46

291153

29t2tl

292763

292870

292912

295626

295626

295634

295642

295659

297390

2974t6

291457

297465

82389 AC3G

70903 r7258

82389 46256-LF

89536 23 I 407

58411 DF3lBLC

91637 Ti,pe lvlF F l/8

0lr:r cll:?cs

91637 Type MFF I
89536 266494

7 I 5q0 J6 1993

? r590 J5:3t)4

91637 1'ype MFF 1i8

Ls818 SAl9?0

89536 :8942 i

89536 291047

9163'l Type MFF ';':

91637 fype MFF li:

9163'l T'ypc i''lFfr l:

12040 [-M30s

89536 292163

89536 19287{)

02660 225-21014-1 l0

80294 15095-1-502

80294 350qS-l-502

06860 Type l.l SfL.

0266A Type 1.38f)

89536 29565q

89536 l_rl73S0

89536 29741b

89536 297457

89536 197-+ir5

T-ll
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Figure 5-4. REFERENCE SUPPLY ASSEMBLY
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MANUFACTURERS' CROSS REFERENCE LIST
FLUKE STOCK NO. I MFR. I MFR. PART NO. FLUKE STOCK NO. I MFR. I MFR. PART NO.

297473

'A\\8*
ffi),\2t

89536

TSft+

tlstt"

297473

Dlt3i u-''i-G

7e l^11|

297481 89536 '297481

;-t?-





Appendix A

Fede ra I Supply Code for Manufacturers

A.1. CODE TO NAME

A-2, The following five-digit code numbers are listed
in numerical sequence along with tlte manufacturer's

name and address to which t}te code has been assigred"

The Federal Supply Code has been taken from Cataloging

Handbook H 4-2, Code to Name.

00213 Scge Electmlcs Corp.
Rocherter, Ne[ York

003tt ryelwyn IntemuoBl, Ia.
WeEtlrkc, Ohlo

00656 A.rovu Corp.
Nfl Bcdlord, Mar5rchurc{ta

0{}??9 AMP lrc
Hrrrisberg, Penruylnnlr

0ll2l Auon-Bfedlcy Co.
Mumukee, Wlacdrltr

Ot28l TRw Semfcondrctora
Lawrdrle. CaluornL

01295 ?enr lBtromentq lnc.
3lslcotductor Cmpmd*! Dti,
Drlhs, TeB

01086 RCL Eletmnlcr be
Mancbegter, Nat HaDlthlra

Ol?tO Deleted

0188,1 Darborn Electrslcr Inc.
Orllldo, Florld.

O?ll{ Ferucub. Corp.
Srugcrties, NE Yort

02600 Repfrc.d by !580f

02660 Amph€ool-8org Elact. CorT,
Brodvle*, llllools

02?09 Arco Crp.cltora, lnc,
Los Angel€i, Caulornie

O36fi Replrced by ?1400

u36sl R.plrced by {{655

03?97 Eldlm Corp,
Compton, Celtlomh

0381? T mnEltru El€ctrffilc Cor?.
Wrketleld, Massachua€ltr

03888 Pyroftlm Reslitor Co., hrc.
Ccdrr Kmllar Ncv JGr&y

03911 Clalrcx Corp.
N€P Yorl, Her York

03960 Mdrhcrd ltrstnmcnt8, lnc,
MontrlMtde, Ncw Jeraey

0.lOOg Arlw llart rtd llG[GDa
Electronlc Conp.try
l|rtl.fotd, Connadlcrt

04004 Replac€d by ?21t0

(X202 R€plrcad Iry 8ttl2

0{21? Eacex Wire CorD.
Wlre & CrUr Dlv.
.Anrhclln, gduornlo

Ol22l A€mco
Dtv. d EAer lnc.
Mankrto, llllnmsdr

0{6,15 Replrcrd by ?53?6

O{?13 MotorolrS.miondudor
Prodrcts loc.

Phedr, Arirs:r

05082 Replrcrd by 9atta

05236 JoBtlsn Mlg. Co.
Fullerton, C.|rulomlr

052f Westlngho$r Electrlc Cory.
Semi@trductot Dept.
Youq*ood, PenNylyantr

052?8 Repbccd by aSsag

0539 Union C.did,r Corp.
Electrcnlca Dlv.
ClmeLd, o|rlo

055?r Apragw Electric Co
Pacillc Dlv.
Lss Argeles, Crllfornlr

05?0{ Alac, lnc.
Glendale, Caufordr

05820 Wat ltetd Er*lnecrirg td.
Wakelleld, M$llchulrttr

06001 General El"strlc Comprly
Capecitor Departmrnt
lrmo, South Carollnr

00136 ReC.crdby Eg'at

06{?3 AmdPnol 3p.a & llhrtlGSyr,
Ch.trt onh, Crluornlr

O0?3e Elactmo Corp,
Llttletfrn, Cclorrdo

Oa?aS Clceltr Corp,
Cl.velrnd, Ohlo

06?al Semcor Div. Compon ntr
Phcnlx, Arlronr

06860 Cor{d l{||lqtrl 8rtrrd.r bc,
clty ol lrdudry, crlllofillr

0c$0 En.l-llco{loryh, 16,
trn Crrlm, Crlllotrdr

{ttll3 R.Crc.d by l{C?l

O?lEg Wlrttngh$m Eloctdc CorT.
El.ctronlc Tub. Dlv,
Eldr|, N.|l Yorl

of 83 Prlrcsf U ScmlcoillEtor
Dlv. d nrtrcl$d Cr0.r|
& IrdnrrDad Corp.
Mmtiln Vla, Crl[ortrlr

Ot3la BlrchsrCo., Inc.
Rchtrlcr, Nar Yorl

Ot?t2 L.r6. n.eryn{ Cor?.
Norlhnpao, l|raa.&$aafa

Ul9lU Codlt|.otrt D.rlc! Corp.
HrrthorE, Crluordr

0E510 Reu.nc€ Mlcr Corp,
Brookltnl Ne? York

08?02 CB8 ElGctrsierSemlcooductor
OpcrrUm-Dlv. ot CBg lnc.
Ldrdl, trr3srchrdfa

0lS6 GcEnl Elact-ic Co,
lllDldurc h!|p D.ta,
Cl?vd.fiL Orlo

0886t Nylomruc Cor?.
Norrisvllla, PlnEylnnl.

08988 SLdU. E|-.ctrdlc lrr.
.lrchbrld, Frnutlrrda

Oge2t Bsnay Corp.
Nondl, Coorracticd

1f356 CBll Eleclrmlcs
Dlv, o, CBC lrc.
NrrbBrlrport, llarsrchuscttt

tl{03 Beat Producta Co,
Chjcrgo, llllnoil

11503 Keystona MJa
Dlv. ol Avlr lrdustrl.l Corp.
Wrrren, Mlchlgen

t20I{ ChlcrSo Flvlt & MecNn! Cu.
Bcllsood, nllnol.

I3010 Nrtloul S"mt@ndus{or CorD,
Drnburry, Conn€cticut

12060 DlodGr, Inc,
Clul.Poih, C.llrornlr

llll8 Pilhd.bhlr grtlA. Co,
Crilti, Nar J.rxy

lZlSt Ptrdr Co', l!E,
th.ltorl' Corn.cttcul

L?8n Frc|rrtWarh.r & &rlt|plng Co,
Cl.v.bnd, Ohlo

fZ{00 B.plra.d by lio{a

lStl? Etnun t!s.
l..|| [Ua, wlrcon]tn

lltgt glrrortrt Xrg, Co,
Dwarr Nar ltrnpddrr

l2?{0 Jrm.. Eloctronl6
Chlc.fo, lUlnotr

12856 l,llcrcmetels
Siern Madre, CaUlornia

12954 Dicl(m Electronics CoF,
Scoatcdale, ArizoE

13606 Spngue Electric Co.
Trarstslor Dlv.
Concord, New Hampahlre

13839 Replaced by 23?3?

14099 Semtecb Corp.
Nsbury Park, Caljjornia

14193 Cali{orrua Reststor Corp.
santa f,loni€, califorda

14298 American Components, lnc.
Conshohockel, PennaylEnia

06555 Beede El€ctrlcrl lnrlnmmt Co. ll23? CblcrAo TGI€Dhom o( Cr.lf. Inc,
pemcmk, N?w Ermprhlrr South Prndlr, Crlttortrlr



1"lii55 Cornell-Dubiirer Elecironic6
N€wark, New .Iersev

l4t?.1 C0rtlilg Ciass Works
a,rrnrni, Nev York

l.i?52 Electro Cube lnc-
San Cabriel, Calllornia

14tiit9 Rt'piaccd b.v 96853

l5t'3f: El€c-Trel lnc,
N0rtt!rldg€, Calll()rnra

I58ul l'erlwal Electronrcs Inc.
Framrn{ham, Massachusetts

l58tB Amelco Semiconductor
Drv. rlt Teledyne Inc.
iUountan Vrew, Ca[iorrua

15849 Us€co, Inc.
itit. Ver!ren, Nes Yotk

i590.q Replaced by l?8?0

lii3:12 R0plrced iry ?8{?B

r64?3 Catrrbridge Sctentific Ind. lDc-
Cambrldfle. h|aryland

Itl?4? ParamDunt Plastrcs
Do*ney, Calriorila

1€?5B Delco Radio
Dlr. ol Ceieral Motors
Kok()m0, lrdlana

l?!69 C!rcut Slruclures Lab.
Upland Cairiorrra

l?856 SrlicrJilx, lilc.
Sun[yvale, Caiitornia

I?B']li Da\ en-Dl!. ol Th()ilas A, Edison
lnd. - -l{c:lire*-Edlson Co.
Manchester, Nes Hampshire

lii083 Delered

llil?8 Vrct€c Inc.
I,la rvlrno Herghis, Misso!ri

l8?36 Voltrodcs Corp,
Hanover, Ne* Jersey

19429 lUonrrrnics, Inc.
Seartle, Washrngton

t-1451 Ferine Mactutrery & Supply Co.
Seattle, Washrtrgton

l0l0l Elecrra lVt{F. Co.
lnoependence, Kansas

:C58,1 Enochs !tlg. Co.
Indlanapolrs, lodrana

:2?67 ITT S€miconductqrs
Drr. ot ITT
Palo Alto, Calitornia

?3?3? Tracor
Rckvrlle, l"laryland

2'1248 Soulhco
f)rv. 0t South Chester Corp,
Lester, P€nnstll,aola

24655 Cerrenl Radro Co.
1[ est Ci)ncard, Massachusett6

23.1C3 An:perex Electrodc Corp
Semle0ndu cior & Rec€rvrrg
Tube Divrston
Slarersville, Rhode IslaDd

?IJ.l?6 Deltr0i Controls Corp,
Mrlrauhee, Wtsconsln

285:0 Heyman l4tg. Co.
KeNl*olth, Nev J€raey

303?3 lllrnois Tool !,lorls lnc.
Chrcuo, Illinor6

331?3 Ceneral Electric Co.
Tube DeFt.
Owensboro. Kentucky

:l:9"1: I'lallory, P. R. , & Co., Inc.
lhdlanapohs. Indiana

38315 Hooewell lnc.
Itreqrsion Mcter Div.
Manchester, Neq Hampshire

{24!B Nattoffii Contparv
Mclrose, Massachusetts

435{3 N!4roQcs Inc
Transformer Co- Div.
Atpha, New Jersey

44655 Ohmite Mf(. C0
Sk0kie, tllrnois

49611 Radtu Corp. oi America
Ne* York, 

^"ew 
York

49956 naytheon Company
Leungton, l\Ialne

53021 Sangamo Electnc Co.
Sprinqfreld, Illino!s

55025 SimpsoD Eiectric C0mpany
Ci!cago, Illiiris

56289 Spta$t-' Elcctrrc Co.
Noath Adanrs, Mrsgchusetta

Superror Electric Co,
Ilrisrol, C0nnecticut

'forrington MJ(" Co.
'I orrlDF'l on, Connectlcut

Deleted

ward Leonard Electric Co.
Mount Vernon, Ne! York

weEt M{9. co,
san Fnncisco, Calilorila

Weston Instruments lnc-
Neeark, New Jersey

?2665 Replaced by 90303

??794 Dzus Fastener Co., Inc
Wrst Islip, Nev York

729?8 Gudenrlti Ce.
Chlcago, Illlnols

?2982 Ene T€ch. Prslucts [nc.
Erie, Pennsylvarua

?3138 Dcckmsn lhslrumcrlls Irrl.
llelip()t Divisror
Frdlerl.0n, Calilortlia

?32$3 tlu(hes Airc.all C,,.
f,lectron Dyruotlcs Dlv.
Ne*port Beach, Calrtorrua

?3.1,15 Amperrx Electr0ruc Corp,
Hicksville, New 11)rk

?3559 Carlrng EIectflt Inc.
Hartlord, C0nnecticut

?3586 Circle F lndu6tries
Tfeoton, New Jergev

?3?34 Federal Scres Products, Inc,
Chicago, IlliDois

?3?43 FischerSpecral MIs. Co.
Clncrnnatr, Ohio

?3899 JFD Electrorics Co.
Br@klyn, New York

?3949 Cuardian Electic MJc. Co.
Ctucago, lllinors

?4199 Q€n) Nichols co.
Chicago, Illinois

?421,? Radio Switch corp.
Marllloro, New Jersey

?42?6 SigE!rte Inc.
Neptune, New Jersey

?4306 Piezo Crvgtal Co,
Carlrsle, PenEylvania

?,1542 Hoyt Elect. Io6tr. works
Peuc@k, New llampshire

749?0 ,Johnson, E. F., Co.
Waseca, Minnesota

75042 IRC hc.
Ptuladelphia, Pennsylvania

?5376 Kurz-l(asch, lnc.
Dayton, Ohio

?5382 Kulka Electric Corp.
Mt. Vernon, Nev York

?5915 Littleluse lnc.
Des Plaines! Dlinois

?685{ Oak MfF. Co.
Crysttl lake, Illinois

77342 Potter & Brunrlield
Div. ol Amer- MachiDe & Foundry
Princeton, lndiam

??969 Rul)bercnft Corp, of Calif, LTD.
Tlrrrancc, Calr[r)rnia

?8189 Shakepr@i
Drv, 0l Illinois Tol Works
Elgin, lllinois

?827? Stgma ltrllNntents, lnc.
Soutb B nintaee, Malsachutettg

?8488 Stackpole Carbon Co.
St. Marys, Pennsylvania

?8553 TinnermanProducts
Clev€land, Ohio

?9136 Waldes Kohinmr Inc.
LorE lsland City, New York

79{9? WesterD Rubber Compatry
GosheD, Indiam

79963 Ziertck Mtg. Corp.
New Rochelle, Neu York

80031 LlePco
Div, of S€ssions Clock Co.
Mornstovn, New Jersey

API lnstruments C0.
Chesreiland, Olu0

Spr3tae Product$
Noath Adams, I\'lassachusctl s

llourns lrc,
Rrverside, Calilornra

Hammarlurd Co. , llc.
Mara Hill, North Carolina

Stevens, Arnold lnc.
Boston, Massachusetts

Grayhill inc.
La Cranfe, Illi[ors

Winchester ElectroNcs
Div. oI Littqr Indugtries
Oakville, Connectrcut

Thcrm-O-Disc IrE.
MaDsiield, Ohi0

lnterrational Rectiher Cirir-
El Sequndo, Calilorruir

Korrv Mlg co.
Seattle, Washington

Deleted

S*ltchcmft Inc.
Ch.icago, Illinols

Price Electrrc Corp.
Fred€nck, Maryland

R€Dvell Corp,
Neu York, Ne* York

Rotron MIg. Co., Inc-
Woodstock, New York

tTT Wire & Calrle Div.
Pawtucket, Rhode lsland

Var0 Inc.
CarlaM, Texas

Bendix Corp.
Electric Power Division
Eatontovn, New Jersey

Smith, Herman H., lnc,
B r@klyn, New York

Rubbercraft Corp. oI Amerie
\ev Haven, Cotrnecticut

Burrogh5 Corp,
ElectroDc CoDpooerls Div,
PlainJield, New Jersey

Uriru Carbide Corp.
Crrlsulner Products Div.
New York, New York

Arco Electronics, Inc.
Grert lleck, New York

TRW
O{allala, Nebnskr

Precisron Metal Products
StonelEm, Messachus€tts

Radio Corp, of Am€rica
Electronic Components &

Devices
Harrison, New Jersey

Deleted

Mrrco-Oak lnc.
Anaheim, Calilornla

Use 14655

Replaced by 0421?

Flulie, John Mlg. Co,, lnc-
Seatllc, washinlCon

Repleced lry 08806

Mallory Capacitor C0.
lndramp0hs, Indiana

BestStanrp&.:v0L. Co.
Kf,|sas Cltv, lurssnuD

584?4

60399

62460

63?43

64834

65092

801 4s

80183

80294

80583

80640

8t0?3

813t2

81439

d1483

8r590

823?6

82389

824r5

82872

82877

82879

83003

83298

83330

834?8

83594

83?40

8,117 I

8.14t I

8657?

86684

86689

8?034

88{r9

8869t)

89536

89?30

9020r

9021 5

66150 winslow Tele-Tronics Inc.
Asbury Park, New Jersey

?0563 Amperite Compary
UDon Ctty, Nev Jersey

10803 BeldeA Mfg. Co.
Chicago, Illinois

?1002 Birnbach Radio co. , lnc
New York, Nee York

?1400 Bussmaon MI(.
Div. ol Mccraw-Edison Co.
St. L@is, Mlssouri

71450 CTS Corp.
Elkhan, IndraB

7l{68 ITT Catrnon El€ctric lnc,
Los Angeles, Calilornia

?1482 Clare, C P. & Co.
Chicago, lllinois

?1500 Centnlab
Div. ot Glob€ Union Inc.
}{ilwaukee, Wisconsin

11?0? Cdo.Coil Co., Inc.
Providence, Rhode lsland

?l?44 Chicago Miruature Lamp works
Chicago, luinois

?l?85 Cinch Mlg. Co. & Hovard
B Jonea Div.
Chicrgo, Illinotr

?2005 Dnver, wtlber B., Co,
Nevark, N€v Jergey

?2092 Replaced by 06980

?2136 Electro Motive MIg. Co,
Willimantic, Connecticut

?2259 Nyironics IE.
Berkeley Helghts, Nev Jeney

?2354 Ddleted

?2619 Dialight corp
Br@klyn, New York

?2653 C. C. ElectrotUcs
Itocklord, nlinols



9021i SquareDCi).
Cluca[0, llhilrils

!0303 :vlall,)ri' Llarttry ai,-,.

Tirrl'(1r{ir, New Yqrk

91293 Joharso'r lttg. Co-
Llor)trtun, Neq' .lerseY

S140? Rcplrecd bY 584?4

irl6ll'1 Dalr Illri.i.r'irr$ IIl("
Colunrbus, l{'bt3ska

*166' Ett t; il';rP.
Wlliow (;rl)ve, Prnrl6Ylvatnl

9Ii3l Grcs)ar M,s. C('., I!1c,
lvnkelleld, illassa(husetti

1l!il0:l ln.iu5(r!!l I)evlces, ln,::

L.l{cv:itcr, i\:eu .IerscY

t,18lJii Krr! s Elc\lroiutjs
liufkrhL'c, Ni'tr I'ork

9t$:9 lJ,rxt)$e!l lnc.
\'1)rr! S9r(ch I)!r.
I-_rrr j),,r1, Illlnr)rs

91934 Mrller Eleclrrc Co., lilc.
Pa{'lucket, Rhode lsland

9!33.1 Sf ir"anrl Electrtc Prc)clucts
Ssnrrc()ndu(:tdr l'r{xlucts Dtv.
W()1.,u rlr, ll'hssa{:llusett s

94145 Ret)laced l)Y '19936

ll.1l51 T0n{-Si)l
[)i\. oi wa(ner Eledrlc CorP.
\e$itrk, Ncw tr'rse)

95l4ti Alc{r El.clrtlnles P.t{lucts {ri:.
Lil*rencc, Masslthusetts

'J526:l l-e|trAll M1{. Cr}.
1.,11{ !slatrd CttY, Nee Y0rk

t 5?ti.{ Ret}taced }r} 982?ii

:ir52?5 vrlratrron Inc.
lJ r:dLePort, Corileclrcut

95363 Radru Corp. ol Aorertcs
Sr)lld Stale & Rccervlng Tube I)iv
Crdi:lnnitt, OhrL)

S535{ Melhode Mfg- Coq).
Rolling tdesdovs, llllnois

95?12 Dage Electri. Co.' Inc'
FEnklin, Indiana

9i98? Weckesser Co,, ltrc.
C[icago, IiLnois

96?33 San Fernaildo Electnc trdi{. Co,
S!rt Fcarudclo, Calif{}rrua

90853 Rusirrk l!rstrlnrlril fj.r.
Mlncheslr,r, Neq lllnlitsh!ae

96881 Thunrsoll lffluslrles, Inc.
Manhasset, N€w Yo.k

9?540 Master Motrrle [routrls
Div. o{ Whitehall Electto$cs CorP
Los An*eles, Calrfolnla

9?913 Industtiri Electrotuc Hdsarc Crlrp
il_cw York, r'ev Yolk

9'7945 Wlute, S. s. Co.
Plaslics Div.
New Yo.k, Net Yotk

9?966 Replaced by 11358

98094 Rellaced by 49956

982?8 llrcrodot 1nc.
Pasadena, Calrtofnia

98291 Sealectro CorP.
Conlrex Dlr
Mamaroneck. Ne! Y0rk

98388 Arcurate Rubber & Plastrcs
Culrer CItt, Cxllf0rlu&

98?{3 n.eptsced bY l2?49

98925 Deleted

99120 Plastic Capacitors, loc.
Cruclrg0, Illinots

gg2l? Southcrn Llectroru(ls Corp"
Buritanli, Calitorda

99i1, Marshall lndustrres
CalRcilor Dt!,
Monrovia, Caliiornra

BevisedAugust |,'l968
Using l1*l lnd H/t-?
Dated June, !968





Appendix B

List of Abbreviations

assy

BCD

a, amp ampere
ampl amplif ier

alternating current
assembly

binary coded decimal
capacrtor
carbon
centimeter
centigrade
ceramic
clockwise

m
mm
n
n€g
,)-
ogc

milli or 10-3
millimeter
nano or 10-9
negative
ohm
oscilloscope
parts per million
peak inverse voltage
peak to peak
pico or 10-12
plastic
plus or minus
positive
pulses per second
printed circuit board
quantity
radio frequency
radio frequency interference
recommended
reference
relative humidity
resistor
rool mean square
rotary
second
section
serial number
sil icon
silicon controlled rectif ier
single-pole. double-throw
single-pole, single-throw
switch
tantSlum
temperature coef ficient
tera or 1ol 2

transformer
transistor
transistor voltmeter
ultra high frequency
vacuum tube voltmeter
variable
very high frequency
very low frequency
volt
voltage controlled oscil latsr
wStt
wire wound

cap
car
cm

c€r
cw

ppm
piv
ptr
p

nlstc
*.
pos
pps

PCB

QTY
rt
rti
REC
REF
Rll
r€s
rm3
rw
s€c

sct
slN
si
scr
spdt
spst
5',1r,

Ta
TC
*

xlmr
tstr
tvm
uhf
vtvm
vat
vnf
vll
v
vco
w
ww

CMRR common mode rejection ratio
composition
counterclockwise
connector
cathode ray tube
cycles per second

decibel
digital voltmeter
direct current
double-pole, double-throw
double-pole, single-throw
electrolytic
external
fahrenheit
farad

FET ,, tield effect transistor
film
germanium
giga or 1O9

grouncl
guaranteed minimum value
guard
henry
hertz
high frequency
integrated circuit
i ntermediate frequency
internal
kilocycle
kilo {103)
low frequency
megacycle
rneg or mega { 106 }

rnetal
metal oxide silicon
micro or 10 {

comp
ccw
conn
CRT
cps
db
dvm
dc
dpdt
dpst
Blect
ext
F
f

flm
Go

s
gnd
gmv
grd
h
Hr
hf
tc
it
int
kc
k
IJ

mc
M
mat
MOS

P
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CTRCUIT LOCRTEO
OILY ITt SUPPLY
ilo. ?.

flr

I

L
I

"i

T0 sxlTcHtHo
xerx0Rx
tScnEl{. ilo. c,

NOTES:

/\LL RESISTANCES IN OHMS AND ALL CAPACI-TANCES

'rinl 
rc no-rn nADs uNLE55 or H E RWIsE SpEc I F I ED'
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