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DOCUMENT CHANGE RECORD

i
DESCRIPTION OF CHANGE

Added Serial number references

Added page 7 (3rd page of Documentation Index)

Reld . Section 4.1

Delete: Ttem 3

0o
' n .
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Add: Item 2.

Correct: OECO Transformer # from 17537 to 17584 i
and Dwg. # from 510A/AA~6001 to 510A/AN-6003

Section 4.1

oo
it

Correct dwg. nunber, Sect. 4.1 from 'msmﬁ“
S10A/AN-6001 to S510A/AN-2001 LT
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GENERAL - Similar to 510A-04 with the following
exceptions:

1.1 Capable of heing phase locked to an external
300tz 26V RMS reference.

rrovides eight separate transformer isolated
outputs at 10V RMS into 100K ohms.

Each output has programmable phase control of
0 or 180 degrees.

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 Thase reference input: 26V RMS + 10%,
: 380 to 420Hz, 30K ohm input impedance.

2.2 Outputs: Eight , transformer coupled,at
10V RMS + .05%. Phase relationship to phacse
reference input 0 + 1 degree or 180 + 1 deqrees
programmable. Total harmonic distortion 0.15%
isolation hetween any two outputs or input to
any output: 300V DC or peak AC; 1100pf
naximum capacitance.

Phase programming inputs: Power required

5V DC + 5% at 150ma per input (1.2 Amp
maximum for all inputs paralleled). Logic
levels for phase programming (7400 series TTL):
Logic "0O", V in € 0.8V, I in - 3.2ma. Logic
“gh. v oin » 2V, I in < lma.

On a logic "I" to logic"O" transition at

the phase control enable input, the output
phase will be programmed according to phase
control input status. Logic "O" corresponds
to 180 degrees phase logic "%1" corresponds
to O degrecs phase with respect to phase
reference input.
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510A/AA-130 REV

#? Form No. T40




MECHANTICAL

3.1 Chassis size 3~1/2 in. high, 19 in. wide

{rack mountable), 5%z in. depth behind front
panal, I

Input and ocutputs located on rear panel.
Input, binding posts on 3/4 in. centers.
Outputs 8-8 terminal harrier strips.

Power switch an d overload indigator on
front panel.

PARTS LIST - See Rills of Material and Engineering
Drawings listed in Section 3.2 MFG Column.

4.1 Purchased Parts
{1} OECO transformer 17534 per S516A/AN-8001

DOCUMENTATION

%.1 Standard 510A Manual with 510A/A2-130
Specification Control Drawing and Drawings
listed in Section 5.2 MNLS Column.
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DOCUMENTATION INDEX MODEL: s1on/an |

DRAWING
NUMBER.

510A/AA-160

USAGE lapplies to

&nstruments
ith Serial
nmumbers:

DRAWING
TITLE

SHEETS

w
Acceptance Test

Procedure ALl

510A/AA-1001

Schematic, B : through
OQutput AC Ref Std. 8/N 128

51.0A/AA-2001

Pront Panel Punch All

510A/AA-2002

Rear panel punch All

510A/AA-2003

Front Panel screened All

5102/2A~2004

Rear Panel screened All

510A/AA-2005

Inner Panel LI All

510A/AA-2006

Inner Panel Rl All

510A/AA-2007

through
Bracket Xformer Mtg. : 8/N

SLOA/AA-2008

Hold Dowvmn, Transformer All

S10A/AA-2009

Pad, Transformer Mtg. All

S10A/AA-300)

Drill Detail Thgﬁgg?ga
Phagse Lock PCH Asgvy, *

510A/AA-4001

Through
Phase Lock PCB Assy. S/N 128

510A/AA-4002

Main PCE Assy. Through
(Modifications) 4 S5/N 128

S1O0A/AA-445]

Front Panel Assy. KX All

510A/AA~4452

Rear Panel Assy, 1ix X‘ All
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MODEL: 510A/AA

DRAWING
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'S

DRAWIN
TITLE

USAGE

SHEETS
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Applies to
instruments

oo Y

510A/AA~5001

Final Assy.

numbers;
Through

S/N 128

510A/AA~6510

Power Trarnsforman

510A/AA

Test & Buttfon-up
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DOCUMENTATION INDEX MODEL: 510A/AA
USAGE -
DRAWING DRAWING ?ﬁtﬁgaﬁg .

NUMBER TITLE with serial
numbersg:

Schematic, 8 output ‘
S10A/AA~-1003  fac Ref std. 129 & on

510A/AA-2010 Support

510A/AR-2011 Support

510A/AA~-2012 Support

S10A/AR-2012 Support

Drill Detail
S10A/AA-3003 |pPhase Lock PCRB

510A/AA~4003 Phase Lock PCEBE Assy.

510A/AA-4004 Main PCB Assy (rework)

510A/AA-5002 Final Assy.
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6.0 TEST PROCEDURE - See 510A/AA-160
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The following is a list of
test the 510A/RA.

Multimeter

Variac

AC Ammeter

AC/DC Differential
Voltmeter

Osgcilloscope

Thermal Transfer Standard
bC Calibrator

Load resistors

Continucusly variable
Fregquency Counter
Phase Refepence Source
RMS Volimeterx

Phage Meter
Distortion Analyzer
Wave Analyzer

equipment reguired to

Fluke 8100A
1A Minimum
0~100ma

Fluke 887a

Tektronix 545 with LAl Plug in

and 10X attenuator probe or equiv.

Fluke 540B

10V and 14.14214 volts + 20 ppm

@ Sma, Fluke 3437

(1) 700 ohms, (1) 1l.3K ohns,

(8) 100K ohms + 1%, and (1) 110K

chms + 1%.

DC Yower Supply 0 to + 10V € 1.5 Amp.

300-400Hz with lHz resolution.

26V RMS, 350 to 450Hz.

Pluke 931B calibrated to + 0.02%
See 3.2,9.

Wiltron 351

HP333A or

HP3590A

JOHN FLUKE MANUFACTURING CO., INC

REV
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PURPOSE

The purpose of the Test Procedure is to define requirements
and procedures for production testing of the Model 510A/AA

Reference Standard.

SCOPE

This procedure defines tests to be performed on all instruments.

2.1 Section 3 applies to instruments with serial numbers 001 through
128,

Section 4 applies to instruments with serial numbers above 128.

TEST PROCEDURE (Serial Numbers 00} through 128)

NOTE: All references to 510A are to the 510A-4001 (307869) PCB
assembly, All references to the 510A/AA are to the 510A/AA-
4001 PCR assembly., All measurements are made to circuit
common (black binding post, TP 8 & 10 on 510A/AA or 510A
shield cover) unless otherwise specified.

Turn-On -~ 510A Basic
NQTE: All referenced test points and adjustments are on
510A, unless otherwise noted. Referenced output

terminals are TP 12 & TP 11 (common) on 510A/AA.

Disconnect red, blue and violet leads from 510A.
Disconnect orange and yellow leads on 510A/AA.

AC Power Input Receptacle

Verify that the AC power input receptacle ia
installed with the grounding pin up and that

the high zide of the line (pin marked L on back
of receptacle) is connected to the center post
of the fuse holder.

JOHN FLUKE MANUFACTURING CO., INC.
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Isclation Check

Set the multimeter to the 10M ohm
range and measure the resistance
between the rear panel WHITE and
BLACK binding posts. The resistance
should be infinite.

Qutput Transistor Check

Set the multimeter to the 1K ohm
range. Connect the + lead to 028 base
and the - lead to 028 emitter. The
meter should read between 800 and

1500 ohms.

Repeat for Q25.

Connect the + lead to Q27 emitter
and the - lead to 027 base, The meter
should read between 800 and 1500 ohms.

NOTE: If resistance is greater than
1500 ohms, the wrong transistors
are installed.

Adjustment Preset g

Set the 115~-230V switch on the rear
panel to 115V, Set R100 and R27
fully ccw and center all 9 remaining
posts (including R96 at the front
panel). | '

Plug In ‘ : !

Plug the instrument into the variable
line voltage source. Monitor TP2

(+#18V) with a DC voltmeter and the
output with a scope (5V/cm sensitivity).
Bring up the line voltage slowly.

The +18V should comie up but there may

be no AC output depending on the

setting of R90. BSet the line to 115V.
Input current should not exceed 5S0ma AC..

FET Bias Set

Monitor TP5 for +.6 to ~6.0V and adjust
RS0 to produce =2.3V to =-2.7V. With'

no output present, TP5 should be at $8.0V,.
If the output is S10V rms, TP5 will he™

approximately +3V.

JOHN FLUKE MANUFACTURING CO., INC.
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Calibration - 510A Basic

3.2.1

=18V Regulated Supply (TP4)
~18V + .5V

+18V Regulated Supply {(TP2)
Set to +18V + .2V with RY

Reference Voltage +14,14214V (TP1lQ)

Measure TP10 with the B87A. Use
internal circuit common {(shield
cover). Clip jumpers A and B per
table.

Vppp - 1414214V Clip Jumper

RE
0 to .00571 None
00572 to ,.01141 A
L00142 to 01712 B
.01713 to .02182 AE B,

Next det reference with R27 to 14.14214V
+ 200uV.

This step must be preceeded by 3.1.5.

Vi, V4, Zero Set

Use internal circuit common (shield cover)
Monitor TP6. Set R49 to 0 + 100uv,
Monitor TP7. Set R72 to 0 + 100uv.

Qutput Stage Bias Current Set

Shert TPl4 to circuit common. o
(Oscillator will stop.) Adjust R100
for +250mV between TP4 and TPl2.
Disconnect voltmeter from TP4 and
TPl2. Remove short.'

Detector Diode BRias Set

With DC coupled scope and X10 probe,
get R60 for + 100mV + 10mV peak at
TP8. Use 50mV or 100mV vertical
sengitivity.

JOHN FLUKE MANUFACTURING CO,, INC.
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Amplitude Determining Resistor Balance

Monitor output TPl2 & TPll on 510A/AA
board with AC Diff. VM with max null
sensitivity. Adjust R37 for "@" shift

in output level when A252 is awhtched
(adjust R37 for half the shift and

switch A252 to check setting).

Repeat if necessary. Set for ¢ 50uV shift.

Uncalibrated Indicator Check

Apply 700 ohm load to output.
Uncalibrated indicator should ¢ome on.
Apply 1.3K ohms. Indicator should
not be on.

Inherent Absolute Calibration Check

Using a 540B, perform an AC~DC transfer
on the 510A/AA. Error should be less
than 0.02%.

Record the error with sigh (+ or =).

NOTE: This calibrated signal level

can be used as a reference for calibrating
the 910B used in final output level
adjustment of the 510A/AA.

3.3 Operational Alignment - S10A/ARA

3.3.1

Turn Instpuanent OFF

Reconnect red lead to TP2 & violet lead
to TP4, fturn instrument on. Observe
that + and - 18 volts on 510A/AA

are correct. Low level of + or - 18
volts indicates excassive loading or
short circuit on 510A/AA. Dbisconnect
red and violet leads and troubleshoot.
Reconnect Orn & yel leads on 510A/AA
blue lead to pin near (21 on 510A.

On 510A/AA set R52, R54 and RE88 to mid
range and R49 max ccw. Remove Ul

from its socket and apply +10 volts

to TP5, and TPl0 (common} on 510A/AA.
Monitor veoltage at TPS on S10A.

JOHN FLUKE MANUFACTURING CO., INC,
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Adjust RBE on S10A/AA for equal
voltages at TPS5 on 510A when polarity
of 10 volt signal is reversed. RY0
on 510A may have to be adjusted to
maintain the voltage at TP5 on 510A
between zero and -5 volts to maintain
the 510A in linear operation.

Vary applied voltage at TP5 on 510A/AAR
from ~10V through 0 to +10V while
monitoring the voltage change at TPS

on the 510A. Change should be less
than 2V. Adjust R90 on the 510A to
center the voltage change ahout -2.5VDC.
Remove voltmeter from TPS on 510A.

Connect frequency counter to output
TP12 and TPll (common). With zero
volts at TP5 on 510A/AA adjust R95

on 510A for 400 + 1Hz, with +10 volts
at TPS the output frequency must he
greater than 435Hz; with -10 volts

at TP5 ocutut frequency must be less
than 365Hz. .

Apply +3 volts to TP5S on 51CA/AA

and adjust R52 for 420 + 2Hz. With

-3 volts at TPS frequency should be

380 + 3Hz. Disconnect frequency counter.

Monitor TP6 on Bl0A/AA with oscilloscope
while adjusting K54 for minimum Q¢

shift with voltage at TP5 on 510A/AA

is changed from +10V to -10V. Shift
should be less than 100mv,

Remove de¢ supply and short TPS to
TP10 on 510A/AA. Monitor TP9 with
voltmeter and adjust R49 for 4 + .05V DC.

Trigger oscilloscope externally from
output at TPl2 & TPLll (common). Observe
that zignal at TP2 is a symmetrical
square wave of approximately 10 volts
peak tB peak centered about 0OV DC and

is 180Y out of phase with the output.

JOHN FLUKE MANUFACTURING CO., INC.
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Observe that the waveform at TP3 is
a symmetrical square wave at 1/2 the
output fregquency, the amplitude
should be 0V to -10V peak to peak.

Apply 26V RMS 400iiz phase reference
signal to the rear panel phase reference
input. Trigger oscilloscope externally
from phase reference signal. Observe
that signal at TPl ig a symmetrical
square wave of approximately 10 volts
peak to peak centered about 0 VDC and

is in phase with the phase reference
signal.

With power off replace Ul. Remove
short from TPS5 on S510A/AA. Turn power
on. Monitor TP3 on 510A/AA with
oscilloscope the waveform should be-
come a symmetrical square wave within
a few seconds indicating the 510a/AA
is phase locked to the reference
signal.

Change the reference signal frequency
to 370Hz and then to 430Hz observing
that the square wave signal appears
at TP3 on the 5]10A/AA indicating
phase lock.

Apply a variable 5V DC source to
terminals € and D of TRl through TBS

in parallel. Connect all terminal A's
of TBl through TB8 together, this

will be a common phase control function
for all outputs.

Connect the phase control buss to

45V (terminal C) and alternately
connect the phase control enahle input
(terminal B) of TBl through TB8 to ground
(terminal D) to set all phases to

0 degrees.

Externally trigger an oscdlloscope
from the phase reference input and
check each output, terminals £ & F (common)
observing an in-phase condition with
the phase reference.

JOHN FLUKE MANUFACTURING CO., INC.
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3.3.16 Connect the phase control buss to
Gnd, and alternately connect each
phase control enable input to ground
to set all phase to 180 degrees.
Check each output with oscilloscope
observing the 180 degree phase condition.

Reduce the voltage across terminals

C &D to 4,5V, Repeat 3,3.13 to 3.3.15
above., All relays must function
correctly with 4.5 volte applied.

Final Calibration 510A/AA

3.4.1 Terminate each output with 100K ohm
+ 1% load. Calibrate using a 931B RMS
Voltmeter accurate to + .02% or better
at 10VRMS 800Hz. Set Sutput levels
at E (high) and F (low) on TBl through
TBS to 10.00V RMS + .005%, using R67
through R74 respectively. See 3.2.9.

NOTE: The input impedance of the 931B .
ig 1M ohm, this paralleled with the
100K ohm load impedance wild reduce

the actual load on the measured output
to approximately 921K causing the indicated
reading to be approximately 100 to
150 ppm low. To compensate for this
error the lcoad resistor on the measured
output must be changed to 110K ohm.
All outputs must be terminated into
100K ohm for proper level out of any
channel due to transformer primary
impedance loas with output loading. . - -
Calibrate and zero phase meter for 0
degrees with resolution of 0.1 degree’
maximum. Connect input 1 (reference
input) of phase meter to signal at
phase reference input of510A/AA.
Connect input 2 (test input) to an output
channel using a cable approximately the
pame laength as on input 1. Set the
phase to 0 4+ 0.1 degrees using R42 on
510A/AA. Reverse the input leads to
the phase meter and observe the meter
reads 0 + B.1 degrees,

JOHN FLUKE MANUFACTURING CO,, INC.
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Vary the phase reference input signal
frequency from 380Hz to 420Hz and
observe theat the phase error after
settling is less than +0.5 degrees.

Check each output channel with phase
meter, maximum phase difference bhetween
any two channels must be less than 0.1
degrees.

NOTE: The effects of phase meter input
loading on 100K ohms loads will
be insignificant for phase meter
input impedances of 1M ohms or
greater. Load resistor on
measurad output channel need not
be changed to 110K ohms.

Set phase reference frequency to 400Hz,
Connect distortion analyzer or wave
analyzer to an output (terminals E & F).
Measure total harmonic distortion less
than 0.15% or using a wave analyzer

the second and third harmonice should
be less than 10mV (60db below the

level of the fundamental). Repeat for

2 additional outputs. :

NOTE: DC Magnetization of the output
transformer can cause an increase
in harmonic distortion. This may
be brought ahout by the application
of a d¢ current through an output
winding or by recovery transients
generated by the 510A when an
output is repeatedly shorted.

This effect is not permanent and
can be reduced by applying a
variable dc¢ source to an output
through 2 3K ohm resistor while
monitoring the distortion. By
varying the voltage both positive
and negative a null of distortion
will be observed, if the applied
voltage is removed at the time, the
the null is observed the distortion
shaould remain at or near the
minimum level noted. Several attempt
may be required to achieve a minimum
level. ‘

JOHN FLUKE MANUFACTURING CO., INC.
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L

Repeat 3.4.5 above for 380 Hz and 420 Hz.

Remove all test equipment, this concludes
the Acceptance Test. for instruments with
Serial Number 00l through 128.

JOHN FLUKE MANUFACTURING CO., INC.
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TEST FROCEDURE (Serial Numbers 129 and on)

NOTE: All references to 510A are to the 510A/4001 (307868) PCB
assembly. All references to the 510A/AA are to the 510A/AA-
4003 PCB asgsermbly. All measurements are made to circuit
common (black binding post, TP 8 and TP 12 on 510A/AA or
510A shield cover) unless otherwise specified.

Turn-COn - 510A Bagic
NQOTE: All referenced test points and adjustments are on
510A, unless otherwise noted. Referenced output

terminals are TP 11 and TP 12 (common) on 510A/AA,

4, 1,1 Disconnect red, blue and violet leads from
510A. Disconnect orange leads on 510A/AA.

AC Power Input Receptacle

Verify that the AC power input receptacle is
installed with the grounding pin up and that the
high side of the line (pin marked L on hack of
receptacle) is connected to the center post of
the fuse holder.

Isolation Check

Set the multimeter to the 10M ohm range
and measure the resistance between the
rear pane)l WHITE and BELACK binding posts.
The resistance should be infinite.

Qutput Transistor Check

Set the multimeter to the 1K ohm range.
Connect the + lead to Q28 base and the - lead

to Q28 emitter. The meter ghould read between
800 and 1500 ohms,

Repeat for Q25,
Connect the + lead to Q27 emitter and the

- lead to Q27 base., The meter should read
between 800 and 1500 ohms.

JOHN FLUKE MANUFACTURING CO,, INC.
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NOTE: If resistance is greater than 1500 ohms,
the wrong transistors are installed.

Adjugtment Preset

Set the 115-230V switch on the rear panel to 115V.
Set R 100 and R 27 fully ccw and center all 8 remaining
pots {including R 96 at the front panel).

Plug In

Plug the instrument into the variable line voltage
source. Monitor TP 2 (+18V) with a DC voltmeter

and the output with a scope (5 V/cm sengitivity).

Bring up the line voltage slowly.

The +18V should come up but there may be no AC output
depending on the setting of R 90. Set the line to 115V
Input current should not exceed 50 ma AC,

FET Bias Set

Monitor TP 5 and adjust R90 to produce -2.3V to -2.7V,
With no output present, TP 5 should be at -6. 0V,

If the output is > 10V rms, TP 5 will be approximately
+3V.

Calibration - B10A Basic

4.2.1 ~-18V Regulated Supply (TP 4)

-18V + .5V

+18V Regulated Supply (TP 2}

Bet to + 18V + .2V with R9.

Reference Voltage +14. 14214V (TP 10)

Measure TP 10 with 887A, Use internal circuit common
(shield cover). Clip jumpers A and B per table.

VeEpr -14.14214V Clip Jumper

0 to , 00571 None
. 00572 to ., 01141 A
L00142 to , 01712 B
01712 to 02182 A& B

JOHN FLUKE MANUFACTURING CO., INC.
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Next set reference with R 27 to 14, 14214V 4 200 uV,
This step must be preceeded by 4, 1. 5. -

V3, V4, Zero Set

Use internal circuit common (shield cover).
Monitor TP 6. Set R 49 to 0 + 100 uV,
Monitor TP 7. Set R 72 to 0 + 100 uV,

Qutput Stage Bias Current Set

Short TP 13 to circuit common. {Oscillator will stop).
Adjust R 100 for + 25mV between TP 4 and TP 11,
Disconnect voltmeter from TP 4 and TP 11,

Remove short.

Detector Dicde Bias Set

With DC coupled scope and X10 probe, set R 60
for + 100 mv + 10 mv peak at TP 8.
Use 50 mv or 100 mv vertical sensitivity.

Amplitude Determining Resistor Balance

Monitor ocutput TP 11 and TF 12 on 510A/AA board with
AC Differential Voltmeter with maximum null sensitivity.
Adjust R 37 for "Q" shift in output level when A 252 is
switched {adjust R 37 for half the shift and switch A 252
to check setting), .
Repeat if necessary. Set for <€ 50uV shift.

Uncalibrated Indicator Check

Apply 700 ohm load to output.
Uncalibrated indicator should come on.
Apply 1. 3K ohms. Indicator should not be on.

Inherent Absolute Calibration Check

Using a 5408, perform an AC - DC transfer on the
510A/AA. Error should be less than 0. 02%.

Record the error with sign (+ or -).
NOTE: This calibrated signal level can be used as a

reference for calibrating the 910B used in final output
level adjustment of the 510A/AA.

JOHN FLUKE MANUFACTURING CO., INC.
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Operational Alignment - 510A/AA

4,3.1 Turn Instrument QFF

Reconnect red lead to TP 2 and viglet lead to TP 4,

turn instrument On, Observe that + and - 18 volts on
510A/AA are correct. Low level of + or - 18 volts
indicates excessive loading or short circuit on 510A/AA,
Digconnect red and violet leads and troubleshoot.
Reconnect orange leadson 510AAA, blue lead to pin

near J 21 on 510A.

On 510A/AA set R 34 and R 44 to mid-range.

Short TP 5 to TP 8. Monitor TP 7 (Hi), TP 8§ {(Low)
and operate R 34 across full range, Observe voltage
varies from % +3.8 to € ~-3.8.

Connect frequency counter to 510A/AA output.

Short 510A/AA TP 5, TP 7, and TP 8.

Adjust R 95 on 510A for 400 + 1 Hz on counter.

Remove short from TP 8 to TP 7. Leave short between
TP 5 and TP § connected,

Monitor voltage at 510A, TP 5, while varying 510A/AA,
R 34, from one extreme to the other. Adjust the 510A/AA
R 44 for equal voltages (+ 0.2V) at TP 5 at the extremes
of R 34 adjustment. 510A R90 may have to be adjusted
to maintain the voltage at 510A TP 5 between 0 and -5V
to maintain the 510A in linear operation.

Slowly vary the setting of 510A R 34 observing the
voltage at 510A TP 5. The voltage change should be
less than 1 volt. Adjust 5104 R90 to center the voltage
range at TP 5 about -2. 5 volts.

Observe output frequency with R 34 set to extremes of
adjustment, The maximum frequency must be greater
than 415 Hz and the minimum frequency must be less
than 385 Hz. Remove short.

Monitor voltage at 510A/AA TP 7. Adjust 510A/AA
R 34 for 0+ 0.1 VDC at TP 7,

JOHN FLUKE MANUFACTURING CO., INC.
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Apply 26V RMS 400 Hz phase refercnce signal to the
rear panel phase reference input. Trigger oscilloscope
externally from phase reference signal. Observe that
signal at TP 1 is a syrmmetrical square wave of approx-
imately 0 to +5 volts peak to peak and is in phase with
the phase reference signal.

Connect oscilloscope to 510A/AA TP 2 and observe
that signal is a symmetrical square wave of approximatel*
0 to +5 volts peak to peak and is in phase with the phase
reference signal.

Change the reference signal frequency to 370 Hz and then
to 430 Hz observing that the signal at 510A/AA TP 2
comes into phase with the reference gignal at each
extreme indicating phase locked condition.

Apply a variable 5V DC source to terminals C and D

of TB 1 through TBE 8 in paxallel. Connect all terminal
A's of TB 1 through TB & together, This will be a
common phase control function for all outputs.

Connect the phase control buss (Term. A} to +5V

(Term. C) and alternately connect the phase control
enabling input (Term. B) of TB 1 through TB 8 to ground
{(Term. D} to set all phases to 0 degrees.

Externally trigger an oscilloscope from the phase
reference input and check each output, terminals E and
F (common), observing an in-phase condition with the
phage reference.

Connect the phase control buss (Terminal A) to ground
and alternately connect each phase control enable input
to ground to set all phase to 180 degrees,

Check each output with oscilloscope observing the 180
degrees phase condition,

Reduce the voltage across terminals C and D to 4.5V,
Repeat 4. 3, 15 above, All relays must function
correctly with 4. 5 volts applied.
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4. 4 Final Calibration - S5l10A/AA

4.4.1 Terminate each output (terminals B and F) with 100K
ohm + 1% load., Calibrate using a 931B RMS Voltmeter
accurate to + . 02% or better at 10V RMS, 400 Hz.

Set output levels at B (Hi) and F {Low) on TB 1 through
TH 8§ to 10. 00V RMS + . 005% using R 48 through R 63
respectively. See 4.2.9.

NOTE: The input impedance of the 931B is 1M ohm.
This, paralleled with 100K ohm load irmpedance,
will reduce the actual load on the measured
output to approximately 91K causing the indicated
reading to be approximately 150 to 250 ppm low.
To compensate for this error the load resiator
on the measured putput must be changed to 110K
ohrn.  All outputs must b& terminated into 100K
ohm for proper level out of any channel due to
output impedance loss with output loading.

Calibrate and zero phase meter 0 degrees with resolution
of 0.1 degree maximum. Connect input 1 (reference
input) of phase meter to signal at phase reference input
of B10A/AA, ‘

Connect input 2 (test input) to an output channel using

a cable approximately the same length as on input 1.

Set the phase to 0 + 0.} degrees using R 31 on 510A/AA.
Reverse the input leads to the phase meter and observe
the meter reads 0 + 0.1 degrees.

Vary the phase reference input signal frequency from
380 Hz to 420 Hz and chserve that the phase error
after settling is less than + 0.5 degrees,

Check each output channel with phase meter., Maximum
phase difference between any two channels must be less
than 0.1 degrees.

NQTE: The effects of phase meter input loading on 100K
ohmg loads will be insignificant for phase meter
input impedance of 1M ohm or greater. Load
resistor on measured output channel need not be
changed to 110K ohms,

JOHN FLUKE MANUFACTURING CO., INC,
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Set phase reference frequency to 400 Hz.

Connect distortion analyzer or wave anavylzer to an
output (Terminals E and F),

Measure total harmonic distortion less than 0. 15% or
using a wave analyzer the second and third harmonics
should be less than 10 mV (60 db below the level of the
fundamental), Repeat for 2 additional outputs.

Repeat 4. 4. 5 above for 380 Hz and 420 Hz,

Remove all test equipment. This concludes the
Acceptance Test for instrument with Serial Numbers

129 and on.
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Section 1

Introduction & Specifications
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-1, INTRODUCTION

1-2. 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 froquency can be varled +1%
with a control on the front panel. Frequency resolution
with this controi is better than +0.05%,

Table 1-1. STANDARD FREQUENCIES AND' ACCURACY

24 HOUR
ACCURALCY

30 DAY
ACCURACY

STANDARD
FREQUENCY

+0.01%

+0.04%

+£0.015%

+0.05%

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

100 kHz

1-6. SPECIFICATIONS

OUTPUT VOLTAGE
OUTPUT CURRENT Coe
SINGLE FIXED FREQUENCY QUTPUT

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

13, Output current is fully protected from overloads
and short circuits. Maximum load current for rated accur-
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 conneetion.

14, The ac reference standard can be operated from
line power or it ¢an be battery powered through an option-
al rechargeable battery pack. Line voltage requirement is
115/230 vac, 50 to 500 Hz, single phase. The rechargeable
battery pack is available as 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 accessorics to permit
single, dual, triple, and quadruple side-by-side rack installa- -
tion :

10V rms
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%

30 Days
10.015%
+0.025%
£0.05%

90 Days
£0.02%
£0.035%
+0.06%




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 agaipst an AC-DC
transfer standard with an AC-DC difference of 50 ppm
from 50 Hz to 50 kHz and 300 ppm [rom 50 kHz to 100
kHz.

Amplitude Accuracy Using DC Calibration . . . 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 hy
ling, load, stability and noise conditions.

30 Days 20 Days
50Hz—-5kHz . . . . . . . . . . . +0.01% +0.02%
S5kHz - 10kl . . . . . . . . . .. +0.02% +0.03%
10kHz-30kHz., . . . . . . . . . . +0.05% +0.07%
30kHz —100kH= . . . . - . . . . . +0.15% +0.17%

Amplitude Stability . . . . . . .« o - 24 Hours 30 Days 90 Days
S0Hz —20%kHz - - - « - - o o .. - 10.002% +0.005% +0.01%
WkHz — 100kHz . . . . - - « .« . - +0.004% +001% +0.02%

a

Ol:

1MINUTE

ov]l o¢ || oz[

e
0% 0%

oL

Figure 1-1. TYPICAL SHORT TERM STABILITY

AMPLITUDENOISE . . . . . . . . . . - . . Amplitude deviation due to noisc is less than 20 ppm peak-
to-peak through a 1 Hz bandwidth over a I minute irfterval,

AMPLITUDE TEMPERATURE COEFFICIENT 15° — 50°C 0° - 15°C
S0Mz—SKkHz . . . . . . . ... 5 ppm/°C 12 ppm/°C
S5kHz—10kHz . . . . . . . . . . - . 7 ppm/°C 15 ppm/°C
10kHz-30kHz., . . . . . . . . . . . 10 ppm/°C 17 ppm/°C
30kHz —100KHz . . . . . . . - . .. 15 ppm/°C 22 ppm/°C




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

FREQUENCY STABILITY . . .
Frequency Temperature Coefﬁment
Common Mode Rejection .

LOAD REGULATION .

(See Figure 1-2).

+0.1%

+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 léw 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 He
to 1 MHz, 3V peal-to-peak maximuem.

Maximum allowable de potential hetween output low and
chassis pround is 100 volts,
(See Pigure 1-3).

| 5104 HARMONIC DISTORTION
VS FREQUENCY

GUARANTEED SPECIFICA

LWL L]

TYFICAL PEHFDHMANCE
Fz 100 Mz ‘ICIQD Mz 10 kHz 100KH:

FREQUENCY

DASTORTION PEACEMT

Figure 1-2, TOTAL HARMONIC DISTORTION

LINE REGULATION
OUTPUT CONNECTIONS

UNCALIBRATED INDICATION

ENVIRONMENTAL
Operating Temperature Range
Storage Temperature
Humidity Range .

Shock,
Vibration
Altitude .

INPUT POWER, .
115/230V ac +10%, 50 — SOO Hz Smgle Phase

SIZE .
MOUNTING .

T G108 LOAD REGULATIO
NO LOAD TO FULL LOAD (0-1OMA}

&0

40

20 AHANTIEEDiI.:PEC FIC &

‘WF]CAL ‘PER ‘?E:ﬁﬁﬁ;iﬁﬁ'ﬁ i
50 Hz 100 Hz . 1000 Hz 10kHz 100kHz
FREQUENCY

L3AD REGULATION [PPMI

Figure 3-3. 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

4.5z, 10Hz — 55 Hz

0 to 10,000 feet — Operating

50,000 feet — MNon-Operating

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

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 accessory ears.

1-3




Figure 1-4. QUTLINE DRAWING




Section 2

Operating Instructions

2-1.  INTRODUCTION

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

2-3. SHIPPING INFORMATION

24, The Model 310A 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 ¢laims are
included in the carton.

2.5, If reshipment is necessary, the original container
should be used. If the criginal container is not available, a
new one can be obtained from the John Fluke Mfgz. Co.,
Inc. Please reference the Maodel number when requesting a
new container.

26. INPUT POWER

2-7. This instrument can be operated from eithera 115
or 230V ac, 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:

115 VAC
1/4A, 3AG

230 VAC
1/8A, 3AG

2-8. INSTALLATION

29, The Model 5104, is designed for bench-top use or it
¢an be installed in a 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 located in Section 6.

2-10. OPERATING FEATUR ES

2-11.  The location and function of all contrals, 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 energized 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)

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

2-1




UNCAL Indicator:
{luminates whan the output
curront exceeds 10 ma.

Indicate: LINE OPR when the
Modal 510A Is enargized sl
oparpted from line power. In-
dicates state of choarge of the
fnternal battery (—01 Option)
when battery poweraed.

FREQUENCY VER-
NIER Controi:
Allows: adjustment
from the neminal
center fraquenay.
Range |15 + 1%, Re
solutien iz +0.05%.

= Torminat:
Provides a conveniant
eonnection to earth
ground, provided the
round pin on the

POWER Switch:
Toggle switch used to energize
the Model 510A. Battery
operation (—01 Option) is pro-
vided by disconnecting the
power cord.

power cord 5
connectad to ground,

OUTPUT Terminals:

Frovide load eannection to the 10V rmsz fixed frequency
sutput.  Maximum allowable LO to == mrminal voltoge is
100V do.  Parallel connected to rear panel QUTPUTS.

Figure 21. OPERATING FEATURES (1 of 2)

QUTPUT Terminals: _
Provide connoeetisn to tha load.
Max imum allowable LO to 'i_
tarminal valtage ig 100V dc.
Parallel connected 1o front
panal QUTPUTS.

115/230 Slide- Switch:
Provides rapid conversion to
115 or 230V nc line,

tnput Power Fuga:

Fratpcts the ac Input circuitry,
1/8A, 3AG for 115V ac. 1/8A,
3AG for 230V ac.

7-‘1:"‘ Terminal:
Provides convenient connaction o earth ground, provided the
round pin on the power cord plug &% connacted o ground.

g e e

e

f AN A b

ot SRR

= il Ny BwnTTRE S
CEOwTeuT R RN MR e T AT EERY

0% RIBS, e 1 S0 T

e 4

Input Power Plugy:

Raceives input line power through the ling cord (not
shown). Battery oporation (—0% Option) is pessible
when the power cord is dissannected,

Figure 2-1. 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 theL rermi-
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 connected and only one set
should be connected to a load at one time. AJ:- terminal is
included for convenient connection to ground (see preceding
note). Maximum allowable potential between the LO QUT-
PUT and & terminal is100V de.

2-19.  The following tules 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
mél.
2-20. Overload Protection
2-21.  The maximum output current is limited by the
power capability of the internal circuitry. This eircuitry
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 curtent greater than 10mA
is provided by an UNCAL lamp (LED) on the front pancl.

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 B10A

GROUNDED LOAD

MODEL 5104

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 instrumnent, procesd as follows:

Connect the power cord to line power. Sec 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 tem minutes. The meter or
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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2-26, APPLICATIONS
2-26, Introduction

227, 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

229, Automated test systems conlaining Fluke 4200
scries voltage sources can use the Model 510A as an exter-
nat 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 rms.  Overall system accuracy of
+0.02% can be achieved for frequencies up to 5 kHz.,

5104
{1

510A] —

(12} — FLUKE Y]
SWITCH A0 SERIES |y o O oV O
108 MATRIX FROGRAMMABLE 0 to 45V ac

o VOLTAGE SOURCE v

510A
(4)

FROGRAM
CONTROLLER

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

2.30. Phase Locked AC Reference Standard

231, A Model 310A can be medified to phase fock with
an external signal and provide multiple outputs. Figure
2d shows the modified Model 510A/AA which i3 designed
10 synchronize with an external 400 Hz signal and provide
gight transformer coupled outputs. Programmable phase
reversal at cach output is also provided. The outputs can be
used as external referpnces in the system application de-
scribed in paragraph 2-28. Typical specifications for the
Mode! 510AFAA arc as follows:

FREQUENCY . . . . . . . 400 Hz +5%
(other frequenc-
ies can be speci-
fied)

QUTPUT VOLTAGE - . . . . 10V rms (cight

outputs, trans-
former coupled)

OUTPUT ACCURACY . . . - .  101%
OUTPUT PHASE RELATIONSHIP g° £1° or 180°

+1°  (program-
mable

TOTAL HARMONIC DISTORTION 0.2%

PHASE LOCK CAPTURE RANGE +5% about cen-
ter frequency

SYNC INPUT VOLTAGE . . . . 24Y rms

PHASE
LOCKED
LOOP

FREC,
CONTROL

STANDARD
S510A
CIRCUITRY

SR

10V rms
QUTPUTS

Figure 2-4. MODEL 5T0A/AA BLOCK DIAGRAM




Section 3

Theory of Operation

31,  INTRODUCTION

3-2. This section contains the theory of operation for
the Model 510A, The information is arranged under head-

‘ings of “BLOCK DIAGRAM ANAILYSIS and CIRCUIT

DESCRIPTIONS.” Tt 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 circuits 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, dec voltape of +14.14214V.
This voltage is applied to one end of a divider at the input
of the Peak AC to IX Converior and also functions as a
reference for the 18V Reégulator. The other end of the
divider receives the 10V rms output of the Model 5104,
thus producing a 0V 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 AC TO DC
CONVERTOR

I
HF

SAMPLE AND HOLD
—— e ——

1)

(144204 e e e pE e
Vaee Y sprLy I" 18V

INTEGRATOR
T,

OSCILLATOR

i
E ;r/
FREQ. VERNIER

% )

e
OVERILOAD
DETECTOR

Figure 3-1. MODEL 510A BLOCK DIAGRAM
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the signal. The Inlegrator produces a de output propor-
tional to the time integral of the voltage stored on its input
This de¢ output is applied to the Oscillator
where it ¢auses the peak output amplitude to maintain a
near OV condition il the input to the Integrator. The
Overload Detector monitors the output of the Modei 510A
and turns on the UNCAL indicator when the output current
exgeeds 10 mA.

cupacitor.

3-6. All operating voltages are produced by the £18V
DG Regulators, Reference voltage for the +18V DC Regu-
fator Is derived from the — 18V DC Regulator, The --18V
DC Regulator receives a reference voltage from the Refer-
once 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 batterics 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
applicd.

3.7. CIRCUIT DESCRIPTIONS

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

39, Input Power

3-10.  AC line power from A4J1 is applied to A4TI
throught the POWER switch A1S1A and the 115/230 slide
switch A481. The primary of A4T1 consists of two wind-
ings which are interconnected through A451 for operation
from cither a 115 or 230V ac line. Parallel connection i3
used For 115V ac line operation while series connection is
used for 230V ac line operation, 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 ground through the power cord. The secondary
of A4T! consists of twao scparate windings both of which
are shiclded to eliminate the generation of common mode
signals that could appear at the QUTPUT termipals. This
shictd 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 sccondary winding supplies ac power to the
Rattcry Pack PCRB ( -Q1 Option) and the meter, AIMIL.
Diode CR1 rectifies the ac voltage present during line opera-
tion to provide a full-scale LINE OPR indication on AIMI.
A2D81 and DS2 function to stabilize and limit the maxi-

32

mumn cusrent used by the Battery Pack PCB during charging
of the batteries,

3-11. A3 Battery Pack

3.127.  The A3 Battery Pack is installed as the -0l
Option. It consists of a Battery Pack PCB and two batteries,
BTl and BT2. This circuitry provides opecation from the
batterics in absence of line power, disconnects the balteries
when they are in a low charge-state to prolong battery
life, limits the maximum battery current drain should a
citcuit malfunction occur, and disconnects the haticrics
from the instruraent circuitry and recharges them during
line operation,

3-13, BATTERY OPERATION. When line power 1§ re-
moved and the POWER. switch is ON, the baiteries 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 S1B to J5 where a divider consisting
of B2, 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 applies
the positive output of BTI through the series transistor Q3
to the input of the +18V Regulator. The diode connection
of Q3 prevents reverse cuirent flow from the +18V Reguls-
tor to the battery. The negative output of BT2 is applied
through S51C to the series transistors Q5. Since a positive
voltage is available at the emitter of Q4 through RE, Q4 is
turned on in sequence with the conduction of Q. 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 (6 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 Q5 are automatically switched off.
This is made possible through the use of zener diede CR3,
As the output of BT1 decreases, the voltage at the base of
(2 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 BTI
from the —18Y Regulator, Sharp cut-off for Q1 is ensured
by Ré 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 Q5 is slaved to
the conduction of (1, as described in the preceding para-
graph, the negative output of BT2 is also disconmected from
the — 18V Regulator.




3.15. The maximum current drain from the batteries is
limited by the selection of the value of R5 and R9. These
resistors limit the maximum base current to Q1 and Q5.

. Should a short circuit appear at either output, the maximum

currenit is therefore dependent upon the base current of (1
or 5 times their current gain.

316, 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 2 negative
voltage at the base of Q2 turns it off and causes Q1 to turn
off. Since Q4 and Q5 are slaved to Q1, they are also turned
off and both batteries are disconnected from the £ 18V Reg-
ulators. Diodes CR4 and CR3 limit the maximum negative
base and emitter voltage at Q2 and Q3 during line operation.

3-17.  Charging of the batteries ié provided through full-
wave rectifier CR1 in the Battery Pack PCB. AC power for
this rectifier is derived from the untapped secondary of T1.

“A2DS] and DS2 function as a ballast to limit the maximum

charging current. Zeners CR2 and CR6 in the Battery Pack
PCB limit the maximum battery voltage during charging.

318. £18V Regulator

3-19.  The 18V Regulators produce low ripple operating
voltages for the instrument. Input voltage 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-
vlator is derived from the —18V 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. QI is the series-pass element. Q2
and Q3 control the base current of Q1 to maintain the +38V
de output. Resistor R3 ensures initial turn-on of Q2 and
Q3. The base of Q3 is referenced to the —18V Repulator
through R10 and receives 2 sample of the +18V dc output
through R8 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 output, Vari-
able resistor R9 allows adjustment of the +13V dc output.

3.21. —18V REGULATOR. The ~18V Regulator con-
sists of Q4 through Q6. (4 is the series-pass clement. Q5
and Q6 contral the base current of Q4 to maintain the
—18V dc output. R12 ensures initial turn-on of Q5 and Q6.

510A

The base of Q6 is referenced to the Reference Supply
(VREF) through R18, CRS, and CR6 and receives a sample
of the —18V dc output through R17. CRS and CR6 com-
pensaie for the voltage temperature coefficient at the base
of Q6 as well as its basc cmitter voltage drop. OQutput
voltage from this supply is therefore dependent upon Vg
and the ratio of R17 to R18. ‘

3-22. Reference Su pph}

3-23. The Reference Supply produces an extremely
stable reference voltage (VREp) upon which the accuracy
and stability of the rms output is based. Tt consists of a
high gain, high input impedance, differential amplifier U1
and & reference amplifier 1J2. The temnperature coefficient
of the basefemitter voltage for U2 is accurately matched to
the temperature coeflicient of the zeper element through
factory selection of R22 and R23. Qutput voltage of this
supply is scaled to +14.14214V de through selection of R30
and R31. Variable resistor R27 allows adjustment of
Veep- The adjustment range of R27 is compensated
thmugh‘ jumper selection of R25 and R29. The resulting
stable reference at the collector of U2 is applied to the
non-inverting input of Ul. The other input to U1 receives
an equivalent voltage from the divider composed of R20
and R2). Any change in Vpgy is sensed at the base of U2
which preduces an amplified change at the non-inverting
input to U1l. This change then alters the conduction of U1l
such that Vg is maintained at +14.14214V de.

3-24. Peak AC to DC Convertor

3.25. The Peak AC to DC Convertoris a video amplifier
which compares the amplitude of the output signal to
VgEF and produces a de voltage equal to four times any
negative difference. The circuitry consists of input divider
R37 through R42, differential amplifiers U3 and Q8
through Q10, and emitter followers Q11, Q12. A simplified
diagrarn is shown in Figure 3-2,

3-26.  The input divider R37 through R42 receives the
rins output signal and VREF through 82. 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 adjustment
of R37. Except for a small interval of time during the peg-
ative most peak of the rms signal, a positive 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 CRY, it is con-
ducted through CR9 and Q1] to —18V. When the peak of
the rms signal is more negative than Vpgp, 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 Q12. The resulting cur-
rent produces a voltage charge on C7 in the A2A] PCB
that is four times the negative peak difference between
the rms output and Vyrpp. Variable resistor R60 allows
adjustment of the bias on CR9. R49 allows zero adjust-
ment of the video amplifier input offset voliage.

3-27. Sample and Hold

3.28.  The Sample and Hold circuit transfers the charge
on C7 in the A2A1 PCB to the input of the Integrator.
This circuit is operational only at output frequencies below
20 kHz. [t is disabled on output frequencies above 20 kHz
because the overall detection is sufficiently fast without
sample and hold. The circuitry consists of Schmitt Trigger
Q13, Q14, inverter amplifiers Q7 and Q15, Q16, and FET
gate Q17.

3.29.  Positive excursions of the pulse wave form at the
base of Q13 correspond to when CR9 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 Trigger Q13 and QI4.
Normally, Q14 is conducting and Q13 is cut-off. Presence
of a positive going input to Q13 turns it on and turns off
014, 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
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the A2A1 PCB and CR13, which is applicd to the gate of
QL17. This positive pulse occurs at the trailing edge of the
Schmitt Trigger pulse and turns on Q17. Conduction of
(17 then transfers the voltage charge on C7 in the A2A1
PCB to C9, which iz 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
above 20 kHz by a jumper between P9 and P17, Inverter
Q7 provides a positive pulse to Q17 which compensates for
the small error caused by the pate 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 a high gain, non-inverting
amplifier. One input is derived from €9 in the A2A1 PCE
and the other from divider R72 through R75. Variable re-
sistor R72 allows offset voltape compensation for U4, The
network consisting of CR14 through CR16 and R78 func-
tions as # clamping circuit which limits the maximum out-
put voltage from U4. This circuit improves the recovery
time of the Integrator upon imitial turn-om and fault
{UUNCAL) conditions,

3-32. Oscillator

3-33.  The Oscillator produces the constant amplitude
10V rms, fixed frequency output signal. It is a bodge “T"




oscillator formed by input amplifier Q18 through Q24,
voltage controlled resistor FET Q26, and output amplifier
Q25, Q27, Q28. Qutput amplitude is precisely maintained
at 10V rms by the integrator output voltage applied to Q26.
Ourput frequency is dependent upon the component values
in the bridge “T” feedback network.

334, Input amplifier Q18 through Q24 is the heart of
the Oscillator. 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 Q19 is through a bridge “T* network in the A2Al PCB.
Component values of A2A1C1 C2, R1 and R2 determine
the center output frequency. The input to the base of Q21
is through the positive feedback network compoesed 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. Conduction of Q26 is dependent upon the volt-
age control signal applied to its gate. This signal is derived
from the Integrator and iz of such a level as to maintain
the output signal at precisely 10V rms. Q18 and Q20 com-
bine the collector signals of Q19 and Q20 in the appropriate
phase so that the output signal to (22 base is twice that of
what is normally obtained from a differential input stage.
This configuration provides minimum ac¢ current flow in
(19 and Q21. The collector signal at Q23 is the first
point at which a 10V rms signal is available, Emitter
follower (324 drives the following output stage of Q27 and
Q28. AC current in Q23 and Q24 is minimized by boot-
strapping R38 and the emitter load of Q24 through C35 to

510A

the output. Overall open loop forward gain of the input
amplifier is determined by the ratio of C33 (X.) in ratio
with the sum of RE2 and R&3 times two.

3-35. The output amplifier of Q25 and Q27, Q28 is a
complementary output stage. Temperature compensation
of the bias current for Q27 and Q28 is provided through
025 and the divider network of R99 through R101. Vari-
able resistor R100 allows adjustment of this bias current,
Quiput amplifiers Q27 and Q28 produce the output signal
of the instrument. Maximurm output current is limited by
the collector load resistors and the supply voltage. The out-
put signal is specified to 10 mA, abave 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 circuit iHluminates the
UNCAL indicator wherever the output current exceeds
10 mA.

3-38. Q29 monitors the voltage drop across R106. When
the output current is greater than 10 mA, the voltage drop
across RI06 will be greater than 0.6 volts. This voltage
turns on Q29 whose conduction path is through the
UNCAL indicator CR23. 8ince CR23 acts- sirilar to 2
zener, the first | 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.




Section 4

‘Maintenance

4-1. INTRODUCTION

4-2, This section contains service and maintenance in-
formation for the Model 510A. The information is ar-
ranged under headings of “SERVICE INFOEMATION,
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 John
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 calibzation 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 mamal. Shipping information is
given in Section 2 paragraph 2-3. 1f 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 MAINTENANCE
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 2 cloth moistened
with ordinary scap and water. Cleaning of the interior
should be done with clean, dry air at low pressure. 1f the
printed circuit boards require cleaning, first spray them
with Freon T.F. Degreaser (Miller Stephenson Co., Ine.)
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, use 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
(FLUUKE PART NO. 309617) or equivalent.

41




TABLE 41,

REQUIRED TEST EQUIPMENT

NOMENCLATURE

RECOMMENDED
EQUIPMENT

TEST
FUNCTION

Autotransformer

Variac

Performance checks
Calibration
Troubleshooting

Multimeter

FLUKE 853A

Trouhleshooting

AC/DC Differential Voltmeter

FLUKE B887AB

Performance checks
Calibration
Troubleshooting

DC Voitage Standard/Null Detector

FLUKE 335D

Performance checks
Calibration

Thermal Transfer Standard

FLUKE &40B, A54-2
(Certified to £0.04% at
50 kHz — 100 kHz)

Performance checks
Calibration

Frequency Counter

HP 52481

Performance checks
Calibration
Troubleshaoting

Oscilloscope

Tektronix 543, 1A1,
*10 Probe

Calibration
Troubleshooting

Resistive Loads

700, 900, 1k +£2%
{Usable to 100 kHz)

Performance checks

4-13.  Two ballast lamps designated D51 and D82 that
are part of the —01 Option are installed on the A2 Main
PCE. These lamps are mounted in clip holders attached to
the inner rear pancl. Access to the lamps is provided after
removal of the top dust cover. Replacement requires no
special tools. If replacement is necessary, use only GE757
(FLUKE PART NO. 175265) or cquivalent.

4-14. MAINTENANCE ACCESS

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

4-18, Major Section Aeccess
Turn 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
42

Discanpect any wiring and then remove mounting
SCTEWS,

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

Install the plug-in assembly in its correet position
using a gentle rocking motion and steady down-
ward pressure. Ensure that each mating connector
is correctly aligned during installation.

Reconnect any wiring disconnected in step <.
Bach wire is labeled with a number which corres-
ponds to a connector on the PCH.
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Figure 4-1. ADJUSTMENT AND TEST POINT LOCATIONS
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{==01 OPTION)
A3 BATTERY PACK PCE

Figure 4-2. ASSEMBELY LOCATIONS (BOTTOM COVER REMOVED)
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4-18, Battery Removal and Replacement (—01
Option)

4-19.  The batteries for the —01 Option ate 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:

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

Remove the serews which secure the Battery Pack
to the hottom dust cover and then remove the
Battery Pack.

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

Comnect 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.

4-20. 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-} 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 avtotrans-
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
minntes,

424, Lline and Load Regulation Checks

4-25.  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 load changes should not

cause output variations greater than those given in Figure
4-3, The following test equipment is required to petrform
these checks: ‘
k. Autotransformer

2. AC Differential Voltmeter
3. 1k Resistive Load

510A LOAD REGULATION |
NO LOAD TO FULL LOAD (0-10MA)

ARANT SPECIFICATION o

PICAL PEHEORMANGE |
Hz 100 Hz 1000 Hz 16kMz
‘ FREQUENCY

LOAD REGUHLATION {PPM)

- 100kHz

Figure 4-3, LOAD REGULATION

Perform the steps given in paragraph 4-23.

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

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

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

Return the autotransformer setting to 115V a¢
and disconnect the 1k load from the OUTPUT

terminals.

Record the OUTPUT terminal voltage with the ac
differential voltmeter.

]
Reconnect the 1k load to the QUTPUT terminals,
observing that the output voltage does not change
more than the limit specified in Figure 4-3.

Disconnect the test equipment from the front
panel QUTPUT terminals,

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




j- Disconnect the test equipment.
426, UNCAL Indicator Check

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

a. Connect a 700 ohm load to the OUTPUT 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 remains
out.

Disconnect the 900 ohm 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 fraquency counter to the front panel
QUTPUT 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 to
increase measurement resolution.

Adjust the FREQUENCY VERNIER control on
the front panel to each limit, observing that the
output frequency changes £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, OQutput Accuracy Check

4.31. 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 thermal transfer. The
test equipment réquired to perform these checks is listed
at the beginning of each method.

TABLE 42, OUTPUT AMPLITUDE ACCURACY

DC REFERENCE

QUTPUT AMPLITUDE ACCURACY

FREQ. . 30 days 90 days

50 Hz~5kH: . x0.01% +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% | £0.015% | £0.02%
20kHz—B0kHz +0.015% | £0.025% | £0.0356%
50kHz—100kHz +0,04% | +£0.05% | +0.06%
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4-32,

DC REFERENCE.

TEST EQUIPMENT:

1. DC 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 de voltage standard output to+14,14214V
de with a null detector sensitivity of 1V,

Turn 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.

Turn off the Model 510A and disconnect the test

“equipment. Replace the upper dust cover.

MO TPEIIIR BOHOHORG Y

+14.14214Y

>

MODEL S10A

FLUKE 335D

Lo

W VOLTAGE
—— STANDARD

— (+14.24214V)

g

5

Figure 4-4, DC REFERENCE EQUIPMENT CONNECTIONS

b




THERMAL TRANSFEE.

TEST EQUIPMENT:

1. DC Voltage Standard

2. Thermal Transfer Standard (Certified to &
0.04% at 50 KHz - 100 KHz) '

Make the equipment connections shown in Figure
4-5,

510A

Set the dc voltage standard output to 10V de.

Perform de to ac transfer, observing that the ther-

mal transfer, amplitude accuracy given in Table
4-2 ig achieved.

Disconnect the test equipment.

FLUKE 3350 VOLTAGE STANDARD

FLUKE 5408 THERMAL TRANSFER STANDARD MODEL 310A

7

#18 WIRE (4" MAX. LENGTH) }/

#14 WIRE (8" MAX. LENGTH)

Figure 4-5. THERMAL TRANSFER EQUIPMENT CONNECTIONS

4-34. CALIBRATION PROCEDURES

4-35. 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 affect the electrical char-
acteristics. Calibration should be performed after a 10
minute operating period and at an ambient temperature of
23°C £5°.

437, Al calibration test points and adjustrments are
shown in Figure 4-1. These 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

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

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

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

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

Adjust +18V (R%) for +18 0.2V dc at TPZ.

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

Disconnect the de voltmeter input from TP4.
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Reference Supply Alighment

Make the equipment connections shown in Figure
4-6,

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

Increase the null detector sensitivity and adjust

V REF (R27) for 2 0 +70 uV indication on the
nul! detector.

NOTE!

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

Disconnect the test equipment.

+14,14214V

>

FLUKE 3350

VOLTAGE
—— STANDARD

MODEL 5104

(+14.14214V)

Figure 4-6. DC REFERENCE EQUIPMENT CONNECTIONS

:
:
"




FET Bias

Connect the input of the dc volimeter to TF5 {+)
and circuit common.,

Adjust FET BIAS (R90) for —2.5 £0.2V dc at
TP5.

Disconnect the dc voltmeter input from TPS5.
Zero Set
Connect the de voltmeter input to TP6.

Adjust CONV. OFFSET (R49) for 0 +£100 uV at
TP6.

Connect the de voltmeter input to TP7,

TP7.

Disconnect the de volitmeter from the instrument.

Qutput Bias

Connect a shorting jumper between TP13 and cir-
euit common.

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

Adjust OUTPUT BIAS (R100 for +250 mV dc
between TP11 and TP4.

Disconnect the dc voltmeter and shorting jumper
from the instrument.

Detector Bias

Set the controls of a dc coupled oscilloscope to
provide a .01V vertical sensitivity with an estab-
lished OV reference (Model 510A circuit common)
on the display.

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

510A

Connect the input through X10 probe to TPS.
Connect the probe ground clip to circuit com-
mon.

Adjust the oscilloscope sweep apeed to view at
least two complete cycles of the peaked waveform
at TPS.

Adjust DET BIAS (R60) until the peak of the

waveform is at 100 £10 mV in respect to circuit
COIMMOn.

Disconnect the oscilloscope.

Comparator Balance

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

Record the ac output voltage.

Switch 52 to the opposite position (white dot not
showing) and record the ac volimeter indication.

Adjust COMP BAL (R37) for a maximum shift of
0 £50 uV in output voltage of each seiting of 52.

Set 82 to “white dot position™ and diseonnect the
ac differential voltmeter,

Frequency Adjust

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

$et the FREQUENCY VERNIER control (R96)
on the front panel to the center of its adjustrnent
range.

Adjust FREQ. RANGE (R93) 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
accuracy related to a thermal transfer is required,
perform the following procedure:

Make the equipment connections shown in Figure
47,

Set the dc 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 rms output
from the Model 510A.

NOTE!

Transfer accuracy of the thermal fransfer
standard must be certified to af least
+0.04% from 50 KHz to 100 KH:.

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

FLUKE 335D VOLTAGE STANDAR
i

P

H#183 WIRE (4" MAX, LENGTH)
H#14 WIRE (8" MAX, LENGTH!

4-47.

448,

Figure 4-7. THERMAL TRANSFER EQUIPMENT CONNECTIONS

COMPENSATING COMPONENT
SELECTION

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). Selection of jumpers is done
as follows:

Turn off the Model 510A and set V REF (R27)
fully counterclockwise.

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

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

Set the voltape standard output to +14.14214V de
with a null sensitivity of 1V.

JUMPERS

A

Figure 4-8. Vgep 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 2 0 £70 uV indication
on the null detector.

TABLE 43. A & B JUMPER SELECTION

OFFSET VOLTAGE (TP 10) CLIP JUMPER

0 to 0.00571 None
0.00572 1o 0.01141 A
0.00142 to 0.01712 B

0.01713 to 0.02182

NOTE!

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

4-49. TROUBLESHOOTING

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

451. Initial Troubleshooting

4.52.  Troubleshooting begins by first performing a
thorough inspection for improperly seated plug-in assem-
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 meet
specifications, Performance checks especially designed for
this purpose are given in paragraphs 4-20 through 4-33.

4-53. Once it is determined that a malfunction exists,
all operating voltages should be checked as shown in
Figure 49. During these checks, the instrument must be
operated from nominal line power. If the Rechargeable
Battery Pack (=01 Option} is installed, the optional ¢ir-
cuitry can be checked using the information in paragraph
4-54.

TEST POINT VOLTAGE CIRCUITRY CHECKED

{vDC}

T +23v AC INFUT (T1, CR2)

AC INPUT (T1, CRZ}

—18 0.5V —18v REGULATOR

+18 +£0.2V +18V REGUIL.ATOR

+14.14214V | REFERENCE SUPPLY

Figure 4-9. OPERATING VOLTAGE CHECK POINTS
4-54. Rechargeable Battery Pack (—01 Option)

455, 0peratiﬁg voltages for the optional battery pack
circuitry can be checked using the following procedure:

Connect the power cord through an autotrans-
former to line power. Set the autotransformer
gutput to OV, ‘

Make the voltage checks on the A3 Battery Pack
FCE as shown in Figure 4-10.
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TEST POINT NORMAL INDICATION
(vDcCl

+19.2 1o +23V

—19.2 to —23V

+0.1V

+19.1 1o 422 9V

H)LEV

USE QUTPUT LO ON REAR PANEL AS
CIRCUIT COMMON.

A3 BATTERY PACK PCE

DOOE

Figure 4-10. A3 BATTERY PACK PCB CHECKS

Connect the de voltmeter to A3TPI and slowly
increase the autotransformer output. The voltage
at TP1 should increase from +0.1V dc to approx-
imately +25V dc at a line voltage between 30 and
S0V ac.

Set the autotransformer output to 115V ac.

Connect the dc voltmeter input to A3TP2 and
slowly deccrease the autotransformer output, The
voltage at TP2 should increase from —25V de to
+0.6V de at a line voltage between 90 and 30V ac,

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

Disconnect wire #1 from P1 on the A3 Battery
Pack PCB.

-Connect the output of a de power supply set to
+24V de to P1 on the A3 Battery Pack PCB.

Connect the power supply common to the OUT-
PUT LOW terminal on the rear panel.

Turn on the Model 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
ont the front panel abruptly swings to the rght.
The Model 510A should turn on at a power supply
output that is 1.2V above the value recorded in
step §.

Tum off the Model 510A and disconnect the
power supply. Reconnect wire #1 to P1 on the
A3 Battery Pack PCB.




456, Circuit Isolation Checks

4-57. The voltage checks given in Figure 4-11 can be
used to isolatc a trouble to a major circuit.
General troubleshooting of the major circuit
should then reveal the exact source of trouble,
Circuit voltages are piven on the schematic dia-
pram.

CHECK PCHNT | NORMAL INDICATION FAULT ANALYSIS

TP12Z 10V RMS IF ABNORMAL CHECK(Z), TPS,

@ TPS —2,5£0.2V de . IFETP121S HIGH OR LOW AND
TP5 IS 0.6V, TROUBLE IS IN
THE OSCILLATOR.

CHECK(), TP7, IF TPS IS AT
SOME OTHER VOLTAGE,

@ 1TF7 0£100 wV . IF TPS 1S NOT +0.6V AND TP7

15 +10 mV OR MORE, TROUBLE
I5 1M THE INTEGRATOR.

IF TP5 15 MORE POSITIVE THAN
=5V AND TR7 IS =10 mV OR
MORE, TROUBLE 15 IN THE
INTEGRATOR.

IF TPS 15 NOT +0.6V AND TP7 IS
0V OR NEGATIVE, TROUEBLE 15
IN THE PEAK AC TO DC CON-
VERTER.

IF TPS 15 MORE POSITIVE THAN
—BV AND TP7 15 OV OR POSITIVE,
TROUBLE 15 IN THE PEAK AC TO
DC CONVERTER.

NOTE!

SAMPLE AND HOLD I8 CONSIDERED
FART OF PEAK AC TO DC CONVER-
TER.

Figure 4-11. CIRCUIT ISOLATION CHECKS
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Section 5

List of Replaceable Parts
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i
1
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51. 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 nurnbers, [t also lists recommended spare parts and
contains part ordening 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 beginning with the letter A
followed by 2 number {e.g., Al etc). Subassemblies are
identified in the same manner; however, the parent assem-
bly designator precedes this designator (e.g., A1Al ete.),
Electrical components are identified by their schematic

diagram designator and listed hardware parts are identified

by the FLUKE stock number, Al 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.

54, 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. Subassemnblies of
minor 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
agsemblies, 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 Yohn Fluke Mfg. Co., Inc. is listed
in the STOCK NO. column. Use this number
when ordering parts from the factory or auther-
ized representatives. In the case where a flag note
is 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 itern used in each particular assembly. This
quantity reflects only the latest Use Code. Sec-
ond and subsequent listings of the same item are
referenced to the first listing with the abbrevia-
tion REF.

Entries in the REC QTY column indicate the rec-
ommended number of spare parts necessary 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, etc.
that are not always part of the instrument, or are
deviations from the basic instrument model, the
REC QTY column lists the recommended quant-
ity of the item in that particular asscmbly.

The USE CODE column identifies certain parts
which have been added, deleted or medified duy-
ing the production of the instrument. Each part
for which 2 Use Code has been assigned may be
identifiad with a particular instrument serial num-
ber by consulting the Serial Effectivity List, para-
graph 5-9. 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

The six-digit part number, by which the item is
identified at the John Fluke M{fg. Co., Inc. is listed
in the FLUKE S5TOCK NO. column. Use this
number when ordering parts from the factory or
authorized representatives.

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

The part number which uniquely identifies the
item to the original manufacturer is listed in the
MFG PART NO. column. If a component must be
ordered by description, the type number is listed.

5.6. HOW TO OBTAIN PARTS

517, Standard components have been used whenever
possible,  Standard componénts may be ordered dircctly
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 representative by using
the FLUKE stock number. In 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-
gtallation instructions, if necessary.

5-8. 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.

Instrement model and serial number.

Example: 2 each, 215897, Transistor, 2N4126
AZA1QI & Q2 for 645A, 5/N 123,

If you must order structural parts not listed in the parts
list, describe the part as completely as possible. A sketch
of the part. showing its location to other parts of the in-
strument is helpful.

=1




59, SERIAL NUMBER EFFECTIVITY

5-10. A Usc 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 below. All parts with no code are used on
all instruments with serial -numbers above 123,

USE ‘
CODE SERTAL NUMBER EFFECTIVITY




Figure 5-1. AC REFERENCE STANDARD




510A

REF DESIG

DESCRIPTION

STOCK NO

loTY

REC
oTY

USE
CODE

AC REFERENCE STANDARD

Figure 5-1

Front Panel Assembly (Figure 5-2)

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

Rechargeable Battery Kit (—01 Option) Figure 5-3

Rear Panel Agsembly (Figure 5-6)

Xfmr, Power

[[=>Field installation Kit P/N is 510A-01k

510A

307834
307868

307392
304097




Figure 5-2. FRONT PANEL ASSEMBLY




REF DESIG

DESCRIPTION

STOCK NO

aTy

T0T

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, toggle, mini, 3 PDT

Decal, front panel

Meter, retainer

307686

309617
273332
275560
275586
266454
284299
309351
307322

REF




Figure 5-3. MAIN PCB ASSEMELY




REF DESIG

DESCRIPTION

’

STOCK NO

TOT
Ty

Az

Cl

C2, C3

C4, C5,

c7, €9,
€28, C32
C6, C8, C10,
C12 thru
Cl4, C17,
Cc20, C23,
C37, C38

Cl11, C18,
C30

CI5, €21,
C22, C24,
thru C26,
C34, C36

Clé

C1o

c27

C29

C31

€33

C35

C39

C40

C41
CR1, CR7

CR2
CR3 thru
CRa, CR13,
thru CR1S5,
CR17, CRI18,
CR20 thru
CR22, CR24

CR&

CR9

MAIN

PCB ASSEMBLY

Figure b-3

Cap,
Cap,
Cap,

Cap,

Cap,

Cap,

Cap,

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

"

cer, 0.05 uf +80/—20%, 25V

mica, 33 pf £5%, 500V

fixed, cer, 0.01 uf +20%, 100V

mica, 4 pf £5%, 500V

Not used

Cap,
Cap,
Cap,
Cap,
Cap,
Cap,
Cap,
Cap,

mica, 47 pf £5%, 500V
cer, 180 pf £10%, 1 kV
cer, 20 .pf £10%, 300V
mica, 10 pf +10%, 500V
Ta, 4.7 uf £20%, 20V
Ta, 39 uf £20%, 20V
Ta, 3.3 uf +£10%, 15V
cer, 3.3 uf £10%, SQQV

Diede, glicon, 1 amp, 100 piv

Diode, bridge, 2 amp, 100 piv

Digde, silicon, 150 MA

Biode, semicon, silicon, 100 MA at 1.5V

Diode, high speed, switching

307368

103197
178616
161927

148924

160317

149153

190397

148536
105820
106369
175216
161943
163915
182808
106377
116111
296509
203323

161810
256339

REF




REF DESIG

DESCRIPTION

STOCK NO

CRI10, CR11,
CR12

CR16, CR19
CR23
D&1, Ds2

Q1, Q5,

(37 thru Q10
Q27

Q2, 04,

012 thru
Qla, Q24,
25, 28

03, Q19,
Q21

Q6, Q11,
Ql&, 020
24

Q17, Q26
Q2z, Q23

RIl, RZ,
RG3, Re7,
R78, R&7,
R&1, RY2,
R10Y

k3, R7, R14
R68, R107,
RI08, RI113

R4, R13,
R101

R5, R14,
R19

R6, R15
RS
R9, R95
R10

R11l, R7>
R76, R&4
REB

Diode, germanivm, 80 MA, 100 piv

Diode, zener, 6.2V
Mot used
Lamp, incandesant, 28V, 80 MA

Tstr, silicon, PNP

Tstr, silicon, NPN

Tstr, semnicon, silicon NPN

Tstr, silicon, PNP

Tstr, FLT, N-channel
Tatr, silicon, PNP

Tes, comp, 10k £5%, 1/4w

comp, 1.8k 5%, 1/4w

comp, 6.8k +5%, /4w
, comp, 2700 +5%. /4w

;, comp, 180k +5%, 1/4w

. met flm, 34.9% £1%, 1/8w
var, cermet 10k £10%, 1/2w
met flm, 634k 1%, /8w

comp, 22k +5%, 1/4w

148187

180497

175265
195974

2183%6

218081

229898

261388
225599
148106

148098

160804

193441
271353
309674
235382
148130




REF DESIG DESCRIPTION STOCK NO

018%

R12, R97 e, comp, 5.6k £3%, 1/4w 143080 2
R17 met flm, 57.6k +1%, /8w 289116 |- 1
R18 met flim, 453k +1%, 1/8w 234971
R20 ‘met flm, 511k £1%, 1/8w 309757
R21 met fim, 49.9k +1%, 1/8w 1 293456

R22, R23, tef amp, matched set 1
R30, R31

R24 met flm, 249k +1%, 1/8w 309732
R25 met ﬂm', 1.05k £1%, 1/8w 293330
R26 met flm, 1078 £1%, 1/8w 309716
R27 var, 10082 +10%, 1/2w 275735
R28 | met flm, 2000 %1%, 1/8w 309724
R29 met flm, 1082 +1%, 1/8w 268789

K32 thru used
R36 '

R37 var, cermet, 2080 +209%, 1/2w 275727
met flm, 40.282 +1%, 1/8w . 245373
met_flm, 1002 +1%, 1/8w 168195
network (2 resistors) 293506
met flm, 3320 +1%, 1/3w 199950
comp, 100k +5%, 1/4w 148189

comp, 1k +5%, 1/4w 148023




REF DESIG

DESCRIPTION

STOCK NO

ety

R46
R47, R74
R48, R73

R49, R72

R55, RAE,
R70, R114,
R112

R36
R59
R60, R90
RGI

R62, RE5,
ROo

Ro3, R105
Re6
R6Y
R71
R77
R79

R&0, REI1

RE2, RE3
RA6G
REQ

, met flm, 3.7k +1%, 1/8w

met flm, 4530 £19%, 1/8w

, met flm, 1M £1%, 1/8w

var, 1M £10%, 1/2w
used
comp, 2.4M +5%, 1/4w

comp, 470k +5%, 1/4w
comp, 47k £5%, 1/4w

comp, 360k +£5%, 1/4w
comp, 12k +5%, 1/4w
var, cermet, 1k £10%, 1/2w
comp, 27k £5%, 1/4w

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

comp, 10062 +5%, 1/4w
comp, 9182 +5%, 1/dw

comp, &20k +5%, 1/4w
comp, 6.2k £5%, 1/4w
comp, 2.2M £5%, (/4w
comp, 36k £5%. 1/4w

met flm, Ik £1% 1/8w

met flm, 147k +19%, 1/8w

comp, 51082 £5%, 1/4w

met flm, 4.53k +1%, 1/8

236752
267393
268797
276691

221945

1588441
148163

234690
159731
2753750
148148
160794

147926
221887
220541
221911
198390
221929
168229
203654
218032

260331




IREF DESIG|. DESCRIPTION STOCK NO

laTy

R94 Res, met flm, 41.2k £1%, 1/8w 789538
R96 Res, var, cermet, 2k +£10%, 1/2w 285163
R98 Res, comp, 4.7k 5%, 1/4w 148072
R100 Res, var, cermet, 2k £10%, 1/4w 309666
R102, R104 Res, comp, 5.60 +3%, 1/4w 208033
R103 Res, comp, 1002 +5%, 1/4w 147868
R106 Res, met flm, 84.5Q +1%, 1/8w . 236851
R110 Res, comp, 56k £5%, 1/4w 170738
51 Switch, double pole, double throw 234278
931 IC, operational amplifier 271502
Uz Ref, amp assembly, matched set II_,\__,—
IC, operational amplifier 306266

Socket, tstr 285262

D:,\.;— R22, R23, R30, R31 and U2 are a matched set. For
teplacement -order ref amp set P/N 4842-307918.




REF DESIG

DESCRIPTION

STOCK NO

TDTEEC|
oTYIOTY

USE
CODE

A2A1

C1,C2
C3

4,05
Cé
c7
ce
Cco
C10

11 thru 119
Rl
R2
R3

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

Cap, fxd, met poly, 0.27 uf £5%, 100V
Cap, Ta, 330 uf £10%, 6V

Cap, Ta, 220 uf £10% 10V

Cap, Ta, 5.6 uf +10% 6V

Cap, Ta, 0.47 uf £10% 250V

Cap, cer, 0.025 uf £2%, 100V

Cap, cer, 0.1 uf £20%, 100V

Cap, plstc 0.1 uf £10%, 250V

Amp, receptacle

Res, meét flin, 2.67k £1%, 1/8w .
Res, met flm, 42.2k +1%, 1/8w

Res, comp, 47k £5%, 1/4w

Res, comp, 2.2M 15%, 1/4w

307926

310466
193011
182840
198259
184366
168435
149146
161992
267617
312173
312213
148163
198350

REF

Figure 5-4, PCB ASSEMBLY, 50 Hz (—02 Option)
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REF DESIG DESCRIPTION STOCK NO

AZA1 PCB Assembly, 60 Hz (—03 Option} - 307934
Figure 5.5

Cl,C2 Cap, fxd, met poly, 27 uf £5%, 100V 310466

C3 Cap, Ta, 330 uf £ 10%, 6V 193011
C4,C5 Cap, Ta, 220 uf £10%, 10V 182840
(8] Cap, Ta, 5.6 uf £10%, 6V 198259

C? . Cap, Ta, 047 uf £10%, 250V 1843606
ol Cap, cer, 0.025 uf £2%, 100V 168435
Cco Cap, cer, 0.1 uf £20%, 100V 149146
Ci0 Cap, plste, 0.] uf £10%, 250V 161992
J1 thru I19 Connector, receptacle 267617
Rl Res, met flm, 2.21k 1%, 1/8w 310508
R2 Res, met flm, 34.8k +1%, 1/8w . 312181
R3 ‘ Res, comp, 47k 5%, 1{d4w 148163

R4 Res, comp, 2.2M +5%, 1/dw | 198390

Figure 5-5. PCB ASSEMBLY, 60 Hz {—02 Gption)




REF DESIG DESCRIPTION STOCK NO

A2A1 PCB Assembly, 400 Hz (—04 Option) 307942
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

Cé Cap, Ta, 3.3 uf £10%, 15V 182808
ci Cap, cer, 0.05 uf £20%, 100V 149161

C8 Cap, mica, 3000 pf £5%, 500V 161786
co Cap, fxd, cer, 0.01 uf £20%, 100V 149153

J1 thru J19 Connector, receptacle 267617
R1 Res, met flm, 2.67k £1%, 1/8w 312173

R2 . Res, met flm, 43.2k £1%, 1/8w 312223
R3 Not used

p—
. -

R4 Res, comp, 2.2M £5%, 1/d4w 198390

Figure 5-6. PCB ASSEMBLY, 400 Hz (—04 Option)
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TDTLI:EC“ USE
TYOTYICODE

REF DESIG DESCRIPTION STOCK NO

A2A1 PCB Assembly, 1000 Hz (—05 Option) 307959 REF
Figure 5-7

c1,c2 Cap, fxd, met poly, 0.015 uf £5%, 100V 310482
C3 Cap, fxd, met poly, 2 uf +10%, 50V 284687
C4,C5 Cap, Ta, 68 uf +10%, 15V 132824

Cé Cap, Ta, 2.2 uf £20%, 20V : 161927
c7 Cap, cer, 0.05 uf £20%, 100V , - 149161
C8 Cap, mica, 1200 pf+5%, 500V 148379
co Cap, xd, cer, 0.01 uf +20%, 100V 149153

J1 thru 119 Connector, receptacle 267617
Rl Res, met flm, 243k £1%, 1/8w 310524

R2 Res, met flm, 39.2k £1%, 1/8w 312207

R3 Not used .
Res, comp, 1.2M +5%, 1/4w 188425

Ees

Figure 5-7. PCB ASSEMELY, 1000 Hz (--05 Option)




TOT|REC| USE

REF DESIG DESCRIPTION STOCK NOIQTYIQTV CODE

AZA1 PCB ASSEMBLY, 2400 Hz (—06 Option) 307967 REF
Figure 5-8

c1,02 Cap, mica, 6200 pf £5%, 300V 310490

C3 Cap, fxd, met poly, 1.0 uf £10%, 100V 313262
C4,C5 Cap, Ta, 68 uf £10%, 15V 182824
Co Cap, Ta, 0.68 uf:l-_‘ld%, 35V 182790
C7 Cap, cer, 0.05 uf £20%, 100V 149161

C3 (ap, mica, 510 pf £5%, 500V 148411
Co Cap, Fxd, cer, 0.01 uf £20%, 100V 149153

1 thee J19 Connector, receptacle 267617
Rl Res, met (m, 243k £1%, 1/8w 310524

R2 Res, met fim, 39 2k +1%, 1/8w 312207
R3 Not used
R4 Res, fxd, comp, 750k £5%, 1/4w 221937

Figure 5-8. FCB ASSEMBLY 2400 Hz (—06 Option)




REF DESIG DESCRIPTION STOCK NDLE?J

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 313262

Cap, Ta, 68 uf +10%, 15V 182824

Cé Cap, Ta, 33 vf £5%, 20V 271338
c7 Cap, cer, 0.05 uf £20%, 100V 149161
C8 Cap, mica, 220 pf £5%, 500V 170423
co Cap, fxd, cer, 0.01 uf +20%, 100V 149133
J1 thru 119 Connector, receptacle 267617
Rl Res, met fim, 2.43k +1%, 1/8w 310524
R2 Res, met flm, 39.2k +1%, 1/8w 1 *312207
R3 Not uged
Res, comp, 360k £5%, 1/4w 234690

Figure 5-9. PCB ASSEMELY, 5000 Hz (=07 Option)




[ToT

REF DESIG DESCRIPTION STOCK NO

PCB Assembly, 19.2 KHz (—08 Option) 307983
Figure 5-10

Cap, ruica, 750 pf £5%, 500V 208983
Cap, fxd, met poly, 1 uf £10%, 100V 313262
Cap, Ta, 68 uf £10%, 15V 182824
Cap, plstc, 0.068 uf £10%, 100V 182170
Cap, cer, 0.05 uf £20%, 100V 149161
C8 Cap, mica, 68 pf 5%, 300V 148510
C9 Cap, fxd, cer, 0.01 uf £20%, 100V 149153
31 thru 119 Connector, receptacle 2676017
Ri1 Res, met flm, 2.49k +1%, 1/8w 309732
R2 Res, met flm, 39.2k £1%, 1/8w 312207
RR3 Not used
R4 Res, comp, 100k £5%, 1/4w 148189
RS Not used
R6 Res, comp, 5.10 5%, 1/4w 281832

Figure 5-10. PCB ASSEMBLY, 19.2 kHz (—08 Option)




TOT
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IHEF DESIG DESCRIPTION ‘ STOCK NO

PCB Assembly, 100 KHz (—09 Option} 307991 REF
Figure 5-11

€1,C2 Cap, mica, 150 pf £5%, 500V 148478
c3 Cap, fxd, met poly, 1 uf £10%, 100V 313262
C4,C5 Cap, Ta, 68 uf £10%, 15V 182824
Cé Cap, cer, 0.05 uf £20%, 100V 149161
C7,C9 Cap, fxd, cer, 0.01 uf + 20%, 100V 149153
10411 Not used
11 thru J19 Connector, receptacle 267617
Ri Res, fxd, met flm, 2.26k £ 1%, 1/8w 310516
R2 Res, fxd, met flm, 36.5k £1%, 1/8w 312199
R3 Not used
R4 Res, comp, 4.7M 5%, 1/4w

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




Figure 5-12. RECHARGEABLE BATTERY KIT (-0t
OPTION)
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REF DESIG

DESCRIPTION

TOT

STOCK NO latTy

A3

BT1, BT2

CR1
CR2,CRA
CR3
CR4,CR5
JY thru J10
P] thru P4
Q1,04
Qz,Q5
Q3,06
RI,RI0
R2
R3
R4

RECHARGEABLE BATTERY Kit (—01 Option)
Figure 5-12

Battery Pack
Battery

Batiery Pack PCB
Diode, bridge, 2 amp, 200 piv
Diode, zener, 36V £5%, 1w
BDiode, zener, 185V
Diode, silicon, 150 mA
Connector, recepiacle
Connector, post
Tstr, silicon, PNP
Tstr, silicon, NPN
Tstr, semicon, germanium, PNP
Res, comp, 1M 5%, 1/4w
Res, comp, 15k 5%, 1/4w
Res, comp, 27k £5%, 1/4w
Res, comp, 150k £5%, 1/4w
Res, comp, 56k £5%, 1/4w
Res, comp, 330k +5%, 1/4w
Res, comp, 68k £5%, 1/4w

510A-01K] Ref

307900
284356
307876
206509
284364
309430
203323
267617
267500
195974
218396
148619
182204
148114
145148
182212
170738
192948
148171




Figure B-13, REAR PANEL ASSEMBLY




REF DESIG DESCRIPTION STOCK NO

Al REAR PANEL ASSEMBLY : 307384
Figure 5-13

F1 Fuse, fast acting, 1/4 amp, 250V (for 115V operation) 109314
F1 Fuse, fast acting, 1/8 amp, 250V (for 230V operation) 196790
I Connector, male, 3 pin 284166
12 Binding post, white 275586
13 Binding post, black, LO 275560
4 Binding post, red, HI 275552
&l Switch, slide ' 226274
Fuse holder 160846
Decal 313064
Rear 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

05290 71590 BB60181KS3N 161810 03877  SG3658

106369 32897 831-000-T2H0-200 161927 56289  196D225X0020
106377 32897 861-000-T2HO-3R3 161943 56289  196D475X0020
1166111 05279 1N4817 161992 73445  C2ZB0AEAIOOK
147868 01121 CRI1005 163915 56289 196D396X0006
147926 01121 CBI0O1S 168195 91637  TYPE MFF 1/8
148023 01121 CB1025 168229 01637  TYPEMFFI1/8
148072 01121 CR4725 168435 56289 C128RB101H253M
148080 01121 CB5625 170423 14655 Co5sF221
148098 01121 CB6825 170738 01121 CB5635

148106 01121 CB1035 175042 01121 CR1&25

148114 01121 CB1535 175216 14655 CD15C200K
148130 01121 CB2235 175265 08806 757

148148 01128 CB2735 178616 73445 C437ARG250
148163 01121 CB4735 180497 07910 IN753

145171 01121 CB6835 ' 182170 14635 DMF1568
148189 01121 CB1045 182204 01121 CB1055

148379 14635 CD19F122) 182212 01121 CBi1545

148478 14655 CDI5F151) 182790 56289 150D684X9035A2
148510 14655 CD15F680] 182808 56289 150D330%9A2
148536 14655 CDI5E4701 182824 56289 150D686X9015R2
148619 01295 IN1303 182840 56289 150D227X901082
145024 72982 5855-v5U-5032 184366 C280AE/A470K
149146 56289 33C41B6 189441 CR4745

149153 56289 C023B101F103M 190397 CDISC40K
149161 56289 55023A1 192948 CB3315

149187 93332 IN270 193011 150D330X900682
159731 01121 CB1235 193441 CB1845

160317 14655 CDISE330] 195974 IN3906

160796 01121 CB&225 196790 TYPE AGC




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

198390 01121 CB2255 275560 ‘ 32767 82045
199950 91637 TYPE MFF1/8 275586 32767 820-25
203323 03508 DHD1105 275727 11236 360T200B
208033 01121 CB5615 275735 11236 360TI01A
208883 14653 CD19F751) 275750 o 11236 360T102A

218032 01121 CB5115 276691 11236 360T105A

218081 04713 MPS6520 281832 01121 CB5105
218396 04713 IN3504 284166 82389  BAC301
220046 01121 CB4755 284299 09353 7301

220541 01121 CB8245 284364 12969  UZ8736
221911 01121 CB6225 285163 11236 3608202A
221929 01121 CB3635 285262 71785 133-2392-039
221937 01121 CB7545 289116 91637  TYPEMFF1/8
221945 01121 CB2415 280538 91637 TYPE MFF1/8
229898 04713 MP86522 293456 91637  TYPE MFF1/8
234690 01121 CB3645 293506 18612 310865
234971 91637 TYPE MFF1/8 293530 91637  TYPE MFF1/8
235382 91637 TYPE MFF1/8 293654 91637  TYPE MFF1/8
236752 91637 TYPE MFF1/8 296509 09423  FB10O
236851 91637 TYPE MFF1/8 309450 15818 ‘TD333379
245373 91637 TYPE MFF1/8 309617 31718 FLV102
256339 28480 50822900 309666 11236 360T202A
260331 91637 TYPEMFF1/8 309674 11236 360TI03A
266494 32539 TYPE T5-10 309716 91637 TYFE MFF1/8
267393 91637 TYPE MFF1/8 309724 91637 TYPE MFF1/8
267617 00779 85863-5 309732 91637  TYPEMFF1/8
268789 91637 TYPEMFF1/8 309757 91637  TYPEMFF1/8
271338 56289 150DX5020A2 310466 01281 X4630W27
271353 91637 TYPE MFF1/8 310474 01281  X463UW33351
271502 12040 LM301A 310482 01281  X4630W15051
275552 32767 820-65 310490 14655  CDI19F622]




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

30508 91637 TYPE MFF1/8
310524 91637 TYPE MFF1/8
312173 91637 TYPE MFF1/8
3i2181 91637 TYPE MFF1/8
3207 91637 TYPE MFF1/8
312215 91637 TYPE MFF1/8
3123223 91637 TYPE MFF1/8
313262 01281 X4630W10091

y




Section 6

Option & Accessory Information

6-1. INTRODUCTION

6-2. This scotion 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.

6-5. OPTION iNFORMATION

6-6. Option descriptions contain applicable ficld instal-
lation procedures.




6-1. INTRODUCTION

6-2. The FLUKE quarter-rack instruments can be in-
stalled in a 19 inch equipment rack in various combina-
tions and in conjunction with other FLUKE half-rack in-
struments, Figure 6-1 shows various mounting configura-
tions.

510A
Rack Mounting

Accessory

Rack Mounting Fixtures

6-3. Instructions for attaching rack mounting brackets
are given in Figure 6-2. Figure 6-3 gives instructions for
dual, triple, quadruple rack mounting. Instructions for com-
bining quarter-rack with half-rack instruments are given in
Figure 6-4. '

Quad mounting

M03-206-605

FLUKE
HALF-RACK

Single mounted with
single half-rack instrument

MO3-200-611

FLUKE
HALF.RACK

Double mounted with
single half-rack instrument

MO3.200-609

Single unit teft or
right offset mounting

MO3-201-601

Double unit ieft or
right offset mounting

#03-202-603

Tripte unit left or
right offset mounting

MO3-206-604

Figure 6-1. RACK MOUNTING CONFIGURATIONS




RACK MOUNTING PROCEDWURE FOR
MODULAR SERIES INSTRUMENTS

T

.

_

=

#8-32 x % PHP SCREW

1. REMOVE THE FOUR MOLDED FEET AND BAIL
FROM BOTTOM ZCOVER.

2.REMOVE THE NAMEPRPLATE DECALS FROM THE
FRONT CORNERS.

3. REMOVE THE SCHEWS FROM CORNERS
WHICH MATCH HOLE PATTERNS IN RACK
MOWNTING EARS.

4 ATTACH RACK MOUNTING EARS WITH RPAN
HEAD SCREWS (ENCLOSED)].

Figure 6-2. RACK EAR INSTALLATION




DUAL, TRIPLE & QUAD MOUNTING
FOR MODUWULAR SERIES INSTRUMENTS

#8-32 DUAL RACK MTG. FASTENER (J.F, #309708)
2 PLACES EACH FRONT AND BACK CORNERS.

DESCRIPTION QUANTITY

DUAL RACK KIT] TRIPLE RACK KIT | QUAD RACK KIT
#304816 #308130 #304980

#304808
#304782
#304360

#309708 FASTENER 4

DUAL RACK MTG,

2.
3.

a.

5

REMOVE TOPR & BOTTOM COVERS FROM BOTH
INSTRUMENTS.

REMOVE NAMEPLATE DECALS FROM CORNERS.

REMOVE TORP & BOTTOM SCREWS FROM BOTH FRONT
& REAR CORNERS ON THE MATING SIDE OF THE
INSTRUMENTS.

INSGERT NO, 8-32 DUAL MOUNTING FASTENER, THROQLIGH
THE P-NUTS IN BOTH FRONT & REAR CORNERS.

. REMOVE FEET FROM BOTTOM COVERS AND REPLACE
TOP & BOTTOM COVERS.

Figure 6-3. DUAL, TRIPLE AND QUAD MOUNT




Not available at this printing

Figure 6-4. COMBINING WITH HALF-RACK INSTRUMENTS
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Rechargeable

OPTION —01 RECHARGEABLE BATTERY
PACK -

INTRODUCTION

6-2. The Rechargeable Battery Pack shown in Figurc
6-1 is installed ag 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.

510A
Option—01

Option —01

Battery Pack

RECHARGEARBLE RATTERY BATTERY PACK PCRB

Figure 6-1.  510A-01K BATTERY PACK




BI0A
Option—01

6-3. INSTALLATION

6-4. The Rechargeable Battery Pack can be ordered
installed at the fuctory during manufacture by requesting
the 01 Option. Ficld installation of this option is also
possible at any time. The ficld installation kit can be ob-
tained by ordering FLUKE KIT S10A--01K, Installation
is as lollows:

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

Remove the botlom dust cover,

Install the Battery Pack (BT1, BT2) on the
botlom dust cover as shown in Figure 6-2.

Instali the Battery Pack PCB in the position shown
in Figure 6-2. Ensure that the mating connectors
are correctly aligned during installation.

Connect the four (4) Battery Pack wires to the
Battery Pack PCB. DTach wirc is lubeled with a
number which corresponds to 2 connector on the
PCB.

Install the bottom dust cover.
NOTE!
Operating  instructions, theory of operation

mgintenance, and parts list are located in the
Model 5104 Instruction Manual,

BOTTOM
DUST BATTERY PACIK
COVER BT1,8T2

BATTERY FACK
WIRE HARNESS

BATTERY PACK PCE

BATTERY PACK KIT LOCATIONS




Appendix A

Federal Supply Code for Manufacturers

A-1. CODE TO NAME
mame and address to which the code has been assigned.
The Federal Supply Code has been taken from Cataloging

Handbook H 4-2, Code to Name.

A2, The following five digit code numbers are listed
in numerical sequence along with the manufacturer’s

(LR

00327

N3508

Q3614

{13651

0A7497

10-1-72

Sage Eledironisy Cormp,
Rochester, Mow York

Welwyn [nternatlonnl, inc.
Westlake, Qhlo

Acrovox Corp.
New Bedford, Masachuotis

Film Copacitars
Prssnie, New Jersey

AME Inc.
Harrisberg, Pennsyivanla

Allen-Rzedley o,
MUwaukee, Wiseonsin

TRW Srmicundution
Lawndale, Califorria

Texas Instruments, Inc.

Semiconductor Components Div.

Daollas, Texes

RCL Elestronics Ing.
Manchester, New Hompshize

Deletad

Dearbomn Electronics Inc.
Orlando, Florida

Ferroxcube Comp.
Saugertes. New York

Replaced by 13201

Amphanal-Darg Elest, Corp.
Broudvicw, [llinais

Arce Capacitors, Inc.
Tarrence, Calilornia

Canteral Eleetsie I,
Srmivonductor Produgty
Syracuse. Mow Yark

Replaved by 71400
Hepluved by 44655

Eldema Corp.
Compion, Caltfornts

03877

03388

052179

Transtron Elegtronis Com,
Wakofield, Mussachusotts

Pyvrofilm Resistor Co., inc.
Cednr Knolls, New Jeprey

Clairex Corp.
New York, New York

Mulrhead [nstruments, [ne.
Maountamneids, New Teraey

Arrow Hart and Hegeman
Eloctronic Company
Hurtford, Connecticut
Beplaced by 72136
Replaced by 813352
Essex Wire Cop.

Wirg & Cahle Div,
Anuheiny, Califoraia

Aemen, Div. of

Midtex Inc.
Mankato, Moo

Acravox Carp. (H-G)
Myrile Beach, South Careling

Replaced by 75378

Motorola Semiconductor Products [ne.
Phoenly, Ardzona

Repluced by 94154

Isnathan Mig, Co,
Fullerton, California

Westinghouse Electrle Corp.
Remizonductor Depl,
Youngwood. Pennsylvania

Replaced by 43543
Union Carbide Corp.
Lleerranies Div,

Clevelund, Qhio

Southwsal Maglone & Plartic Ca,
Las Anyeles, Culiforniv

05387

03571

Unlon Carbide Corp.
Electronics Div.
Wew York, Mew York

Sprague Electric Co.
Facific Div,
Les Angeles, Culilornia

Alag, Int,
Glendale, Califormia

Wakeficld Enginocring ]nd.
Wokeflald, Massachusetts

Genoral Elestric Compiny
Capacitor Departmont

[rmao, South Carcling

Replaved by §3743

Amgphengl Space & Missile Sys,
Cratsworth, Califarnda

Becde Elecrrical Instrument Co.
Penacaok, Mew Hempshire

Electron Corp.
Littletown, Colorado

Levire Comp.
Llavalond, Ohlo

Semcer Div. Components
Mcenlx, Arizona

Gould Natlonal Baztteres Ing,
City of [ndustry, Callfarniy

AT

Warmh-limae
San Curlam, Culifyrnz

Ropluced by 14674

Westnghause Eleetie
Carg,, Flgeronic
Tube Division
Timira, Mew York

Siligan Tranijstor Camp.
Cardon City, New York

08215

DE330

K792

OBEOG

02253

noazl

Tairchild Semitendutor
Div. of Fairchild Camera
& Lnatrument Corp.
wMountin View, Californta

Bircher Ca., Ing.
Hochester, Maw York

Lorma Engineering Corp.
Northamptan, Mossochusotts

Teledy ne Curp,
(Continuntal Devicey
Hawthorne, Culifarnia

[ndustro Tranzistor Comp,
Lang Iskind City, New York

Reliance Mica Corp.
Brooklyn, New York

Discon tinued
Genepal Fleowle Co,
Miniatuze Lamp Dept.

Clovaland, Ohiv

Nylematic Com.
Morrisville, Pennsylvania

Skattiv Clestronicr Ing
Archbold, Pennsy bvania

C ol K Companents
Watertown, Marsachusolt

Lclentltle Components, Inc.
Saata Raplury, Californiy

Burndy Carn
Marwalk, Connvelivul

TS of Berne
Brine, [ndiann

Chicapo Teluphony of
Calif., Ine. (CTC)

Taso Rebles, California

Discontinued

Dewt Produsts Co,
Chigugo, [iinaiy




i) &3

12040

L2060

12136

12327

1240

12617

12744

1IREG

1t

129649

131}

(RIS

(ELEL]

14044

14142

14201

LRk A}

R

15670

ISR

(RLEE

[RLDL

Roynone Mg,
D, al At Endusanal Com.
Warnen, Michigah

Quakdyny Corn
Santa £ laia, California

Clikcapsr Bivet & W e
Hellwood , [1Hnniy

Nationmd Semicoadnetor Curp,
Dunbuery. Conncdion

Miades, Ine,
Chatawurth, £ aldoemn

Phalacdelpltio Handle €,
Camdien, New Jerey

Presin Con, I,
Shelton, Conneiicdt

Freewey Waxher & Staping Co.

Claveland, Chis
Ruplaced by 75042

Iamlin T,
Lake Mills, W hennsen

Clarosiot Mig. Oo,
Tiower, Mew Hampehire

James Elgatranles
Chicapa, Hhingls

Micriomi il
Kiwerea Mudre, Lulilornin

Dickaon Electronics Corp.
Srodteadide, Ardiun
Uniterade Corp,

Wirteriown, Missuchuut s

Thermnlloy (.
Lradlas, Tenus

Amphenol (o,
Lo €aatem, {lulitaoniz

Spryme Eleetne Co,
Tranxintioe Dy,
¢Copeond, Mew Humprhite

Replaces] by 23732

Sumlech Lorp,
Mawbury Fark, Cabittrmia

Cubifornin Resisor Comp,
Sanky Monhea, Californ

American Components, [oc
onsheiocken, Fennsyleanin

Corneti-Dubihen Lleconics
Mowirk, Mew Jersey

Inseuntinued, s 16259

PAvetrs ok T,
San Gabrwl, farnm

Tgeplusd by BHH5Y

e Tl 0w,
Mo thruded, L ali o

Ienwith | hevtroans hw,
Fromdnghum, Misswbisseits

Amelen Sueicondugtorn
i, ol Telalyne [nw,
Rudntin View, Califtel

LISELOh, b,
WL Ve, Mew Yaork

Lt et hoeanyss
M iy (TAM}
e Dok L, Wermnd

154904

16 za%

16742

17069

L7856

15043

I#174

14736

119

14451

1971H

W05E4

20891

12747

254108

PALHES

27204

RETEET

Replaved by 17870

Corping Gl
Ralcigh. Manh Caioling

Replaced by 18478

Cumtbrdee Seientific Tl Tne,
Carnbrudge, Mary lind 28520

Faramuount Plaatlis
Divwney., Califvrnia

Bulee Kadico
13y, of Generyl Mators
Kakwmi, Indians andzl

Cireit Structures Lab,
Uplame!, Califuima

Sibconix, Ins,
Sunasyvule, Californiz

Daven-Thy of Thomas A, Kdison
Ind. = Metew - Ldison Co,
Manchaster, New Humpshire

Donzhsted

Vastes T,
Marylansd Helghts, Missouri

Yishay Inlertechnology
Ine.
Malvern, Peansylvania

Valurones Corp.
Hunover, Mew Jersey 34333

Biscontinud, use RY534

Poripe Machinery & Supply Co,
Seattls, Washingtun

Hlectra Ml Cou.
Independence, Kunrax

Enachs Mig. Co.
[ nelianapeii, [ndiana

Lell-Oeganizing Systems,
T,

Dialhm, Tews

FIT Semisondueton
v, of ITT
Pala Alte, Culifisrnia

49671
Tracor
Ruckville, Murylol 49956
Sranfurd Applied Bngrop.
Santy Clara, Culiforaia

3021
Southeo
Div. of South Chester Curp.
Lunter, Perasylyani )

uater, Pentsy lvania 5036

oneral Raliv Ca,
West Conuorsd, Mussachuse v

Lonox-Tupds Fleviranio
Flunticld, Mow Jersey

Amperes Eleetromic Corp.

Sermiconductor & Receding

Tulbe INvision [k
Shatapaille, B hode Dslund

Wt £2460

Somizmaducton
Corp, 61743

Sunda Claea, Culifornia

Maolex Proclucts

Lvwmers Cirove, Hhintos

Buhunnon |ndusrics il
Lot Wonth Tenirs

Dhelted Conrals,
Corp.
Milwaukes, Wisconsin

Huwlert Fickard
Cu,
palo Alte, Calitorai

Heymun Mg, Co.
Kenilwaorth, Mew Jersey

Measanto, Co.. Ing,
Sunta Claga, Catiforeia

Nlingin Tool
Warks. Ine,
Clyicige. {llineis

Mura Curp.
Crreat Meck, Mew Yark

Gritfith Mlastic
Progugts ¢,
Burlingame. Cidifurnia

Advaneed Mechuricul
(amponsnix
Morthridee. Calilarmia

Fric Technologeal
Produc 15, incorpurated
Frequency Conurol Div,
$arliale, Pennsylyvania

Genaral Llestric
., Tube Dept,
Owensbaro, fentucky

Silean General
Wesominizter, Culifornia

Adwvanued Micza
Devites.
Sunnyvale, Uabforniy

Mallary, F. R, & Co.. Tne,
[nddianapelis, 1ndiang

Natiunal { ompany
Mizirome, Mussachusetis

Nyrronicy Lne,
Transtarmer Co, Div,

Alphia, New Jersey

Qhlte Mig. Co.
Skokie, linois

Padio Corp. o America
New York, Hew Yark

Ruytheon Compuny
Lexington, Maine

Sanoma L o Oy
Springfield, Hlinoi

Simpron Elecric Company
Lhucago. g

Sprapue Fleenie O,
Mireth Avclam s, Mamiathusetts

Superior Eleetne Co,
[ristol, Conneeticut

Tarring o My, O,
Terripplon, Cuannetivul

Dehetud

Ward Leonand Flevree {n,
Moum Yemon, Mew Yk

Wesd MiT, Con

Sun Urpoeisea, Calllienn

Wheban Enstrw nés Ine,
Mewwarh, New Jufay

G 1 31)

ELELE]

NI

TV

71400

T1450

71464

71882

71590

71707

1744

1788

700

72092

72138

72254

11354

THIY

Winsdow TeleTromes bne,
Axtrury Park, Mew Jorey

Amperi Campany
Uniem iy, Mew Jeewy

Helden Mly. 4o,
Chieage, Winess

Blinbuch Kadio Ca., Inc
Muw ¥ ok, Mew York

I MERC O
untic, Conneetivut

Pusartiann Mg,
Div. of MeGraw - Fedisom o,
Saint Louis, Misioun

CTS Cung.
Pikhart, Indlang

LT Cannon Vlectric [ne,
Lo Angeles, Culitarsiz

Clare, 0L P& Cor,
Thicuga, Tnoir

Centralab
Ly, of Glabe Union [ne,
Milwaukee, Wiseonsin

Coto Colt Co. e,
Frovidence, Rhede Lalaad

Chabenxs Mindture Lanip Worky
Chicugo, 1llinaf

Cinel Mip Co. & Hownrd
B. lones Liv.
{leage, Hlineis

tiriver. Willwr B., Co.
MNewark, New Jerwy

Foplaved by DOIHG

Electeon Molive M, Ca.
Willirvn i, Connegtisul

Nytronizx
Berkeley Heiphis, New Jersey
Dl el

Dialight Corp.
Brooklyn, Mew Yok

(. O Plecironis:
Roukiond, liniz

Raepluced by 20303

Diux Fustener Co., Ine,
waost lulip, Mew York

Gudeman Co. (Gulloa
[onduzitries)
Chicaga, Lilnois

ie Tuch. Products Ing,
. Pensyivania

Bockiman Enstuments fne.
Halipat Division
Fulierinn, alilurs

Hughies Aireraft o,
Fleeteon Dynumicy Div,

Torrema, {alilernig

Anpeees 1 lectronie Carg,
Hivkavalle, Mow Yok

Carling Pleetrie Tog,
Harviorg, € onneelical

Cirele |- Indusins
Trepton, New Jersey

I ederad Sonew Produos b,

Clitcapu, iinais

10-1-72




TIRO9

REL ]

24970

77969

JHIRY

KOD3|

1 iseher Special Ml s,
£incinna, {hlo

A5 R Loy tromics Cu.
Prooklyn, Mew York

Cuurdian Electeie MMy, T
Chiip, Dlizeis

Duyn Micholy Ca,
Chivagn, Nlinaix

Ralic Switeh Cusp.
Murlbory, Mew Jorsey

Signadile Inc.
Nepne, Mew fersey

Hleza Crystal Co,
Carliske, Pennaylvania

Hoyr Liect. Instr. Works
Penzvank, New Hampshire

Waseea, Minnosota B1439

ERC Inc. (Div. of TRW) K1483
Fhiladelphia, Pennsylvaniu

Kurg-Kaach, Tng,
Duyten, Ohio

Xulka Elecuic Corp.
Musent Vernan, New York

Littlcfusa Inv.
Doy Maines, liinols

Oak Mfp. Ce.
Crysr i Luke, 1ol

Poter & Rrumifleld
Div, al Amgr, Maching & Foundry
Pringsien, Indiana

Rubbereralt Carp. of Calif. LTD,
‘Tarrance, Culilarnia

Shukeproal
Niv, af [llinoi Tool Works

Elgin, limois K3IGR

Kigoea Inwlrwmunds, Ine.
Seauth Braintroe, Mussachusetrs

Staekpaie Corhon Ca,
Sl Murys, Penmghrinia

Tinnerman Products
Cleveland, Ohla

Wuldes Kahisoer Iy,
Loay [alund {ity, Now Yark

Westarn Rubbur Company
Carshen, Indiyny

Zierick Mrg. Corp.
HNew Rochelle, Mew Yark

Mepen
Div. of Sessions Clock {n,
Mozrlitown, New foruy

ATl Instruments La.
Chesterland, Ohio

Sprikjue Presluciy
Worth Adams. Muarachizestic

Bourns Ine.
Rivorsida, Califarnia

Harmmigrlund Oy, Ing,
Mars Hill, Moz th Curalina

Sigvgnx, Arnpld Ing,
Boxtnn, Maguichuu 174

Gra, il [nc.
1.a Cirange, Ylingis

Kaorry Miy, Co,
Scattle, Washinglon

Winchoztor Electronics
Div. of Litton Industries
Oakville, Cannectlour

Thern-0-Dise Ine,
Manxficid. Ohio

Intermanonal Reztinigr Cormp,
Laws Angeles, Calilpgrig

Duleted

Switcneruft 1ne.
Chicugo, Nhinnis

Price Elevtric Corp.
Frederick, Muryland

Rounwell Corp,
Maw York, New York

Ratron Mfy, Co,, Ing,
Woodilaek, Now York

ITT Wirc & Cable Div.
Pawduckel, Rhode 1sland

Vuro Inc.
Carland, Texas

Bundix Corp.
Clectric Fower Division
Eatantawn, Mgw Jércy

Smith, tlermon H., [ne.
Hrooklyn, Mew Yaork

Rubtx:rgraft Corp. of America
Myw Havon, Connecticut

Burratghs Corp,
Ekeetronis Components Div.
Plainfiold, New Jersey

Union Cazbide Corp.
Consumer Products Div.
New York, New York

Arco Clestroniea, Ine,
Oreut Meck, Mew York
TRW

Ogullaly, Nebrirka

Frecision Metal Producis
Stoncham, Mossuchumtix

Radia Corp, o America
Elstronic Components & Davices
[larrison, New Jersey

Deleted

MarcorDak [ne.
Anahaim, Callfomia

Litton Products 1ng,
Yun Nuys, Calaferiin

Usz 14655
Replaved by 04217

TFluke, John Mfz. Co., Inc.
Scatde, Weshingtan

Repluced by 0R806

Mallory Copacitor Co.
Endtsnapalls, |adium

Bir? Starnp & Mip Co
Kuigax City. Musourt

Square D Co.
Chicago, Ulinois

Mallory Hattery (o,
Tarrytawn. New York

Sahanson Mre. {n.
Bovontan, New Jegey

rplagedd by 58474

Assocluted Machine
Ranth Clara, Califarnly

Dalo Clectronics [ne.
Columbus, Nebeasko

Elea Cang,
Willow Grove, Pennsylvania

Gremas Mg Co., [ne. (1TT)
Wobiizn, Massarhusetn

[ndustrial Davices, Inc.
Ldgewnter, New Jersey

King's Llovtronics
Tuckahoe, Hew York

Honeywell Lne.
Micro Switch Div,
Freepert, linoia

Milier Flggree Cu,, [ng,
Buwiucks 1, Rhexly Telynid

Sylvants Flesine Fredugix
Semicondwiivos Products Div
Waoburn. Massachusetis

Foplaced by 40956
Tung-5al
Div, of Wapmer Bleetrie Corp,

Wowark, Now Jorsy

Alco Electronles Praducys Ing,
Lawrenee, Mustachuserts

25987

26881

07540

97066
GRNT4

98159

URITH

ELEET]

S8743

RG2S

210

29217

F51E

Laeemll ME, Co,
Ly Lsland Clty, New ¥ ok

Replosed by 3278

Vitraman Inc.
Peldgeport, Cobneaticur

Ralza Carp, of America
Sedigl Stade & Pweciving Tube [y,
Cincinnati. Ohio

Mothede Mfz. Corp.
Rolling Meadaws, liinat

Dupe Eleetriv Co., [ne.
Frunklin, Indluna

Weekougr O, Inv,
Chisapo, inois

Sun Femundo Elegiric MRy, Ci,
Ry Feptando, Calilurnia

Rustznk Lnstrument Ca.
Menohester, New Harnpshire

Themson [ndusiries, (ne.
Marhasset, Now York

Master Mobile Mounts
Ty, of Whitehall Elegtromics Corp.
Law Angeke. California

Industrla Eleeteante Rdwars Corp.
Mew York, New Yark

White, 5. 8. Co.
Plastles Div,

Hew York, Mew York
Replaced by 11558

Rophiwd by 49956

Rubber-Teck, [ne,
Gurdenn, Califoryiy

Miazadal Ine,

Paasdena, California

Sealectro Corp.
Conhex Tiv,
Mumareneck, Now York

Accurate Kubber & Plastlss
Culve: Ciry, Califarmis

Repluced by 12749
Delewd

Fluntie Cppacitors, 1nc.
Lhiaxga, Hinals

Southern Electronivs Corp.
Burbank, Californin

Mupshall Induatries
Capaciter Div,
Monrevi, Califormia

Barnos Corp.
Lunsdowne, Peansylvonla




Appendix B

List of Abbreviations

£

[
car
ek
cw
CMRR
cbn cmpsn
cow
conn
cbn flm
CRT
cps
db
dep chn
dvm
dio
de
dpdt
dpst
alctlt
slak
alox
axt
°F
F

Ge

]
G

gmv
ad
h

ampere(s) (2,14, 2.1 amp}
amplifiar

alterpating current

assembly

at

binary coded decimal
capacitor

centimeter

clegr; reset

celsius or centigrade (0° C)
ceramic

clock

elockwise

common mode rejection ratio
carbon composition
counterclockwise

connector

carbon film

cathode ray tube

cycles per second (Hz preferred}
decibel

deposited carbon

digital valtmeter

diode

direct current

double-pole, double-throw
double-pole, single-throw
electrolytic

electronic (equip.)
electronics (science)

gxternal

fahrenheit (32° F)

farad

field effect transistor
germanium

giga ar 10°

gravity

groung

guaranteed minimum value
quard

henry

Hertr {(60Hz, 60gHz, BO gigahertz)
high frequency

inchles) (6 3/4™ or 0.575 feet)
integrated circuit
intermadiate frequency
internal

lilacyele (kilohertz preferred)
kito or 10

low fraquency

magacyele (megahertz preforrad)
may or maga or 10

metal

metal fiim

metal oxide silicon
micro or 1Q'6 (60uv)
milli or 1072
milliampere{s)
miltimeter

nano or 107

nagativa

ohm

ascilloscope

parts per million

peak inverse voltage
peak to peak

pice or 10717 (300pF)
plastic

plus pr minius

positive

pulses per second
printed gircuit board
quantity

radio frequency

radio frequency interference
recommended

reference

relative hurmidity
resistor

root mean square
rotary

second

saction

serial number

silicon

semicondugtor controlled rectifier
single-pole, doublé-throw
single-pole, single-throw
switeh

tartalum

temperature coafficient
tera or 10*%
transformer

transistor

transistor voltmeter
ultra high frequency
vacuurn tuba voltrmater
variable

versus

very high frequeney
very law frequency

volt {115Vac)

vottage controlled oscillator
wartt

wite woung




Appendix C

Sales Representatives

ALABAMA
HUNTSVILLE
BSC Assnciates, Ine,
3322 5. Mamarlat Parkway
PO, Box 1273 |
Tet. (205} 881-6220
Zip 35807

ALASKA
SEATTLE
Showalter-Judd, Ing,
1806 5. Bush Place
Scattio, Washington 98144
Tel, (206) 324-7911

ARIZONA
PHOEMIX )
Barnhill Azsociates
537 E. Osborn Road, Sulte
Tal. {(§02) 263-1250
Tip 85012

CALIFORNIA
LO5 ANGELES
tnstrurnent Specialists, Ing,
1109 5. Central Ava.
Glendale, California 91204
Tel (213) 2459404

SAMNTA CLARA
Instrument Speelalists, ine.
2359 De La Cruz Blvd,
Tal. (40§) 244-)505

Zip 95050

SAN DIEGO

Instrument Speciallsts, Inc.
19049 State 51.

Tel. {714) 232-2017

Jip 92101

COLORALOQ
DENVER
Barnhill Associatas
1170 8, Sheridan Blvd.
Tel. (303) 933-5505
Zip 80226

CONNECTICUT
HARTFORO

Instrument Representatives, tne,

P, O, Box 163

Glastonbury, Connectlcut 06033

Tei (203) 633-0777

FLORIDA
ORLANDO

GEORGIA
ATLANTA
BCS Assoclates, Inc.
1230 Briar Hill L,
Tai. (404) B74-99235
Zip 30306

HAWAII
HOMCGLLIEL
Induztrisl Eleetranies, tne.
646 Queen Sireat
PO, Box 135
Tel, (808) 533-609%
Zip 96817

ILLINOIS
CHICAGDO
Cozzens & Cudahy, Inc.
0501 W. Davon Ava,
Rosamant, llinols 60018
Tel. (312) 825-1144
INDIANA
INDIAMNAFPOLIS
Coxzens & Cwdahy, Inc.
Part Q'Call Execdtive Ctr,
21 Eeachway Drive
Tel, (317) 244-2456
Zip 45234

MARYLAND
BALTIMORE

Electramic Marketing Assoc, 1ne.

11501 Huff Court

Kensington, Maryland 20795

Tel. (301) 881-5200, 744-7700
MASSACHUSETTS

BOSTON

fnstrument Representatives, Ing,

1046 Magsachusetts Avenue
Arlington, Massachusetts Qzr74
Tel, (617) 646-1034

MICHIGAN
CETROIT
WHM Assaciates, Ine,
1474 East Outer Dr,
Teb. (313) 892-2500
Zlp 48234

MINNESOTA
MINME ARDLIS
Cozzens & Cudahy, Inc.
7450 France Ave, So,
Tal. {612} 920-1022
Zlp 55436

MISSOURI

NEW JERSEY
MNEWARK
SBEM Feprasentatives
1519 Biuyvesant Avenue
Union, New Jarsey 07083
Tel (201) 687-8737

NEW MEXICO
ALBUGUERQUE
Barnhill Asioviates .
1410—D Wyoming MN.E.
Tel, (508) 2997658
Zip 87110

NEW YORK
NEW YORK
SBM Representatives
28 Hobby Straet
Pleasentville, N.Y. 10570
Tel, (814) 769-1811

ROCHESTER

58M Represantatives
4518 Culver Rd,

Tal. (716) 226-1400
Zip 14622

NORTH CAROLINA
GREENSBORO

BLS Associates, Ing,
1039 E, Wendover Ave,
P.O. Box 6426

Tal. (919) 273-1918
Zip 2740

OHIO
CLEVELAND
WHKM Associates, Inc.
16141 Puritas Ave,
Tel. {(216) 267-0445
2ip 44135

RAYTOMN

WHKM Assaciates, Inc.
6073 Far Hills Ave,
Tel, (313) 434-7500
Zlp 45424

OREGON
PORTLAND
Showaltar-Judd, Inc,
1445 M. E. Arringten
Hillsbaro, Oregon 971283
Te!, {503) 6486372

PENNSYLVANIA
PHILARELPHIA

FITTSBUYRGH

WHKM Assotiates, 1ne,
20 Clairten Blud,
Tal. (412) B92-2953
Zip 18238

TEXAS

DALLAS

Barnhlll Associntes

Suite 220

312 N. Central Express Wy,
Richardson, Texdas 75080
Tal. {214) 231-2573

HOUSTON

Barnhlll Assoclates
Suite 332

2210 Westheimer
Tel, {713) 621-0040
Flp 77027

EASTERN VIRGINIA

WILLIAMSBURG
BCS Aszsoclates, Inc.
107 Rich Meck Rosed
Tel. {702) 229-5108
Zip 23185

WASHINGTON

S5EATTLE
Showalter-Judd, 1nc.

1806 5, Bush Place
seattie, Washington 98144
Tel. (206) 324-7311

CANADA
BRITISH COLUMBIA

VANCGUVER

Allan Crawford Assodlates, Lid,
1820 Pandora 5t.

Tel. (604} 253-7136

ONTARIO

MALTOMN

Allan Crawford Assoriates, Lid.
G427 Mortham Drive,

Tel. (416) €78-1500

OTTAWA, 3

Alan Crawford Assotiates, Lid,
376 Churehill Ave, =— Sulte 106
Tel, (613) 725-3354

BCS Associates, inc. 5T. LOUIS Electronle Marketing Assee. QUEBEC

Q40 M, Fern Craek Ave,
0, Box 6578

Tel. [(306) 843-1510
Zip 22803

Coziens & Cudahy, Ing,

P, Q, Box 100]13

Lambart Fleld - Zip 62145
Tel, (214} 423-1234

210 Gordard Blvd.—Snite 100
King of Prussla, Pennsylvania
Tel {215) 248-5050

Zip 194046

LOMGUELIL

Allam Crawford Associates, Ltd,
157 {rue) St. Charies Street W,
Tel. (514) 670-1212




ARGENTINA

Cc);‘lﬁ}r‘l S.A,
Yirrey del Pino 4071
Buenos Aires, Argentina

AUSTRALIA
Elmaasca Instrumants

7 Chard F.oad
O, Bow 234

Brookvale, N.S.W. Austratia 2100

ALSTRIA

Kontron GMBM & Co,, Ko,
Ledorergasie 16
1080 Wien
Austria
BELGIUM
c. N, Road 5/A
37, Place da Jamblinne de Meux
B-1040 Brussels, 8clglum
HRAZIL

ANMBRIEX 35.A,

Av. Graca Ararha
226—&% And.

Rio Da Janeiro, Bra#il

AMBRIE® 5.4,

Av. Pacacmbu, 811

Sao Fauko, Brasil
CHILE

Coasin Chile Ltd.

Casilla 14588

Caorran 15.

santiage, Chile
COLOMBIA

Maronns Lteda,

Apartado Aeran 00687

Boygola 8, Calombia
DENMARK

Tage Qlsen A/S
1, Rennogada
Ceopenhagen O, Denmark
FINLAND
Gy Findip AB
Pasthox 52025
Helsinkl 52, Finland
FRANCE
Radlo Equipment Antarcs
'9, Rue Ernest Coghacg

92 Lavallois — Perret
France

INTERNATIONAL REPRESENTATIVES

GREECE

Marios Dallegglo Represcntations
2 Alopekis Street
Athens 19 Grooce

HONG KONG

Gitman & Co. Ltd.
P.O. Box 56
Haong Kong

INDIA

Hindltron Services Pvt. Ltd.
69/A Mepaan Sea Road
Bombay &, Indla

IRAM
Boerkeh Company Lid,
20 S5aim Road, Roesevelt Ave,
Tehvan, Ivan

ISRAEL

®,D,T, Efectranics Eng'r. Ltd.
PO, Bax 21052
Tl Aviv, |sraet

ITALY

Elettronucleanica S.P.AL
7, P.Zza De Angeli
20146 Milang, Haly

JAPAN
Tove Trading Co,, Ltd.
PO, Box 5014
tnternational Tokyo
Japan
2-38 Junkeicho-dorl
Minami-ku, Osaka, Japan

KOREA
M-C Intcrnational
I.R.O. Box 13535
Seoul, Morca

MALAYSIA
DO'Connor's (Pie) Lid,
P.O. Box 1197
Kota Kinabalu
East Malaysia
PO Box 91
Pataling Java
west Mataysla

MEXICO

Mexltck, 5.4,
Eugenia 408
Departrents L v 5
Mexico 12, D.F.

THE NETHERLANDS

C.N. Rood M.V,

Post Oftice Box 4542
Riljswijik {Z.H.) 2100
The¢ Methertands

Fluke {MNederland) M.V.
Post Office Box %053
Industriaterrein MNoaord
Tileurg, Vhe Metherlands

NEW ZEALAND

Eimeasco Instruments Pty. Ltd.

Suite 1, 33 Queens Road
Melbourne, Vie, 3004
Aulstraila

MNIGERIA
LGecmtes Sigctrotechaics Lid.
.0, Box 3073
Lagos, Migeria

MORWAY

Morgenstierne & Co, A/S
P.5. 6688 Rodelokka
Osla 6, Morway
FAKISTAM
Pak International Operations
F.O. Box 5323
warachl, Pakistan
PORTUGAL

SPAIN

Remy Leo Haag, 5.4,
Gencral Samjurio 18
Madrig B, Spain

SWEDEM

Erlk Ferner AB

Box 56

snormakarvagen 3%

186).26 Stockholm-Bromma
Swaedan

SWITZERLAND

Kantron Electronic A,G.
Hardstragse 226

P.O. Box 193

8021 Zurigh

Switzerland

TAIWAN-REPUELIC OF CHINA

Heightan Trading Co., Ltd,
F.O. 1408
Tatpel, Taiwan, 104

THAILAND

G.5imon Radio Ltd.
20 Patpong Avenue
Suriwong

Bangkok, Thailand

Equipamentos De Laboratorig, Lida,

P.C. Box 1100

Lisbon, Pertugal
SINGAPORE

O'Canner’s {Pte) Lid.

Maybank douse 124-128

Robinson Road

Singapore 1, Singapore

SOUTH AFRICA
K. Bakar (Pty.) Ltd.
P.O. Box 1257
Jahanneskhurg, So. Africa
P.C. Box 3641
Cape Tawn, Sa. Africa
PO, Box 2143
Durban, S0. Africa

THE UNITED KINGDOM
Fluke International Corm,
Garnatt Close
Watfard, WD2 4TY
England

URUGUAY
Coasin Uruguaya 5.A.

Cerrito 637 - 4% Piso
Mentevideo, Uruguay

VENEZUELA

Caasin C.A.

APDQC, Postal 50939
Sabana Grande MNo. B
Caracas, Veocnezueta

In Evrope, contact FLUKE NEDERLAND, NV, POST OFFICE BOX 5053, INDUSTRIETERREIN NOORD, TILBURG, THE NETHERLANDS

FLUKE REGIONAL SERVICE CENTER; THE NETHERLANDS

FLUKE (MEDERLAND) N.V.
. 0. BOX 5052
TILBURG, THE NETHERLANDS

FLUKE REGIONAL SERVICE CENTER, UNITED KINGDOM

FLEUKE INTERMATIOMNAL CQRP,
GARNETT CLOSE
WATFORD, WD2 aTT
ENGLAND

AUTHORIZED SERVICE LABORATORIES INTERNATIONAL

EACH INTERMATIOMAL REPRESENTATIVE IS EQUIPPED WITH AN
AUTHORIZED SERVICE LABORATORY. PLEASE REFER TO THE
INTERMATIONAL REPRESENTATIVE LISTING FOR YOUR SERVICE NEEDS.
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I_— HNTEGRATOR —————l

INY. OFFSET
/72

SAMPLE AND HOLD

OSCILLATOR

\, FRONT
QVERLOAD ouYPUT
INDICATOR

+18v

[ CAIT %, RBS X CA20

82K ¥ CA21
R
FCRIE § % cR22

| REAR
QUTPUT

L 101
6.8K
P10OUTPUT

QUTPUT]
BIAS

NOTES:

1. ALL AESISTANCES IN QOHMS AND
ALL CAPACITANCES IN MICROFARADS
UNLESS OTHERWISE NOTED.

2 ¥ FACTORY SELECTED VALUE.

GIRCUIT COMMON.
* POWER SUPPLY COMMON,

5.6K :
FRECUENCY
EREQ._RANGE :EnmEER D INDICATES CIRCUIT CONNECTION.

] 18V m .

@ @ . ALL VOLTAGES MEASURED DURING LINE
OPERATION.

R95 ROG

K L A3 PCB VOLTAGES MEASURED DURING
P4 . BATTERY OPERATION,

FUNCTIONAL SCHEMATIC DIAGRAM

MODEL 510A

AC REFERENCE STANDARD

REV,
Drawing Mo, 510A-1002 a

JOHM FLUKE MEG. CO., INC,

— T PO Box 7428 Saottle, Wathingten 05133




