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LIMITED WARRANTY

The JOHN FLUKE MFG. CO., INC., warrants each instrument it manufactures to be free from defects in material and workmanship under
normal use and sarvice for the period of ane year from date of purchase. Thiz warranty extends only to the arlginal purchasger. This
warranty shall not apply to fuses, disposable batteries (rechargeable type batteries are warranted for 90 days), or any product or parts
which have been subject to misuse, neglect, acgldent or abnormal conditions of operations.

In the event of failure of a preduct covared by this warranty, John Fluke Mfg. Co., Ing., will repair and calibrate an instrumant returned to
an authorized Sarvice Facility within ane year of thae original purghass; provided the warrantor's examination dlscloses to its satisfaction
that the product was defective. The warrantor may, at its option, replace the product in lieu of repair. With regard to any instrument
returned within one year of the eriginal purchase, said rapairs or replacement will be made without charge, |f the fault has been caused by
misuse, neglect, accident or abnormal conditions of oparattons, repairs will be billed at a nominal cost. In such case, an estifmate will be
submittad before work is started, if regueastad,

ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS SHALL BE LIMITED TO A PERIOD OF
TWELVE MONTHS FROM THE DATE OF PURCHASE. THE FOREGOING WARRANTY 15 IN LIEU OF ALL
OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTY OF MERCHANTABILITY, FiTNESS OR ADEQUACY FOR ANY PARTICULAR PURPOSE OR
USE. JOHN FLUKE MFG. CQ., INC. SHALL NOT BE LIABLE FOR ANY SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES, WHETHER IN CONTRACT, TORT OR OTHERWISE.

NOTE: Some states do not zllow ltmitations on how long an implied warranty lasts, orthe exclusion or limitation
of incidental or consequential damages, =0 the above limitations or exclusion may not apply to you. This
warranty gives you specific lagal rights, and you may also have other rights which vary from state to state,

If any fault develops, the fellowing steps should be taken;

1. Notify the John Fluke Mfg. Co., Inc. or nearest Service fagility, giving fuil details of the difficulty, and include the Model number,
typa number, and serial number, On receipt of this information, service data or shipping instrugtions will be forwarded to you,

On receipt of the shipping instructions, forward the instrument, transportation prepaid, Repairs will be made at the Service
Facility and the instrument returned, transportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of John Fluke Mfg. Co., Ine., instruments should be made via United Parcel Service or "Best Way*" propaid. The instrument
should be shipped in the original packing carton; or if it is not available, use any suitable container that is rigid and of adequate size. If 2
substitute container is used, the instrument should be wrapped In paper and surrounded with at least four inches of axcelsior or similar
shock-absorbing material.

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

The instrument should be thoraughly inspected immediately upon original delivery to purchasar. All material In the contalner should be

checked against the enclosed packing lkst. The manufacturer will not be responsible for shortages against the packing sheet unless

notified immediataly. (f the instrument is damaged in any way, a ¢laim should be filed with the carrler immaeadlataly, {To obtain a guotation

to repair shipment damage, contact the nearest Fluke Technical Center.) Final claim and negotiations with the carrier must be completed
by the custagnar,

il Mig. Co., Inc. will be happy to answer all application or use questions, which will enhance your use of this instrument.

. * kvour requests or correspondence to: JOHN FLUKE MFG. CO., ING., P.O. Box 43210, MOUNTLAKE TERAAGE,

NS T CRRO2043, Atten: Sales Daept. For European Customers: FLUKE {(Nederland) B.V., Zevenheuvelenwag 53, Tilburg, The

Netharlands,

* For European customers, Air Freight prapaid.

John Fluke Mfg. Co., Inc. » P.O. Box 43210 # Mountlake Terrace, Washington 98043

Rev, 12/77
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GENERAL - Similar to 510A-04 with the following exceptions:

1.1 Capable of being phase locked to an external 400Hz 26V
RMS reference. -

 Provides two separate transformer isclated outputs at 10V
EMS into 100K ohms,

Housed in 3-1/2 inch high full rack width package.

ELECTRICAL - All electrical specifications apply with each output
loaded into 100K ohms.

2.1 Phase reference input: 26V RMS + 18%, 380 to 420Hz,
© 30K ohm input impedence, ‘

Outputs: Two, transformer coupled, at 10V RMS + . 05%,
Phase relationship to phase reference input 0 + 1 dégree.
Total harmonic distortion: < 0, 15%.

Isolation between any two outputs or input to any output:
300V DC or peak AC; 1100 pf maximum capacitance.

MECHANICAL

3.1 Chassis size 3-1/2 inch high, 19 inches wide (rack mount-
~able}, 15-1/2 inch depth behind front panel.

Input and output binding posts on 3/4 inch centers located
on rear panel,

Overload indicator on front panel,

PARTS LIST ~ See Bills of Material and Engineering Drawings
listed in Section 5.2 MFG Column.

DOCUMENTATION

5.1 Standard 510A Manual with 510A/AD-130 Specification
Control Drawing and Drawings listed in Section 5.2 MNLS

Column, ‘

JOHN FLUKE MANUFACTURING CO., INC.

REV PAGTH
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5.2 DOCUMENTATION INDEX

MODEL: 510A/AD

DRAWING
NUMBER

DRAWING
‘TITLE

USAGE

510A/AD-160

T odiriol i i 170
Acceptance Test
Procedure

510A/AD-1001

Schematic
Output AC Ref 5td,

510A/AD-2001

Front Papnel Punch

510A/AD-2002

Rear Panel Punch

510A/AD-2003

Front Panel Screened

510A/AD-2004

Rear Panel Screened

510A/AA~2005

Inner Panel LH

510A/AA~2006

Inner Panel RH

510A/ AA-2008

Hold Down, Transformer

510A/AA-2009

Pad, Transformer Mtg.

510A/AR~2010

Support

510A/AA-3093

Drill Detail

510A/AR-2011

Phase Lock PCR Assvy.

support

Phase Lock PCB Assy,

510A/AD-4003

Main PCB Assy,
{(Modification)

510A/0N=-4004

510A/AA~-2012

510A/AA~-2013

Support

S5upport

JOHN FLUKE MANUFACTURING CO., INC.

510A/AD-130
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DOCUMENTATION INDEX

MODEL: 510A/AD

DRAWING
NUMBER

TITLE

DRAWING

USAGE

SHEETS

510A/AD-5001

Final Assy.

L2

510A/AA-6G510

Poweaer Transformer

S1.0M/AN-8001

8 Output Ratio
Transformer

OECO
.7534 (Purch)

S510A/AD

Test & Button-up

510n/AD-150

Production Test Procedul

Applicable Drawings’

JOHMN FLUKE MANUEACTURING CO., INC.

~

510A/AD=-130
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6.0 TEST PROCEDURE - See 5104/AD-150.

JOHN FLUKE MANUFACTURING CO., INC.

- - {REV PAGE
510A/AD-130 ' 5.1 6
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'Change/'Errata Information

Issue No: 3+ ' '6/79

!

This change/errata contains information necessary to ensure the ‘accuracy of the folloWing manual,
Enter the corrections in the manual if either one of the following conditions exist:

1. The instrument’s pcb revision letter is equal to or higher than that which
is indicated at the beginning of the change.

2. No revision letter is indicated at the beginning of the change/errata,

MANUAL - |
Title: MODEL 510A AC REFERENCE STANDARD
Print Date: NOVEMBER 1971 '
Rev and Date; 2 — 11/75

C/E PAGE EFFECTIVITY

Page No. Print Date
1 278
2 8/79

Form No. A-742 Rev. 3 3/79




CHANGE #1-88893

On page 5-7, change the stock no of diode CR1 from 309617 to 428623.

CHANGE #2-11381

On page 5-10, delete Q26 from the REF DESIG column Q17, Q26 and change the tot gty from2to 1.
Add the new entry: Q26; Tstr, 5i; 477695, 1; 1.

'On page 5-28, add the listing 477695, 07910; 02377,
CHANGE #3-12151
Rev.-B, A3 Rechargeable Battery Kit (-01 Option)

On page 5-23, make the foi]owihg changes:

FROM: 3, Q6/Tstr, Semicon, germnanium PNP/148619/2/1
TO: CR&, CR7/Diode, Germanium, 80 mA/149187/2/1

On page 5-22, Figure 5-12, and page 6-1, Figure 6-1, reﬁlacc the PCB with the following: '

TP

@

el DA

On page 8-3/8-4, Figure 8-1 (Detail 1, A3 Battery Pack PCB) make the following changes:




510A
CHANGE #8 — 12285
Rev-C, Al Front Panel Assembly (510A-4051)
On page 5-7. make the following changes:
FROM: Decal, Front Panel /309351/1
TO: Decal, Front Panel/508234/1
ADD:  J4/Binding Post, Green/275586/1

Rev.-B, A4 Rear Panel Assembly (510A-4052)

On page 5-25, make the following changes:

FROM: J2/Binding Post, White/275586/1
TO: I2/Binding Post, Green/275586/1
DELETE: Decal/313064/1
ERRATA #1
On page 1-1, under SPECIFICATIONS, add the following information:

Protection Class #]  (Relates solely to insulation or grounding properties further defined in
IEC 348.) '
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- Section 1

Introduction & Specifications

1-1.  INTRODUCTION

-2 The Model 510A is a precision ac reference stan-
dard. It produces a fixed frequency output having an am-
plitude of 10V rms. Standard frequencies and accuracies
are given in Table 1-1. Other frequencies are available upon
special request. The center frequency can be varied +1%
with a control on the front pansl. Frequeney resolution
with this control is better than £0.05%. '

Table 1-1. STANDARD FREQUENCIES AND ACCU RACY

"STANDARD
FREQUENCY

24 HOUR
ACCURACY

30 DAY
ACCURACY

50 Hz, 60 Hz, 400 Hz,
1 kHz, 2.4 kHz, 5 kHz,
19.2 kHz

100 kHz

+0.01% +0.015%

+0,04% +0.05%

1-6. SPECIFICATIONS

QUTPUT VOLTAGE . . .
OUTPUT CURRENT . . . . . . .
SINGLE FIXED FREQUENCY OUTPUT

Amplitude Aceuracy . .
50Hz —20kHz
20 kHz — 50 kHz.
50 kHz — 100 kHz

1-3. Quiput current is fully protected from overloads
and short circuits. Maximum load cwrrent for rated accus-
acy is 10 mA. Visual indication of an overload is provided
by a light emitting diode (LED) on the front panel. " Two
sets of parallel connected binding posts on the front and
rear panel provide load connection.

14, The ac reference standard can be operated from
line power or it can be battery powered through an option-
al recharpeable battery pack. Line voltage requirement is
115/230 vace, 50 to 500 Hz, gingle phase. The rechargeable
battery pack is available a3 the —01 Option. It allows at
least 16 hours of continuous operation without line power.
Battery charging is done whenever line power is applied.

1-5. The Model 510A is designed for bench top use or
it can be installed in a standard 19 inch equipment rack.
Rack mounting kits are available as accessories to permit
single, dual, triple, and quadruple side-by-side rack installa-
tion

10V rins

.10 mA rms, short circuit protected

Any single fixed frequency from 50 Hz to 100 kHz. Stan-
dard frequencies are: 50; 60; 400; 1,000; 2,400; 5,000,
19,200 and 100,000 Hertz.

24 Hours
+0.01%
+0.015%
+0.04%

90 Days
+£0.02%
£0.035%
+0.06%

30 Days
+0.015%
+0.025%
+0.05%




Amplitude Accuracy Using DC Calibration

50Hz - 5kHz

5kHz — 10kHz .
10 kHz — 30 kHz.
30 kHz — 100 kHz

Amplitude Stability .
50 Hz — 20 kHz .
20 kHz — 100 kHz

Above accuracy applies after 10 minutes warmup, operat-
ing temperature of 23 +2°C, and includes worst case devia-
tions of the output caused by line, load, stability, and
noise conditions. Assumes calibration against an AC-DC
transfer standard with an AC-DC difference of 50 ppm
from 50 Hz to 50 kHz and 300 ppm from 50 kHz to 100
kHz. :

Using a DC reference accurate to +15 ppm and standard
laboratory equipment, the 510A may be calibrated to
achieve the following accuracies at standard operating tem-
peratures of 23 +2°C, and worst case deviations caused by
line, load, stability and noise conditions. .

30 Days 90 Days
+0.01% +0.02%
+0.02% +0.03%
+0.05% +0.07%
+0.15% +0.17%

24 Hours 30 Days 90 Days
+0.002% +0.005% +0.01%
+0.004% +0.01% +0.02%

T T

1 MINUTE

Figure 1-1. TYPICAL SHORT TERM STABILITY

AMPLITUDE NOISE

AMPLITUDE TEMPERATURE COEFFICIENT
50Hz — 5kHz G
SkHz — 10kHz .
10 kHz — 30 kHz.
30 kHz — 100 kHz

Amplitude deviation due to noise is less than 20 ppm peak-
to-peak through a 1 Hz bandwidth over a 1 minute interval,
15° — 50°C 0° ~15°C
5 ppm/°C 12 ppm/°C
7 ppm/°C 15 ppm/°C
10 ppm/°C 17 ppm/°C
15 ppm/°C 22 ppm/°C




TOTAL HARMONIC DISTORTION
CENTER FREQUENCY ACCURACY .
FREQUENCY RESOLUTION
FREQUENCY VERNIER .

FREQUENCY STABILITY .o
Frequency Temperature Coefficient
Common Moede Rejection .

LOAD REGULATION .

(See Figure 1-2).

+0.1%

1+0.05% using front panel vernier

Screwdriver adjustment, 1% of center frequency

500 ppm per month

Less than 150 ppm/°C

Common Mode Rejection is defined as the affect on the rms
or average value of the 10V rms output due to a common
mode signal between the low terminal and chassis. This
rejection is: '

Greater than 100 db for common mode signals from 1 Hz to
500 Hz, 10V peak-to-peak maximum.

Greater than 70 db for common mode signals from 500 Hz
to T MHz, 3V peak-to-peak maximum.

Maximum allowable dc potential between output low and

. chassis ground is 100 volts.

(See Figure 1-3).

|| 510A HARMONIC DISTORTION
VS FREQUENCY |

018

01011 1
GUARANTEED SPECIFICA
L L LU 1T
o JIYPICAL PERFGRMANGE
50Hz 100Hz 1000 Hz 10kHz 100kH:z

FREQUENCY

.008

DISTORTION PERCENT

Figure 1-2. TOTAL HARMONIC DISTORTION

LINE REGULATION
OUTPUT CONNECTIONS

UNCALIBRATED INDICATION

ENVIRONMENTAL
Operating Temperature Range
Storage Temperature
Humidity Range .

Shock
Vibration
Altitude .

INPUTPOWER...........
115/230V ac £10%, 50 — 500 Hz, Single Phase

SIZE .
MOUNTING

80 v T T TTTTrT T
510A LOAD REGULATION 1
NGO LOAD TO FULL LOAD {0-JOMA)

60

40

G
20

L

S R TR I EY L EE R R A O
0 JIYPICAL PERFORMANCE | I
50 Hz 100 Hz 1000 Hz 10kHz 100 kHz
FREQUENCY

UARANTEED SPECIFICATION 4], m

LOAD REGULATION (PPM}

Figure 1-3. LOAD REGULATION

<10 ppm, +10% line change

High, Low and Chassis binding posts on front and rear
panels.

Front panel display labeled “UNCAL” indicates when load
exceeds 10 mA.

0°C to 50°C

—40°C to +75°C; —40°C to +60°C with batteries

Up to 80% relative humidity, 0°C to 35°C

Up to 70% relative humidity, 35°C to 50°C

20g, 11 millisec half-sine wave

4.5g, 10 Hz — 55 Hz

01to 10,000 feet — Operating

50,000 feet — Non-Operating

An optional rechargeable battery pack will power the AC
Reference Standard for 16 hours. The battery pack is
field installable.

3-1/2” high x 4-1/4” wide x 127 deep

Upto four 510A’ can be mounted side by side and installed
in a standard 19” EIA rack with optional 4CCESSOTy ears,

1-3




—| 1.5"

Figure 1-4. OUTLINE DRAWING




Section 2

~ Operating Instructions

2-1.  INTRODUCTION

2-2, This section contains aperating instructions for the
Maodel 510A, If any difficulties are encountered, contact
the nearest John Fluke Sales Representative or write directly
to the John Fluke Mfg. Co., Inc. Please include the instru-
ment serial number when writing.

2-3. SHIPPING INFORMATION

24, The Model 510A was packaged and shipped in a
foam packed cardboard carton. Upon receipt, a thorough
inspection should be performed to reveal any damage in
transient, Special instructions for inspection and elaims are
included in the carton.

2-5. I reshipment is necessary, the original container

should be used. If the original container is not available, a

new one can be obtained from the John Fluke Mfg. Co.,

Inc. Please reference the Model number when requesting a
new container.

26. INPUT POWER

27. This instrument can be operated from either a 115
or 230V ae, 50 to 500 Hz, single phase power line. A slide
switch on the rear panel allows selection of the appropriate
line voltage. The rated value of the rear panel fuse F1 is
as follows:

230 VAC
1/8A, 3AG

115 VAC
1/4A, 3AG

2-8. INSTALLATION

24, The Model 510A iz designed for bench-top use or it
€/74

can be installed in 2 standard 19 inch equipment rack with
Accessory rack mounting brackets. Up to four units can be
rack mounted in side-by-side positions. Rack installation
procedures are loeated in Section 6.

2-10. OPERATING FEATURES

2-11.  The location and function of all controls, connect-
ors, and indicators is shown in Figure 2-1.

2-12. OPERATING NOTES
2-13. AC Line Connection

2-14.  The input power cord has a three prong, polarized
connector. This plug allows connection to either a 115 or
230V ac, 50 to 500 Hz, single phase power line. The
round pin connects the chassis to earth ground; therefore,
ensure that the round pin is connected to a high quality
earth ground. The instrument is encrgized through a POW-
ER switch on the front panel. A front panel meter indicates
LINE OPR when the instrument is energized.

.2-15. Battery Power (—01 Option}

NOTE

Battery manufacturers recommend that nickel-cad-
mium battertes should not be stored for extended
periods of time without recharging at least every
90 days. Storage temperatures below 25°C are
recommended,

2-16.  When the —01 Option is installed, the Model 510A
¢an be operated from an internal rechargeable ' battery.
Battery operation is activated by disconnecting the power

241




FREQUENCY VER-
UNCAL Indicator: ‘ ‘ ' S ‘ ‘ NIER Control:
ltuminates when the autput AT B i : Atlows adjustmant

current ¢xceeds 10 ma. Lo g - from the nominal
center frequency,

Range 15 ¥ 1%, Re-
solution is +0,06%,

Meter:
Indicates LINE OPR when the
Model 510A is energized and
operated from line power, In-
dicates state of charge of the i ;
intarnal battery {—01 Qption) S e == Terminal:
when battery powered, ; : Provides a conveniant
’ ‘ : connection to earth
ground, provided the
i round pin on the
POWER Switcht —m————— > i power cord s
Toggle switch used to energize . connected to ground,
the Model 610A. Bsttery i
operation {—01 Option} is pro-
vided by disconnecting the
pawer cord. ’ OUTPUT Terminals:
Provide foad connection to the 10V rms fixed frequency
output. Maximum allowable LLO 1o "71:: terminal voltage is
100V dc. Parallel connected to rear panel OUTPUTS,

Figure 2. OPERATING FEATURES (1 of 2)

‘é‘ Terminal:
Frovides convenient connection to earth ground, provided the
round pin on the power cord plug is connected to ground.

QUTPUT Terminals:

Provide connection to the load,
Maximum allowable L0 to =
terminal voltage is 100V dc,
Parallel connected to front

panal QUTPUTS,

it e e B e A HRE R e
S A G TR E AR

R I ER I Ei TS B OO RY ]
e Bt Y0 ad R Pt 81 0 WakaEn

115/230 Slide Switch:
Provides rapid conversion to
116 or 230V ac iine.

Input Power Fuse; ——————"3
Protects the a¢ input clreuitry,
1/4A, 3AG for 115V ac. 1/8A,
3AG for 230V ac,

Input Power Plug:

Reaceives Input line power through the line cord (not
shown). Battery operation (—01 Option) is possible
when the power cord is disconnected.

Figure 21, OPERATING FEATURES (2 of 2)




cord from line power and turning the instrument on with
the POWER switch on the front panel. Relative state of
charge (BAT OK) is indicated by a meter on the front panel.
The battery is automatically charged whenever the instru-
ment is operated from line power.

NOTE!

The chassis of the instrument and the L termi-
nal are connected to ground through the power
cord, When battery operation is used and the
chassis is isolated from ground, this ground
connection will be broken.

2-17. Load Connections

2-18.  Output load connection is done using HI and LO
OUTPUT terminals on the front or rear panel. These OUT-
PUT terminals are parallel connecied and only one set
should be connected to a load at one time. A':',: terminal is
inciuded for convenient connection to ground (see preceding
note). Maximum allowable potential between the LO OUT-
PUT and & terminal is100V de.

2.19.  The foliowing rules should be observed for all
load connections.

AC power to the Model 510A and associated equip-
ment should be derived from the same power line.
Line power connections should be as close together
as possible.

Shielded, twisted pair load cables should be used.
Typical load connections are shown in Figure 2-2.

Load cables should be kept as short as possible.
Maximum lead resistance should be less than 20
m&2,
2.20. Overload Protection
2-21,  The maximum output current is limited by the
power capability of the internal circuitry. This circuitry
will not be damaged even if the OUTPUT terminals are short
circuited. However, when the output current exceeds 10
mA, the output will not be within its specified accuracy.

Visual indication of an output current greater than 10mA
is provided by an UNCAL lamp (LED) on the front panel.

2-22. OPERATING PROCEDURES

2-23,  The Model 510A produces a fixed frequency out-
put having an amplitude of 10V rms. Frequency accuracy is

UNGROUNDED LOAD

MODEL 510A
@—{? Hl

1
=

@®-@®

R

I
&

i I
—)-®O®

GROUNDED LOAD

‘ MODEL 5104 |
A=A~
S
| DS |

o1

)-§

]

-
o]

H—,.
—(®-(

:
B

Figure 2-2. LOAD CONNECTIONS

+0.1%, adjustable +1% with a FREQUENCY VERNIER on
the front panel. Amplitude accuracy is given in Section 1.

2-24.  To operate the instrument, proceed as follows:

Connect the power cord to line power. See para-
graph 2-6 and 2-13.

Make the desired load connections at the front or
rear panel QUTPUT terminals.

Set the POWER switch to ON and allow the instru-
ment to operate for ten minutes. The meter on
the front panel should indicate LINE OPR and the
UNCAL indicator should be out.

After ten minutes of operation, the output is at its
specified accuracy.

NOTE!

Battery operation {—01 Option} is described
in paragraph 2-15.
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2-25. APPLICATIONS

2-26. Introduction

2-27.  The Model 510A can be used in a number of ways
as a precise ac reference. The following paragraphs describe
a few of its applications.

2-28. Precision AC Source for Automatic Test
Systems

2.29.  Automated test systems containing Fluke 4200
series voltage sources can use the Model 510A as an exter-
nal reference to produce precise ac voltages. Figure 2-3
shows such a system. System ac output is from 0 to 45V ac
rms at up to 0.7 amperes rims. Overall system accuracy of
10.02% can be achieved for frequencies up to 5 kHz.

FLUKE

0 to M
4200 Stries | 010 2BV de

PROGRAMMASLE
VOLTAGE SOURCE | ° 0%V

SWITCH
MATRIX [ 7]

PROGRAM
CONTROLLER

Figure 2-3. AUTOMATED TEST SYSTEM AC REFER-
ENCE

2-30. Phase Locked AC Reference Standard

2-31. A Model 510A can be modified to phase lock with
an external signal and provide multiple outputs. Figure
2-4 shows the modified Model 510A/AA which is designed
to synchronize with an external 400 Hz signal and provide
eight transformer coupled outputs. Programmable phase
reversal at each output is also provided. The outputs can be
used as external references in the system application de-

scribed in paragraph 2-28, Typical specifications for the
Model 510A/AA are as follows:

FREQUENCY

OUTPUT VOLTAGE

. OUTPUT ACCURACY .

OUTPUT PHASE RELATIONSHIP

TOTAL HARMONIC DISTORTION

PHASE LOCK CAPTURE RANGE

SYNC INPUT VOLTAGE .

400 Hz £5%
(other frequenc-
ies can be speci-
fied)

10V rms (eight
outputs, trans-
former coupled)

+0.1%
0° +£1° or 180°
+1°  (program-
mable

0.2%

+5% about cen-
ter frequency

24V rms

400 Hz

SYNC
INPUT

24V rms

!

PHASE

LOOP,

LOCKED

FREQ.
CONTROL

5104

STANDARD

CIRCUITRY

10V rms
QUTPUTS

Figure 2-4.

MODEL 510A/AA BLOCK DIAGRAM




Section 3

Theory of Operation

3-1. INTRODUCTION

3-2. This section contains the theory of operation for
the Model 510A. The information is arranged under head-
ings of “BLOCK DIAGRAM ANALYSIS and CIRCUIT
DESCRIPTIONS.” It is recommended that this section be
thoroughly read and understood before any attempt is
made at servicing this instrument.

3-3. BLOCK DIAGRAM ANALYSIS

34, The Model 510A produces an extremely stable 10V
rms signal at a fixed frequency, Five major circuiis are
used to produce and control the output. These circuits and
their interconnection are shown in Figure 3-1.

3.5. The DC Reference Supply produces an accurate,
low temperature coefficient, dc voltage of +14.14214V,
This voltage is applied to one end of a divider at the input
of the Peak AC to DC Convertor and also functions as a
reference for the 18V Regulator. The other end of the
divider receives the 10V rms output of the Model 5104,
thus producing a OV condition at its center when the peak
of the output signal is equal to minus the Reference Supply
voltage. The Peak AC to DC Convertor produces an am-
plified signal that is equal to the negative difference be-
tween the output signal and the +14.14214V reference.
This signal charges a capacitor at the output of the Peak
AC to DC Convertor which is then transferred to a capaci-
tor at the input of the Integrator by the Sample and Hold.
Transfer is done only during the positive peak excursion of

PEAK ACTQ DC
CONVERTOR

SAMPLE AND HOLD
s e

(+14.14214) [ [

OSCILLATOR

FREQ. VERNIER
[

g
OVERLOAD
RETECTOR

Figure 3-1. MODEL 510A BLOCK DIAGRAM
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the signal. The Integrator produces a de¢ output propor-
tional to the time integral of the voltage stored on its input
capacitor. This de output is applied to the Oscillator
where it causes the peak output amplitude to maintain a

near OV condition at the input to the Integrator. The.

Overload Detector monitors the output of the Model 510A
and turns on the UNCAL indicator when the output current
exceeds 10 mA.

n

3-6. - All operating voltages are produced by the £18V

DC Regulators. Reference voltage for the +18V DC Regu-

lator -is derived from the —18V DC Regulator, The =18V
DC Regulator receives a reference voltage from the Refer-
ence Supply. Unregulated inputs to each regulator are de-
rived from the Rectifier or the —01 Option Battery Pack,
The Battery Pack operates in the absence of line power to
the Rectifier, Relative charge state of the batteries is indi-

cated by a meter connected across the +18V DC Regulator.

A rectifier located in the —01 Battery Pack circuitry pro-
vides recharging of the batteries whenever line power is
applied.

3-7. CIRCUIT DESCRIPTIONS

3-8. The following paragraphs deseribe the circuitry in
the Model 510A. Each description is keyed to the schema-
tic diagram located at the rear of the manual,

3-9. Input Power

3-10. AC line power from A4J1 is applied to A4T]
throughtthe POWER switch A1S81A and the 115/230 slide
switch A45). The primary of A4T] consists of two wind-
ings which arc interconnected through A481 for operation
from either a 115 or 230V ac line. Parallel connection is
used for 115V ac line operation while series connection is
used for 230V ac line opecration. Both primary windings
arc completely shielded to reduce capacitive coupling be-
tween the power line and the floating circuitry in the in-
strument. The shield is connected to chassis ground and
power line pround through the power cord. The secondary
of A4T1 consists of two separate windings both of which
are shielded to eliminate the generation of commeon mode
signals that could appear at the OUTPUT terminals. This
shield is connected to the center-tap of a secondary winding
and power supply common. The center-tapped secondary
winding provides ac power to rectifiers CR2 and CR3, CR4.
The other secondary winding supplies ac power to the
Battery Pack PCB (—01 Option) and the meter, AIMI.
- Diode CR1 rectifies the ac voltage present during line opera-

tion to provide a full-scale LINE OPR indication on AIM1. |
A2DS1 and DS$2 function to stabilize and limit the maxi-
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mum current used by the Battery Pack PCB during charging
of the batteries.

. 311. A3 Battery Pack .

3.12, The A3 Battery Pack is instalied as the —~01]
Option. It consists of a Battery Pack PCB and two batteries,
BT1 and BT2. This circuitry provides operation from the
batteries in absence of line power, disconnects the batteries
when they are in a low charge-state to prolong battery
life, limits the maximum battery current drain should a
circuit malfunction occur, and disconnects the batteries
from the instrurnent circuitry and recharges them during
liric operation. N ‘

3.13.  BATTERY OPERATION. When line power is re-
moved and the POWER switch is ON, the batteries BT
and BT2 are connected to the inputs of the £18V Regula-
tors through the Battery Pack PCB. The positive output of
BT1 is applied through $1B to J5 where a divider consisting

of R2, CR3 and R4 supplies the base of Q2 with a positive

voltage. This voltage turns on Q2 which supplied base cur-
rent to Q1 and also turns it on. Conduction of Q1. applics
the positive output of BT1 through the series transistor Q3
to the input of the +18V Regulator. The diede connection
of Q3 prevents reverse current flow from the 18V Regula-
tor to the battery. The negative output of BT2 is applied
through 51C to the series transistors Q5. Since a positive

voltage is available at the emitter of Q4 through R8, Q4 s

turned on in sequence with the conduction of Q1. This
condition turns on Q5 and applies the negative output of
BT2 through the series transistor Q6 to the input of the
—18V Regulator. The diode connection of Q6 prevents re-

verse current flow from the — 18V Regulator to the battery.

3-14, . Should the batteries discharge to a state where

they can no longer furnish adequate power, the series

transistors Q1 and Q35 are automatically switched off.
This is made possible through the use of zener diode CR3.
As the output of BT! decreases, the voltage at the base of
Q2 reaches a point where the transistor can no longer fur-
nish enough base current for Q1 to maintain conduction.
Q1 is therefore cut-off and disconnects the output of BT1
from the —18V Regulator, Sharp cut-off for Q1 is ensured
by Ré6 which provides some of the base current for Q2.
Once the voltage at the collector of Q1 begins to drop,
base current to Q2 is further reduced, this sharply cutting-
off Q1. Since the conduction of Q4 and Q3 is slaved to
the conduction of Q1, as described in the preceding para-

_graph, the negative output of BT2 is also disconneeted from

the —18V Regulator.




3-15. The maximum current drain from the batteties is
limited by the selection of the value of RS and R9. These
tesistors limit the maximum base current to Q1 and Q5.

Shouid a short circuit appear at either output, the maximum -

current is therefore dependent upon the base current of O
ot (5 times their currcit gain, ‘

3-16.  LINE OPERATION. When line power is applied,
the batteries are disconnected from the £18V Regulators
and are recharged. Battery disconnection is caused by a

~22V battery disconnect voltage produced by CR3, CR4

and C1. This voltage is applied to a divider consisting of R3
and R4 in the Battery Pack PCB. Presence of a negative
voltage at the base of Q2 turns it off and causes Q1 to turn
off. Since Q4 and Q5 are slaved 1o Q1, they are also turned
offand both batteries are disconnected from the £ 18V Reg-
ulators. Diodes CR4 and CR3 limit the maximum negative
base and emirter voltage at Q2 and Q5 during line operation.

3-17.  Charging of the batteries i providéd through full-
wave rectifier CR1 in the Battery Pack PCB. AC power for
this rectifier is derived from the untapped secondary of T1.
A2DS1 and DS2 function as a ballast to limit the maximum
charging curtent. Zeners CR2 and CR6 in the Battery Pack
PCB limit the maximum battery voltage during charging,

3-18. +£18V Regulator

3.19,  The +18V Repulators produce low ripple operating
voltages for the instrument. Input voltape to the regulators
is derived from full-wave rectifiers when the instrument is
line powered or from batteries if the —01 Option is in-
stalled. The —18V Regulator receives its reference from
the Reference Supply. Reference voltage for the +18V Reg.
ulator is derived from the —I18V Regulator; thus, should
any malfunction occur in one supply, all will be affected.

3-20. +18V REGULATOR. The +18V Regulator con-
sists of Q1 through Q3. O is the serles-pass element. Q2
and Q3 control the base current of Q1 to maintain the +18V
dc output. Resistor R3 ensures initial turn-on of Q2 and
Q3. The base of Q3 is referenced to the — 18V Regulator
through R10 and receives a sample of the +18V dc output
through RE and R9. Any change in the +18V dc output is
therefore amplified by Q2 and Q3, which then alters the
conduction of Q1 to maintain the regulated cutput, Vari-
able resistor R9 allows adjustment of the +18V de output,

321,  ~18V REGULATOR. The 18V Regulator con-
sists of Q4 through Q6. Q4 is the series-pass element. Q5
and Q& control the base current of Q4 to maintain the
—18V de output, R12 ensures initial turn-on of Q35 and Q6.

S10A

The base of Q6 is referenced to the Reference Supply
(VREF) through R18, CRS, and CR6 and receives 4 sample
of the —~18V dec output through R17. CRS and CR6 com-
pensate for the voltage temperature coefficient at the base
of Q6 as well as its base emitter voltage drop. Output
voltage from this supply is therefore dependent upon VRgF
and the ratio of R17 to Ri8.

3-22, Reference Supply

3-23,  The Reference Supply produces an extremely
stable reference voltage (VRgp) upon which the accuracy
and stability of the yms output is based. It consists of a
high gain, high input impedance, differential amplifier U1
and a reference amplifier U2. The temperature coefficient
of the basef/cmitter voltage for U2 is accurately matched to
the temperature coefficient of the zener element through
factory sclection of R22 and R23. Qutput voltage of this
supply is scaled to +14.14214V dc through selection of R30
and R31. Variable resistor R27 allows adjustment of
Vegp- The adjustment range of R27 is compensated
through jumper selection of R25 and R29. The resulting
stable reference at the collector of U2 is applied to the
non-nverting input of UI. The other input to Ul receives
an equivalent voltage from the divider composed of R20
and R21. Any change in Vg is sensed at the base of U2
which produces an amplified change at the non-inverting
input to U, This change then alters the condugtion of Ul
such that Vppp is maintained at +14.14214V de.

3-24. Peak AC to DC Convertor

3-25. The Peak AC 1o DC Convertor iz a video amplifier
which compares the amplitude of the output signal to
VREF- and produces a de voltage equal to four times any
negative difference. The eircuitry consists of input divider
R37 through R42, differcntial amplificrs U3 and Q8
through Q10, and emitter followers Q11, 12, A simplified
diagram is shown in Figure 3-2.

3-26. The input divider R37 through R42 receives the
rms output signal and Ve through 52, - The center of
this divider is tapped at the junction of R40 and R41 and
applied to one input of U3. Unity ratio is made possible at
this tap by reversal of the inputs through 52 and adjustrment
of R37. Except for a gmall interval of time during the neg-
ative most peak of the rms signal, a pﬂsitive'current is flow-
ing into the input of the video amplifier; however, since
the input resistance of U3 is extremely high and the cur.
rent is of proper polarity of forward bias CR9, it is con-
ducted through CR9 and Q1] to —18V. When the peak of
the rms signal is more negative than Vi, the input cur-
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Figure 3-2, PEAK AC TO DC CONVERTOR {SIMPLIFIED}

rent reverses direction and CR9 is cut-off. This signal con-
dition is then amplified by U3 and Q8 through Q10, which
produces an emitter current in Q2. The resulting cur-
rent produces s voltage charge on C7 in the A2A1 PCB
that is four times the negative peak difference between
the rms output and VRpp. Varable resistor R60 allows
adjustment of the bias on CRO. R49 allows zero adjust-
ment of the video amplifier input offset voltage.

3-27. Sample and Hold

3-28. The Sample and Hold circuit transfers the charpge
ott C7 in the AZAl PCB to the input of the Integrator.
This circuit is operational only at output frequencies below
20 kHz. It is disabled on gutput frequencies above 20 kHz
becanse the overall detection is sufficiently fast without
sample and hold. The cireuitry consists of Schmitt Trigger
013, Ql4, inverter amplifiers Q7 and Q15, Q16, and FET
gate Q17.

3-29.  Positive excursions of the puise wave form at the
base of (}13 correspond to when CRY in the Peak AC to DC
Convertor is cut-off and a negative peak difference signal
is being stored on C7 in the AZA1 PCB. This positive
going pulse is shaped by Schmitt Tripper Q13 and Q14.
Normatly, Q14 is conducting and Q13 is cut-off. Presence
of a positive going input to Q13 turns it on and turns off
14, The resulting positive pulse at the collector of Q14
subsequently has a duration equal to the conduction inter-
val of Q13. This pulse is coupled through C29 and turns on
inverter Q15, Q16. The conduction of Q15 and the clamp-
ing action of Q16 produces a positive pulse through C8 in

3-4

the A2A1 PCEB and CR13, which is applied to the gate of
Q17. This positive pulse occurs at the trailing edge of the
Schmitt Trigger pulse and tumns on Q17. Conduction of
Q17 then transfers the voltage charge on C7 in the A2Al
PCB to C9, which is at the input of the Integrator, The
rectifier action of CR13 and C40 produces a zero volt turn
on signal at the gate of Q17 in the absence of pulses from
the Schmitt Trigger. This is necessary because the Schmitt
Trigger of Q13 and Q14 is disabled on output frequencies
gbove 20 kHz by a jumper between PO and P17. Inverter
Q7 provides a positive pulse to Q17 which compensates for
the small error caused by the gate to drain capacitance.

3-30. Integrator

3-31.  The Integrator consisting of U4 and associated
components produces an amplitude control voltage for the
Oscillator that is dependent upon the error signal from
Peak AC to DC Convertor. U4 is 4 high gain, non-inverting
amplifier. One input is derived from C9 in the A2A) PCB
and the other from divider R72 through R75. Variable re-
sistor R72 allows offset voltage compensation for U4, The
network consisting of CR14 through CR16 and R78 fune-
tions as a clamnping circuit which limits the maximum out-
put voltage from U4, This circuit improves the recovery
time of the Integrator upon initial turn-on and fault
{(UNCAL) conditions.

3-32. Oscillator .

3-33.  The Oscillator produces the constant amplitﬁde
10V rms, fixed frequency output gignal, It is a bridge “T”
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oscillator formed by input amplifier Q18 through Q24,
voltage controlled resistor FET (26, and output amplifier
Q25, 27, Q28. Output amplitude is precisely maintained
at 10V rms by the integrator output voltage applied to Q26.
Output frequency is dependent upon the component values
in the bridge *T" feedback network,

3.34.  Input amplifier Q18 through Q24 is the heart of
the Oscillatar, The differential pair of Q19 and Q21 re-
ceives two inputs derived from feedback networks con-
nected to the Oscillator output. The input to the base of
the (319 is through a bridge “T” network in the AZAl1 PCB.
Component values of A2A1C) €2, Rl and R2 determine
the center output frequency. The input to the base of Q21
is through the positive feedback network composed of R95
and R96. This feedback signal together with the condue-
tion level of Q26 controls the output amplitude. Adjust-
ment of R95 and R96 allows offsetting the output fre-
quency. Conduetion of Q26 is dependent upon the volt-
age control signal applied to its gate. This signal is derived
from the Integrator and is of such a level as to maintain
the output signal at precisely 10V rms. (18 and Q20 com-
bine the collector signals of Q19 and Q20 in the appropriate
phase s0 that the output signal to (J22 base is twice that of
what is normally obtained from a differential input stage.

This configuration provides minimum ac current flow in
019 and Q21. The collector signal at Q23 is the first
point at which a 10V rms signal is available. Emitter
follower Q24 drives the following output stage of Q27 and
Q28. AC cwrrent in Q23 and Q24 is minimized by boot-
strapping R38 and the emitter load of (24 through C35 to

510A

the output. Overall open loop forward gain of the input
amplifier is determined by the ratio of €33 (X} in ratio
with the sum of R82 and R83 times two.

3-35.  The output amplifier of Q25 and Q27, Q28 s a
complementary output stage. Temperature compensation
of the bias current for Q27 and Q28 is provided through
Q25 and the divider network of R99 through R101. Vari-
able resistor R100 allows adjustment of this bias current.
Output amplifiers Q27 and 028 produce the output sipnal
of the instrument. Maximum output current is limited by
the collector load resistors and the supply voltage. The out-
put signal is specified to 10 mA, sbove which clipping and
distortion may result.

3-36. Overload Indicator

3-37. The Overload Indicator consists of Q29 and the
light emitting diode CR23. This circvit illuminates the
UNCAL indicator wherever the output current exceeds
10 mA.

3-38. Q29 moniters the voltage drop across R106. When
the output current is greater than 10 mA, the voltage drop
across R106 will be greater than 0.6 volts. This voltage
turns on Q29 whose conduction path is through the
UNCAL indicator CR23. Since CR23 acts- similar to a
zener, the first 1 mA of collector current of Q29 is bypassed
around CR23 through R113. Any further increase in cur-
rent is through CR23, thus assuring rapid turn on of the
UNCAL indicator.
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41. INTRODUCTION

4-2, This section contains service and maintenance in-
formation for the Model 510A. The information is ar-
ranged under headings of “SERVICE INFORMATION,
GENERAL MAINTENANCE, MAINTENANCE ACCESS,
PERFORMANCE CHECKS, CALIBRATION PROCED-
URES, COMPENSATING COMPONENT SELECTION, and
TROUBLESHOOTING.” Equipment required to service
this instrument is listed in Table 4-1, If the recommended
equipment is not available, substitute equipment having
equivalent specifications can be used.

4-3. SERVICE INFORMATION

44, Each instrument that is manufactured by the Yohn
Fluke Mfg, Co., Inc, is warranted for a period of one year

upon delivery to the original purchaser. The WARRANTY
is located at the front of the manual.

4-5, Factory authorized calibration and service for
each Fluke product is available at various world-wide loca-
tions. A complete list of these authorized service centers is
located at the rear of the manual, Shipping information is
given in Section 2 paragraph 2-3. If requested, an estimate
will be provided to the customer before any repair work is
begun on instruments that are beyond the warranty period.

. 46. GENERAL MAINTENANGE

4-7. Cleaning

4.8, The Model 510A should be cleaned periodically
to remove accumulation of any dust or other contaminates,
The exterior should be cleaned using a cloth moistened
with ordinary soap and water. Cleaning of the interior
should be done with clean, dry air at low pressure. If the
printed circuit boards require cleaning, first spray them
with Freon T.F. Degreaser (Miller Stephenson Co., Inc.)
and then remove the dirt with clean, dry air at low pres-
sure,

49. Fuse Replacement

4-10. Input line power to the instrument is overload
protected by a fuse installed on the rear panel. A decal
giving the type and rating of the fuse is also located on the
rear panel. If replacement is necessary, uge only the type
fuse specified on the decal for 115 or 230V ac line power.

4-11, Lamp Replacement

4-12.  An UNCAL status indicator (LED) is located on
the front panel. This indicator is accessible after removing
the top dust cover and requires no special tools to replace.
If replacement is necessary, use a Fairchild, type FLV 102
(FLUKE PART NO. 309617) or equivalent.

4.1




TABLE 4-1.

REQUIRED TEST EQUIPMENT

NOMENCLATURE

RECOMMENDED
EQUIPMENT

TEST
FUNCTION

Autotransformer

Variac

Performance checks
Calibration
Troubleshooting

Multirmeter

FLUKE 853A

Troubleshooting

AC/DC Differential Voltmeter

FLUKE 887A8

Performance chacks
Calibration
Troubleshooting

DC Voeltage Standard/Null Detector

FLUKE 336D

Performance checks
Calibration

Thermal Transfer Standard

FLUKE 5408, Ab4-2
{Certified to £0.04% at
50 kMz — 100 kHz)

Performance checks
Calitration

Freguency Counter

HP 5245L

Performance c¢hecks
Calibration
Troubleshooting

QOscitloscope

Tektronix 543, 1A1,
¥10 Probe

Calibration
Troublesheoting

Resistive Loads

700, 900, 1k 2%
{Usable to 100 kHz)

Performance checks

4-13. Two ballast lamps designated DS1 and DS2 that
are part of the —01 Option are jnstalled on the A2 Main
PCB. These lamps are mounted in clip holders attached to
the inner tear panel. Access to the lamps is provided after
removal of the top dust cover. Replacement requires no
special tools. If replacement is necessary, us¢ only GE757
(FLUKE PART NO. 175265) or equivalent.

4-14. MAINTENANCE ACCESS

415. The following procedure is to be used to gain ac-
cess to the interior sections of the Model 510A.

4-16. Major Section Access
Tutn off the Model 510A and remove the top dust
cover. Access is provided to all adjustments and

test points shown in Figure 4-1.

Remove the bottom dust cover. Access is now
provided to assemblies shown in Figure 4-2,

Plug-in Assembly Removal and Installation

Locate the assembly to be removed using Figure
4.2

Disconnect any wiring and then remove mounting
sCrews.

Remove the plug-in assembly using a gentle rock-
ing motion and an even pulling force.

Install the plugdn assembly in its corvect position
using 2 gentle rocking motion and steady down-
ward pressure. Ensuze that each mating connector
is correctly aligned during installation.

Reconnect any wiring disconpected in step e
Each wire is labeled with a mumber which corres-
ponds to a connector on the PCB.




QUTPUT

TP11 FREC.
{+250 V) Tp12 RANGE

(+30 mVv)

{(—2.5V) DET. (+22.7V)
TPS BIAS CIRCUIT CONV. TP

COMMON o -2 +18Y  (_22.7V)

[{03%]
TPe {+18v)

TP13 INT.
QFFSET

FET 52
V REF
BIAS TPO TP8  COMP. BF  os

Tg\?, BAL.  1p1g (—18V)
(+14,14214V)

Figure 4-1. ADJUSTMENT AND TEST POINT LOCATIONS

(~01 OPTION)

EATTERY PACK
I .

BATTERY PACK
AZA1 PCB b WIRE HARNESS

(—01 OPTION)
AZ BATTERY PACK PCB

Figure 4-2. ASSEMELY LOCATIONS (BOTTOM COVER REMQGVED)
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4-18. Battery Removal and Replacement (—01
Option)

4-19. The baiteries for the —01 Option are installed on
the inside of the bottom dust cover as shown in Figure
4-2, If replacement is necessary, the entire Battery Pack,
FLUKE PART NO. 284356, should be replaced. Proceed
as follows:

Disconnect the four wires labeled 1 through 4
from A3 Battery Pack PCB. Refer to Figure 4-2
for location.

Remove the screws which secure the Battery Pack
to the bottom dust cover and then remove the
Battery Pack.

Install a new Battery Pack, FLUKE PART NO.
284356, on the bottom dust cover using the
mounting screws removed in step b.

Connect the four Battery Pack wires to the A3
Battery Pack PCB. Each wire is labeled with a
number which corresponds to a connector on the
PCB.

420, PERFORMANCE CHECKS

4.21.  The following checks can be used to verify most
electrical specifications on the Model 510A. Each check in-
cludes an introduction which states the objectives and lists
the required test equipment. Refer to Table 4-1 for the
recommended equipment.

4.22. Should a trouble be discovered, first determine
that the instrument does not require calibration. If calibra-
tion does not correct the problem, troubleshoot the instru-
ment and repair as necessary.

4-23. Preliminary Operation

Connect the power cord through an autotrans-
former to line power. Set the autotransformer
output to 115V ac.

Set the POWER switch on the front panel to ON.
The meter should indicate LINE OPR.

Allow the instrument to operate for at least 10
tninutes,

424. Line and Load Regulation Checks

425,  This check provides a means of verifying the line
and load regulation performance. Line voltage changes
should not cause output variations greater than 10 ppm
under full load. No load to full ioad changss should not
cause output variations greater than those given in Figure
4-3. The following test equipment is required to perform
these checks:

1.  Autotransformer

2. AC Differential Voltmeter

3. 1k Resistive Load

80 e —T—TT T T
510A LOAD REGULATION ]
60 NO LOAD TO FULL LOAD (0-10MA}

40

20

SN AR —
0 YF'ICAL PE %FCIRM! |
50 Hz 100 Hz 1000 Hz 10kHz 100kHz

UARANTEED SPEC ; o #I

LOAD REGULATION (PPM)

FREQUENCY

Figure 4-3. LOAD REGULATION

Perform the steps given in paragraph 4-23.

Connect the 1k load to the front panei OUTPUT
terminals.

Connect an ac differential voltmeter to the front
panel QUTPUT terminals and record its indication.

Vary the autotransformer output setting from 102
to 128V ac, observing that the output voltage does
not change more than +100 uV,

Return the autotransformer setting to 115V ac
and disconnect the 1k load from the QUTPUT
terminals.

Record the OUTPUT terminal voltage with the ac
differential voltmeter. '

Reconnect the Ik load to the QUTPUT terminals,
observing that the output voltage does not change
more than the limit specified in Figuwre 4-3.

Disconnect the test equipment from the front
panel QUTPUT terminals.

Repeat steps b through g at the rear panel QUT-
PUT terminals.




]- Disconnect the test equipritent.
426, UNCAL Indicator Check

4-27. This check verifies correct operation of the UN-
CAL indicator on the front panel. This indicator should
iluminate when the output load current exceeds 10 ma.
The test equipment required to perform this check is a
700 and 900 ohm resistive load.

Connect a 700 ohm load to the QUTPUT term-
inals, observing that the UNCAL indicator illum-
inates.

Disconnect the 700 ohm load.

Connect a 900 ohm load to the QUTPUT term-
inals, observing that the UNCAL indicator remaing
out,

Disconnect the 200 chm load.

Frequency Accuracy and Resolution
Checks

4-29.  This check provides a means of verifying the out-
put frequency accuracy and resolution capability, The out-
put frequency should be within £0.1% of its specified value.
It should be adjustable £1% with the FREQUENCY
VERNIER control on the front panel. Resolution capa-
bility of this adjustment is +0.05%. The only equipment
required to perform this check is a frequency counter.

Connect the frequency counter to the front panel
OUTPUT terminals. The output frequency should
be within +0.1% of the frequency labeled on the
front panel,

NOTE!

Lke period mode on the frequency counter fo
increase measurement resolution.

Adjust the FREQUENCY VERNIER. control on
the front panel to each limit, observing that the
output frequency chanpes £1%. Resolution with
this control should be +0.05%.

Adjust the FREQUENCY VERNIER control for
the output frequency labeled on the front panel.

Disconnect the frequency counter.

4-30. Output Accuracy Check .

431. This check provides a means of verifying the amp-
litude accuracies given in Table 4-2. It consists of two dif-
ferent methods: dc reference and thepmal transfer. The.
test equipment required to perform these checks is listed
at the beginning of each method.

TABLE 4-2. QUTPUT AMPLITUDE ACCURACY

DC REFERENCE

QUTPUT AMPLITUDE ACCURACY

FREQ. 30 days 90 days

B0 Hz—bkHz +0.01% +0.02%
BkHz—10kHz +0.02% £0.03%
10kHz=30kHz +0.05% +0.07%
30kHz—100kHz +0.15% +0.17%

THERMAL TRANSFER

ouTPUT AMPLITUDE ACCURACY

FREQ. 24 Hrs 30 days | 90 days

50 Hz—20kHz =0.01% | £0.016% | £0.02%
20kHz—=50kHz +0.015% | £0.025% | £0.035%
50kHz—100kHz +0.04% | £0.08% | £0.068%
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4.32,

DC REFERENCE.
TEST EQUIPMENT:
1. I Voltage Standard/Null Detector

Turn off the Model 510A and remove the top dust
cover.

Make the equipment connections shown in Figure
44,

Set the dc voltage standard output to +14.14214V
dc with a null detector sensitivity of 1V.

Tum on the Model 510A and allow it to operate
for at least 10 minutes,

Increase the null detector sensitivity and record
its indication. Maximum offset is £140 uV,

Tum off the Model 510A and disconnect the test
equipmnent. Keplace the upper dust cover.

+14.14214V

V
>

MOBEL S10A

FLUKE 335D

_— VOLTAGE
— STANDARD
—_— F14,14214V)

v

Figure 4-4, DC REFERENCE EQUIPMENT CONNECTIONS
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4-33,  THERMAL TRANSFER.
TEST EQUIPMENT:
1. DC Valtage Standard
2. Thermal Transfer Standard (Certified to +
0.04% at 50 KHz - 100 KHz)

a. Make the equipment connections shown in Figure
4.5,

510A

Sct the dc voltage standard output to 10V de.

Petformn de to ac transfer, observing that the ther-
mal transfer, amplitude accuracy given in Table
4.2 is achieved.

Disconnect the test equipment.

LUKE 335D VOLTAGE STANDARD

FLUKE 5408 THERMAL TRANSFER STANDARD

#14 WIRE {8” MAX. LENGTH)

#18 WIRE (4” MAX, LENGTH) }/

Figure 4-5. THERMAL TRANSFER EQUIPMENT CONNECTIONS

4-34. CALIBRATION PROCEDURES

4-3%.  Introduction

436,  The Model 510A should be checked for calibration
every 24 hours or 60 or 90 days, as desired, or whenever
repairs have been made which affeet the electrical char
actenistics.  Calibration should be performed after a 10
minute operating period and at an ambient temperature of
23°C +5°,

4-37.  All calibration test points and adjustments are
shown in Figure 4-1. Thesc calibration points are accessible
after removal of the top dust cover. Required test equip-
ment is listed in Table 4-1.

4-38. Regulator Alignment

i, Remove the top dust cover. Adjustment and test
point locations are shown in Figure 4-1.

Comnect the power cord through an antotrams-
former to line power. Sct the autotransformer
output to 115V ac.

Turn on the Model 510A and allow it to operate
for 10 minutes.

Connect the input of a de voltmeter to TP2 (+)
and circuit common.

Adjust +183V (R9) for +18 £0.2V dc at TP2.

Connect the de voltmeter input to TP4, observing
that the voltage is —18 £0.5V dc.

Disconneet the de voltmeter input from TP4,

47




Reference Supply Alignment

Make the equipment connections shown in Figure
4-5.

Set the voltage standard output to +14.14214V de
with a null detector sensitivity of 1V,

Increase the null detector sepsitivity and adjust

V REF (R27) for a 0 £70 uV indication on the

null detector.

NOTE!

If this adjustment cannot be made, refer to
paragraph 4-47 for range compensation of R27.

Disconnect the test equipment.

+14,14214V

MODEL 510A

FLUKE 335D

YOLTAGE
—— STANDARD
—  (+14,14214V}

)

g

Figure 4-6, DC REFERENCE EQUIPMENT CONNECTIONS




4-40. FET Bias

a'.

Conneet the input of the dc voltmeter to TPS (+)
and cireuit common, '

© Adjust FET BIAS (R90) for —2.5 +0.2V de at

TP, i

Disconnect the de voltmeter input from TP5.
Zero Set

Comnect the dc volimeter input to TP,

Adjust CONV. OFESET (R49) for 0 £100 uV at
TPa. '

Connect the dc voltmeter input to TP7.

Adjust INT. OFFSET (R72) for 0 £100 uV at
TP7. .

Disconnect the dc voltmeter from the instrument.

Output Bias

Connect a shorting jumper between TP13 and cir-
enit common. ‘

Connect the input for a de voltmeter to TP11 )
and TP4 (-).

Adjust QUTPUT BIAS (R100 for +250 mV dc
between TPI11 and TP4.

Disconnect the de voltmeter and shorting jumper
from the instrument.

Detector Bias

" Set the controls of 2 dc coupled oscilloscope to

provide a .01V vertical sensitivity with an estab-
lished OV reference (Model 510A circuit common)
on-the display.

510A

Connect the input through X10 probe to TPS.
Connect the probe ground olip to clrenit com-
mon.

Adjust the oscillogcope sweep speed to view at

least two complete cycles of the peaked waveform
at TP8. : '

Adjust DET BIAS (RG0) until the peak of the
waveform is at 100 +10 mV in respect to circuit
common.

Disconnect the oscilloscope.
Comparator Balance

Connect the input of an ac differential voltmeter
to the front panel OUTFUT terminals.

Record the ac output voltage.

Switch S2 to the opposite position (white dot not

showing) and record the -ac voltmeter indication.

Adjust COMP BAL (R37) for a maximum shift of
0 £50 uV in output voltage of each setting of 82.

Set 52 to “white dot position” and disconnect the
ac differential voltmeter.

Frequency Adjust

Connect the input of a frequency counter to the
front panel QUTPUT terminals. Use period mode
for maximum resolution.

Set the FREQUENCY VERNIER control (R98)
on the front panel to the center of its adjustment
range. ‘ '

Adjust FREQ, RANGE (R95) for the output fre-
quency labeled on the front panel. If necessary,
refine the FREQUENCY VERNIER setting slight-
ly to obtain the appropriate frequency.

Disconnect the frequency counter,




The Model 510A is now calibrated to meet amp-
litude accuracy specifications related to a de
reference accurate to £15 ppm. If an amplitude
aceuracy related to a thermal transfer is required,

perform the following procedure:

Make the cquipment connections shown in Figure
4.7,

Set thé de voltage standard output to the 10V de.

Perform dc to ac transfer, observing the ac ampli-
tude error.

Adjust COMP. BAL. (R37) for a 10V mms output
from the Model 510A.

NOTE!

Transfer accuracy of the thermal fransfer
standard must be certified to at least
+0.04% from 50 KHz to 100 KM%

Disconnect the test equipment and replace the
top dust cover. The Model 510A is now fully
calibrated.

i

FLUKE 3350 VOLTAGE GSTANDARD
i iRy e

THERMAL TRANSFER STANDARD
: . o

2 MODEL 910A

BT M

#13 WIRE (4" MAX, LENGTH)
#14 WIRE (8" MAX. LENGTH)

Figure 4-7. THERMAL TRANSFER EQUIPMENT CONNECTIONS

COMPENSATING COMPONENT
SELECTION

4-47.

4-.48. Replacement of U2 and associated matched com-
ponents in the Reference Supply will require selection of
jumpers A and B. These jumpers compensate the adjust-
ment range of V REF (R27). Seclection of jumpers is done
as follows:

Turn off the Model 310A and set V REF (R27)
fully counterclockwise.

Locate jumpers A and B using Figure 4-8 and re-
connect any cut jumpers.

Turn on the Model 510A and make the equipment
connections shown in Figure 4-6.

et the voltage standard output to +14.14214V de
with a null sensitivity of 1V,

JUMPERS

A

Figure 4-8. Vppp JUMPER LOCATIONS




Increase the null detector sensitivity and record
the offset voltage. '

Cut jumpers A and B per Table 4-3.

Adjust V REF (R27)} for a 0 £70 uV indication
on the null detector.

TABLE 43. A & B JUMPER SELECTION

OFFSET VOLTAGE (TP 10) CLIP JUMPER

0 ta 0.00571 None
0.00572 to 0.01141, A
0.00142 10 0.01712

0.01713 to 0.02182

NOTE!

The Model 5104 should be recalibrated using
the procedures given in paragraph 4-34 through
4-46.

4-49, TROUBLESHOOTING

4.50. The following information iz provided to assist
in locating troubles in the Model 510A. It is recommended
that the theory of operation in Section 3 be completely
understood before attempting any troubleshooting.

4-51. Initial Troubleshooting

4-32.  Troubleshooting begins by first performing a
thorough inspection for impropérdy scated plug-in assemn-
blies, loose wires, physically damaged parts, or other
obvious problems. The next step is to insure that the
instrument is being operated correctly, but fails to mest
specifications. Performance checks especially designed for
this purpose are piven in paragraphs 4-20 through 4-33.

4-53. Once it it determined that a malfunction exists,
all operating voltages should be checked as shown in
Figure 4-9. During these checks, the instrument must be
operated from nominal line power. If the Rechargeable
Battery Pack (—01 Option) is installed, the optional cir-
cuitry can be checked using the information in paragraph
4-54.

TEST POINT VOLTAGE CIRCUITRY CHECKED

{vDC)

+22v AC INPUT (T1, CR2)

AC INPUT (T1, CR2}

~—18 £0.5V —18V REGULATOR

+18 £0.2V +18Y REGULATOR

+14,. 14214V | REFERENCE SUPPLY

Figure 4-9, QPERATING VOLTAGE CHECK POINTS
4.54. Rechargeable Battery Pack (—01 Option)

4-55.  Qperating voltages for the optional hattery pack
cireuitry can be checked using the following procedure:

Connect the power cord through an autotrans-
former to line power. Set the autotransformer
output to OV.

Make the voltage checks on the A3 Battery Pack
PCB as shown in Figure 4-10.

4-11
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TEST POQINT NORMAL INDICATION
(vDC)
® TP4 +18.2 10 +23V
@ TPE =182 to 23V
@ TP +H.V
@ TP3 +19.1 to +22 8V
@ TPZ +0.6V
NQTE: USE GUTPUT LO ON REAR PANEL AS

CIRCUIT COMMORMN,

A3 BATTERY PACK PCB

01010166

h.

412

Figure 4-10. AR BATTERY PACK PCB CHECKS

Connect the de voltmeter to A3TP1 and slowly
increase the autotransformer output. The voltage
at TP1 should increase from +0.1V de to approx-
imately +25V dc at a line voltage between 30 and
90V ac.

Set the autotransformer output to 115V ac.

Conneet the de voltmeter input to AITP2 and
slowly decrease the autotransformer output, The
voltage at TP2 should increase from --25V dg to
+0.6V dc at a line voltape between 90 and 30V ac.

Turn off the Model 510A and disconnect the
power cord.

Disconnect wire #1 from P! on the A3 Battery
Pack PCB.

Connect the output of a de power supply set to
+24V dc to Pl on the A3 Battery Pack PCE.

Conpect the power supply common to the QUT-
PUT LOW terminal on the rear pancl,

Turn on the Maodel 510A and slowly decrease the
power supply output until the meter on the front
panel swings abruptly to the left,

Record the power supply output voltage. The
Model 510A should turn-off at a power supply
output between 18.5 and 19.5V de.

Increase the power supply output until the meter
on the front panel abruptly swings to the right.
The Model 510A should turn on at a power supply
output that is 1.2V above the value recorded in
step J.

Turn off the Model 510A and disconnect the
power supply. Recotmnect wire #1 to Pl on the
A3 Battery Pack PCR,




Circuit Isolation Checks

: -y

The voltage checks given in Fipure 4-11 can be
used fo isolate a trouble to a major circuit,
General troubleshooting of the major circuit
should then reveal the exact source of trouble.
Circuit voltages are given on the schematic dia-
grar.

CHECK POINT | NORMAL INDICATION FAULT ANALYSIS

P12 10V RMS IF ABNORMAL CHECK(Z), TP5.

TP5 —2.510.2V dc . IETP124S HIGH OR LOW AND
TPS 1S £0.6V, TROUEBLE 1§ IN
THE OSCILLATOR.

CHECK(3), TP7, IF TP5 IS AT
SOME OTHER VOLTAGE.

@ TPy 02100 uV . IFTP5 18 NOT +0.6V AND TP7
IS +10 mV OR MORE, TROUBLE
IS IN THE INTEGRATOR.

IF TPS 15 MORE POSITIVE THAM
=5V AND TP? IS =10 mV OR
MORE, TROUBLE IS IN THE
INTEGRATOR.

tF TPS 15 NOT +0.6V AND TP? IS
OV OR NEGATIVE, TROUBLE 18
IN THE PEAK AC TO DC CON-
VERTER.

IF TPS 15 MORE POSITIVE THAN
—3V AND TP7 150V OR POSITIVE,
TROUEBLE IS IN THE PEAK AC TO
0t CONVERTER.

NOTE!

SAMFPLE AND HOLD IS CONSIDERFED
PART OF PEAK AC TO DC CONVER-
TER.

i‘-'!fil

i

I

Figure 4-11. CIRCUIT I1SOLATION CHECKS




Section 5

List of Replaceable Parts

5-1. INTRODUCTION

5-2. This section contains an illustrated parts break-
down list of the instrument and a Cross Reference List of
FLUKE stock numbers to original MANUFACTURERS’
part numbers. It also lists recommended spare parts and
contains part ordering information. The starting page
number of each major listing is given in the Table of
Contents.

5-3. The parts list shows the location of all assemblies
and the replaceable components. Major assemblies are
identified by a designation bepinning with the lstter A
followed by a number {e.g., Al etc). Subassemblies are
identified in the same manner; however, the parent assem-
bly designator precedes this designator (e.g., A1Al etc.),
Electrical components are identified by their schematic
diagram designator and listed hardware parts are identified
by the FLUKE stock number. All listed components are
described, and the FLUKE stock number is given. The
original MANUFACTURER’S part number for each listed
item is given in the Cross Reference List at the rear of this
section.

5-4.  PARTS LIST COLUMN DESCRIPTIONS

The REF DESIG column indexes the item descrip-
tion to the associated illustration. In general the
reference designations are listed under each assem-
bly in alpha-numeric order. Subassemblies of
minot proportions are sometimes listed with the
assembly of which they are a part. In this case,
the reference designations may appear out of
order.

The DESCRIPTION column describes the salient
characteristics of the component. Indention of
the description indicates the relationship to other
assemblies, components, etc. In many cases it is
necessary to abbreviate in  this column. For ab-
breviations and symbols used, refer to Appendix B
located at the rear of the manual,

The six-digit part number, by which the item is
identified at the John Fluke Mfg. Co., Inc. is listed
in the STOCK NO. column. Use this number
when ordering parts from the factory or author-
ized representatives. In the case where a flag note
15 used, special ordering is required. Flag note ex-
planations are located as close as possible to the
flag note.

The TOT QTY column lists the total quantity of
the item used in each particular assembly. This
quantity reflects only the latest Use Code. Sec-
ond and subsequent listings of the same item arc
referenced to the first listing with the abbrevia-
tion REF.

Entries in the REC QTY column indicate the rec-
ommended number of spare parts mecessary to
support one to five instruments for a period of
two years. This list presumes an availability of
common electronic parts at the maintenance site.
For maintenance for one year or more at an isola-
ted site, it is recommended that at least one of
each assembly in the instrument be stocked. In

&1




the case of optional subassemblies, plug-ins, ete.
that are not always part of the instrument, or are
deviations from the basic instrument model, the
REC OTY column lists the recommended quant-
ity of the item in that particular assembly.

The USE CODE column identifies certain parts
which have been added, deleted or modified dur-
ing the production of the instrument. Each part
for which a Use Code has been assigned may be
identified with a particular instrument serial num-
ber by consulting the Seriat Effectivity List, para-
praph 59. Sometimes when a part is changed,
the new part ¢can and should be used as a replace-
ment for the original part.

MANUFACTURERS’ CROSS REFER-
ENCE LIST COLUMN DESCRIPTIONS
y !

The six-digit part number, by which the item is
identified at the John Fluke Mfg. Co., Inc. is listed
in the FLUKE STOCK NO. column. Use this
number when ordering parts from the factory or
authotized representatives,

The Federal Supply Code for the item manufac-
turer is listed in the MFG column. An abbreviated
list of Federal Supply Codes is included in Appen-
dix A.

The part number which uniguely identifies the
itern to the original manufacturer is listed in the
MFG PART NQ. column. If a component must be
ordercd by description, the type number is Ysted.

5-6. HOW TO OBTAIN PARTS

5-7. Standard components have been used whenever
possible, Standard componénts may be ordered direetly
from the manufacturer by using the manufacturer’s part
number, or parts may be ordered from the John Fluke
Mfg. Co., Inc. factory or authorized rcpresentative by using
the FLUKE stock number. Tn the event the part you order
has been replaced by a new or improved part, the replace-
ment will be accompanied by an explanatory note and in-
stailation instructions, if necessary.

58, You can insure prompt and efficient handling of
your order to the John Fluke Mfg. Co., Inc. if you include
the following information:

Quantity.

FLUKE Stock Number.

Description.

Reference Designation.

Instrument model and serial number.

2 each, 215897, Transistor, 2N4126

AZA1QY & Q2 for 645A, §/N 123,

Example:

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 to other parts of the in-
strument is helpful.




5-9. SERIAL NUMBER EFFECTIVITY

5-10. A Use Code column is provided to identify certain
parts that have been added, deleted or modified during pro-
duction of the Model 510A. Each part for which a use
code has been assigned may be identified with a particular
instrument serial number by consulting the Use Code
Effectivity List balow. All parts with no code are used on
all instruments with serial numbers above 123,

USE
" CODE SERIAL NUMBER EFFECTIVITY




Figure 5:1. AC REFERENCE STANDARD
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5104

REF DESIG

DESCRIPTION

STOCK NOL.;

ot
TY

REC
OTY

USE
CODE}

AC REFERENCE STANDARD

Figure 5-1

Front Panel Assembly (Figure 5-2)

Main PCB Assembly (Figure 5-3)
ECB Assembly, 50 Hz, 60 Hz, 400 Hz,
1000 Hz, 2400 Hz, 5000 Hz, 19.2 KHZ 100 KHZ
(Figire 5-4)

Rechargeable Battery Kit (=01 Option) :F{gure 5.5

Rear Panel Assambly (Figure 5-6)

Xfmr, Power

[T=>Field. installation Kit P/N is 510A-Olk

510A

307368

| 307892
304097




Figure 5-2. FRONT PANEL ASSEMBLY
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REF DESIG

DESCRIPTION |

STOCK NOL;

oT
TY

REC
QTY

USE
CODE

Al

FRONT PANEL ASSEMBLY
Figure 5.2

Diode, light emitting, 50 mA
Binding post, red, HI
Binding post, black, LO
Binding post, white

Meter, 0-1 mA, +10%
Switch, toggie, mini, 3 PDT
Decal, front panel

Meter, retainer

307686

309617
275552
275560
275586
266494
284299

- 309351

307322

REF




Figure 5-3. MAIN PCB ASSEMBLY .
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REF DESIG

DESCRIPTION

STOCK NO

TOT

REC
aTY

USE
CODE

A2

C1

C2, €3

Ca, C5,

C7, €9,
C28, C32
C6, C8, C10,
C12 thru
Cl4, C17,
€20, C23,
Ci7, C38

Cil, C18,
C30

C15, C21,
C22, C24,
thru C26,
C34, C36
Cl6
€19
Cc27
€29
€31
C33
C35
C39
C40
41

€42
CR1, CR7

CR2

CR3 thru
CR6, CR13,
thru CR1S5,
CR17, CR18,
CR20 thru
CR22, CR24

CR8
CR9

MAIN PCB ASSEMBLY
Figure 5-3

Cap, elect, 2 uf +75/=10%, 50V
Cap, elect, 250 uf +50/—10%, 40V
Cap, Ta, 2.2 uf +20%, 20V

Cap, cer, 0.05 uf +80/—20%, 25V

mica, 33 pf £5%, 500V

fixed, ecer, 0.01 uf £20%, 100V

Cap, mica, 4 pf £5%, 500V
Not used

Cap, mica, 47 pf 5%, 500V
Cap, cer, 180 pf £10%, 1 kV
Cap, cer, 20 pf £10%, 500V
Cap, mica, 10 pf +£10%, 500V
Cap, Ta, 4.7 uf +20%, 20V
Cap, Ta, 39 uf +£20%, 20V
Cap, Ta, 3.3 uf £10%, 15V
Cap, cer, 3.3 uf £10%, 500V

Cap, cer, var, 1.7 to 10 pF (100 kHz vemsion only)
Diode, silicon, 1 amp, 100 piv

Diode, bridge, 2 amp, 100 piv
Diode, silicon, 150 MA

Diode, semicon, silicon, 100 MA at 1.5V
Diode, high speed, switching

307868

105197
178616
161927

148924

160317

149153

190397

148536
105890
106369
175216
161943
163915
182808
106377

321109
116111

296509
203323

161810
256339

[oTY

REF




REF DESIG

DESCRIPTION

STOCK NO

CR10, CR11,
CRi2

CRle, CR19
CR23
DSy, DS2

01, Q5,
7 thru Q10
027

02, 4,
Q12 thru

0Ol6, Q24,
Q25, 28
Q3, QI9,
Q21

Q6, QIT.
QI8, Q20
Q29

Q17, 026
Q22, Q23

R1, R2,
R65, RE7,
R78, R87,
R91, R9Z,
R109

R3, R7, R1§
R68, R107,
R108, RI13

R4, R13,
Ritt

R5, R14,
R19

R6, R15
R&
RO, RYS
R10

R11, R75
R76, RB4

Diode, germanium, 80 MA, 100 piv

Diode, zener, 6.2V

Not used

Lamp, incandesant, 28V, 80 MA

Tstr,

Tsutr,
Tstr,
Tes,

silicon, PNP

gilicon, NPN

semicon, silicon NPN

silicon, PNP

FET, N-channel

gilicon, PNP

comp, 10k 5%, 1/4w

, comp, 1.8k +5%, 1/4w

, comp, 6.8k +5%, 1/4w

comp, 2708 *5%, 1/4w

comp, 180k +5%, 1/d4w

met flm, 54.9% 1%, /8w
var, cermet 10k +10%, 1/2w
met flm, 634k +1%, 1/8w

comp, 22k £5%, 1/dw

149187

180497

175265
195974

218396

218081

229898

261388

2235399

148106

175042

148098

160804

193441
271353
309074
235382
148130




REF DESIG DESCRIPTION STOCK NOQ

R12, RO7 comp, 5.6k £5%, 1/4w - 148080
R17 met flm, 57.6k +1%, 1/8w ‘ 289116
R18 met flm, 453k +1%, 1/8w 234971
R20 met flm, 51.1k %1%, 1/8w 309757
R21 met flm, 499k £1%, 1/8w 293456

R22, R23, ref amp, matched set [I:.‘D'
R30, R31

R24 met fim, 2.49% 1%, 1/8w 309732
R25 met flm, 1.05k %1%, 1/8w 293530
R26 met flm, 10782 +1%, 1/8w 309716
R27 var, 1008 £10%, 12w 275735
R28 met flm, 2000 +1%, 1/8w 309724

R29 met flm, 10Q +1%, 1/8w ' 268789

R32 thru used
R36

R37 var, cermet, 200 £20%, 1/2w 275721
met flm, 4028 +1%, 1/8w 245373
, met fim, 1002 £1%, 1/8w 168195
network (2 resistors) 293506
met flm, 3320 £1%, 1/8w 199950
comp, 100k +5%, 1/d4w 148189

comp, 1k £5%, 1/4w 148023




REF DESIG

DESCRIPTION

STOCK NO

TOT

REC} USE
QTY|CODE

RA6
R47, R74
R48, R73
R49, R72
RS0, RS1
R52
R53

RS5, RSS,
R70, RIII,
RI12

Ri6
K59
R60, R90
RG]

R6Z, RES,
R99

R63, RIOS
RG6
R&9
R71
R77
R79

R8O, RBI

R82Z, R&3
R86
REE

R&9

met flim, 137k £1%, 1/8w

, met flm, 45382 £1%, 1/8w
met flm, IM 1%, 1/8w

, var, IM 2108, 1/2w

L used

. comp, 24M 15%, 1/dw
comp, 470k +5%, /4w

comp, 47k £5%, 1/dw

, comp, 360k £5%, l/dw
caomp, 12k +5%, /4w

, var, cermet, Tk +10%, 1/2w
comp, 27k £5%, 1/4w

5, comp, 8.2k +5%, 1/4w

., comp, 10082 £3%, 1/4w
Res, comp, 918 +5%, 1/4w
Res, comp, 820k +5%, l/dw
Res, comp, 6.2k +5%, 1/4w
Res, comp, 2.2M £5%, I/d4w
Res, comp, 36k +5%, /4w
Res, met flm, 1k £1% 1/8w
Res, met flm, 147k +1%, 1/8w
Res, comp, 5108 £5%, 1/dw
Res, comp, 18k +5%, YUW

Res, met flm, 453k 1%, 1/8

2367512
267393
2O8TYT
276641

221945
188441
148163

234690
159731
275750
148148
160796

147926
221887
220541
221911
198390
221929
168229
293654
218032
148122

260331

1

1
|

.
1
|
I
1
L
1
L
i




510A

oT REC‘ USE

REF DESIG DESCRIPTION STOCK NOE

TYQTY|CODE

R94 Res, met flm, 41.2k £1%, I/8w 289538
RO6 Res, var, cermet, 2k +10%, 1/2w 285163
ROS Res, comp, 4.7k +5%, 1/d4w 148072
R100 Res, var, cermet, 2k £10%, 1/4w 309666
Ri02, RI04 Res, comp, 5.6 £5%, 1/d4w . 208033
R103 Res, comp, 108} +5%, 1/4w 1475868
R106 Res, met flm, 84.58 +1%, 1/8w 236831
R110 Res, comp, 56k +5%, l/4w 170738
81 Switch, double pole, double throw 234278
U1 IC, operational amplifier 271502
U2 Ref, amp aésembly, matched set E:}
IC, operational amplifier 284760

Socket, tstr 285262

[ R22, R23, R30, R3] and U2 are a matched set. For
replacement order ref amp set P/N 4842-307918.




REC] USE

REF DESIG DESCRIPTION STOCK NO loTYlcoDE

AZ2A1 PCB ASSEMBLY 50 Hz (—02 Option) 307926
Figure 5-4

Cc1,C2 Cap, fxd, met poly, 0.27 vf £5%, 100V 310466
C3 Cap, Ta, 330 uf £10%, 6V 193011
Cd4,C5 Cap, Ta, 220 uf +10% 10V 132840
cé Cap, Ta, 5.6 uf £10% 6V 193259
Cc7 Cap, Ta, 0.47 uf £10% 250V 184366
C8 Cap, cer, 0.025 uf £2%, 100V 168435
Cco Cap, cer, 0.1 uf £20%, 100V 149146
C10 Cap, plste 0.1 uf £10%, 230V 161992
11 thru 119 Arnp, receptacle 267617
Rl Res, met flm, 2.67k +1%, 1/8w 312173
R2 Res, met flm, 42.2k £1%, 1/8w 312215
R3 Res, comp, 47k +5%, 1/4w 148163

Res, comp, 2.2M £5%, 1/4w 198390

Figure 5-4. PCB ASSEMBLY, 50 Hz (—02 Qption)




510A

REF DESIG

DESCRIPTION

STOCK NO

TOT
oTY

QatTy

REC]

USE
CODE

AZA1

C1,c2
C3

C4,C5
C6
C7
C3
co
C10

J1 thru 119
R1
R2
R3
R4

PCB Assembly, 60 Hz (03 Option}
Figure 5-5

Cap, fxd, met poly, 27 uf 5%, 100V
Cap, Tz, 330 uf £ 10%, 6V
Cap, Ta, 220 uf £10%, 10V
Cap, Ta, 5.6 uf £10%, 6V

Cap, Ta, 047 uf £10%, 250V
Cap, cer, 0.025 uf £2%, 100V
Cap, cer, 0.1 uf £20%, 100V
Cap, plate, 0.1 uf £10%, 250V
Connecctor, receptacle

Res, met flm, 2.21k £1%, 1/8w
Res, met flm, 34.8k +1%, 1/8w

Res, comp, 47k £5%, 1/4w

Res, comp, 2.2M £5%, 1/4w

307934

310466
193011
182840
198259
184366
168435
149146
161992
267617
310508
312181
148163
198390

REF

Figure 5-5. PCB ASSEMBLY, 60 Hz (—03 Option)




TOT]|REC

REF DESIG DESCRIPTION ‘ STOCK NO vty

AZA1 PCB Assembly, 400 Hz (—04 Option) ‘ ' 307942 REF
Figure 5-6

C1,C2 Cap, fxd, met poly, 0.033-£5%, 100V 310474

C3 Cap, fxd, met poly, 5 uf +10%, 50V 313254
C4,C5 Cap, Ta, 68 uf +10%, 15V : - 182824
c6 Cap, Ta, 3.3 uf £10%, 15V 182808
c7 Cap, cer, .05 uf +20%, 100V 149161
C8 Cap, mica, 3000 pf +5%, 500V 161786
C9 Cap, fxd, cer, 0.0] uf £20%, 100V 149153
J1 thru J19 Connector, receptacle 267617
Rl Res, met flm, 2.67k +1%, 1/8w 312173
R2 Res, met flm, 43.2k +19%, 1/8w 312223
R3 Not used
Res, comp, 2.2M £5%, 1/4w 198390

Figure 5-6. PCB ASSEMELY, 400 Hz {—04 Option)
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TOT|REC| USE

REF DESIG DESCRIPTION STOCK NO larviaTY|copE

A2A1 PCB Assembly, 1000 Hz (—05 QOption) 307959 REF
Figure 5.7

Ci1,C2 Cap, fxd, met poly, 0.015 uf £5%, 100V 310482
Cc3 Cap, fxd, met poly, 2 uf £10%, 50V 284687

C4,C5 Cap, Ta, 68 uf £10%, 15V 182824

Cé Cap, Ta, 2.2 uf +20%, 20V 161927
C17 Cap, cer, 0.05 uf £20%, 100V 149161
€3 Cap, mica, 1200 pf+ 5%, 500V 148379
co Cap, fxd, cer, 0.01 uf £20%, 100V 149153
J1 thru J19 Connector, receptacle 267617
Rl Res, met flm, 243k +1%, 1/8w 310524
k2 Res, met flm, 392k £1%, 183w 312207
B3 Not used
Res, comp, 1.2M £5%, 1/4w 188425

Figure 5-7. PCB ASSEMBLY, 1000 Mz (—05 Qption)




REF DESIG

DESCRIPTION

STOCK NO

A2AT

C1,C2

C3
C4,C5

C6

C7

C3

Co
J1 thru J19

PCB ASSEMBLY, 2400 Hz (—06 Option)
Figure 5-8

Cap, mica, 6200 pf £5%, 300V
Cap, fxd, met poly, 1.0 uf £10%, 100V
Cap, Ta, 68 uf £10%, 15V

Cap, Ta, 0.68 uf £10%, 35V

Cap, cer, 0.05 uf £20%, 100V

Cap, mica, 510 pf £5%, 500V

Cap, Fxd, cer, 0.01 uf £20%, 100V
Connector, receptacle

Res, met flm, 243k +1%, 1/8w
Res, met flm, 39.2k +1%, 1/8w
Not used

Res, fxd, comp, 730k £5%, 1/4w

307967

310490
313262
182824
182790
148161
148411
149133
267617
310524
312207

221937

*MQK%& i
AR

Figure 5-8. PCB ASSEMBLY 2400 Hz (—0G Qption)
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lrotlrec] USE

REF DESIG DESCRIPTION STOCK NO TY CODE

PCB Assembly, 5000 Hz (—07 Option) 307975 REF
Figure 5.9

Cap, mica, 3000 pf £5%, 500V 161786
Cap, fxd, met poly, 1 uf £10%, 100V 3132672
Cap, Tz, 68 uf £10%, 15V 182824
Cé6 Cap, Ta, .33 uf £5%, 20V 271338
C7 Cap, cer, 0.05 uf £20%, 100V 149161
ca Cap, mica, 220 pf £5%, 500V 170423
ce Cap, fxd, cer, 0.01 uf +20%, 100V 149153
11 thru J19 Connector, receptacle 267617
R1 Res, met flm, 243k +1%, 1/8w 310524

Rz Res, met fim, 39.2k + 1%, 1/8w 312207

R3 Not used
R4 Res, comp, 360k £5%, 1/4w 234620

Figure 5-8. PCB ASSEMELY, 5000 Hz {—07 Option)




REF DESIG

DESCRIPTION

STOCK NO

TOT
jarty

Ca
C7
8
s
J1 thru 119
Rl
R2
R3
R4
R5
134

PCRB Assembly, 19.2 KHz (=08 Option}
Figure 5-10

Cap, mica, 750 pf £5%, 500V
Cap, fxd, met poly, 1 uf £10%, 100V
Cap, Ta, 68 uf £10%, 15V

Cap, plste, 0.068 ul £10%, 100V
Cap, cer, .05 uf £20%, 100V
Cap, mica, 68 pf £5%, 500V

Cap, fxd, cer, 0.01 uf £20%, 100V
Connector, receptacle

Res, met flm, 2.49% 1%, 1/8w
Res, met flm, 39.2k +1%, 1/8w
Not used

Res, comp, 100k £5%, 1/4w

Mot used

Res, comp, 5.182 £5%, 1/4w

307983

208983
313202
182824
182170
149161
148510
149153
267617
309732
312207

148189

281832

REF

Figure 5-10. PCB ASSEMBLY, 19.2 kHz (—D8 Option)
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REF DESIG DESCRIPTION STOCK NO Y

PCB Assembly, 100 KHz (—09 Option) 307991 REF
Figure b-11

Ci,C2 Cap, mica, 150 pf £53%, 500V 148478

C3 Cap, fxd, met poly, 1 uf £10%, 100V 313262
C4,C5 Cap, Ta, 68 uf £10%, 15V 182824
ca Cap, cor, 0.05 uf £20%, 100V 149161
7,09 Cap, fxd, cer, 0.01 uf £ 20%, 100V 149153
Ccg Not used
71 thru J19 Connector, receptacle 267617
Rl Res, fxd, met flm, 2.26k £ 1%, 1/8w 310516
R2 Res, fxd, met flm, 36.5k + 1%, 1/8w 312199
B3 Not used
Res, comp, 4.7M £5%, 1/4w 220046

Figure 5-11. PCB ASSEMBLY, 100 kHz (—09 Option)




Figure 5-12, RECHARGEABLE BATTERY KIT (-0
OPTION)




TOT

REF DESIG DESCRIPTION STOCK NDﬂTY

A3 RECHARGEABLE BATTERY Kit {—01 Option) 510A—01K] Ref
Figura 5-12

Battery Pack 307900
BT1, BT2 Battery 284356
Battery Pack PCB 307876
CR1 Diode, bridge, 2 amp, 200 piv 296509
CR2, CR6 Diode, zener, 36V £5%, 1w 284364
CR3 Diode, zener, 18.5V : 3Q9450
CR4,CRS . Diode, silicon, 150 mA iy : '203323
71 thra J10 Compector, teceptacle 267617
P1 thru P4 Connecto;, post , 267500
Q1,04 Tstr, silicon, PNP ‘ 195974
Q2,05 © Tstr, silicon, NPN 218396
Q3,06 Tstr, semicon, germanium, PNP | 148619
Ri, R10 Res, comp, IM £5%, 1/4w 182204
Rz Res, comp, 15k +5%, 1/4w 148114
R3 Res, comp, 27k +5%, 1/4w ' 143148
R4 Res, comlé, 150k 15%, 1/d4w R 182212
RS Res, comp, 30k +5%, UW o 193417
Res, comﬁ, 3301{ ﬁﬁ%, W . 192948
Res, comp, 56k +5%, 1AW . 170738

Res, comp, 68k +5%, %W ' 148171




Figure 5-13. REAR PANEL ASSEMEBLY
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REC| USE

RE o ON '
F DESIG | DESCRIPTION sTock Noj 2ot = O

A4 REAR PANEL ASSEMBLY 307884
Figure 5-13

Fl Fuse, fast acting, 1/4 amp, 250V (for 115V operation) 109314

F1 FPuse, fast acting, 1/8 amp, 250V (for 230V operation) 196790
n Connector,male, 3 pin - ‘ 284166
12 ‘ Binding post, white : - 275586

13 Binding post, black, 1.0 275560
J4 Binding post, red, HI o 275552
81 Switeh, slide ' 226274
Fuse holder 160846
Decal : 313064
Fear panel ‘ 307694




MANUFACTURERS' CROSS REFERENCE LIST
FLUKE STOCKNO.[ MFR. {  MFR. PART NO. FLUKE STOCKNO. | MFR. | MFR. PART NO.

105197 56289 30D205G-050BA4 160804 01121 CB2715

105890 71590 BBOO1B1KS3N 161810 03877 5G5658
106369 32897 831-000-T2HO-20Q 161927 56289 196D225X0020

[

106377 32897 861.000-T2HO-3R3 161943 56289  196D475X0020
1166111 05279 IN4817 161992 ' 73445  C280AEA100K

147868 01121 CB1005 163915 36289 196D396X0006
147926 01121 CE1015 168195 91637 TYPE MFF 1/8

148023 01121 CB1023 168229 91637 TYPE MFF1/8
148072 01121 CB4725 168435 36239 C128BI01H253M

148080 01121 CB3625 170423 14655 CD15F221)
143098 01121 CB6825 170738 01121 CB3635

148106 01121 CB1035 175042 01121 CBIR25

148114 01121 CB1535 175216 14655 CD15C200K
148122 01121 CE1835 175265 08806 737

148130 01121 CB2235 178616 73445 C437ARG250
148148 01121 CRB2735 180497 07910 IN753

148163 01121 CB4735 182170 14655 DMF1568

148171 01121 CRB6835 182204 01121 CB1055

148189 01121 CB1045 182212 01121 CB1545

148379 14655 CD19F122]) 182790 56289 150D684X9035A2
148478 146535 CD15F1511 182808 56289 150D330X9A2

148510 14655 CDI5F680F 182824 56289 150D686X9015R2
148536 14655 CD15E4703 182840 56289 150D227X901052

148619 01295 2N1303 184366 73445 C280AE/A470K
148924 T2I982 5855-Y5U-5032 188441 01121 CB4745
149146 56289 33C41Bo 190397 14655 CD15C40K

149153 56289 CO23Bi01F103M 192948 01121 CB3315
149161 56289 55C23A1 193011 56289 150D330X900652

149187 93332 IN270 193417 01121 CB3033

15973] 01121 CB1235 193441 01121 CB1345
160317 14653 CDI5E330] 195974 04713 2N3906

e

160796 01121 CBa225 196750 71400 TYPE AGC

e




MANUFACTURERS’ CROSS REFERENCE LIST ,
FLUKE STOCKNO.| MFR. | MFR.PARTNO. FLUKE STOCKNO. | MFR. |  MFR.PART NO.

198390 01121 CB2255 | 275560 32767 820—45 .
199950 91637 TYPE MFF1/% | 275536 32767 820-25 |
203323 03508 DHD1105 275727 ‘11236 360T2008
208033 01121 CB5615 275735 l11‘236 360T101A
208983 14655 ‘ CD19F751) 2’75750 11236 BGOTIDZA
218032 01121 CB5115 276691 ‘11236 360T105A
218081 04713 MP56520 281832 51121 CB5105
218396 04713 IN3904 284166 | 82389 EAC201
220046 01121 CB4755 284299 09353 7301 .
220541 01121 CB8245 284364 12969 UZ8736
221911 01121 CBA225 284760 12040 IM308H
221929 01121 CB3635 285163 11236 3605202A
221937 | 01121 CB7545 285262 71785 133-2392-039
221945 01121 CB2415 289116 91637 TYPE MFF1/%
229898 04713 MPS6522 289538 91637 TYPE MFF1/8
234690 01121 CB3645 293456 91637 TYPE MFF1/8
234971 91637 TYPE MFFL/8 293506 18612 310865
235382 21637 TYPE MFF1/8 293530 01637 TYPE MFF1/8
236752 91637 TYPE MFF1/8 293654 91637 TYPE MFF1/8
236851 ' 91637 ‘ TYPE MFF1/8 296500 09423 FB100
245373 91637 TYPE MFF1/8 309450 ' 15818 TD333379
256339 28480 5082-2900 309617 31718 FLV102 |
260331 91637 TYPEMFF1/8 309666 11236 36072024
266494 . 32539 TYPE T5-10 309674 11236 360T103A
267393 91637 TYPEMFF1/8 309716 91637 TYPE MF¥1/8
267617 00779 | 358635 309724 91637 TYPE MFF1/8
268789 91637 TYPE MFF1/8 309732 9.1637 ‘ TYPE MFFUB
271338 56289 1500X5020A2 309757 91637 TYPE MFF1/8
271353 91637 TYPE MFF1/8 310466 01281 X4030W27
271502 12040 IM301A 310474 01281 X463UW33351
275552 32767 820-65 310482 ‘ 0128 1‘ X4630W15051
310490 14653 CDI19F622]




MANUFACTURERS’ CROSS REFERENCE LIST
FLUKE STOCK NO.| MFR. |  MFR. PART NO. FLUKE STOCK NO. | MFR. [ MFR.PART NoO.

310508 91637 TYPE MFF1/8
310524 91637 TYPE MFF1/8
312173 91637 TYPE MFF1/8

3121581 91637 TYPE MFF1/8
312207 91637 TYPE MFF1/8
312215 91637 TYPE MFF1/8

312223 91637 TYPE MFF1/8

313262 01281 X4630W10091
321109 73899 DVI3Q0A

@




Section 6

Option & Accessory Information

6-1. INTRODUCTION

6-2. This section of the manual contains information
pertaining to the accessories and options available for
your instrument.

6-3. ACCESSORY INFORMATION

6-4. The accessory information, if applicable, will
contain details concerning accessories that may be used
with this particular instrument.

65, OPTION INFORMATION

6-6. Each of the options available for this instrument,
if any, are described separately under headings contain-
ing the option number. The option descriptions contain
applicable operating and maijntenance instructions and
field installation procedures. A complete list of rc-
placeable paris for each option is contained at the end
of that option description.




B10A
Rack Mounting

Accessory

Rack Mounting Fixtures

6-1. INTRODUCTION

6-2. The FLUKE quarter-rack instruments can be in- 6-3. Instructions for attaching rack mounting brackets
stalled in a 19 inch equipment rack in various combina- are given in Figure 6-2. Figure 6-3 gives instructions for
tions and in conjunction with other FLUKE half-rack in- dual, triple, quadruple rack mounting.

struments. Figure 6-1 shows various mounting configura-

tions.

Single unit left or

Quad maunting right offsat mounting

M03.205-605 M03-201.601

FLUKE Single mounted with Double unit teft or
HALE-RACK single half-rack instrument right offset mounting

MO03-200-611 MO03-202-603

FLUKE Double mounted with Triple unit left or
HALF-RACK single half-rack instrument right offset mounting

M03-200-609 MO03.206-604

Figure 6-1. RACK MOUNTING CONFIGURATIONS




.l

RACK MOUNTING PROCEDURE FOR
MODULAR SERIES INSTRUMENTS

\
-

= I
BT
2| . — %
_ia
£

Z)

i T

\v—q— #8-32 x % PHP SCREW

1. REMOQVE THE FOUR MOLDED FEET AND BAIL
FROM BOTTOM COVER.

2 REMOVE THE NAMER|LATE DECALS FROM THE _
FRONT CORNERS.

3. REMOVE THE SCREWS FRON CORNEARS
WHICH MATOCH HOLE PATTERNS IN RACK
MOUNTING EARS.

A ATTACH RACK MOUNTING EARS WITH PAN
HEAD SCREWS (ENCLOSED).

Figure 6-2. RACK EAR INSTALLATION




5104
Option=01

Option =01

Rechargeable Battery Pack

OPTION —01 RECHARGEABLE BATTERY
PACK

INTRODUCTION

6-2. The Rechargeable Battery Pack shown in Figure
6-1 is installed as the —01 Option. Tt provides at least 16
hours of continuous operation in the absence of line power,
The battery is automatically recharged during line opera-
tion.

RECHARGEABLE BATTERY BATTERY PACK PCB

Figure 6-1, 510A-01K EATTERY PACK




510A

Option—01

6-3. INSTALLATION . Install the Battery Pack PCR in the position shown
in Figure 6-2. Ensure that the mating connectors

6-4. The Rechargeable Battery Pack can be ordered are correctly aligned during installation.

installed at the factory during manufacture by requesting

the —-01 Option. Field instatlation of this option is also . Copnect the four (4) Battery Pack wires to the

possible at any time. The field installation kit can he ob- Battery Pack PCB. Each wire is lubeled with a

tained by ordering FLUKE KIT 510A—01K. Installation number which corresponds to a connector on the

is as follows: PCE.

Turn off the Model 510A and disconnect the ] Install the bottom dust cover.
power cord.
NOTE!
Remove the bottom dust cover.
Operating instructions, theory of operation
install the Battery Pack (BTI1, BT2) on the maintenance, and parts list gre located in the
bottom dust cover as shown in Figure 6-2. Model 3104 Instruction Manual, ‘

BOTTOM
DUST BATTERY PACK
COVER BT1, BT2

BATTERY PACK
WIRE HARNESS

BATTERY PACK PCB

Figure 6-2,. BATTERY PACK KIT LOCATIONS




DUAL, TRIPLE & GUAD MOUNTING
FOR MODULAR SERIES INSTRUMENTS

#8-32 DUAL RACK MTG. FASTENER (lI.F, #300708)
2 PLACES EACH FRONT AND BACK CORNERS,

DESCRIPTION ' QUANTITY

DUAL RAGK KIT] TRIPLE RACK KIT | QUAD RACK KIT
#304816 #308130 " | #3am880

#304808
304782
#304360

DUAL RACK MTG.
#309708 FASTENER 4

I. AREMOVE TORF & BOTTOM COVERS FROM BOTH
INSTRUMEMNTS.

2. REMOVE NAMEPLATE DECALS FROM CORMNERS.

3. REMOVE TOPRP & BOTTOM SCREWS FROM BOTH FROMNT
& REAR CORMNERS OMN THE MATING SIDE OF THE -
INSTRUWMENTS,

4. INSERT NO. 8-32 QUAL MOUNTING FASTENER, THROUGEH
THE P-NUTS IN B0TH FRONT & REAR CORNERS.

5. REMOVE FEET FROM BOTTOM COVERS AMD REFLACE
TORP & BOTTONM COVERS .

Figure 6-3. DUAL, TRIPLE AND QUAD MOUNT
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Section 7

General Information

7-1.  This section of the manual contains generalized
user information as well as supplemental information to
the List of Replaceable parts contained in Section 5. The
following information is presented im this section:

List of Abbreviations

Federal Supply Codes for Manufacturers

Fluke Technical Service Centers — U.S. and Canada
Sales and Service Locations — International

Sales Representatives — U.S. and Canada




List of Abbreviations and Symbols

A ar smp
ac
af

g

°c
cap
cow
car
carmet
clet

<M
cmrr

comp
cont
cre
oW
d/a
dac

dB
de

armpaere

alternating current

audio frequency

snalog-to-digital

assembly

amErcan wire gauge

fael

binary coded decimal

Calsius

capaciter

coumerclockwise

Ceramic

ceramic 1o metal(seal)

circuit

centimeter

comman mode rejection

ratio

compasition

continug

cathode-ray tube

clockwise

digital-to-analog

digital-to-analog

converter

dacibel

direct current

digital multimater

digital voltmetar

efectrolytic

external

farad

Fahrenheit

Fielg-effect transistor v
flip-flop M2
frequency n
federal stock number na
gram N
giga (10%) (_C; or veg
guard NG
gerrnanium e
gigahertz opnl ampl
guaranteed rminimum B
value para
ground pch

henry

heavy duty

high frequency
hertz

integrated circuit
intarmediate freguency
inchies)

intarnal
input/output

kilo (107}
kilohertz

kilohm{s}
kilovolt{s)

low frequency
lightemitting dinde
least significant hit

least significant digit
mega (106)

mitli {1073
milliampere(s}
maximum

metal film
megahert

minimum

millimeter
miliisecond

mast significant bit
mast significant digit
mean time between
failures

mean time to repair
millivelt{s)
multivibrator
megohmis)

nana {107

not applicable
normally closed
negative

normally open
nanosecond
operational amplifier
pico (1077
paragraph

printed circuit board

pF

Ph

(+) or pos
pot

R

RRM
PROM

psi
RAM
rf

rms
ROM

5 OF s8¢
scope
SH

Si

picofarad

part number

positive

potentiometar
peak-to-peak

parts per million
pragrammable read-only
memaory

pound-forece per sguare inch
random -access memory
radio freguency

root mean sguare
read-only memaory
second (time}
oscilioscope

shield

silicon

serial number

shift registar

tantalum

terminal board
temperature coefficient or
temperature compensating
temperature compansated
crystal oscillator

test point

micra {107%)

ultra high frequency
ricrosacond(s) (1 D'G)
unit under test

valt

voltage

variable

voltage controlted pscillator
very high freguency

very low frequeancy
watt(s)

wirg wound

transformer

transistor

crystal

crystal oscillator

chmis)
micro (10

_(g)




Federal Supply Codes for Manufacturers (Continued)

00213

Nytronics Comp, Group Ing,
Subaidiary of MNytronics Inc.
Farmeriy Sage Tlecironics
Rocheater, New York

00327
Welwyn |nternationat, Ing,
Westlake, Ohio

00656
Agrovax Carp.
New Bedford, Massachusetts

00686
Fiim Capacitors, Ing,
Passaic, New Jersay

aa779
AMP Ing,
Harrisberg, Pannsylvania

o111

Allen-Bradley Co.
Milwaukee, Wiscansin
01231

TRW Electronic Caomp.
Semiconductor Operations
Lawndale, California

01295

Texas lnstruments, lna.
Sermconductor Graup
Dallas, Taxas

01537

Motorola Communications &
Elactramics Ing,

Franklin Park, lHlinois

01588
RCL Electronics 1ng,
Manchester, Naw Hampshire

01730
Replaced by 73586

01384 - yse 56289
Sprague Electric Co,
Dearbarn Eleetranic Div,
Lockweod, Floyida

02114
Farroxcube Corp.
Saugerties, New York

042131

Ganaral Instrument Corp,
Harrig ASW Div.
Wastwaod, Maine

02395
Rason Mfg, Ca,
Braoklyn, New York

02533

Sneigrave, C.R, Co,, Ltd.
Don Mills, Ontario, Canada
M3B 1M2

02806

Fenwal Laks

Div, of Travenal Labs.
Morton Grove, [Ilingis

02660

Bunker Ramo Corp., Conn By,
Formerly Amphenol-Borg
Electric Corp.

Eroadviaw, lllinois

02799

Aren Capacitars, Inc.
Chatsworth, California
03508

Ganeral Electric Co,
Eemiconductor Products
Syracuse, New York

03614
Replaced by 71400

03651
. Replaced by 44655

03797

Elglerna Div.

Genisco Technelogy Gorp.
Compton, California

03877
Transistron Electronic Corp.
Wakefield, Massachusetts

03888
KD} Pyrofitm Corp.
Whippany, New Jerzey

03811

Clairex Eleetranics Div,
Clairex Corp.

Mt, Verngn, New York

03980
Muyirhead Ing,
Mountainside, New Jersey

04008
Arrow Hart Ine,
Hartford, Connecticut

04062
Replaced by 72136

0a202
Replaced by 31312

Q4217

Essex |ntarnatienal Ing.
Wire & Cable Div,
Anzheim, California

04221

Aemco, Div. of
Midtex Ine.
Mankato, Minnesota

04222

AV X Ceramics Div,
AV X Corp.

Myrtle Beach, Florida

04423
Telonic Industries
Loguna Beach, California

04645
Replaced by 75376

04713

Matorola Ine. Semiconductor
Products

Phoenix, Arizons

04946
Standard Wire & Cable
Los Angeles, California

05082
Replaced by 2ABEE

05236
Jonathan Mfg, Co.,
Fullertan, California

Q5245

Companents Corp. now
Corcom, Inc.

Chicaga, Hlinois

05277

Wastinghouse Electric Corp,
Semiconduator Div.
Youngwood, Pennsylvania

05278
Replaced by 43543

as278

Southwest Maching &
Plastic Co.

Giendora, Californta

05397

nion Carbide Corp,
Materialz Systems Div.
MNew York, New York

Q5671 - use 56289
Sprague Electric Co.
Pacific Div.

Los Angeles, California

05574
Viking Industries
Chatsworth, Catifornia

05704
Replaced by 16258

05820
Whakefield Engineering Inc.
Wakefield, Massachuserts

08001

Genegral Electric Cao.
Electranic Capacitor &
Battery Products Dapt.
Columibia, South Carolina

061326
Replaced by 63743

06383
Panduit Corp,
Tinley Park, llinois

06473

Bunker Rama Gorp.
Apphencl SAMS Div.
Chatswarth, California

Q6555
Beede Electrical instrument Co,
Penacook, New Hampshire

06739
Electron Corp.
Litrleton, Colorado

06743
Clevita Corp.
Cleveland, Chio

06751
Companents, Ing, Semeor Div.
Phoenix, Arizona

06880
Goutd Automotive Driv.
City of Industry, California

08951

Vernitron Corp., Piezo
Electric Div.

Formerly Clevite Corp., Piezo
Electric Div.

Bedfard, Ohio

08930

Eimac Div.

Varian Associates
Ean Carlos, Califarnia

Q7047
Rosgs Milten, Co., The
South Hampton, Pennzylvania

07118
Replaced by 14674

07138

Westinghouse Electric Corp.,
Electronic Tube Divizion
Horsghead, New Yark

07233

TRW Electronic Components
Cinch Graphic

City of Industry, California

07266

Silicon Transistor Corp,
Div. of BBF Group Inc.
Chelmsfard, MA

07261
Aumet Corp,
Culver GCity, Califernia

07263

Fairchild Semiconductor
Div. of Fairchild Camera
& Instrument Corg,
Maountain View, California

07344
Bircher Co., Inc.
Raochester, New Yark

07587

Burndy Carp,
Tape/Cable Div.
Rachester, New York

07792
Lerma Enginaering Corg.
Northampion, Massachusetts

07910

Taledyne Semicondustor
Farmerly Continental Davice
Hawthorna, Califernia

07933 - use 4D05G
Raythaon Co.
Semiconductar Div. HQ
Mountain View, California

02225
Industre Teansistor Corp,
Long Island City, New Yark

08251
Spectra Strip Corp.
Garden Grove, Callfornia

QB530
Beliance Mica Corp.
Brooklyn, New York

0BB0G

General Electric Co.

Miniatura Lamp Products Dept.
Cleveland, Chio

08863
Nylomatic Corp,
Morrisville, Pannsylvania

0B988 - use 53085
Skattie Electronics Ine.
Archbald, Perinsylvania

09214

G.E. Co. Semi-Conductar
Products Dept.

Power Sermi-Conductar
Products OFN Sec.
Auburn, New York

09353
C and K Components
Watertown, Massachusetts

09423
Seientific Components, Ine.,
Santa Barbara, California

09922

Burndy Corp.

Norwalk, Connecticut
09269

Dale Electronics I ne.
Yankton, §, Dakota
10059

Barker Enginearing Carp.
Farmerly Amerace, Amerace
ESNA Corp.

Kenilworth, Mew Jersey

11236
CTE of Barne
Berne, Indiana

113237
CTS Keene Ine.
Paso Robles, California

11358

CES Electranic Div,
Columbia Broadoasting Systam
Newburyport, MN
11403

Bast Products Co.
Chicaga, lllinais

11503

Kaystone Colymbia [ne.
Warren, Michigan

11532

Teledyne Relays
Hawtharng, California




Federal Supply Codes jor Manutacturers (Continued)

11711

General Instrument Corp
Rectifier Division
Hickvitle, New Yark
11726

Qualidyne Corp,

Santa Clara, Califernia

12014
Chicago River & Machine Co.
Bellwood, Hlincis

12040
National Semiconductar Carp.
Danburry, Conpecticut

12060
Diodes, inc.
Chatsworth, Catifornia

12136
Philadelphia Handle Co,
Camden, New Jersey

123200

Poter-Brumfield Divigion
AMF Canada LTD.
Guelph, Qnatric, Canada
12323

Presienn Coy,, Ine,

Shelton, Connecticut

12327

Frecway Corp, farmerty
Freaway W asher & Stamping Go.
Clgveland, Ohio

12443

Budd Ca, The, Polychem Praducts
Plastic Products Div.

Bridgeport, PA

12615

UJ.5. Terminals inc.
Cincinnati, Qhio
12617

Hamlin lnc.

Lake Mills, Wisconsin

12897
Clarastar Mfg, Co,
Dover, New Hampshire

12749
Jamas Elgctronics
Chicaqoe, IHinois

12856
Micrometals
Sierra Madre, California

12954
Dirkzan Electronics Corp.
Scottsdale, Arizony

12369
Unirrode Corp.
Watartown, Massachusetts

13103
Thermalloy Co., ine.
Dallas, Texas

13327
Solitren Devices 1 nc,
Tappan, New York

13511

Amphenol Cadra Div.
Bunker-Ramo Corp.

Los Gatos, Culifornia
13606 - use 56289
Sprague Electric Ca,
Transistor Div.

Concord, New Hampshire

13839
Repluged by 23732

14099
Semtech Corp.
Newbury Park, California

14140

Edison Electronic Div.

Mec Gray-Edison Co.
Mancheeter, New Hampshire

14183

Cal-R-1ng, formerly
California Resistar, Corp.
Santa Manica, California

14298

American Components, [nc,
an Ingilco Co,
Conshohocken, Pennsylvania

14655

Carnell-Dublier Electronics
Qivigiaon of Federal Pacifie
Electric Co. Govt. Control Dept,
Newark, New Jersey

14752
Electra Cube Inc.
San Gabriel, California

14869
Replaced by 96863

14926

General Instrument Corp.

Semi Conductor Products Group
Hicksville, New Y ark

15636
Elec-Trol Inc.
Saugus, California

15801

Fenwal Electramics Ing,

Div. of Kidde Walter and Co_, inc,
Fromingham, Magsachusets

15818

Teledyne Semiconductors, fermerly
Amelce Semiconductor

Mountain View, California

15845

Litton Systems inc. Useca Div.
farmerly Useco Ing,

Van Muys, California

1589E

International Busingss
Machines Corp.

Easex Junction, Vermont

15909
Replaced by 14140

i6258
Space-Lok Ing,
Burbank, California

16299

Carning Glass

Electronic Components Div.
Faleigh, North Carolina

16332
Replaced by 28478

16473

Cambridge Scientific Ind.
Div, of Chemed Corporation
Cambridge, Marytand

16742

Paramount Plasucs Fabricators, Inc.
Downey, California

16758

Dalco Electronics

Div. of General Motors Corp.
Kokomao, Indiana

17001
Replaced by 71468

17069
Cirguit Structures Lab,
Burbank, California

17338
High Fressure Eng, Co,, ing,
Qklahoma City, Okliahoma

17545
Atlantic Semiconductors, Ing,
Asbury Park, Maw Jersey

17856
Siliconix, Ine,
Santa Clara, Galifornia

17870
Replaced by 14140

18178
Vactec Ing,
Maryland Meights, Missouri

18324
Signetics Corp.
Sunnyvale, California

13612

Vishay Resistor Produsts Dy,
Vighay Intertechnology Inc.
Malvern, Penngylvania

187136
Voltranigs Corp,
Hanover, Mew Jersey

18927

G T E Sylvania Inc,
Precision Material Group
Parts Division

Titusville, Pennsylvania

19451
Parine Machinery & Supply Co.
Seattle, Washington

19701
Elgctro-Midland Corp.
Mepco-Electra Inc.
Mineral Wells, Texas

20584
Enochs Mfg, Inc,
Indianapolis, Indiana

20891

Self-Organizing Systems, Iho.
Dallas, Texas

21604

Buckeye Stamping Co.
Columbug, Ohio

21845

Solitron Devices Inc,
Transgistor Division
Riveria Beach, Florida
22767

ITT Semiconductars

Palo Alto, California
23050

Product Comp. Corp.
Maunt Verngn, New York
23732

Tracar Inc.

Rockville, Maryland

23880
Stanford Applied Engrna,
Santa Clara, Celifarnia

23936

Pamotor Div., Wim. J. Furdy Co.
Burkingame, Culiformia

24248

Repiaced by 94222

24355
Analag Devices 1ne,
Norwood, Massachusatts

24655
General Radio
Cancord, Massochusents

24759
Lenox-Fugle Electronics Inc.
South Plainfiald, New Jersey

25088
Siemen Corp.
Isilen, New Jersey

26403

Amperex Electranic Corg.
Sermicanducior &
Micro-Circuits Biv,
Slatersvitle, Rhade lsland

27014
National Semicanductor Corp,
Sanva Clara, Catifornia

27264
Molex Producrs
Downars Grove, |llinois

28213

Minnesota Mining & Mfg. Co.
Cansumer Products Div.

5t. Paul, Minnesota

28425

Sarv-/-Link formerly
Bohannan Industrics
Fart Worth, Texas

28478

Deltrol Controls Gy,
Deltrol Corporation
Milwaukee, Wisconsin

284820
Hew'att Packard Co. Corparate H.(L
Palo Alto, California

28520
Heyman Mta. Ca,
Kanilworth, New Jeraey

29083
Menzanta, Co., Ine.
Santa Clara, Catifernia

29604
Stackpole Components Co.
Raleigh, North Caraling

30148
A B Enterprise Inc.
Ahaskie, North Carolina

30323

1linais Tool Works, Ing,
Chicago, Illinoiz

3109t

Cptimax Ing,

Calmar, Pennsylvania

32538
Mura Corp.
Great Neck, New York

32787
Griffith Plastic Corp.
Burlingame, Catifarnia

32879
Advanced Machanical Components
Northridge, California

32897

Erie Technological Products, Ing,
Frequency Cantrol Div.

Carliste, Pannsylvania

32097

Bourns inc.

Trimpot Products Division
Riverside, California

33173

General Electric Co.
Products Dept.
Owensharg, Kentucky




Federal Supply Codes for Manufacturers (Continued)

34333
Silicon General
Wastminister, California

34335
Advenced Micro Devices
Sunnyvate, California

34202
Electromotive Ine.
Kenilworth, New Jersey

37042
Matlary, P.R. & Go., Inc
Indianapolis, Indiana

42498
Mational Radic
Melrose, Magsachusetts

43543

Nytronics Ine.
Trangformer Co, Div.
Geneva, Naw York

44655
Ohmite Mfg, Co,
Skakie, Iinais

49671
RCA Corp.
Mow York, Mew York

48956
Raytheon Company
Lexington, Massachusatts

50088
Mostak Corp,
Carrollton, Texas

50579

Litronix Inc.
Cuperting, California
51608

Sclentific Components Inc.
Linden, New Jargey

53021

Sengamo Electric Co.
Springficld, Ilinois

54294

Cutler-Hammer Inc. formarly
Shallcrass, A Cutter-Hammer Co.
Selma, Narth Carolina

55026

Simpsgon Electric Co.
- Div, of Am. Gage and Mach, Co,
Elgln, IHlinois

56239

Sprague Electric Co.

Narth Adams, Massachusetts
58474

Superiar Electrie Co,
Bristol, Connecticut

60399

Torin Corp, formarly
Tarrington Mg, Ca,
Tarrington, Connacticut

63743

Ward Leonard Electric Co., Inc.
Mount Varnan, New York

64834

West Mfg, Co.

San Franciseo, Callfornai
6R0D2

Waston Instruments [ng,
Newark, New Jersey
BE150

Winslow Tele-Tranigs Inc.
Eaton Town, New Jersey
70485

Atlantic India Rubber Works
Chicago, [Hinwis

70563

Amperite Company
Union City, New Jersey
70903

Belden Corp.

Geaneva, Itlingis

71002
girnbach Radia Co., Ine,
Freeport, L1 New Yaork

71400

Bassmann Mfg.

Div. of McGraw-Edizon Ca,
Saint Louiz, Missouri

71450
CTS Corp,
Elkhart, ndiana

71468 .
ITT Cannon Electric Inc.
Santa Ana, California

71482
Clare, C.P. & Co.
Chicago, 1linois

71580

Centrelab Electronics
Div, of Globe Union lnc.
Milwaukes, Wiscansin

71707
Coto Coil Co., Inc.
Pravidence, Rhode Island

71744

Chicago Miniature Larmp Works
Chicago, llinoiz

71785

TRW Electronics Components
Cinch Connestar Operations Div.
Elk Grove Village, Chicago, 1llingis

72006
Driver, Wilber B., Co,
MNewark, Mew Jersey

72082
Replaced by 06980

72136
Electro Motive Mfg, Co.
Williamantic, Connecticut

72258
Nytronics 1ne.
Pelham Manor, Mew Jersay

72619

Dialight Div.

Amperex Electronic Corp,
Brooklyn, New York

72653

G,C. Electronics

Div. of Hydrametals, Inc,
Brooklyn, New Yark

72665
Replaced by 90303

72794
Dzug Fastener Co., Inc.
Waest 1slip, New York

72928

Guylton ind, Inc.
Gudarnan Div.
Chicago, Hlinais

72982

Evie Tech, Products Inc.
Erie, Pannsylvania

73138

Beckman Instruments 1og,
Helipot Division
Fullgrton, California

73293

Hughes Aircraft Go.
Eloctran Dynapmics Div.
Torrenca, California

73445
Amperex Electranic Corp.
Hiciksille, L1, New Yaork

73559
Carling Elactric Inc.
Wt !-lartford, Connecticut

73586
Cirgle F Industries
Trentan, New Jorsey

73734
Federal Scraw Products, [ne.
Chicage, llingis

73743
Fischer Special Mfa, Co,
Cincinnati, Othio

73858

JFD Electronics Co,
Components Corp
Brooklyn, Mew York

73949
Guardian Electric Mfg, Co,
Chicago, Hlinois

74199
Quan Nichols Co,
Chicago, lllincis

74217
Radio Switch Corp,
Marlboro, New Jersey

74278

Signalite Div.

General Instrument Corg.
Neptung, Mew Jarsey
74306

Piezo Crystal Co.
Carlisle, Pennsyivania

14542
Hovyt Elect, Lnstr. Works
Panacook, New Hampshire

74270
Johwnson E.F., Co,
Waseca, Minnasota

75042

TRW Electronics Components
IRC Fixed Resgistors
Philadelphia, Pannsylvania

75378
KureKasch Inc,
Dayton, Ohio
15378

CTS Knights Ine.
Sandwich, Itlinois

75382
Kulka Electric Comp.
Mount Vernon, New York

75915
Littlefuse Inc.
Des Plaines, Ulinois

76854

Qak Industrias Ine.
Switeh Div.

Crystal Laka, llineis

77342

AMF Inc.

Potter & Brumfield Div,
Princeton, \ndiana

77638

General Instrurment Corp,
Rectifier Division
Broaklyn, Mew York

77963
Rubbercraft Corp, of CA. LTD.
Taorranca, Galifornia

78189

Shakeproof

Div. of lllinois Tool Works Inc.
Elgin, lllinois

78277

Sigma Instruments, Inc.

South Braintras, Massachusetts

78488
Srackpole Carkon Co,
Saint Marys, Pannsylvania

78553

Eaton Corp. Engingered
Fastaner Div.
Tinneriman Plant
Cleveland, Ohia

79136
Waides Kohinoor 1nc.
Lang Island City, New York

79497
Western Rubber Company
Gashen, Indiana

79863
Zierick Mfg. Corp,
M4, Kiska, New York

20031 ‘
Electro-Midland Corp,, Mepco Div.
A North American Phillips Co.
Marristown, New Jersay

an14s

LFE Corp., Process Control Div.
formerly APl Instrumant Co,
Chesterland, Ohlo

80183 - use 56289
Sprague Products .
North Adams, Magsac htsetts

80294 )
Bourns Ing,, Instrument Div,
Riverside, California

80582
Hammarlund Mfg, Co.,, Inc.
Red Bank, Mew Jersey

80640
Stevens, Arnold Inc.
South Boston, Massachusetts

81073
Grayhill, Ing, .
La Grange, [liinois

81312

Winchester Electronics

Div. of Littan Industries Lne,
Oakvllle, Connecticut

81439
Therm-D-Dise Ine,
Mansfield, Ohia

81483

International Rectifler Corp.
Los Angeles, California

81590

Korry Mfg. Ca.
Seattle, Washington
81741

Chicage Lock Co,
Chicago, IHhineis
82305

Palmer Elactronics Corp.
South Gate, California
BI389

Switcheraft Inc.
Chicago, lineis

e




Federal Supply Codes for Manufacturers (Concluded)

82415 ,
Naorth Amarican Phillips
Cormtrals Corp,
Frederick, Maryland

82872
Roanwell Carp.
New York, Maw Yark

82877
Botron Ing,
Woodstock, New York

82E79
I'TT Rayai Electric Dhiv.
Pawtuckat, Rhode 15land

83003
Varo lnc.
Garland, Texaz

83053

GCarr Go., The United Can Div,
of TRW

Cambiridge, Massachusetts
83298

Bendix Corp.

Elgctric Power Division
Eatontown, New Jarsey
83330

Semith, Herenan H,, Ing,
Brooklyn, New York

83478

Rubbercraft Corp, of America, Inc.

West Haven, Gonnecticut

83594

Burroughs Corp.

Etactronic Gompanents Div.
Plainfield, New Jersey

B3740

Union Carbide Carp.

Battery Products Div.

fermerly Consumer Products Dy,
MNew York, New Yark

84171
Arco Electronics
Graat Meck, New York

84411

TRW Electronic Compaonents
TRW Capacitors

Ogalfala, Nebraska

24613
Fuse Indicator Corp.
Rockviite, Maryland

84682

Essex International toc.
industrial Wire Div,
Peabedy, Massachusatts

86577

Precision Matai Products,
of Malden Inc.
Stoneham, Mussachusetts

624

Radio Corp. of America
Electranic Gompanents Div.
Hartisaon, New Jarsey

86928
Seastrom Mfg. Co., Inc.
Glendale, Catifornia

B7034

IHluminated Products Inc.
Subsidiary of Oak Industeies Inc.
Anahiem, California

88219

Gould inc,
Industrial Div,
Trenton, Mew Jersey

88245

Litten Systems [nc,
Lseco Div.

Van Nuys, Califarnia

88419

Cornell-Dubilier Electronic Div,

Federal Pacific Ca.
Fuguay-Varian, North Carcelina

88486
Plastic Wire & Cabla
Jewitt City, Connecticut

88690
Replaced by (04217

89536
Fluke, lohn Mfg. Go., Inc.
Seuttle, Washington

89730
G.E, Co,, Mewark Lamp Works
Newark, Mew Jarsey

902071

Mallory Capacitor Go, Div of
P.R. Mallory Co., Inc.

| ndignapolis, indiana

890211 - uze 56365
Squarae D Co.
Chicago, litinois

90215
Best Starmp & Mfy, Co,
Kangaz City, Missouri

80303

Mallpry Battery Co.
Div. of Mallory Ca., Ine,
Tarrytown, Mew York

21094

Essex I nternational Inc.
Suglex/IWF Div.
Newmarket, New Hampshire

91203
Johanson Mfg. Co.
Boonton, New Jergy

91407
Replaced by GB474

91502
Agcociated Machine
Santa Clara, California

91506
Augat Ine.
Attlaboro, Massachusetts

91637
DOale Electronics |nc,
Columbus, Nebraska

91662
Eico Corp.
Willow Grove, Penasylvania

91737 - use 71468
Gremar Mfg, Co., Ing,
ITT Cannon/Gremar
Santa Ana, California

a1802
Industrial Devices, Inc,
Eclgewater, Mew Jersey

91833

Koy stone Electronics Corp.
New Y ork, New York

91836

King'z Electronics Co., Inc.
Tuckahos, New York
1929

Haneywell Inc.

Micre Switch Div.
Freeport, [Hinois

97934

Miller Electric Co., lne.
Div of Aungt
Woonsocket, Rhode island

82184
Alpha Wire Corp.
Elizabeth, Mew Jarsey

43332

Sylvania Electric Products
Semiconduetor Products Div.
Woburn, Massachusetts

24145
Replaced by 49956

94154 - use 949588
Wagner Electric Carp.
TungSal Div,
Newark, New Jersey

84222

Sautheo Ine. formerly
South Chester Carp,
Lester, Pennsylvania

95146
Alco Electronit Products Ine,
Lawrence, Massachusetts

B5263
Leecraft Mfa. Co,
Long lzland City, New York

95264
Replaced by B8278

95275
Vitramen Lng,
Eridgeport, Connecticut

95303

RCA Corp.

Receiving Tube Div,
Cineinnsati, Obio

95348

Gordo's Comp,
Bloomfield, New Jersey

95354
Methede Mfg. Corp.
Rolling Meadows, |llingis

95712

Bendix Carp,

Elzctrical Components Div,
Microwave Devices Plant
Franklin, Indiana

95887
Weckesser Co, Ine.
Chicage, Hlinois

96733
San Fernando Electric Mig, Co.
San Fernando, California

96853

Gulton Industries Inc.
Measurement and Controls Div.
faormerly Rustrak Instruments Co.
Manchaster, New Hampshire

068817
Thomson Industries, Inc.
Manhagset, New Yaork

97540

Master Mobile Moynts

Div. of Whitehall Electronics Corp,
Ft. Moyers, Florida

97913
{ndustrial Electronic Hdware Corp,
New York, New Yaork

87945

Penwalt Corp.

55 Whita Industrial Prodyets Div.
Piscataway, New Jersey

97966
Replseed by 11358

88084
Replaced by 49956

98159
Rubber-Teck, Inc.
Gardena, California

98278

Mal¢o A Microdot Co., Inc
Connector & Cable Div,
Pasadena, California

98201
Soalectro Corp,
Mamaroneck, Mew ¥ ork

983488

Royal | ndustries
Products Div,

San Diego, Califarnia

98743
Repleced by 12749

98425
Replaced by 14433

99120
Plastic Capaciters, |nc.
Chicago, Nlingis

99217

Bell Industries Elect, Comp, Div,
formerly Souwthern Elgct. Div.
Burbank, Galifernia

99397
5TM
Cakland, Califarnda

99515

ITT Jennings Monrovia Plant

Giv, of ITT Jennings formerly
Marshall [ndustries Capacitor Div.
Monrovia, California

09779 - use 28587
Bunker-Ramo Corp.
Barnas Div.

Landsdowne, Pennayivania

99800

Arnerican Precision Industries Ine,
Dalevan Division

Eagt Aurora, New York

99942

Centralab Semiconductor
Contrelab Electronics Div. of
Globe-Union lnc,

El Maonte, California

Toyo Elactronics
{R-Ohm Corp.}
Irving, California

National Connector
Minneopolis, Minngsota




Fluke Technical Service Centers — LS. and Cnnada

United States
CALIFORNIA

Burbank

Fluke Weatern Teenical Center
Mike Na; Semna Manager
2020 N. Linco

‘1: 1504

Tel. (213) B49-4641

Santa Clara

Fluke Weatern Tachnical Center

Town Marshall, Service Manager
2359 De La Cruz Blvd.

Zip: 950580

. (408) 985.1200
COLORADO

Denver

Fluke Southwestern

Ml Bavlele: Sorvics Mang
19803, Guebee S,
Unitd

Zip: 80231

"ﬁ.ﬁ. (303) 750-1225
FLORIDA

Orlando

gluke ﬁ E. T‘e&}uuca] l\%mm
PO Doy 6518 R
940N, Fern Creek Ave,

Ziq: 32803
Tel. (305) B96-2286

ILLINGIS

Des Plaimes
Fluke Midwestern
Technical Center

Te .:(301) 881-5300
MASSACHUSETTS

ﬁ 'Ibchmca.! Center

Dick Zatwiba, Serviee Manager
09 Mmachuaett.a Ave.

'I‘lc?ftﬁl'?) 861-5620
MINNESOTA

Minneapokis

Fluke Midwestern

Technteal Center

Raobert Wayne, Br. Manager
10800 Lyndale Ave. So.

Zip: 55420

Tel, {612} 884-4541

NEW JERBEY

Totowa

Fluke Eastern Technical Center
Al La Fleur, Service Manager
SOOUninn Blvd.

Teli. (201) T42-3216

NEW YORK
Farmingdale, L1
Fluke Rastern Technicpl Chnter
Charles Vanek, Br. Manager
59Central Ave, Unit 3

|1; 11733

(516)752 1078

Roches
Fluke Eut-em Technical Center
Mike Lambert, Br. Serviet Manager
4515 Culver Road
Zip: 14622
Tel. (716) 342-6940

NORTH CAROLINA

Greanaboro

Fluke 8.E. Technical Center

Dwain Cox, Service Manager
Box 5619

PO,
1310 Bemén.an Flaca
Teq. (919) 273.1518

WASHINGTON
Mountinke Terrace

John Fluke Mfg. Co., Inc,

Bill Fetrow, Tech, Service Spvr.
7001 - 220th Ave. 3.W.

Zl}f: 98045

Tel, (206) 774-2206

Canada
ALBERTA

CalEaEy

Flitke Conadion Technical Conter
Dave Racinsky, Bervice Manager
3828.12th 8t NE.

Zip: T2E 6ME

Tel. (403} 261-0780

ONTARID

Mississauga

Fluke Cnnaﬂmn'l‘achmc-ul Center
Herb Faval, Service Manager
6427 Northam Drive

14V 106
A e 2500

Sales and Servica Locations — International

Supplied and supported by Fluke (Nederland) B.V,,
P.O. Box 5053, Zevenheuvelenweg 53, Tilbuxg, Netherlands,

AUSTRIA

Walter Rekirsch Elektronisehe
Geeate CGimbH & Co, KG,
GottfriedsKeller-Gasge 2/9
Arl030 Viennn, Austrin

Tek 734294, 725746

BELGIUM

C.N,Rood B/A

37 Pipce de Jamblinne de Meux
B-1040 Brusnels, Belginvm

Tel: 02-27362155

CYPRUS
Chria Radiovision Ltd.
EIP Bi)x (}?89
o, Cyprus
Tel: 66131

DENMARK
Tage Olasn A/S
T?Elvaerkagade 37
2100 Copenhagen 8§, Dentriark

Tel: 01-294800
FINLAND
Oy Findip AB
Teollisunsatic 7
02700 Kauniainen, Finland
Tel: DBQ-502255
FRANCE
M.B, Electronique 5.A.
Rue Fourmne:
ZAC de BUI

P. N°31
78530 BUC, France
Tel: 8363130

GERMAN FEDERAL
REFUBLIC

Fluke (Deutschland) GmbH
4-Dusseldord
Meineckeastrasse 53

Weat Germany

Tel: 211450831

Fluka (Dewtschland) GmbH
5000 Munteh 80
Mutachelleatraose 1

Weat Germnng

Tel: 089433021

GREECE

Hellenic Seientific
Representations Ltd.

10, Nympheou Street
Atheng 615, Greeca

Tel: 621-7792320/706560

ISRAEL
'R s}y Elactmmcs
nesrin
kealov eat.
Rmnt Hasharon 47235, Iarael
Tel: 483211

ITALY

Ve Shrapps Armellini No, 87
in (i ellini No.

00143 Rome, [taly

Tel: BH16E51 .

Sistrel S.p.A.

Via Timavo 66

%0099 Seat.oS Gkovanm(Mﬂnn)

toly
Tel: 022485233
NETHERLANDS
N, Rood, BV,
Cort vap der Lindenatraat 11-13
Rijswijle (Z.5) 2100
Netherlands
Tel: 0T0-996360

NORWAY
Morgenstierne & Co. A/S
Kcm haflegnte 3

ox G688, Rodeldkla
Oslo 5, Norway
Tel: 02-366110

PORTUGAL
Equipsmentos

De Labaratorio Lidn.
P.O, Box 1100
Liaben 1, Portignal
Tal: 019-976561

SPAIN

Ataio In%fmmn B.A.
Enrique Larreta 10-12
Madrid 16, Spain

Tel 01-7330562

SWEDEN
Telelnstrument AB
PO, Box 490

8.182 Vallinghy-4

Bweden
Tel; 0B-3B0370

SWITZERLAND
Jenatschstrasse |

B002 Zurich, Switzerland
Tel: 01 360711

TURKEY

M. Suhey] Erkman
Nacatibey Cad §2/2
Kum]w stanbul -

Tel: 4111'546, HT651

UNITED KINGDOM

Fluke International Corp.
Garnet Close

Watlord, WD2 4TT, England
Tel: 0923 B30G6

Customers in the following countries:
Bulgaria, Czechoslovakia, Hungary, Foland, Romania,

U.8.5.R. and Yugoslavia

Contaet: Amtest Associates Ltd., P.O. Box 55, Addlestone,
Surrey, KT 15 1DU, England, Tel: 0832-52121.




Sales and Service Locations — International (Concluded)

Supplied and supported by Fluke International Corporation,
P.0. Box 43210, Mountlake Terrace, WA 98043,

ARGENTINA

Coanin S.A.

Virrey del Fino 4071
Bumnos Adres, Argentma
Tel: 523185

AUSTRALIA

Elmeasco Instruments Pry Lad,

P.0, Box 30
Concord, N.5.W
Australia 2137
Tel; 102} T6-2888

Elmeasco Ingtruments Pty Ltd.

P.0. Box 107
Mt Waverly, VIC. 3140
Australin

Tel: 233-4044

BOLIVIA

Coasin Belivia 3.R.1.
Casilla 7295

Lo Paz, Bolivia

Tel; 40932

BRAZIL

Araleg 5 A

Indugtrinl ¢ Comercio
Av. Pacasmbu BL1
Sao Paulo 5P, Brozil

CARIBBEAN

& CENTRAL AMERICA
West Indies Seles; Co.

7330 Narthwest 66th Street
Miami, FL 33166

Tel. (305) 592.8158
CHILE

Caianin Chile Ltd.

Casilla 1458&—Comm 15
bantm&o.

Tel: 39

COLOMELA
At Lirnitaada
Apartado Aeveo 12322
Bogota 1, Colombia
Tel: 419331

ECUADROR
Proteco Consdin CLA, Ltda.
Apartado 2284

?‘uaism o

EGYPFT

Lotus Engineering Organiaation
F.0. Box 1252

Calro, Egypt

Tel; 716X

HONG KONG

Gilman & Co, Ltd.
F o, Box a8

Te]n‘ﬁa-mﬁ&

INDIA

Hinditron Services Pvt. Ltd.
68/A L. Jugmohandns Marg
Bombay 400 006, India
Tel: 366344, 381616

Hinditran Services Pvt, Lid./
Hinditron Gomputers Bvt. Ld.
"Hinditron House"

412 Rajmahal Vilas Extension
Bangalore 560 008, Indin

Tel: 32852

INIK)NESIA

P.T. United Meo-Citas Co., Ltd.
JLN Penjuringan 88A
Jakarta, Indenesia

Tel: 21380

IRAN

Iranteapix Comﬁany Litd,

20 Zalm Hoad
Tehran, Iran
Tal; 828234, B31564
JAPAN

o Trading Company Ltd,
T% Box 5 r}g
Tokyo Internationzl
Tokye 100-31, Japan
Tel: (03) 279-0771

Toyo Trading Company, Ltd.
Suzuki Building

2-48 Junkeicho-dori
Minami-ku, Osaks, Japan
Tel: ((6) 262-3471
JORDAN

Trading & Agricultural
Development Co,

PO, Box 567

Amman, Jordan

Tol: 23052

KENYA

Advanced Communications Litd.
ity Houme, Wabera Street
P.0. Box 30638

Nairobi, Kenys

Tet: 31865

KOREA

Asia Selenee & Co.
International P.O. Bax 1250
Secul, Korea

Tel; 762781

oogevelt Avenue

KUWAIT
Elﬂ" Company
%ox Safat 20506
Kuwait, Arabisn Gulf
Tel: 436100, 436045

LEEANON )
General Marketing Trading &
Contracting Company

Anis Nxouli Street

Nrouli Buildin g

P.0. Box 155.6550

Buedrut, Lebanon

Tel: 319383, 312061

MALAYSIA

O'Conner’s (Pte) Lid,

P.0. Box 1197

Kota Kinabalu, Sabah

Eaunt Malaysia

Tal: 54082

O'Connar a (Ptay Ltd,

Ect,x lin J Sel
etuling Jaya, Selangor

West Nﬁlay&la

Tel: 51563

MEXICG

Mexitek, 3.4

Eugenia 406
Departoment 1

Mexico 12, D.F,, Mexico
Tel; 6360910

MOROCCO

SLEEM. .
Residence Moulay Iamail
Bat, C,

Boulevard Monlay Slirmane
Rabat, Moroceo

Tel: 276:64

NEW ZEALAND

W&K McLean Ltd.

P.O. Box 1097

Auckland, New Zealand

NIGERIA

Mofut Enginaering Ce., Ltd,
P.O. Box 6264

Lagoa, Nigeria

PAKISTAN

Pak International Operations
505 Muhammadi House-
MeLeod Road

F.O. Box 5323

Karachi, Pakistan

PERU
!nﬁiorumima
present.amonea
lectronicas 5.A.
Avyda, Franklin D. Roosevalt 105
Lima 1, Paru
Tel: 268650

SAUDI ARABIA
Electronic Equipment
Miarketing Establishment
P.O. Box 3750

Riyadh, Saudi Arabia
Tek 32700

SINGAFORE
O'Connor's (Pie) Lid.

98 Poair Panjong Rosd
Eingapore &, Singapora
Tel: 637944

SOUTH AFRICA

Fluks 54 (P1y) Lud.
P, Hox 3747

Republic of South Alrica

Fiuke (F1y.) Lid.

24 Fountain Shopping Ctr.
Main Road

Rondebosche 7700

Cape Tawn

Republic of South Africa
Tel: 651881

TAIWA(-_I;

Tatung Compan;

gZdChungshan I’quth Roud
T .

Talpei, Taiwan

Rep. of Ching

Tel: 5216252

THAILAND

Dynamic Suppl

Engingering P

No. 56 Elmrnai Bukhurmvit 63
Bankok-11, Thailand

Tel: 514424, 928533

URUGUAY SRL
Coasin Uruguaya 5.R.L.
Gemr.o a17- 4"%
ontevidea, Uruguay
T(,] I17HR

VENEZUELA

Coasin C.A.

APDO Postal 50839
Sabana Grande Mo, 1
Curiuzis 105, Venezuela
Tel: 722311




Sales Representatives — LS. and Canada

United States

ALABAMA
Hunteville
BCS Ansociates, Inc.

P.O, Box 1273

3322 S Memorinl Farkway

TlS. (205) 351-6220

ALASEA

Anchorage

Harry Lang & Associates
1405 w 47th Ava,

’I‘EH (907) 275741

ARIZONA

Phoenix

Barnhill Aszoclates, Ine.
7318 E. Stotaen Drive
Seottadale, AZ B5251
Tk, (602) 947-7841

CALIFORNIA

Los Angelen

Inatrument Specinlists

Sales Groap

John Fluke Mfg. Co., Ine.

2020 North Lincoln Street

Burbank, CA 91504

Tel. (215) 849.7181

lEnnta Clnuépec ‘all.
netrunient altsts

Salea Group

John Fluke Mfg. Co., Inc.

2589 De Lo Cruz Blvd.

Zip: 98060

Tel. (408} 244-1 505

COLORADO

Denver

Barnhill Associates, Inc.
1980 5. Quebee Street, Unit 4

31?.' 80231

Tel. (303) 750:1222
CONNECTICUT
Hartford

IRI Sales Grou
JohnBFluke Mfg. Co., Ine.

Glastanbury, CT 0803
Tel. (203) 634-5771

FLORIDA

Orlando

BCS Associates, Inc.
P.O, Box €

940 N. Fern Creek Ave.

ZIEI: 22803

Tel. (305) B96-4881
GEQRGIA
Deenator

BCE Associates, Ine.
2522 Tnnglcwood Road

Ziq: 3003
Tel: (404) 321-0880

John Fluke Mfg. Co,, Inc,
P.0. Box 43210, Mountlake Terrace, WA 25043

HAWAIIL

Honolulu

Industrinl Electronics, Inc.
PO Box 136

646 Queean Strect

Zip: 56817
Tel, (808) 533-6035

ILLINOIS
Chicaga
Cozzens & Cudﬂ.hg Sales Group
dohn Fluke Mig. Co., Inc
1301 North Rand Re.
Pes Plaines, IL 60016
Tel. (312) 2953600

INDIANA

Indiannapolis

Cozzens & Cudaby Sales Group
John Fluke Mfg, Co., Inc.

Port O'Call Exﬂcutwc Center
21 Baachway Drive

Zip; 46224

Tal. (317) 244-2456

KANSAS

Kangng City, MO

Cezzens & Cudaky Sales Group
John Fluke Mfg, Co., Inc.
4406 Chouteou Traffic Way

117
T (816) 454-5886

KENTUCKY
Loulaville

BCS Agaociates, Ine.
4506 Freda Woy

Valley Station, KY-mz?z
Tel. (g{iﬂ) 936-9634

MARYLAND
Baltimare

Mid-Atlantic Sales Group
Johin Fluke Mfg. Co,, Inc.
11501 Huf¥ Court

Kensington, MD 20795
Tel. (301) B81-3370

MASSACHUSETTS

ton
Irutriument Representatives
Bales Group
Jobn Fluke Mfg. Co., Ine.
109 Massachuaatt.a Ave,

gton, MA 02173

Tel. 617 dorbeas

MICHIGAN

Diotropit

WHEM Asseciates, Inc.

346 Girard

Madison Heights, MI 48071
Tel. (313} 5882300

All of the above Fluke Sales Offices carry local stocks of low-
cost Digital Multimeters (Models 8000A, 8030A, 8040A),
Counters (Model 1900A), Digital Thermorneters (Models

MINNESOTA
Minneapolis
Comzens

John Fluke Mfg. Co., Inc.
10800 L, nda!e Ave. 3,

Teli (612) B84.4336

MISSOURI
Knnsas Ci
Corzena &
Sales Group
John Fluke Mig. Co,, Ine.
4405 Chnut.aau Traftic Way

ip; &
Ta?. (81 S) 4M~5336

St. Louts

Cozzens & Cudahy

Sales Group

Jokn Fluke Mfg, Co., {ne,
P.C. Box 100 3

ipi 6
Teg. (314) 423-1234

udahy

NEW JERSEY
Newark

5BM Reprosentatives
Sales Group

John Fluke Mig. Co., Ine.
1519A Stnyvesant Ave,
Unlan, NJ 07083

Tel. (201) 687-8737

NEW MEXICO
Albuguergque
Barnﬁll Associates, Ing.
é? 1)-D Wyommg NE.
Tal. (505) 299-7658

NEW YORK

New York

SBM Heprosentatives
Sales Group

Jobn Fluke Mg, Co., Inc.
460 Colfax Avenus

Cliftsn, M.k

Zip: 07013

Tel. (201) 7764040
Rocheater

SBM Representatives
Sales Group

John Fluke Mfg. Co., Inc,
4515 Culver Road

Zlg.‘ 14622

Tel. (T18) 266-1400
NORTH CAROLINA
Greenshoro

BCS Associntes, Inc.

P.O. Bax 9619
1310 Baaman Place

lq: 27440,
Tel. (018 273-1218

OHIO

Cleveland

WEM Agsociates, Ine.
16141 Puritas Ave.

Z:lib: 44136

Tel. (216) 2670445
Dlﬁrton

WHKM Asxocintes, Ing.
7813 8. Suburban Read

Zip: 45459
Tel, (513) 434-7500

OREGON

Boaverton
Showalter Inatruments Ine.

3800 5.W. Cedar Hills Blvd,

Euite 1680
Zip: 97005
Tel. (503) 646-5196

PENNSYLVANIA
Philadelphia
Mid=Atlantic Sales Group
Jobhn Fluke Mfg. Co., Inc.
Suite H

1010 Wezt Bth Avenue
King of Frussia, PA 19406
Tel. {215) 265-4040

Plitsburgh
WEKM Associates, Ing.
90 Clalrt«on Blvd,

?_ (412) a892.2053

TEXAS

Auatin
Barnhill Asseciates, Ing.
1200 Bm‘ton Hill, No, 197

R 8704
Tel, (812) 444-2377

Dallas

Barnhill Asseciates, Ine,
908 Business Farkway
Richardsan, T 75080
Tel. (214) 251-2673
Houston

Barnhill Associates, Ine.
10606 Hempstead Highway
Suite 132

Zip: 77082

T .(713) GAB-8671

VIRGINIA
Willlamsburg
BCS Aspocirtes, Inc,
107 Rich Neck Road
Zip: 23185

Tel. (B04) B77-4053

WASHINGTON
Benion City

Showalter Instruments, Inc.

P.0. Box 828
Ziq; 99320
Tel. (50 588.3472

Tel: (206) 774-2211 Toll Free: (800 426-0361 TWX: 910-449-2850 Telex: 32-0013 Cable: Fluke

Seattle

Showalter Instruments, Ine.
1621 - 130th N.E
Bellevue, WA 88005

Tel. {206) 4554022
WASHINGTON, D.C.
Baltimore

John Fluke Mfg, Co., Ing,
11501 Huff Court
Kensingten, MD 20785
Tol. (301) 881-3370

For U.8. areas not listed, con-
taet the regional office near-
est you or John Fluke Mfg.
Co., Inc., Mountlake Terrace,
Wh.,

Canada

ALEBERTA

Calga

Allan Crawford Assoc., Ltd.
3829 - 12th Street N.E.

Zig: T2E 6Mb

Tel. {403} 276.9668
BRITISH COLUMBIA
North Vancouver

Allan Crawford Asace., Lid.
116 E. Third $t,, Swite 208
Zip VIL 1E6

Tel, (804} 980-4831

NOVA 8COTIA
Halifax
Allan Crawford Assoc., Ltd.
Suite 201, Townaend PL.
B0O0 Windmill Rd,
Burnside Industrial Pnrk
Dartmouth NS
ri- B3B 1L
{902 469 THES

ONTARID

Torontg

Allan Crawford Assoc,, Lid,
6427 Northam Drive
Missisgauga, Ont 14V 1J5
Tel. (416) 878-1500

Ottawa

Allan Crawford Assor,, Lid,
1209 Richrnond Rosd

Z:g: K2IB 7Y4

Tel.(613) 329-0651

QUEBEC

Monireal

Allun Crawford Assce,, Ltd,
1330 Marie Victorinn Blvd, B,
Longueuil, P.G. JAG 1A2

Tel. (514) 670-1212

For Canadtan areas not listed,
contact the yegional office
nedrest you or Allan Craw-
ford Aszoc,, Ltd,, Missizeauga,
Ontario.

2160A, 2170A, 2165A, 2175A) and the Universal Temperature
Probe (Model 80T-150). These same products are available
from the following distributors:

Brownell Electronics
Atlanta, GA (404) 762-5151
Charlotte, NC (704) 394-4341
Memphis, TN (901) 323-8554
Nazhville, TN (615) 889-8230
Orlando, FL (305) 843-6770
Mobile, AL {205) 479-5405

Liberty Electronics

El Sepunds, CA (213) 322-8100
San Diego, CA (714) 565-9171
Phoenix, AZ (602) 257-1272
Seattle, WA (208) 763-8200
Albuguerque, NM (505) 299-8203
Beaverton, OR (503) 644-4783

The Mancib Company Pioneer-Standard
Bogton, MA (617) 272-9450 Cleveland, OH (216) 587-3600
Middletown, CT (203} 346-6646  Dayion, OH (513) 236-9900

Elmar Electronics Indianapolis, IN (317) 549-7500

San Franeisco, CA (415) 961-3611 Pittsburgh, PA (412} 782-2300
Denver, CO (303) 287-9611 Detroit, M1I(313) 525-1800
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Schematic Diagrams
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