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l-1. INTRODUCTION 

1-2. The Model 335A and 335D Voltage Standards 
combine dc voltage source and dc voltage measurement 
capabilities in one instrument. Precision dc voltages from 
0 to ,l 100 v6li&&blk E$?way of the front panel readout 
dials, are provided at the OUTPUT terminals of the 
instrument. Measurement capabilities from 10 micro- 
volts to 1000 volts are provided by a precision dc differ. 
ential voltmeter. This combination’ allows flexible use 
of the instrument as either a voltage standard, differ- 
ential voltmeter, OI null detector., 

1-3. Protection against possible equipment failures 
or operator errors, which might otherwise damage BX., 
pensive instruments, is incorporated. The VOLTAGE TRIP 
and VERNIER controls provide a means of limiting the 
output voltage tithin the range. Should the output vol- 
tage exceed a preset limit, the OUTPUT terminals are 
d&energized. A current limiting circuit limits the a@- 
able current to a level determined by tie setting ,of the 
CURRENT LIMIT control. Therefore, it is able to provide 
currents up to, but not exceeding thelevel determined by 
the setting of thho CURRENT LIMIT control. 

l-4. ‘Ihe inner chassid and circuky are surrounded 
by ,an isolation guard which is also isolated from the front 
pan&and the outside cover. When properly connected, 
the guard bypasses any circulating ground currents which 
otherwise may cause errors Remote sensing of the output 
voltage is also used with the instrument to reduce erron 
caused by voltage drop in external cables., 

RW.1 

l-5 Most of the instrumeet circuitry is mounted oe 
modular plug-in cards. An extender card is provided as an 
acce8so1+ to aid in the mai&~nce and adjustment of the 
instrument. 

I-6. ELE~,TRI~AL SPECIFICATIONS 

I-7. Voltage SZandard 
OUTPUT VOLTAGE 
Oto1111.1110voltsdc. 

VOLTAGE RANGE! 

0.1 ppin of rang@ (1 U” maximum). 

ACCURACY OF OUTPUT, 
The following accuracies are absolute, relative to NBS stan- 
dards, and include effects of &ability, line regulation, load, 
regulation, and calibration uncertainties under standard ‘re- 
ference conditions of 23°C zk1’C and up to’ 70%,relative 

TEMPERATURE COEFFICIENT OF OriT?ti 
Less than (0.0002% of setting’+ 1 uv) per t C from 0’ to 
+50° c, 
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STABILITY OF OUTPUT 

Range (volts) 

10 

100.1000 

33SA 

*(0.001%,of setting+ 10Uv)pbmonth 
f(0.002%lof wtting + 20 uv) per yeaI 

*(o.ool% of sstt& * 20 “vj’per minth 
*(0.002% of setting+40uv)pcrw.I 

335w 

f(5 ppm of setting * I “V), per month 

i(5 pph oP$etting*30 UV) per month 

OUTPUT CURRENT 
0 to 50 miniamperes at any output voltage. 

OVERCURRENT PROTECTION 
Continuously variable front-panel control. Automat- 
ically limits output current at any present level be- 
tween ow and 60 mllliamperert. Panel lamp illuminates 
during limiting. Normal operation restored upon re- 
moval Of overload. 

OVERVOLTAGE PROTECTION 
Front-panel control continuously variable from Iv to 
1.200~. Automatically disables output voltage if level 
exceeds selected value. Manual reset. 

RIPPLE AND NOISE 

Range (volts) Ripple and Noise (uv rms) 

10 20 
100 
1000 ii 

OUTPUT RESISTANCE 
Less & 0.0005 Oh48 or (0.0001&) ohms, whichever 
ia greater, at dc. 

SETTLING TIME 
Within ‘10 ppm of final output, less than 20 seconds 
after a mtge change. 

LINE REGULATION 
0.000~ of setting or 10 uv for a l!x line voltage change 
from nominal. 

LOAD REGULATION 
0. OOOZ& of setting or 10 uv for full load change. 

COMMON MODE REJECTION 
Better than 125 db from dc to 400 HZ up to 700 volts 
rms or 1000 volts dc. (Output voltage changes less 
than IO-7 of the applied common mode voltage.) 

ISOLATION 
Either output terminal may be floated up to 1000 volts 
dc from chassis. 

REMOTE SENSE 
Separate terminals arc provided for sensing the output volt- 
age directly at the load, thus reducing errors due to volt- 
age drop in the output leads between the instrument and 
the load. 

1-8. Differential VobWer 

ABSOLUTE ACCURACY 
The following accuracies apply after 1 hour warm up 
at standard reference conditions of 23(tl)“C. 

~ 

TEMPERATURE COEFFICIBNT OF ACCURACY 
Less than *o. 000% setting +1 uv/‘c from 0 to 50°C. 

INPUT RANGES 

STABILnY 
Same PB voltage standard. 

SENSITIVITY RANGES 
Nine decades from 10 uv to 1000 vtit~. 

NULL SENSITIVITY 
10 millivolts full scale. 

METER RESOLUTION 
0.1 ppm of range on:al1 ranges. 

INPUT RESISTANCE 
Infinite at null over entire range. 

METER ACCURACY 
3% of full scale. 

ISOLATION FROM GROUND 
109 ohm8 at less than 70% relative humidity at 5O’C. 

LINE REGULATION 
0.000~ +10 ti for 10% line change from nominal at con- 
stant losd. 

MOMENTARY OVERLOAD 
1200 Volts at any range for 5 seconda. 

1-9. ,NULL DETECTOR 

ACCURACY 
3% Of full scale. 
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Figure 1.1. OUTLINE DRAWING 
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TEMPERATURE COEFFICIENT OF ACCURACY 
Less than 0.2 uvp c at 0 to, 60” c. 

Range (volts) Input Red&ance (megohms) 

1000-0-1000 100 
100-0-100 100 

10-O-10 100 
1-0-l 100 

0.1-O-O. 1 10, 
0.01-0-0.01 10 

0.001-0-0.001 1 
0.0001-0-0.0001 1 

0.00001-0-0.00001 1 

SENSITIVITY RANGES AND MPUT RESISTANCE 

RESOLUTION 
0. 5 mlcrovolta. 

ISOLATION 
1012 ohms at less than ‘30% relative humidity and 25’C. 
Either input terminal can be floated 1000 volts from 
gromld. 

MOMENTARY OVERLOAD 
l200 volts on qly range for 5 seconds. 

I-10. General 

DESIGN 
Solid-state throughout. 

INPUT POWER 
115/230 volts dc rlO%, 50-60 Hz, single phase. Ap- 
proximately 130 va under full load. 

FUSES 
One power line and one high volta@ fuse. 

STABILlTY OF METER ZERO 
On most sensitive range (10 uv full scale); 0.5 uv peak- 
to-peak noise and 0.5 “v peak-to-p& &billty for 16% 
line voltage varlatioa 

RECORDER ISOLATION AMPLIFIER OUTPUT 
Adjustable from 0 to’over one volt for end scale meter 
deflection; source resistance 5 to 8 kilohms; linearity 
better than ~0.5% ,of end-scale. Gain as an isolation 
amplifier ia’~lv/SENSlTIVlTY:~+ge; Recorder output 
“ay be Srounded oi- floating @to 100 volts ‘dc. 

FUNGUS NUTRIENTS 
NOiE. 

MERCURIC COMPONENTS’ 
None. 

l-11. ENVIRONMENTAL SPECIFICATIONS 

OPERATING TEMVIPERATURE RANGE 
0” c to 5O’C. ,’ 

RELATIVE FIUMmlXr 
0 to 70%. 

STORAGE TEMPERATURE RANGE 
-4O?C to.+65” C. 

ALTITUDE 
10,000 feet operating, 50,000 feet non operating. 

SHOCK 
Meeta all test requirements of MIL-T-945A, rigidly 
mounted or rack mounted with slides. 

1-12. MECHANICAL SPEClFlCAflONS 

MOUNTING 
Standard EIA relay rack (tapped for attachment of 
slides), resilient feet provided for bench we. 

SIZE 
1” high x 19” wide x l&l/Z7 behind panel. 

WEIGHT 
60 pounds. 



,2-l. INTRODUCTION 

2-2. This section coonsists of information about oper- 
ating and applying the instrument. Prior to initial in- 
strument operation, you may become~famfliar with the 
~fuunctiona of the inatrutient controls by reading the in- 
formation contained in paragraph 2-4, “CONTROLS, 
TERMINALS, AND INDICATORS”. Prior to in&u- 
merit application, a few optional control adjustments 
land terminal. connections, that enhance the instnxnsnts 
performance and safety to external equipment, should 
be +u+red, ,,mragraph 2-a, vwa.mm~y OPER- 
ATION”, describes these adjustments and connectiona. 
Instructions for operating and applying the Model 335A 
aa:,either a voltage etaodard, high impedance voltmeter, 
nuU,detector, or differenfial voltmeteer,are described 
in paragraphs 2-22, 2-24, and 2-26, respectiyely. A 
few additional instrument applications, described in 
p~3graph 2-30 (“APP~~CATION~~), c0oclude,thie eec- 
tibn. 

,2-3. If any’problem is encountered in operation of the 
instrument, contact your near& John Fluke Sale’s Rep- 
reaeotati+e’dr write directly to the John Fluke Maou- 
factwin& Compmy with a statement of the problem. 
Please include,the serial mmber of the instrument in 
such correspondence. 

24. CONTROLS, TERMINALS AND 
INDICATORS 

2-5. The name and funcnon of the front and rear pane1 
controls, terminals, and indtcators are illustrated and 
described in Figure 2-1. The numbers at the tails of 

ructionS 

the arrow callouts corresp~d to the referem@ numbers 
in the chart i,mmediately~following the photographs. : 

2-6. INPUT POWER 

2-l. The ~ower~transformer of the hwtrUment has 
duel primary wlndlngs. Normally, these primary wind- 
ings are connected in parallel for 115 volt operation. 
Upon request, the primary wlndlnga are connected in 
series at the factory for 230 volt operation. ,Should, 
it become desirable to convert the instrument from one 
type of power line operation’to the @her, r,efer,to set- 
tion 4-19. 

2-8. PRELIMINARY~~OPER’ATION~~~~~ :’ ‘, 
‘, 

2-9. General 

2-10. Before oper+ng .t& i+rument as a yol$age 
murce or voltmeter, some preliminary settings and, 
connectiona should bs’&kidered., Wliether *o ime 
these settings and connections, “dr ndt, riepends upon’ 
the degree of equipment aaiety and accuracy required.’ 
The following five paragraphs discuss the msrits and. 
procedures for each of the settings and connections. 

,2-II. Trip Setting ,‘, ,: ,:, :, ,,,, 

2;12. The TRIP ewitch and VERNIER control. provide, 
pr@@ton to e+ernal equipment by limiting the maxi- 
tnum allmvable output voltage to the extermX lo&d. The 
range of voltage limiting 4s selected with the ,TRl,?’ 
switch. Refinement of the value of the voltage to be 
limited is~accomplisbed with the VERKTER control. If 

z-,1 
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REF. 
NO. 

NAME FUNCTION 

a INPUT terminals The HI, LO, and + @ower line ground) terminals provide a con- 
venient means of connectlw a dc voltage SOUI‘CB to the voltmeter 
input. 

0 NULL ZERO switch and Placing the NULL ZERO switch in the ZERO position, the ADJUST 
ADJUST corrtrol control may be varied to electrically zero the meter. Optimum 

meter electrical zero is accomplished in the 10 microvolt position 
of the SENSITIVITY switch (5). After adjustment of the electrical 
zero the NULL ZERO switch should bc returned to the OPR position. 

0 POWER switch Applies line power to the auxiliary power suppl%es within the instru- 
ment, when in the STDBY/RES~T ppsition. The instrument is com- 
pletely energized when the POWER switch is in the OPR position 
and the red indicator lamp near the switch is illuminated. 

Figure 2-l. CONTROLS, TERMINALS, AND WDICATORS (Sheet 1 of 31 
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REF. 
NO. NAME FUNCTION ,, “’ 

@ INPUT MODE switch Allows selection of either Differential Voltmeter operation, 8~ 
DIFF- or DIFF+, or Null Detector operatim, in. TVM (Trans+or 
_Volt&ter). 

0 SENSITIVITY”switch 
,,, 

Provide,s s$le&n of 10 microvolts through 1 kilovolt full,ecalb 
input ranges for Null Detector ,operation; Also, selects 10 niicro- 
volts through 1 kilovolt null sensitivity ranges for Differential Volt-,,,,, 
meter operation. The “I” and “V” positions ,allow monitoring of the 
current and voltage output of the Voltage Standard portion of the 
instrument. 

@ RANGE switch Allows selection of one of three ranges (10, ,100 and 1000,volts) for 
use In either Voltage Standard ,or ,Differential Voltmeter operation 
of the Instrument. 

0 TRIP switch and The TRIP switch provides a means of 1Imiting the output, voltage is 
VERNIER control three ranges (10, ,100, and 1000 volts) independent of.the RANGE, 

switch, The VERNIER control varies the amount of limiting withiw 
the ranges of the TRIP switch. When an over-voltage condition 
exists, the red indicator lamp near the TRIP switch will illtiinate 
and the red lamp near the POWER switch will be extinguished. 

c9 CURRENT LIMIT control Provides a means of setting a limit on the magnitude of the output 
current withfn a range to 0 to 60 milliamperes. An over-current 
condition is sjgnified when the indicator l+mp; nearthe CURRE?7T 
LIMIT control, illuminates. “_, 

@ VM AC COMMON terminal Provides qtimum’ common mode rejection when connected to the 
GUARD terminal (13) for Voltage Standard operation. Provides 
minimum common mode voltage at the WPUT~terminals :(I), when 
connected to the + terminal (IO), fof vdtmeter ,operati& 

@ POwer line ground. 

@ SENSE terminals Allows the regulating CirCuitry within the Model 335A to be connected 
directly to the OUTPUT terminals (12) or tp the load for optimum 
regulation. 

0 OUTPUT tei%inals Provides a convenient means of connect+g the load to the :wtp&t of 
the Model 3358. 

@ GUAIUJ terminal 

c9 . Readout Dials 

0 Decimal Lamps 

Provides a mean8 of eliminating circulating ‘ground curi-etis thi-ou& 
the load, when properly’cotiected. 

Used to select the degired output voltage from the Voltage Standard 
portion of the instrument. Also, indicates the value c+sn unknown 
voltage when used in conjunction with the Differential Voltmeter 
portion of the Instrument. V+n a dial is set to “X”(l0); it repre- 
sents 0 with a 1 carry-over to thedigit ,to the immediate left,, For 
example: 10 . XX X XXX represents 11. lllllg volts. 

These lamps indicate the proper decimal point setting when illumi- 
nated and are controlled by the RANG,E, switch. 

@> Meter Indicates the full value of a voltage applied to the INPUT, terminals 
(1) when the INPUT MODE switch (4) is in the mhl: pwltlon. Whqn 
the INPUT MODE switch is in the DIFF+, pr, DIFF- pasitlons, the 
meter Isdicates%he difference between an unknown voltage at the 
INPUT terminals and the voltaga indicated on ths Readout Dials. 
The rnetc~ provides an indication of the output: voltage when’,,:, 

Figure 2-l. CONTROLS, TERMINALS, AND’INDI~A~~RS~ (G&t 2”&3) “’ ,’ ‘: 

2’3 
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NAME 

Meter 

Mechanical Zero adjust 

RECORDEROUTPUT 
terminals 

RECOFWEROUTPUT 
ADJUGT control 

Fuse, line 

Fuse, hlgb voltage 

FUNCTION 

the SENSITIVITY (5) switch is in the 9”’ posftlon. An indication of 
the output currertt may be determined from the red meter scale when 
the SENSITIVITY switch is in the “I” position. 

Provides a rnea~s of setting the meter mechanical zero. Adjustment 
should be made after the in&wment has been completely de-energized 
for at least 3 minutes. 

Terminals provided for the connection of a recording instrument. 
The (black) terminal Is connected to power line ground. 

Allows adjustment of the Model 335A/335D recorder outputlevel from 
0 to 1 volt, for an end scale d&&ion of the front-panel meter. 

A 3 ampere sloiv-blow fuse for 115 volt power line operation. Use a 
l-1/2 ampere slow-blow fuse for lnstrumetis converted to 230 volt 
power line operation. 

A l/4 ampere slow-blow fuse electrically located at the output of the 
b&h voltage rectifier circuit. 

Figure 2-l. CONTROLS, TERMINALS, AND INDICATORS (Sheet 3 of 3) 

no degree of limiting is required within the ranges of 
the instrument, set the TRIP switch to 1000 and the 
VERNIER fully clockwise. Should some degree of limit- 
ing be desirable, proceed as follows: 

a. With& the lcad connected to the OUTPUT termira1s 
and the POWER switch in the STDBY/RESET posi- 
tion, set the front-panel controls as follows: 

RANGE As desired 
TRIP To the lowest range that 

overlaps the desired trip 
voltage 

VERNIER Fully cw 
CURRENT LImT As desired 
INPUT MODE TVM 
SENSITIVlTY V 
Readout Dials Desired trip voltage 

b. Set the POWER switch from the STDBY/RESET 
position to OPR. 

c. Slowly rotate the VERNIER control counter-clock 
wise until the indicator lamp near the TRIP switch 
lllumlnates and the red lamp near the POWER 
switch Is extingutshed. The voltage trip is now set 
to the value indicated on the readwt dials and the 
instrument is tr@ped to the STDBY mode. 

cl. To reset the instrument. set the readout dials to a 
value less than the t& voltage and place the 
POWER switch in the STDBY/RESET position, then 
to OPR. 

2-13. Current Limit Setting 

Z-14. The CWRRENT LIMlT control provides a means 
of limiting the amount of output current. If no limiting 
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within the current range of the instrument is desirable, 
set the CURRENT LIMIT control to the fully doclonrise 
position (60). Should some.degree of current limiting 
be desirable, proceed as follows: 

a. With the POWER switch in the STDBY;/RESET posi- 
tion, set the front panel controls as folloWs: 

RANGE As desired 
TRIP and VERNIER As desired 
CURRENT LIMFJ! Fully clockwise 
INPUT MODE TVM 
SENSITIWY 1 
Readout Dials 1 volt 

b. mace a short acro88 the OUTPUT terminals. 

c. Set the POWER switch to the OPR position. 
d. Adjust the CURRENT LIMIT control until the cur- 

rent indicated on the meter is the value of the de- 
sired limiting current. 

e. Place the POWER switch in the STDBY/RESET 
position. Remove the short. Current limiting is 
now set to the desired value for any output voltage. 

2-15 VM AC Common Connections 

2-16. For optimum common mode rejection, connect 
the VM AC COMMON terminal to either the GUARD or 
ground terminal with the shorting link provided. Figure 
2-2 illustrates the proper connections depending upon 
whether the instrument is operated as 8. voltage SOurce 
or as a voltmeter. 

2-17. Sense Connections 

2-18. Whn a load is connected, there may he an 
appreciable VOlCBgC drop between the instrument and 



Figure 2-2. VM AC COMMON CONNECTIONS 

the load due to the length and gauge of the connecting wire 
leads. The nomograph, in Figurr: T-3, can be used to dctcr- 
mine the approximate voltage actors tic connecting wire 
leads. 

2-19. Using the nomograph oE’Figure 2-3, lay a straight 
edge from th@ value of the output current, represented on 
scale I, to the gauge of the connecting wires used, reprc- 
scnted on scale 2. The voltage acfo~s the connecting wires, 
expressed in millivolts per foot, is obtained from scale 3. 
To determine the total voltage BCIOSS the connecting wires, 
multiply the total length in feet by the value obtained from 
scale 3. For example, awune that two AWG #28 wires, 
each 3 feet long, are used to’connect a load, requiring 50 
milliamperes, to the instrument. With a straight edge, 
connect the known curtint on scale 1 (SO ma) and the wire 
size on scale 2 (#28). The resulting IR drop on scale 3 is 
approximately 3.2 millivolts per foot. Therefore, the con- 
necting wires develop a total voltage of 19.2 millivolts (2 x 
3ft x 3.2 inv/Pt = 19.2 mv), which i: several times the pub- 
lished load regulation of the instrument at 1000 volts out- 
put. To compensate for this, the instrument is equipped 
with remote sensing, which maintains regulation at the 
load. Consequently, the f&age across fhe connecting wires 
will have no, effect. Wetermine: if the wire leads, used to 
connect the instrument to the ,load, will cause a voltage 
drop in exce% of the load regulation specifications. If this 
VOltW drop is excessive, remote ,sensing should be used. 
To pwpare the instrument for remote s$cg, proceed as 
fOllOWS: 

a. With the POWER witch set to OFF, oi- to STDBY/ 
RESET, remove the front-panel shorting links be- 
tween the SENSE and OUTPUT terminals. 

b. Using a tvtisted pair of insulated wires, conned 
the + SENSE terminal to the positive side of the 
load, and connect the - SENSE terminal to the neg- 
ative aide of the load. 

CAUTION! 

Insure that the SENSE, termi,nale are con- 
nected to the load in the proper polarity. 
Incorrect connections will result in loss 
of regulation and possible damage to the 
instrument. 

2-20. Guard Connection 

2-21. When the instrument is connected to another in- 
atrwnent (both instruments grounded through their rea- 
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pective power cords), a potential difference may exist 
between the power line grounds of these two instruments. 
This potential difference can cause circulating ground 
currents, which could cause errors in the output voltage.! 
To prevent these errors from occurin& the instrument 
is equipped with a guard. This guard, when properly’ 
connect* $0 the load, v+l,,provide a separate path for. 
the ckilating ground curr,ettts; ,thhus eliminating pas-’ 
sible ‘er’rors in the output voltage. For prop@r con- 
nection, connect the G,UARD terminal directly to the, 
grounded side of the load, St the load. Figure 2-4,: 
illustrates the correct GUARD terminal connection and 
the rerouted circulated ground current path. 

2.22. OPERATION AS A VOLTAGE STANDARD 

2-29. Operate the instmmkti in a,ccordance with fol-’ 
lowing procedure: 

a. 

b. 

c. 

d. 

e. 

f. 

K. 

h. 

i. 

j. 

B. 

Set the voltmeter controls aa follows: 

NULL ZERO OPR’ 
INPUT MODE 
SENSITIVmY 

TVM 
V’: 

,! ,'j 

Set the POWER switch in the STDBY/RESET poai- I 
tibn. Allow at least a 10 minute warm-up period, 
if the instrument has just been energized. 

Connect the SENSE tern&&to the OUTPUT ter-‘, 
minals with the shorting links provided. 

Set the CURRENT LIMIT control fully clo&~fse 
(60) or to a predetermined value, using the pro-, 
ce,dure of paragraph ‘2-13. 

Set the RANGE switch to t& desired output voltage, 
range (10, 100, or lOOO).: 

Set the voltage TRIP and, VERNIER controls fully: 
clocl~+~ise or to a pr@d&rmtned value, using them 
procedure of paragraph 2-ll., 

set the readout dials to ure value of the output vow : 
age desired. 

Connect the VM AC CQMMON terminal to the. 
GUARD terminal with the shorting link provided. 
If desired, connedt th@.:GUAFUJ terminal to the: 
wounded side of the lo&in accordance with para- 
graph 2-20. The SENSE terminals may remain 
connected to We OUTPUT terminals. Should remote: 
sensing be desired, connect the SENSE terminals 
to the load in accordance with paragraph 2-11. 

Connect the load to the OUTPUT terminals. 

Set the POWER witch to the OPR position. 

The output voltage provided to the load will be the 
voltage indicated on the readout dtals. Should it 
be desirable to monitor the output voltage or cur: 
‘rent, place th@‘SENSITIVITY’aivfteh in’ k?ith&r fihe 
y (voltage) or I, (c~rre~t).Posftiorl. 
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WHERE: R, &C, z Leakage rerihnco & capoc[tance R, = OU1*“,f~ieaisfsnEe Of 335A & 3350 
from chassis to guard. 

R2&C2, = Leakage reairtence 8 capacitance ~’ 
RL, ,T Load resistahce. ,, 

from guard to inrtnrment,cose. 

E, = Potential difference between power 
line ground points, 

Figure 2-4. GUARD CONNECTION 
,,, 

2-24. OPERATION AS 4 HIGH IMPEDANCE 
VOLTMETER OR NULL DETECTOR 

2-25. Use the following procedure for operating the 
instrument as a hi& knpedance voltmeter. Since ‘it 
incerporatcs a contex-scale zem mew, the instrument 
may also be used as a null detector. In this applica- 
tion, the following procedure also applies. 

a. Set th? VOLTAGE STANDAB controls as follows: 

RANGE 10 
TRIP 10 
VERNIER Fully clockwise 
CURRENT LIMIT Fully clockwise 
Readout Dials AU zero 

b. Set the NULL DETECTOR controls as follows: 

NULL ZERO OPR 
INPUT MODE TVM 
SENSITIVITY 1w 

C. Connect the VM AC’ COMMON to the ground ter- 
minal with the shorting linlc provided. 

d. Set the POWER switch to the STDBY/RESET posi- 
tion. 

e. Connect the voltage source to the INPUT terminals 
of the Model 395A or335D. 

f. Set the SENSlTIVITY switch to the bighest sensi- 
tivity range that will allow an on-se& deflection. 

As, indi,wt@, on the meter, a den&ion, to the left of 
,: zero represents a negatiti$, input voltage; where?8 a 

defl&ios to the right of zero represents a poai@ve 
input voltage. 

g. When using the highdr’&nsi&ity ranges (1 mv, 
100 UY, or 10 uv), the electrical zero should be 
adjusted. Set the NULL ZERO switch t&the ZERO 
position and the SENSITIVITY &itch to the 10 11” 
position. Rotate the ADJUST ‘cd&o1 dntil the 
meter indicates zero. After the adju&ent has 
been completed, return the SENElTI~Y’sWltch 
to it8 original position; then set the NULL ZERO’ 
switch to the OPR position. 

2-26, OPERATIQN 4s A DlFfERhlhiL 
. 

VOLTMETER 

2-27. TO operate the instrument as adifferential volt- 
meter, proceed as 10110~s: 

5. Set the front-panel controls ee follows: 

POWER STDBY/RESET 
NULL ZERO OPR 
INPUT MODE TVM 
SENSITIVITY 1KV 
RANGE As: desired 
TRIP 1000 

‘VERNIER .“, Fully clockwise 
CURRENT LIMIT Fully cloclwise (60) 
Readout Dials Allzero 
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b. 

c. 

d. 

e. 

f. 

E. 

h. 

i. 

Connect the VM AC COMMON terminal to the ground 
terminal with the shorting link provided. 

Set the POWER switch to the OPR position. 

Connect the external voltage sowce to the INPUT 
terminals. 

Use the instrument as a high impedance voltmeter 
to determine the approximate value of the un&wwn 
input voltage. Adjust the RANGE switch and Read- 
out Dials, such that this value ia indicated on the 
front-panel readout. 

If the front-panel meter indicates to the right (+) 
side of eero, set the UiPUT MODE switch to DIFFt. 
If the front-panel meter indicates to the left (-) side 
of eero, set the INPUT MODE switch to DIFF-. 

Adjust the readout dials for a null (zero) indication 
o,, the front-panel meter. Set the SENSITI%TTY 
switch to successively more sensitive poSitiOns 
while adjusting the Readout Dials for a null indim- 
tion on the front-panel meter at each setting. 

clleclt and sdjtlra, if necessary, the meter electrical 
zero in acconlance with pi+agraph 2-25, step g. If 
an electrical zero adjustment was necessary, re- 
adjust the Readout Dials far a null indication on the 
front-panel meter. 

The value of the voltage indicated on the front panel 
readout is that of the external voltage 8ource. 

2-28. OPERATION WITH A RECORDER 

2-29. To use the instrument with a recorder for mew- 
wing a voltage or voltage excursions, proceed as fol- 
lOINS: 

a. 

b. 

c. 

d. 

e. 
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Set the front-panel controls as follows: 

POWER STDBY/RESET 
NULL ZERO OPR 
INPUT MODE DIFF+ 
SENSITIVITY 1 
RANGE 10 
Readout Dials 1.000000 
TRIP 1000 
VERNIER Fully clockwise 
CWRRmm LIMn Fully clockwise (60) 
Te~tlIiMl SeeFigure 2-2 (b) 
COlItI*CtiOll$ 

Connect the recorder to the RECORDER OUTPUT 
terminals at the rear panel. The recorder outputsmay 
be floated up to 100 volts dc above ground. 

Short the HI and LO INPUT termlnals. 

Set the POWER switch to the OPRposition. 

The iront-panel meter should indicate full scale 
to the left of zero (-1). This full-scale deflection 
will allow up to 1 volt at the RECORDER OUTPUT 
terminals, depending upon the setting of the RE- 
CORDER OUTPUT ADJUST control. 

f. 

6. 

h. 

i. 

Adjust the RECORDER OUTPUT ADJUST Control 
to provide the desired recorder deflection for the 
full wale front-panel meter deflection. 

Set the INPUT MODE switch to the TVM position 
and remove the short from the INPUT terminals. 

Set the SENSITIVITY switch to the 1000 volt posi- 
tion. 

Connect the voltage source to be measured to the 
INPUT terminals and Operate the instrument as 
either a differential voltmeter (paragraph Z-26) or 
high impedance voltmeter (paragraph 2-24). 

2-30. APPLICATIONS 

2-31. General 

2-32. The instmmcnt may he used in many applica- 
tiom. A few of these applications nre described in the 
following paragraphs. These applications include using 
it in conjunction wilh a precision rrfewncc divider 10 
obtain 10 ppm voltage accuracy, traceable to the National 
Bureau of Standards. Another application discussed, 
deals with using it as a comparison deviw for accurate 
measurement of standard cells. Finally, a short pro- 
ccdure for using the instrument as il power transfer 
device is described. 

2-33. Operation With A Reference Voltage 
Divider 

2.34. The output volta& of the Voltw Standard par- 
tion, may be standardized to the known etnf of a 
standard cell by operating the instnlment in conjunction 
with the Fluke Model 750A Refcrcnce Divider. This 
instlumcnt combination will provide a range of voltages 
from 0.1 to 1100 volts with an accuracy of 10 ppm 
and traceability to thli National l3ureau of Standards. 
For proper operation of this instrument combination, 
proceed as follows: 

a. Set the Model 75OA controls as follows: 

INPUT VOLTAGE ADJUST switch RESET 
INPUT VOLTAGE ADJUST controls 
(COARSE and FINE) 
STANDARD CELL CXBCUlT 

midposition 

switch OPEN 
STANDARD CELL VOLTAGE value of 

standard to 
be used 

OUTPUT VOLTAGE switch as desired 

b. Set the Model 335A, 33511 controls as follows: 

POWER STDBY/RESET 
NULL ZERO OPR 
INPUT MODE TVM 
SENSITIVITY 1 
RANGE a9 desired 
Readout Dials as desired 
TRIP and VERNIER as desired 
CURRENT LIMIT 2ma 

c. Connect the equipment as illustrated in l+:yre 2-5. 
Insure that the equipment connections are in the 
proper polarity. 
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d. Adjust the Model 335A. 3350 to provide an output 
voltage corresponding to the desired input voltage 
lcvcl of thl: Mod&l 7501%. Set the POWER switch of 
the Model 335A, 335D to OYR. 

c. Srt lhc INPUT VOLTAGE switch of the Model 750A 
to the positiorl corresponding to lbc dialed volt@% of 
the Model 335A, 335D. 

f. Place the STANUAKD CELL CIRCUIT switch of the 
Model 75OR to the MOMENTARY position and note 
the deflection on thl: mctcr of tho Model 335A, 335D. 
Place the SENSI’l’IVIl’Y switch of the Model 335A, 
335D to successively more sensitive ranges, while per- 
forming the above adjustments, until a zero indication 
is obtained on the meter in the IO microvolt range. 

g. ‘The selected output voltage is now availably at the 
OUTPUT VOL’TAGE terminnls of the Model 750A 
accurate to within IO ppm. 

2-35. Standard Cell Comparison 

2-36. The instrument may be used to 8. greater accu- 
racy than specified by using il as a transfer device for 
comparing voltages. In such an application, it could he 
used to minimizc the time neceswy to maltc accurate 
measurements of saturated and unsaturated standard cells. 
Using the Model 335A, 3351) in this application, the 
rn~awrcm~nts would be accomplished as illustmtcd in 
Pigurc 2-6. The following procedure may be used to 
determine the value of the standard ccl1 to be measured: 

a. Using the Model 335A, 335D as a differential volt- 
mclcr, IIICBSUTC the laboratory rcfcrcncc standard ccl1 
voltage (I$, Obtain a null on the IO microvolt se”- 
sitivity range and record the readout indication. Label 
this value as El, 

b. measure the value of the standard cell to be 
checkwl. Obtain a null on the 10 microvolt sensi- 
tivity range and record the readout indication. 
Label this value E2. 

c. Determine the value of E, using the following equa- 
t.iOW: 

E2 “El = LlE (1) 

Ex=E,+ AE (2) 

Where: EI = value of the referenced standard 
cell, measured with the Model 
335A, 3350. 

E2 = value of the unknown standard 
cell, measured with the Model 
335A, 335W. 

E, = Certified value of the reference 
standard. 

Ex = Calculated value uf the unknown 
standard cell. 

2-37. These comparison measurements can be accom- 
pllshed at the standard cell level of accuracy to better 

STANDARD CELL 

i ‘- -;> STANDARD CELL 
II D T TO BE MEASURED 

Figure 2.6. STANDARD CELL COMPARISON 

50 MA @ 1OOOV 
VOLTAGE SOURCE 

SHORT CIRCUIT 
CURRENT I MA 

Figure 2.7. POWER TRANSFER 

than 0.0005%. Several iactora conttibute to this total 
uncertainty ‘The short term stability of the Model 335A, 
335D is typically 1 Pam. ,.Lincarity of the sample mine: me- 
sisters is also 1 @an. ‘Since standard cell voltage 
changes tiormally t&e place at the one milUvolt level, 
and the resistors in this corresponding decade are 
matched to 20 ppm, a 1 millivolt change would con- 
stitute a 0.02 microvolt error. Operator *ii-or, ther- 
mals, and resolution would CILUBB approximately a 2 
mm error. Therefore, the total ‘uncertainty would 
equal apprtimately 4 ppm or 0.0004%. 

2-38. Power Transfer Device 

2-39. The Model 335A, 335D may hc used to obtain an 
increased power output at the sa”>e voltwe level as the 
measured inpol. I’igure 2-7 illustrates a typical con- 
nctition to conveniently we it as a power triinsfer device 
in the differential voltmctcr mode of operation. The 
same arrangement, ilhlstmted in Figure 2.1, could be used 
for distributing voltages at the standard all level tO BT~~S 
outside of the laboratory. 



3-1. ~INTRODUCTION 

3-2. The Model 335A, 335D unites a precision voltage 
standard andhigh impedance voltmeter-null detector in one 
chassis. In addition to using the voltmeter-null detector 
and voltage’ standard separately, they may be combined 
to function 21s 8. differentizil voltmeter. How it accomplishes 
these functions will be described in’ this section. Use the 
text in conjunction with the functional schematic diagrams 
at the end of this manual. Paragraphs 3-3 and 3-38 
describe t&e voltage standard and voltmeter functions, 
IeSpeCtiVdy. 

3-3. VOLTAGE STANDARD FUNCTION 

3-4. General 

3-5. The voltage standard portion is a series regulated 
pbwer supply basically consisting of the voltage control 
circuitry, pre-regulation circuitry, and protection circuitry. 
The voltage control circuits are the main regulation circuits 
and respond to load, RANGE, and readout dial changes. 
Figure 3-1 illustrates a simplified schematic diagram of 
the voltage control circuitry. Both ‘the error amplifier and 
series pass element, illustrated in the shaded portion, 
Constitute a dc operational amplifier. The tendency 
of the, operational amplifier is to maintain the summing 
point effectively at + SENSE potential. In this condition 
the output voltage of the voltage standard is equal to the 
ram of the sample string resistance (RRmDo& to 
the range resistance (RANGE) times the reference 
voltage @REFERENCE), aa illustrated in Figure 3-1. 
The constant reference voltage (EREFERENCE), in 
combination with the appropriate series resistance 
(RmNGE), provides a constant current to the sample 
string. Wuc to the constant current, Ihc output is propor- 
tional to the resistance of the sample string (RREADouT). 
Since the tendency of the operational amplifier is to 
maintain the summing point at + SENSE potential, the 
output ‘voltage is equal to the sample string voltage. 
Changing the setting of the readout dials (sample string), 

cauSes the PUtpUt vdtage to’ change: ,CO~eEIXXldin&L 
Each change in the RANGE, switch ‘setting cauw &e 
constant current to change by a factor ,of: lO;,,th~wthe 
output voltage changes by the SBIIX factor. ‘,A. det&d 
block diagram is illustrated in the Functional Block Dia- 
gram (335A-lOO@, following Section V: In this diagram, 
the chopper ,amplifier, differential amplifier,, ,ond Fries 
pass driver constitut~,$e crror~amplifie; of Figwe 3-l. ,,, 

3-a; Series regulated,power supplies have the inherent 
disadvantage of low ~effltiency. When’~prwIdtng a low 
level output, the series pass element of the aupp1y must 
dissipate the bulk of the power supplied by the high volt- 
age tra$sformer circuit. A u’iiijtitictiofi oGllatbr’ ‘circuit “’ 
monitors the voltage ecross the series pass element and 
provides voltage level information to a pre-regulation 
circuit. The pre-regulation circuit utilizes this informa- ; 
tidn to provide full-wave phase control of the input 
line voltage to the primary of the high voltage trans- 
former. Thus, the’power supplied by the high voltage 
transformer is controlled to provide only that amount 
necessary for the load requirements. This in turn increases 
the overall efficiency of the instrument. This also accounts 
for symbolizing the unregulated dc voltage, in Fiyrs 3-1, 
as, a variable dc voltage. 

3-7.,, Circtiitry for protection’ of personnsl as well 
as external equipment, Kcontained in the instrument. 
The inst’mment contains an interlock system to de- 
ener& the high voltage circuits within the instrument 
for personal safety. A limit mily be set.for the output 
voltage and/& current. ‘Whenever the output volta!& 
or current tries to exceed the set limits, the .in+unent 
output is de-snsrgizad. Therefore, sensitive external 
equipment can be protected’ from excessive voltage and 
current. 

3-8. Voltage Control Circuitry 

3-9. REFERENCE CIRCUITS.. The,,basic reference 
Yoltage for the instrument is supplied by zener diode 

3-1 
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CR1402. This diode is located in a propoxtiotiy con- 
trolled oven on the Master Voltage Reference P/C 
Assembly (A5AI-Schematic 3S5A-1002). Current 
through the reference ze”e= diode is maintained con- 
stant by & constant current source consisting of 91401, 
CR1401, R1403, and Rl. These cotiponents, except 
for Rl, are also contained in the oven assembly for 
environmental stability. 

3-10. A constant temperature is maintained in the 
proportiowlly controlled ov@” by the temperature regu- 
Ming circuitry, located on the Master Voltage Refer- 
@nc@ P/C Assembly (AM). The temperature regulator 
circuitry consists of a differential amplifier (Q3 and 
44), a Darlingtoe amplifier (Q1 and QZ, and associated 
circuitry. One input to the differentiti amplifier, the 
base of 43, is connected to common. Consequently, 
the output current from the collector of Q3 is propor- 
tional to the current into the base of 614. The temper- 
ature coefficient of RI402 is negative. Therefore at! 
temperature decreases, the current into the base of Q4 
Increases, which increases the base drive of Q2. The 
increased current into the base ai Q2 increases the con- 
duction of both Q2 and Ql, which increases the current 
through the he&w (R1401). Because of the Darlington 
configuration cd Qt and 92, a smaU change in current 
into the base of Q2 results in a significant change in 
current through R1401; thus providing close regulation 
of the oven temperature. 

S-11. The constant output voltage from the reference 
zener diocle Is applied to the Reference Calibration P/C 
Assembly (A4-Schematic 3X58-1001). This assembly 
provides three constant op@mLing currents to the sample 
strina for the three outnut -es. The z@“@r reference 

volts. This voltage is reduced by RI, calibration ad- 
justment R2, and R3 to 6.02 volts. Resistors R9 and 
RlO provide a 1 milliampere current for the 1000 volt 
range. Resistors RI and R8 provide a 0.1 milliampere 
m-rent for the 100 volt range. Resistor+ R4, R5, and 
R6 pi-Wide a 0.01 milU&tip&e &iurrent for the 10 vole 
ra”g@. One of the three coastant currents is selected 
and supplied to the sample string, depending upon the 
position of the RANGE switch. 

3-12. The Sample Striw P/C Assembly (A2-Schematic 
SSXA-1003) is a resistance string whose value is con- 
trollable by ‘&I@ front-panel readout dials. The resist- 
ance of the sample string is such that the constant cm- 
rent through it develops a voltage equal to the value set 
on the readout dials. 

3-13. CHOPPER AMPLIFIER. The voltage at the 
summing junction is applied through pin 5 to the junction 
of Rl and R4 cm the Dlfferentlal Amplifier P/C Assembly 
(ASAS-Schematic 335&1002). One path is provided for 
dc changes through Rl and pi” 6 to the input of the 
Chopper Amplifier P/C Assembly (ASA4-Schematic 
335A-1002). The other path is for ac changes through 
the differential amplifier kircuitry to be described 
later. The chopper amplifier compares the summing 
point voltage to the + sense voltage and provides a” 
amplLfied dc error signal propqrtional to the difference., 
The + sense voltage is applied through,a divider net- 
work, consisting of R7 thi-ou& Rl2 located on the Tern- 
perature Regulator P/C Ass&iblY (ASAl-Sc&matic 
335A-lOOi),, at pin 5. This network provides a” in-, 
ternally adjustable clc bias to,the chopper ampUfier for 
comuensatio” of offset voltwes. when the instrument 
is sit to z@ro output. 

R R READOUT (romple string) READOUT (romple string) 

’ REFERENC ’ REFERENC 

-I-OUTPUT. ,I, -I-OUTPUT. ,I, ,,, ,,, 

Figure 3-I. VOLTAGE CONTROL’CIRCUITRY 



3-14. The mechatical chopper, El, Samples the differ- 
cnce between the summing point voltage and the oom- 
pesaated + sense voltage at a 6q Hz rate. 
waveform is applied to the gate of 81. 

The zsstilting 
Transistor Q2 

amplifies, the output of 91. Tmnsistors Q3 and, Q4 are 
direct cwpled amplifiers, with negative feedback applied 
from the collector of 94 to the emittwof gS. Tran- 
sistor Q5,,is a par&phase amplifier, which provides 
two essentially identical. waveforms differing in phas.e 
by 180”. The two Waveforms are demodulated by chop- 
per Gl and filtered by R24, R25, C14, and,C15. This 
amplified dc error signal is then applied to one input 
of the JXfferential Amplifier P/C Assembly (A5A,3) at 
pin 3. 

3-i!., DIFFEItEmJTtAL AMPLIFIER Error signals, 
in the form of ac changes, are applied,to the differential 
amplifier, through Cl to the gate.of Field Effect Tran- 
sistor ,(FETJ 92. Error s&&s appeariw as ,dc changes 
are applied to fhe,chopper amplifier at the base of QS. 
Using a, separate path for ac changes allws~rapid~rego- 
lgion of the output voltage for rapid changes in load 
requirem&. T~,Differential AmpMier P/C Assembly 
provides an, output &at is proportional to the am lified 
dc, error signal, from the Chopper Amplifier P P C As- 
aembly. 

S-16., use of a Field Effect Transistor for 42 provides 
high input impedance and low notse. Transistor Q8,is 
‘a cyrrent squrce for one &age of the differential ampli- 
fier. T&e of the current source provides high gain and, 
good common mode rejection at the input of ,the ampli- 
fler. The compound configuration of Q&Q5 and Q6-Ql 
provides high input impedance and minimizes tempera- 
ture effects. The, output signal from the collector of 
Q? is a@M to ule base of the common collector ampli- 
fier 411. Transistor Qll provides impe&x~ce matching 
between the high output impedance of QS and the low 
@put impedance of the series pass driver circuit. 

3-l?.-’ SERIES PASS DRIVER The Series Pass Driver 
P/C As$embly’(A5A2-Schematic 335A-lOOI), accom- 
plishes two functions. One function Is to de-energize 
the output in the case of an overv?ltage or overcurrent 
tondiiion, which will be described later,. The other. 
tunction is to provide sufficient drive curr&t for error 
signals to the, series pass elements Transistors 95, 
QE, Ql and associated circuitry constitute the driwr: 
portion. Transistor Ql is a common-base amplifier 
which provides part of the voltage gain necessary for 
control of the series pass element. current gain is: 
provided by c~ommon collector amplifiers Q6 and Q5. 
The output of Q5 is applied to the main series pass 
transistor 98, on the Series Pass Element P/C As- 
sembly (ABAl-Schematic 335A-1001). 

3’18., SERIES PASS ELEMENT. The series connection 
of t,ransistors 91 through 98 constitute the series pass 
elenXnt. This element is located on the Series Pass 
P/c Assembly, (AEAl-Schematic SS5A-1001). ,,Trani, 
sisters Ql ‘through 91 me normally saturated, by the 
base voltage supplied by the 150 volt power Supply. 
ConS@luen~y,, the e+re voltage drop required for regu- 
km” iS aC=osS Q0. Should the OUTPUT terminals be 
&k+d w should the instrument be ,r+dly dow,:&ed, 
the vol%e aCrOss QB may exceed, 150 volts. Should 
‘this occur, transistor8 Ql through QT will come tit of 
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saturation to ,&are the voltage drop. Th’e ‘fire-re@lator 
circuitry (paragraph 3-23), sensing the increased Yolt- 
age across 98, decreases the unregulated supply volta&. 
As soon as the voltage acrcm~ Q8 decreases below 150 
volts, Q1 through &I become biased to saturation and 
Q8 absorbs the entire regulation~voltage.“~ “, ,:,,I 

3-19. PGWEk SUPPLIES. operating voltages for the 
tempez+llre,~xegulating circuit,~ zener reference circuit, 
chopper amplifier; and differential amplifier are pro- 
vided by the Auxiliary Power Stipply P/C Assembly 
(ASAS-Schematic 335A-1004),. The atilfary~power 
su@y .consists.of the 25, volt supply, and ,-15 volt supply 
circuits. The auxiliary supply reference element is 
located in the 25,volt supply. The output of the 25 Volt 
Supply i6. then used as the refere;ce for regulation of 
the -15 volt supply. 

3-20. ,In the 26 volt s;pplyj CR1 through CR4,’ C2, Ri,, 
and C3 provide unregulated dc voltage to the regulatibn, 
Circuitry consistingof Q2 through Q6+ ,+Transistors, 86 
and QS constitute a differential amplifier., The base, of 
QS is held at, a constant voltage by aener diode CRB.. 
The base of Q5 is cam&ted to a voltage divider,, bon-, 
sisting of RB, R9, ancl,RlD,~, referenced to the: output of 
the supply. Variations in the +25,volt output of’the 
supply are sensed at the base of QS. Any difference 
between the base’voltages of QS and Q0 is amplified bye 
the differential pair and applied from the coPe&r of 
95 to the base of series pass ,driver,Q3. The amplified 
error signal controls the cotiduction,ti Q3,, which in turn, 
cqntrols the series. paas element 44.. Transistor QZ 
is a constant current source to ,supply base:drive to Q3. 

3-21. I” the -L5 volt supply,, CR7 .thQUgh 'ZR.10, R14,’ 
a@ C8 provide the unreylated~dc voltage to the regu-. 
lat.ing,circoit consisting of series pass element 611 and, 
differential pair Q8 and Q9. The:base of,,Q9 is con; 
netted to a voltage divider referenced to the +25 volt, 
supply output. The base of Q@,is connected. to the ,p,osi: 
tive side of the -15 volt supply. Variations in. the output 
voltage are sensed at fhe base of QS. ‘Any difference 
behveen the base voltages of 48 and 99 is, amplifi,ed by 
the differential pair and applied, from the, colXector of, 
98 to the base of series pass, element &7. The implified i 
error signal controls the conductipn of Q7 and con-’ 
sequcntiy the mag&u+ of the output voltage. The posi-,. 
tive side of the -15 volt supply Is connected to the nega- 
tive side of the, +25 volt supply through pins, 11 and 12. 
The + sense line is connected to this junction and is th$ 
common for the, auxiliary power supply. 

3-22. The ~35 volt operating,voltages f&the series 
pass driver circuitry, on the Serfes~Pass Driver P/C 
Assembly (A5A2), is provided by a,pewer $upply.located 
on, the Current Limiter P/C Assembly (ASAB-Schematic 
335A-3004). In the diode bridge configuration of CR1 
through CR4, diodes CR1 and CR2, Rl and Cl provide 
a positive unregulated, dc voltage. Diodes: CR3 and CR4, 
R4, and C4 provide negati,ve unregulated dc voltage. 
The positive. unregulated dc voltage is, applied, to the 
re@dding circuit of Ql and CR5 and through a voltage 
divider to the RANGE switch, for application to the 
appropriate decimal lamp. The 36 volt reference ‘volt- 
age, established by CR5, ,providw the-input signal for 
the emitter follower configuration of, Ql. This, emitter,’ 
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follower co”figuratlon provides the necessary low output 
impedance and power gain of the power supply. The -35 
Volt supply functions in the same manner as the +35 volt 
SUPPlY. 

3-23. PreRegulation Circuitty 

3.24. OSCILLATOR. A unijunction oscillator, co”- 
aiding of Q9 and associated circuitry, is located on 
the Series Pass Elemmt P/C Assembly (A8Al-Schematic 
335A-1001). Applied to base 2 of Q9 is a 6.8~ clipped, 
full-wave rectified, 60 Hz sine wave The potential at 
the emitter of 619 depends upon the charge of C4 and C5. 
The charge of C5 depends upon the voltage across the 
main aerles pass element, 48. At the trailing edge of 
each pulse at the base 2 of 99, the oscillator provides 
a series of Positive pulses until the leading edge of the 
next +6.8 volt pulse occurs. With an increased charge 
8~ross C4 and C5, the initial output pulse of the oscil- 
lator will occur earlier in each half cycle. The initial 
pulse from the oscillator during each half cycle will 
switch the preregulator off to control the amount of line 
power supplied to the high voltage transformer. If the 
series pass element voltage of 98 increases, the pre- 
regulator is switched off earlier in each half cycle. 
This, in turn, reduces the series pass element voltage 
of 98 to its equilibrium value. 

S-25. The +6.8 volt operating voltage for the oscillator 
circuit is take” from the t150 volt supply for the series 
pass element. A portion of the +150 volt supply is ap- 
plied to the voltage divider consisting of R1 through R3. 
The divided down voltage is regulated by sener diode 
CRE to approximately +6.8 volts. 

3-26. PRE-REGULATOR. The series of unijunction 
pulse! are coupled across A8Tl to the input of the pre- 
regulator on the Pre-Regulator P/C Assembly (A8A2- 
Schematic 335A-1003). At the beginning of each 60 Ha 
half cycle, Q5 is turned on by the positive going +V 
voltage, thrm$$~ RI1 and L2. Con&.&ion of $5 saturates 
94, 92, and Ql @re-rtgulator control trantistor). Con- 
duction of Ql allows current to flow in the primary of 
the high voltage transformer. Somctime, during each 
half cycle, the initial pulse from the unijunction oscil- 
lator will trigger the regenerative pair (Q6 and Q7) into 
saturation. With Q6 and Q7 conducting, Q5, 84, and 
Ql turn off and remain off as long as 86 and Q? are 
conducting. Transistors 86 and Q7 remal” conducting 
until the end of each half cycle. At this time, the cur- 
rent through them automatically drops below the re- 
generative value, due to the zero crossing of the ful- 
w&v@ rectified 60 Hz sine wave voltage (-V) at the 
emitter of Q7. Therefore transistor Ql is held off for 
the remainder “f the haLf cycle. This limits the amount 
of power to the high voltage transformer and reduces 
the power dissipation requirements for the series pass 
element. 

3-27. Operating voltages for the pre-regulator cir- 
cuitry are protided by the diode bridge configuration of 
CR1 through CR4. JJicdes CR.2 and CR4 provide a “ega- 
tive ful-wave rectified voltage for -V. Diodes CR1 and 
CR3 provide a positive full-wave qectified voltage for 
+V. A portion of the +V voltage is filtered by C4 and C5 
to Provide the +10 volt supply voltage. Diode CR5 serves 
to isolate the +V voltage from the filter capacitors. 

3-28. Protection Circuitry 

3-29. TRIP. The purpose of the trip circuit is to re- 
mwe ac power from the primary of the high voltage 
transformer and open the negative output path, if an 
overvoltage or catastrwhic 0verc”rrent condition exists. 
The trip circuitry is located on the Series Pass P/C 
Assembly (A5A2-Schematic 335A-1001). Transistor 
Q3 is a constant current source for relays A8K1. and 
A8A2K2. With ABA2K2 (on the Prc-Regulator P/C 
Assembly) closed, current is provided to A8AXl which 
completes the primary circuit for the high voltage trans- 
former. With relay A8Kl (on the Righ Voltage iwother- 
board P/C Assembly) closed, the negative output path 
is completed and power may be supplied to the load. 
The current sensing resistor, R22, is effectively Con- 
nected through R24 to the base of normally off Q4. I” 
the event of a catastrophic failure, in which the current 
XimitMg circuitry would not function, a” excessive cur- 
rent approaching 120 milliamperes would develop suf- 
ficisnt voltag@ across R22 to turn on Q4. Because of the 
regenerative cotiguuration, tn”sistors $4 and Q2 would 
become saturated. With 92 saturated, the potential at 
pin 10 becomes nearly the same as the positive buss 
potential. This bypasses the current away from the 
relays, which causes them to open. With the relays 
open, the OUTPUT terminals are de-energized, the 
input power to the high voltage transformer is inter- 
rupted, and the OPR indicator lamp goes out. To reset 
the instrument, the POWER switch is placed in the 
STDBY/RESET position; then to the OPR position once 
the cause of the overload has bee” corrected. With the 
POWER switch in the STDBY/RESET position, the 
circuit common is connected through a section of the 
POWER switch and pin 10 to the emitter of 92. This 
results in turning off both Q2 arxd Q4, and thus returning 
them to their original state. 

X-30. The overvoltage trip element is Ql. The base 
of Ql is cwmected to R15 and the appropriate resistor 
selected by the TRIP switch. The voltage trip point 
is selected by the VERNIER control (R5), which sets 
a reference bias on Ql (maintaining Ql cut off). As 
the output voltage increases, the voltage at the base 
of Ql increases negatively until it exceeds the selected 
trip voltage and causes Ql to conduct. The conduction 
of 91. saturates 92 and results in de-energizing the 
instrument output terminals, as previously described. 

3-31. CUILRENT LJMIT. The current limit circuitry, 
located o” the Current Limiter P/C Assembly (A5A6- 
Schematic 335A-1002), provides a means of varyiw 
the limiting point of the output current. Current sensing 
resistor 1222, on the Series Pass Driver P/C Assembly 
(A5AZ), provides a voltage to the current limiter circuit 
that is proportional to the output current. This voltage 
is applied through pin 10 and CR12 to the base of Q5. 
The emitter of 45 is connected to the wiper of the CUR- 
RENT LIMIT control (R6), which provides a variable 
bias for the base-emitter junction. Transistor Q5 is 
normaUy off. However, when the output current exceeds 
the set limit, Q5 turns on. Conduction of Q5 causes 
both Q4 s.“d QS to conduct. Conch&lo” of Q3 causes Ql, 
on the Differential Amplifier P/C Assembly, to conduct 
and bypass some of the sample string current. This 
causes the output voltage to be reduced and consequently 
the output current is reduced. The conductio” of Q3 also 



turn? on the regenerative pair, Q3 and a, which, supply 
current to the red indicator lamp. 

3-32. INTERLOCKS. The instrument is equipped wtth 
an interlock circuit for personnel safety. When either 
the top or bottom inner oovers or printed circuit As- 
sembUesA8A2, A8, A8A1, A5A1, A5A3, A5A4, A5A5, 
or A5A6 are removed, the ground return for the A8K1 
and A8A2K2 relays is opened. ‘This results in removal 
of the, input power to the bigh~voltage ,transformer (Tl) 
and opens the negative output aide of the instnpent. 

3-33. TIME DELAY. The purpose of the time delay 
circuit, located on the Time Delay P/C Assembly (AT- 
Schematic SS5A-lOOl), is to provide a short interval 
for the anxUiary voltages to rise to nominal valne. This 
insures that the control amplifiers are operating before 
the high voltage is available. The time delay oirctit 
mometiaxily holds open relays A8Kl and A8A2K2, which 
prevent the closure of A8AZKl. The time delay is ap- 
proximately 3 seconds. Diodes CR1 and CR2 provide 
a full-wave rectified voltage from a secondary winding 
,of the power tmmfomer between pins 20 and 22. When 
the POWER stitch is in the STDBY/RESET position, a 
@mall mrreqt flows through RXOl, Sic, K2001, R2004, 
and C2001. This current, although too small to actuate 
K2001, charges C2001. Capacitor C2001 charges until 
It reaches the firing point of Q2001, approximately 2 to 
9 seconds. At this point Q2001 conducts, increasing 
the current’ through K2001. The relay actuates and 
closes co&et KZQOIA (which provides the current path 
When the POWER switch is in the OPR poaitlon) and 
opens con&t K2WlB. Whsn K2OOlB opens, the ground- 
ing circnit IS removed from the constant current sonrce 
supplying A8K1 and A8A2K2, and these relays are 
allowed to actuate. 

3-34. Miscellaneous Circuitn/ 

3-35. OUTPUT CIRCUIT CURRENT SOURCE. in 
addition to the main high voltage bridge rectifier, CR1 
through CR10 on the High Voltage Mother Board F/C 
Assembly (AB-Schematic 335A-lOOl), is another high 
voltage bridge (CR13 through CR20). This bridge ree- 
tifier is is series with R27 and R28 and forms a quasi- 
constant current source, connected in opposition to the 
output of the instrument. This current flows through 
the series pass transistors and acts as a minimum load 
to insure that their tranaconductance is held above a 
minimum value. Another pnrpase of the quasi-constant 
Current source is to provide a quick discharge path for 
the output capacitor Cl, when down ranging. This helps 
to reduce the settling time. 

S-36. CAPAClTORSWlTCR. The capacitor switch cir- 
cnitry is located on the Capacitor Switch P/C Assembly 
(AS-Schematic 335A-1001). When down ranging from 
1000 volts, capacitor C4 (on the chassis) will tend 
to charge to a voltage level prop&ionaI to the difference 
between the charge on C5 and the parallel combination 
of the output capacitors Cl and C2. If this difference 
is too great, C4 ml receive a charge o.t sufficient mag- 
nitude to CBUS~ a, dielectric absorption problem; thus 
excessive settling timk will result. (Dielectric absorb- 
tion la the tendency of the dielectric material of the 
capacitor to absorb and retain a small charge.) To 
Pravent this occurrence. C5 is discharged’through R7 
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(on A,3) when the RANGE switch ,ls down ranged from 
1000 volts to 10 or 180 .vqlte’. In,doing so the decay 
rate of C5 and the parallel combination of Cl,and C2 
will be equ+; thus C4 does not receive an over charge. 
After C5 has discharged sufficiently (severalseconds), 
the KlA contacts (on AS) close and parallel the,@ 
resistance of R6 with RI. This essentially shorts C5 
,md returns the loop gain to,,the required amount. ,The 
capacitor switch circuitry is ,respondble for allowing 
a time delay before:closing the KlA contacts. ,When 
down ranging from~~,l800 volts, Cl is char&by the 
t35 volt sup&through R2 and Rl.,, After several,sec- 
ends, Cl accnmulates a sufficient charge to oanse ,Ql 
to conduct. Conductimof Ql ener#zes relay, Kl,, whldh 
closes the KlA contacts. ,, ,, 

3-37. CROWBAR CIRCUIT. If the &p&volt& w& 
suddenly turned to zero with a load connected to the 
instrument, the voltage, across the filter capacitors 
Cl, C2, and C3 (located onthe Righ Voltage Mother 
Board P/C Assembly, A8) w,ould appear across the 
series pass transistors. This voltage ,could damage 
the, series pass transistors. To ,protect the series pass 
transistors from this kind of damage, a “crowbar” cir- 
cuit is utilized. (The term %rowbar” is deri,ved from 
the ,use of such a device ,to discharge large capacitor 
banks in transmitter payer supplies. ) The %mybar” 
circnit consists of transistor, QlO and associated :ciq- 
cup-y on the Series Pass Element P/C Assembly, A8A 1. 
Also, relay K2 on the Righ~Voltage Mother, Board P/C 
Assembly, A8. When the voltage a~roes the ,sertes 
pass element reaches, approximately 225 volts,, tran- 
sistor QlO conducts. Since relay K2 is in the collector 
circuit of 910, the relay is energized: and: cIoses ,the 
K2A contacts. With the K2A contacta~closed, ,a,di,s- 
charge path through R15 is provided ,:for the filter 
capacitors. 

3-38. VOLTMETER FUNCTION 

3-39. General 

3-40. BASIC VOLTMETER OPERATION. The volt- 
meter section ma,y bc operated as either a hi& impedance 
voltmeter, null detector or differential voltmeter. A sir& 
Plified schematic diagram of the basic v&meter operation 
is illustrated in Figure 3.2., When operated as a hi impe- 
dance voltmeter or null detector (INPUT MODE switch in 
TVM), the input divider is connected directty across the 
INPUT terminals (RI and LO). In thh configuration, the 
front-panel meter indicates the full value of the unknown 
voltage applied to the INPUT terminals. For diffcrcntial 
voltmeter operation, thy INPUT MODE switch is placed in 
the, DIFF+ position. This places B variable precision refer- 
ence voltage in series with the input divider across~ the IN- 
PUT terminals. The polarity of the reference voltage must 
be such as to oppose that of the unknown voltage. ‘Iha 
voltage difference between the unknown voltage and that 
of the refercncc voltage is displayed by the front-p&I 
meter. When the meter indicates a zero volt d,iffcrencc, the 
reference voltage is equal to the unknown voltage. The 
Voltage Standard section provides the precision voltage re- 
ference needed for the differential voltmeter mode of oper- 
ation. When the meter indicates a zem voltage difference 
between the voltage standard and unknown voltage, the 
readout dial4 display the exact’valnc of the unknown volt- 
age, with the specified accuracy. 
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3-11. BLOCK DIAGRAM ANALYSIS. A detailed block 
diatinm of the voltmetar section is illustrated in Fiam 3-3. 
Th; voltmeter section basically consists of the input cir- 
cuitry, Null Dstcctor Amplifier P/C Asscmhly (AGAZ), Null 
Power Supply P/C Assembly (A6Al), and the indicator cir- 
cuits. 

3-42. The input circuit divider provides a reduced dc 
voltage to the Null Retector Amplifier P/C Assembly. 
In TVM operation, the divider provides a reduced dc 
voltage proportional to the dc input voltage. In DIFF 
+ operation, the divider provides a reduced dc voltage 
proportional to the difference between the input voltage 
and the voltage indicated on the readout dials. This 
proportional voltage is then chopped at an 84 Hz rate 
by a photo-chopper circuit on the Null Detector Amplifier 
P/C Assembly. Magnitude and polarity information is 
contained in the amplitude and phase, respectively, of 
the chopped signal. This chopped signal is then applied 
to a bigb input impedance ac amplifier whose gain is 
controlled by the resistance selected by the SENSlTIVITY 
switch. Demodulation cb the amplified signal is accom- 
plished by the synchronous demodulator. The demodu- 
lator reconstructs the amplified dc level and polarity 
information and applies it to a fixed gain dc amplifier. 
A portion of the dc amplifier output is fed back to the 
input of the Null Detector Amplifier to control the overall 
amplifier gain. The other portion of the dc amplifier 
output is applied to the isolation amplifier, located on 
the Null POwer Supply P/C Assembly (ABAl). Here the 
dc signal is again modulated at 84 Rz, coupled across 
an isolation transformer, demodulated to reconstruct 
dc level and polarity information, and applied to the 
meter and recorder output terminals. In the TVM posi- 
tion of the mPU’I MODE switch, the meter will indicate 
the full value of the applied dc input voltage. In the 
DIFFt and DIFF- positions, the meter will indicate 

the difference between the applied dc input voltage and 
the voltage set 01) the front-panel readout dials. In 
either case, the full scale sensitivity will be that in- 
dicated by the position of the SENSITTIVITY switch. 

343. Circuit Descriptions 

3-44. NULL POWER SUPPLY. The Null Power Supply 
P/C Assembly (A6Al) consists of the 84 HZ multiti- 
brator, multivibrator power supply, +15 volt power 
supply, and isolation amplifier. Refer to Schematic 
335A-1005 for the following circuit descriptions. 

3-45. The multivibrator power supply consisting of 
bridge rectifier CR1 through CR4, filter RI-Cl, and 
regulating element CR5 is driven by a secondary wind- 
ing of power transformer Tl between pins 11 and 12. 
The 11 volt rms signal is rectified, filtered, and regu- 
lated to provide a 10 volt dc operating voltage for the 
84 nz multivibrator. The 04 nz multivibrator consists 
of 91 and Q2; frequency determining elements C2, R2, 
R3, and frequency adjustment R4: and the primary 
windings of Tl. A portion of the 84 Hz signal from the 
secondary of Tl is used to drive the neon drive circuit 
on the Null Detector Amplifier P/C Assembly. The 
secondary of Tl also provides an 84 Hz signal to drive 
the synchronous demodulator 96, on the Null Detector 
Amplifier P/C Assembly, and the bases of Q3 and Q4 
In the modulator section of isolation amplifier, on the 
Null Power Supply P/C Assembly. Still another portion 
of the 84 Hz signal from the secondary of Tl is rectified 
and filtered by CRE, CRI, CS, and C4 to provide the 
+15 volts dc operating voltages for the Null Detector 
Amplifier P/C Assembly. The collectors of 61 and Q2, 
in the 84 Hz multivibrator, provide two signals 180” out 
of phase to the bases of QS and 95 respectively, in the 

JNKNOWN- 
UC 

VOLTAGE 

Figure 3.2. BASIC VOLTMETER OPERATION 
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Figure 3.3. VOLTMETER FUNCTIONAL BLOCK DIAGRAM 

demodulator section ti the isolation amplifier. Although 
the isolation amalifier is located on the Null Power 

difference between the voltage set on the readout dials 
and the unknown inout voltape. 

Supply P/C Assekbly, its operation will be discussed 
under paragraph 3-48, “NULL DETECTOR AMPLI- 
FIER”, since it provides the signal flow path between 
the null detector amplifier and the indicator circuite. 

s-48. NULL DETECTOR AMPLIFIER. The propor- 
tional dc voltage from the input divfder is filtered by a 
three staze low-uass RC-filter composed of Rl-C2, 

S-46. INPUT CIRCUlTRY. The null detector has three 
basic sensitivities for full scale meter deflection: 1 
millivolt, 100 microvolts, and 10 microvolts. Input 
voltages above 1 millivolt are reduced by the divider, 
consisting of R9 through R16 and two functions of the 
SENSlTIVITY switch (S5a and S5b). At I. millivolt and 
below, a fixed input i-esistance of 1 megohm (R12) is 
connected ~CI‘OSS the INPUT terminals. The input re- 
sistance is IO megohms in the 10 and 100 millivolt 
ranges and 100 megohms at 1 volt and above. 

R3-C3, a& R&C% This filter reduc& any ac voltage 
having a frequency above 1 Hz. The filtered voltage 16 
then chopped by the photo-cells VI and V2, which at’e 
driven alternately at an 84 Ha rate by the neon driver 
circuit consisting of DSl, DS2, CR3, CR& R2, and 
Cl. The resulting chopped signal, containing dc level 
and polarity information, ia coupled through C5 to a 
high input impedance ac amplifier consisting of 81, 92, 
43. The gain of the ac amplifier is controlled by the 
common emitter resistance selected by SENSITIVITY 
switch S5e. The output of Q3 is coupled through CL0 

S-47. Placing the divider in the proper configuration to a two stage current amplifier con&sting of 64 and 
for either roll1 detector or differential voltmeter opera- Q5, A fixed negative feedback, from the emitter of Q5 
tion is accomplished by the INPUT MODE switch. In $!,, through Cl1 and R19 to the base of Q4, holde the gain 
the TVM oosition. the INPUT MODE switch connects of these stages constant. 
the divide”= dir&y eci-ass the HI and LO INPUT ter- 
minals. The null detector amplifier senses acroee a 
pofiion of the divider. This p&ion of the divider pro- 
videe a voltage proportional to the total input voltage. 
In ,thc DlW+ positions the instrument i,s connected 
XI scrims with the divi,dcr in such a polarity as to 
OPPOSC the unknown input volta,gc, The null detector 
amplifier then senses a voltage proportional to the 

3-49. The output of Q5 is coupled through Cl2 and R22 
to the emitter of QS for demodulation. An 84 Hz drive 
signal, in-phase with the photo-chopper drive aiggnal is 
applied to the base of QS, causing detection of the mag- 
nitude and polarity of the amplified signal. The demod.- 
u&ted signel is filtewzl by R24 and Cl5 before appllca- 
tion to the dc amplifier. 
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S-50? The dc amplifier Gnplifies the detected dc signal. 
Transistor@ 97 through Q12 comprise a hvo-stage dif- 
ferential amplifier with a com~lementsry emitter- 
foll0Wer output. Negative feedback from the emitters 
of Qll and QlZ through C17, C18, and RSl to the base 
of 98 controls the dc amplifier gain. The output of the 
dc amplifier is taken from the common emitters of Qll 
and $12. One portion of the output is applied to the, 
isolation ampIlfier and the other portion through S5f and 
the selected SENSITIVITY range resistor for overall 
mu detector ampliner gain. 

3-51. The imlation amplifier, located on the Null 
Power Supply P/C Assembly, receives a portion of the 
dc atnpIifier output through the center tap of the primary 
of T2. The dc a@aI is mod&ted at an 84 Hz rate by 
Q3 and 64, with a phase dependent upon the polarity of 
the input volta$e. This modulated signal is coupled 
across transformer T2 for isolation. The phase of the 
waveform at the secondary of T2 permits ctinduction of 
either 45 oi- Q6 during alternate halves of the cycle, 
Causing detection of the moddated signal. 

meter oper&on,’ thk meter also indicates the output 
voltage (7” position of the SENSITIVITY switch) or 
output current (“I” position of SENSITIVITY switch and 
red meter scale). Resistors R3 thxou8h R6 (Series Pass Dri- 
ver P/C Assembly) and the resistors selected by the RANGE 
switch S2f provide a drive current to the meter that is pro- 
portional to the output voltage, when the SENSITIVITY 
switch is in, the 7”’ position. Resistors RI and R2 (Series 
Pass Driver P/C Assembly) provide a drive current to the 
meter that is proportion~l’to the output current, when the 
SENSITIVITY witch is in tho “I” position. 

5-53. A recorder output, directly proportional to 
meter deflection, is provided through RZB, R30, and 
filter capa&or C8. Recorder output level adjust, R29, 
provides an adjustable output from 0 to 1 volt for end 
scale meter de&&ion. The LO,RECORDER OUTPUT 
terminal is LsoIated from ground by a 0.41 microfarad 
capacitor and may be floated up to 100 volta dc from 
@round. 

3.8 



4-1. INTRODUCTION 

4-2. Information concerning the maintenance and cali- 
bration is contained in this section. Paragraph 4-4, GEN- 
ERAL MAINTENANCE, COV~IS unique and miscellaneous 
maintenance procedures. A series of checks to determine if 
the instrument operates properly, plus information to aid in 
1OCaliZing possible problem arcas, should any of these 
checks fail, is covered under paragraph 4-21, PERFOR- 
MANCE TESTS. Paragraph 4.45, CALIBRATION, COP 
tains proceduxes for alignment of circuits and final cccw- 
acy adjustments. 

4-3. SERVICE iNFORMATION 

4-4. Each instrument mantictured by the John Fluke 
Mantia,cturing Company is warranted for a period of 
one year up delivery to the original purchaser. Com- 
plete warranty information is contained in the Warranty 
page located at the front of this manual. 

4-5. FBctory authorid calibration end repair service 
for all Fluke instruments ape available at various world 
wide locations. A complete list of factory authorized 
service centers is located at the rear of the ma.nual. If 
requested, an estimate will be provided to the customtir 
before any repair work is begun on instruments beyond 
the warranty pe,riod. 

4-6. GENERAL MAjNTENANCE 

4-7. Maintenance Access 

4.8. The chassis may be easily removed from the outer 
ease by unfastening the two Dzus ,fasteners, located at the 
rear of the case. To obtain ~CCCSS to the cticuitry within 
the clz.assis, the top and/or bottom inner COVCIS mwt bc IC- 
moved. Removal of the top and/ox bottom covcfs: opens 
one 01 both of the interlock switches. To have the in&u- 
ment fully operable, with the top and/or,bottom covers off, 
the interlocks must be “cheated”. 

DANGER 

The inner chassis is at tOuTPUT potential. 
Hazardous voltages may exist on, chassis. 

4-9. Located on,the 1eKband side of the instrument, 
behind the second bulkhead, is an extender card. This 
board is used as an extender for the plug-in circuit 
board assemblies to provide access to adjustments and 
test’points. Slm~ly’remove the plug-in drcuit’boa~d 
assembly to be investigated, insert the extender card 
in it’s place, and plug the &-cuit bqard assembly intO 
the extender card: 

4-10. Unique Maintenance Procedures 

4-11. CLEAN BOARDS. Certain circuit bpard as- 
semblies are ultrasonically &leaned at the factory to 
prevent the possibility of elect+ical lea&&v& caused by 
contamination from handling during assembly. These 
circuit board assemblies include the Null Detector 
Amplifier P/C Assembly (A5A3), Sample String P/C 
Assembly ‘(A2), and Capacitor ‘P/C Assembly 61). 
When components ape replaced on these assemblies 
that require soldering, the land pattern side of the 
board should becleaned as described in paragraph 4-14. 
Should contamination be suspected on the component 
side of the circuit board, ,use Freon TF Degroaser 
(Miller-Stephenson Chemical Co.). 

4-12. PIIOTOCELL REPLACEMENT. Should’the 
phtiocell assembly on the Null Detector P/C Assembly 
(A5AS) have to be rePlace$, be very careful not to, 
contaminate the photocell assembly 01 the plastfc light. 
tran,$mi$$ion rods. The i-wornmended procedure is to 
wear clean white gloves when handling thein.’ Should 
the ,photocell assembly or plastic reds become contam- 
inated, clean them with ethyl alcohol, then with de- 
ionized watwand air,dxy. When replacing the photocell 
assembly, insure that the plastic ,rOde are tight against” 
the neon lamps and photocells. 

4-l 
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4-13. SHIELDED CAPACITORS. On the Chopper Am- 
plifier P/C Assembly (A!xAQ), capacitors Cl through 
C4 are wrapped with adhesive copper foil for shielding 
purposes. Should any of these four capacitors need 
replacing, wrap the new capacitors(s) with the original 
copper fuil (if the adhesive needs to be activated, use 
(GM NAMEPtiTE INC.). If the original copper foil is 
not salvageable, wrap a new piece of copper foil 
(Permacel-type EE3990 or Myetik Tape-type 7420) 
around thr capacitor. Insurf that the copper foil doee 
not extend beyond the edges of. the capacitor and touch 
either of the leads. Sold@r one end of a length of #22 
buss wire to the copper foil and the other end to the as- 
sociated printed circuit board land. 

4-14. CIRCUIT BOARD SEALENT. The land pattern 
side of all printed circuit boards within the instrument 
have been coated with epucast (a polyurethane resin) to 
inhibit fungus gravth and moisture absorbtion. When 
soldering to a printed circuit land, the heat from the 
soldering iron decomposes the epocast resin, leaving 
a charred residue. Upon completion of soldering, this 
residue should be remtnred with a solvent, such a8 toluol. 

CAUTION! 

The following precautions should be adhered 
to when using toluol: avoid inhaling the 
vapors, avoid excessive contact with the 
iWin, and keep away from open flames. In- 
sure that plastic components do not come 
into Contact with toluol, since it will dis- 
solve most types Of plastic. 

After removal of the epocast residue, the affected area 
should be recoated with a sealent. A spray can of 
Circuit Coat (Furane Plastic Inc., 4516 Brazil Street, 
Los Angeles, California ur 16 Spielman Road, Fairfield 
New Jersey) may be used for recoating. 

4-15. Fuse Replacement 

4-16. The fuses are contained in bayonet type fuse 
holders located at the rear of the instrument. Listed 
below are the correct values for the fuses: 

RJ%F 
DESIG FUNCTION TYPE 

Fl High Voltage l/4& slow blow 

F2 Line 3A, glow blow, 
115v cam. 

l-l/& slow blow, 
23OV COM. 

Under no circumstances should replacement fuses with 
higher current ratinpe be installed in the instrument. 

4-17. Lamp Replacement 

4-18. The indicator lamps are located immediately 
behind the front panel. The instrument may be partially 
removed from the cast to gain access to the lamps. 
The decimal lamps are easily accessible and removable 
from the top of the instrument without the need of any 
special tools. To replace either the over current- 
voltage lamp or the operate lamp, remove the screw 
securing the lamp holder to its mounting, then remove 
the bayonet base lamp. 
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4-19. 115/23OV Conversion 

4-20. Dcpcnding upon the connection of the power 
transformcrv primary windingu, the instrument may be 
operated from cilher a 115 or 230 volt ac power line. 
To cmve~t it from oni: tym of ~OW~T line overation 
to 

a. 

b. 

the other, use fhc following pruccdurc: 

Disconnect the line cord from the power line. 

Remove the instrument from the case and place 
upside down on & suitable work space. 

c. 

d. 

Orient the instrument and perform the appropriate 
electrical connections as Illustrated in Figure 4-l. 

Use the proper fuse corresponding to the selected 
conversion, as discuesed in paragraph 4-15. 

4.21. PERFORMANCE TESTS 

4-22. Introduction 

4-23. The following tests are intended for checking the 
performance of the Model 335A, 335D. Thcsc tests may 
be used for incoming inspection, periodic inspections, 
and precalibration checks. It i8 recommended that these 
tests be performed prior to each calibration. 

4-24. The tests in paragraphs 4-29 through 4-44 are 
divided into two groups; those associated with the volt- 
age standard and those associated with the voltmeter 
portion of the instrument. In each c&e, a short intro- 
ductory ~xwraph, prior to each test, briefly describes 
the purpose of each test and the circuitry involved. An 
understanding of the purpose of each test and the cir- 
cuitry involved should aid the technician in analyzing a 
malfunction. 

4-25. During the folIowing tests, it will not be neces- 
sary to remove the instrument from the case. All cx- 
ternal equipment will be connected to the terminals 
provided on the instrument. F’igure 4-2 lists the equlp- 
ment needed for testing and calibrating. 

4-26. Voltage Standard 

4.27. F,ENERAL. Since the load, line, and ripple 
checks do not rely on tiny calibration adjustments, a 
major 01 minor out of roiwmce indication should be 
invwtigatcd by troubleshooting. The remaining voltage 
standard checks do rely on proper calibration adjust- 
ments. Should minor out of tolerance indications be 
observed during these checks, calibration Will more 
than likely correct these problems. However, should 
the calibration adjustments be ineffectual or at their 
extreme limlta, you will have to investigate the cause 
of the problem. 

4-28, In the event that a malfunction is discovered, 
complete as many of the performance tests as possible. 
Record which tests the instrument does not success- 
fully pass and any abnormal indications. This will 
help in analyzing the problem and lead to more efficient 
troubleshooting. 
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BOTTOM VIEW 

b. 230 VAC CONFIGURATION (1. 115 VAC CONFIGURATION 

Figure4.1. 115/230 VAC CONVERSION 

EQUIPMENT REQUIRED 

Volt/Ohmmeter - RCA Voltohmyst or equivalent 

Metered Autot~ransformer - General Radio 

Variac W5tvIT3A or equivalent 

DC Differential Voltmeter - Fluke Model 885A 

RMS Voltmeter - Fluke Model 931B or 

equivalent. 

Preamplifier 

Oscilloscope - Tektronix Type 541 or equivalent. 

Preamp1ffier - Tektronix Type L 

General Purpose Power Supply 

DC iw11lammeter 

SPECIFICATIONS REQUIRED 

DC Accuracy of r3% and input impedance of 10 M. 

output of 0 to I30 vat at 3 amperes. 

DC Accuracy of +O. 0025% with 100 uv null 

detector. 

Accuracy of 1% from 50 Hz to 30 BHz. 

Gain of 1000 and bandpass of 10 Hz to TO kHz. 

General purpose. 

5 mv/cm sensitivity. 

Figure4-2. TEST AND CALIBRATION EQUIPMENT REQUIRED (Sheet 1 of 21, 
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EQUIPMENT REQUIRED 

Load Resistor Box - Clarostat 240-C 

SPECIFICATIONS REQUIBED 

Resistance range of 20 to 20,00051 at +5%. 
Capable of handling up to 80 watts. 

Resistor, Composition 

Lead set 

Standard Cell Enclosure - Guildline Model 9152 

DC Voltage Calibration System _ Fluke Model 

7101B consisting of the following equipment, 
or otl equivalent system: 

Voltage Standard, Model S32B 
Null Detector, Model 845AR 
Voltage Divider, Model 75OA 

1ookkfl r5%, l/ZW 

Low-leakage; low-thermal emf 

Accuracy of *O. 0003%. 

Capable of measuriog 0.1 to 1100 vdc with 

5 @pm accuracy. 

Kelvin-Varley Voltage Divider, Model 72OA 

Fisure4-2. TEST AND CALIBRATION EQUIPMENT REQUIRED (Shea 2 of 2) 

4-29. LINE REGULATION. Th~he line regulation test 
determines whcthcr the output voltage will remain con- 
stant, within spccificd limits, for a low to high line 
input power change. 

a. Connect the line cord through an auto-transformer 
connected to an ac power line. set the autc- 
transfomler to 115 vo,tfi *cc. 

b. Set the front panel controls as follows: 

POWER 
NULL ZERO 
INPUT MODE 
SENSITIVITY 

STDBY/RESET 
OPR 
TVM 
I 

TRIP 1000 
VERNIER Cl@ZkWf@ 
CURRENT LIMIT Clockwiee (60) 

Terminal Connections See Figure 2-2 (a) 

C. Connect the Nlodel885A to the SENSE terminals and 
the 240-C Load Resistor Rex to the OUTPUT ter- 
minals. 

d. Set the RANGE switch, readout dials, and load box 
to the values indicated in the first group of settings 
in the follovring chart. Set the POWER switch to the 
OPR position. Note the voltage indicated on the 
Model 885A. Set the autotransformer to 103 volts 
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ac. The output voltage change, indicated on the 
Model 885A, should not exceed the 25 microvolt 
specification listed in the chart. Return the auto- 
transformer setting to 115 volts ac. Note the 
voltage indication on the Model 685A. Set the 
autotransformer to 127 volts ac. The voltage 
change, indicated on the Model 885A, should not 
exceed the 25 microvolt specification. Repeat this 
procedure for each group of settings in Figure 
.4-s. 

4-30. LOAD REGULATION. The load regulation test de- 
termines if the output voltage will remain constant, within 
specified limits, when the output is subjected to a noload 
to full-load condition. 

a. Connect the line cord to an autotransformer con- 
nected to an ac power line. Set the autotrans- 
former to 115 volts ac. 

b. Set the front Panel controls as follows: 

POWER STDBY/RESET 
NULL ZERO 
INPUT MODE 
SENSITIVITY 
RANGE 

OPR 
TVM 
I 
10 

Readout AU Zero 
TRIP 1000 
VERNIER Clockwise 
CURRENT LIMIT Clockwise (60) 

Terminal Connections See Figure 2-2(a) 
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READOUT LtiAD(5Pka) ““’ “““’ SF=, ,:,’ 

,1 ,.,’ ,2on 1oiw ‘: 
,I@ ‘: 2ocii-h aouv ,, ‘,’ 
10 2aon 2ouv ,’ ” 
,100 2ooosz 200*” 
100 20,opn 200 U” 
1000 20, ooon 2.5mv ,’ 

Figure4.3; CONTROL SETTINGS, LOAD REQUIREMENTS, ANQ Ll,MlTS’FOFj LINE, REGU’LAT!ON 

c. Connect the Mod@1 885A to the SENSE tqninale. 

cl. Set the autotransformer to 103 volts ac. 

e., Set the RANGE switch and Readout ,tiialC to the 
values iticated in the first group of settings ‘listed 
in the following chart. Set t&e PCKVER switch to the 
OPR position. Note the voltage indicated on the 
Model 885A. Connect the 20-ohm load to theOUT- 
PUT terminals of the ‘krument, and note the 
output voltage change on the Model ,885A. This 
chan$e should not exceed the 20 microvolt specifi- 
cation listed in the chart. Repeat this procedure 
with the autotransformer set to 127 voXts a,o. Re- 
peat steps d and e for each @-oup, or, setpngs. 

4-31. RIPPLE. The ripple test determines if the PAYS 
value of the super-imposed ac component, on the dc 
output is within specified, limits. 

a. Connect Ehc preamplifier to the OUTPUT terminals. 
Connect the Model 931 RMS Voltmeter to the out- 
put of, the preamplifier. 

b. set the front panel controls as follows: 

POWER 
NULL ZERO 
INPUT MODE 
SENSITIVmY 
RANGE, 

STDBY/RESET 
OPR 
TVM 
I 
10 

VERNIER Clockwise 
CURRENT LEkl.tT Clockwise (60) 

Terminal Connections See Figure 2-2 (a) 

k. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

With the autotransformer set-to nominal line voltwe 
(115 vat), set the POWBP awitch,.@ OPR The ripple 
indicated on timMode 931B’6j?ould’t@t exceed,20 
microvolt8 nis’ (Indkatlon is via 1000X amplifier.) 

Set the readout dials to 10 volts. The ripple in- 
dicated on, the,, Mod,el 931 should not exceed 2p 
microvolts mm. _, 

Connect the 200~ohm load resistor to the OUTPUT 
terminals. The ripple ind&ated~ on the Model 931B 
should not exceed 20 microvolts rrns. Discoimect 
the load resistor. 

Set the readwt dials t?, zero, and set the:,R+NGE 
switch to 100. ‘The ripple, indicated OJI the Model. 
931B should exceed 30 microvolts rms. 

Set the readout dials to 100 volts.,, ‘The ripple in- 
dicated, on the ivfodel 9SlB should not exceed’30 
microvolts fms. 

Connect the 2,000-ohm load resistor to the OWT- 
PUTJeqinals. The ripple lndlcated by the Model 
931s should not exceed 30 microvolts rms., Dfs- 
connect the load resistor. 

Set the readout dials to zero, and set the RAN& 
switch to 1000. The ripple indicated on the Model 
931B should not exceed 40 microvolts rm8. 

Set the rwidout dials to 400 volts. The ‘ripple in- 
dicated on the Model 931B should not exceed 40 
microvolts rms. 

Connect the 8,000-ohm load resistor to the OUT- 
PUT terminals. The ripple iodicated od the Model 
931B should not exceed 40 mlcrovolts rxn$. ‘Dis- 
Connect thc,load resistor. ,,, 

I RANGE 1 RBADOUT~ 1 ,‘,, LOAD ,(50 ma) ,I’ ,+PEC 

;, 

10 1 2OG 
” 

JO “Y 
10 10 ,200a ,T ‘20 “Y 
100 l,O 2006-I 20 II” ,’ 
100 100, 2ooohl 200 UV’ ” 
1000 100 2ooocl 200 U” 
1000 1000 20,‘0006a ,:’ 2.5 In” 

Figure44. CONTROL SETTINGS, LOAD REQUIREMENTS. AND LIMITS FOR LOAD REG\LATION’ 
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4-32 VOLTAGE STANDARD ACCURACY. Yf the volt- 
age standard has successfully passed the line, load, and 
ripple specifications, it can be assumed to be operating 
correctly The output voltage can now be checked and 
compared to the accuracy specifications These checks 
should be accomplished after the unit has warmed up 
for 1 hour at standard reference conditions of 23OC 
rloC, up to 10% relative humidity, and constant line 
voltaRe One method of checking the instruments ac- 
curacy is by comparing the output voltages to 
a standard cell by means of a rcfucncc divider. Use 
the equipment and connections shown in Figure 4-14 and 
the procedure of paragraph 4-64, &regarding the adjwt- 
ments 

4-33. V - I MONITOR. This check investigates the 
circuitry involved with monitoring and displaying, on 
the front-panel meter,’ the output voltage and current. 

a. With the SENSITIVITY switch in the “V” position, 
set the RANGE switch and readout dials for 100 
volts output. 

b. The front-panel meter should indicate 100 volts 
+3. 0 volts. 

c. Check the meter linearity at the following cardinal 
points, Figure 4-5. All meter indications should 
be within +S% of full scale. 

RANGE READOUT 

10 1.000000 
100 10.00000 
1000 I60.0000 
10 10.000000 
1000 10 0 0.0 0 0 0 

Figure 4-5. CONTROL SETTINGS FOR V-l MONITOR 
TEST 

d. Set the RANGE switch to 10 volts, the readout dials 
to 5 volts, the CURRENT LMT control maximum 
clockwise, and the SENSITIVITY switch to “I”. 

e. Connect a 0 to 100 dc milllammeter across the 
OUTPUT terminals. 

f. Rotate the CURRENT LIMIT control counter- 
clockwise until the external meter indicates 50 
milliamperes. The front-pans1 meter should also 
indicate 50 milliamperes on the red scale. 

g. Set the RANGE switch to 100 volts then to 1000 
volts. The front-panel meter should indicate 50 
milliamperes in each posttion of the RANGE switch. 

4-34, CURRENT LIMIT. This check determfnes the 
range of the CURRENT LIMIT control, which should be 
from 2 to 60 milliamperes. 

a, Set the POWER switch to STDBY/RESET, the 
RANGE switch to 10 volts, the readout dials to 5 
volts, and the ,CURRENT LIMIT control maximum 
clockwiSe. 
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b. Connect a 0 to 100 dc mllliammeter across the Out- 
put termina@. 

c. Set the POWER switch to OPR ‘I¶w external meter 
should indicate 60 milliamPeres. 

d. Rotate the CURRENT LIMIT control maximum 
counter-clockwise. The external meter should 
indicate 2 milliamperes. 

4-35. VOLTAGE TRIP. This test determines if the 
trip circuit will actuate during an overvoltage Condition 
on each RANGE setting. 
a. Set the TRIP VERNLER mtimum clockwise. 8et 

the RANGE! TRIP, and readout dials to the values 
indicated in Figure 4-6. In each case, POtate 
the VERNIER counter-clockwise from the max- 
imum clockwise position until the trip circuitry 
just actuates. In each case the VERNIER control 
should be approximately 30” from the maximum 
clockwise position. 

hi 

Figure 4.6 CONTROL SETTINGS FOR VOLTAGE TRIP 
CHECK 

b. Set the output of the instrument for 4 volts on the 
10 volt range. Set the TRIP switch to the 10 volt 
position and the VERNIER control to the 12 o’clock 
position. 

c. Set the RANGE switch to 100 volts. The trip cfr- 
cuit should actuate. 

cl. Set the TRIP switch to the 100 volt position and re- 
set the instrument. 

e. Set the RANGE switch to the 1000 volt positton. The 
trip circuit should actuate. 

f. Set the TRIP switch to the 1000 volt position and 
the VERNIER control maximum cloclonise. Reset 
the instrument. 

g. Set the RANGE switch to 100 volts then to 10 volts. 
The trip circuit should @ actuate in either position. 

436. Voltmeter 

4-31. GENERAL. A good indication of correct oper- 
ation of the null detector is the electrical zero test. 
Should the instrument fail this test, you should investi- 
gate the CRUSC: of the prtrhlem. 

4-36. LEAKAGE RESISTANCE. This test determines 
if the isolation between the LO INPUT terminal and 
ground, in the TVM mode, is at least 1012 ohms. 

a. Disconnect the Model 335A, 335D from lhc poww lint 
and connect to the Models 415B and 645AB, as 
illustrated in Fibwre 4-1, with teflon coated leads. 



335A/3350 

CHASSIS 

ABOVEGND. 

I 
pm%” ,/K//I 1,’ /I p ,///I /,/,I / ,,,,,,I &&f&&&j 

DIELECTRIC SHEET 

R 
84548 I OOK 

Figure 4.7. LEAKAGE RESISTANCE TEST CONNECTIONS 



b. 

c. 

d. 

e. 

f. 

connect a. Ibo &-ohm C&S%) l/2”&< resistor 
across the INPUT and COMMON terminals of the 
Model 845AB. 

Set the Model 845A: POWER switch to ON and the 
RANGE”switch ‘to 100 microvolts. Set the 1NPUT 

Apply’1000 volts from the Model 415B. 

The’indication on the Model 845AB should not ‘ex- 
teed 100 microvolts. This indicates that the lso- 
lation is 1012 obms’or greater. “, 

Return the Model 4i5B to zero output and remove 
all equipment interconnections. 

4-39. MECHANICAL ZERO. With the is&urn& still 
de-energized, adjust mechanical zero sdrew (located 
just below the meter) so that the meter pointer is we= 
the center scale eero position. 

4-40. ELECTRICAL ZERO. Connect the instrument 
,to the power line and set the POWER’switch to the 
STDBY/RESET position. Proceed as foilows: 

a. Set the controls as follows: 

Readout Dials All Zero 
INPUT MODE TVM 
NULL ZERO ZERO 
SENSITMTY 10 U” 

b. Rotate the NULL ZERO control through its full 
range. The meter pointer should deflect a’totsl 
of 16 microvolts. 

C. Set the meter pointer over the center scale z&o 
position with the NULL ZERO control. 

d. Observe the meter pointer for a period of 10 sec- 
onds, The peak-to-peak excursions of the pointer 
should not exceed 0.5 microvolts. 

,4-41. VOLTMETER ACCURACY. The null detector 
accuracy can now be checked. Place the INPUT MODE 
switch in the TVM position. mown voltages may be 
applied to the INPUT terminals to check the null de- 
tector at the desired cardinal points., Null Detector 
accuracy is 4% of full scale. 

4-42. The differential voltmeter operation may also 
be checked for accuracy by placing the INPUT MODE 
switch in the DIFF+ positions. When doing so, observe 
the same standard reference conditions used for c,heck- 
Ing the voltage standard accuracy: 

,4-43. RECORDER OUTPUT VOLTAGE: 

a. 

b. 

With the INPUT MODE switch in the TVM position, 
set the SENSITlVITY switch to the 1 millivolt pas-, 
ition and apply ens millivolt to the WT terminals. 
The meter should deflect full scale. 

terminals. 

,,,,., ,,, ,.,,,,.,,, .,, .,..,,,,., .,,_ ,_,,., * ,,.,.,,,, *, ,,.,,_,,,. ,,,,, 
c. Vary the RECORDER OUTPUT ADYWS? td both 

extremes. lhe voltage at the RECORDER OUTPUT 
terminals should vary from 0 to wer 1 volt (ty& ,, -idly 1. 2 VOIDS). ““’ ““’ 

d. Disconnect the ,&lode1 885A and the 1 millivolt 
:f,ii::,; ,sdird~; “,~: ‘,,J,! ,:, 

,, 
&4b.” “‘ti&?bbDtiR’OUTPUT GROUND ISOLATION. 

a. 

bl 

c. 

d. 

Vith the UiPUT,tiODE,~swltch in the TVM posltidn, 
s&t the,‘SENSITIVIT,Y .&itch to the 10 microvblt 
posltlon and apply IO microvolts to the INPUT 
tmvdnak~ 

&ply +laO volts, from the Model 335A OWTPdT 
termipals, between the LO and +- (ground) RE- 
CORDEB,OUTPWT terminals. 

The change’in deflection 0t1 the front-panel meter 
should bs less Ulan 0.5 microvolts. 

Remoy3 ‘cotiections. 

445. CALIBRATION 

4-46.’ IiWoduction 

4-47. ,The following procedures are intended for cali- 
bration. The equipment raquirsd is listed in 
Figure 4-2. “During the first portion of the calibration 
procedure, ,ttie instrument will have to be removed from 
its case., l-he top inner COY~I will also have to be 
removed. However, upon removal of the top inner 
cover it will be necessary to “cheat” the interlock 
located on the top right-hand edge of the instrument 
chas$is. 

4-48. Voltmeter 

4-49.’ MECHANICAL ZERO. Wlth the lnstrnment de- 
energized ior,ti.1sast, 3. minutes, adjust the mechanical 
sefo screw Qoca&?d just below t& front-panel meter) so 
that the meter pointer is we= the center scale sero 
position. .,, 

4-50. NULL D&TECTOR DWE ,FREQUENCY. Extend 
the Null Detector:Power supply P/C assembly (~6~1) on 
the ‘extender card prwided. Set the POWER switch to 
STDBY/RESET and allow approximately one minute for 
warm-up. Proceed as follows: 

8.’ set the oscluosccpe verti-+l ,&pt to so volte/centi- 
meter and the horizontal sweep, for 2 millisec- 
onds/&ntimeter. 

b. Connect the ,oseilloscope between the collectors 
of Ql and Q2.““’ .’ 

.,, 
c. Refer to Figure 4-8 and adjust R4 until the period 

of the square wave is 11.9 milliseconds. :, 

,4-51. NULL SENSI,TIVITY ADYWST. Proceed as 
fbllow% “~” 



a. 

b. 

c. 

d. 

e. 

Adjust the meter electrical zero.’ Set the INPUT 
MODE switch to TVM and the SENSITMn switch 
to the 1 millivolt position. 

Apply +1 millivolt to the INPUT terminals. 

Refer to Figure 4-8 and adjust R9 for a full scale 
meter deflection (1.0) &.1/2’a small division. 

e. If,necessary, readjust R23 and R24 until. the ‘r&e 
of the CURRENT LIMIT control is from 2 to 00 
milliamperes. 

f. Set the POWER switch to STDBY/RESET. 
th@ top inner ccvei- on the Model 335A. 

Replace 

4-55, OUTPUT CURRENT MONITOR. Proceed as 
follows: 

Apply -1 millivolt to the INPUT terminals. The 
metor pointer should deflect full scale to the left 
of zero *l/2 a small division. 

a. 

b. 
Apply to each cf the remaining SENSlTMTY ranges, ,’ 
the corresponding voltage’ that will cause a ftill 
scale deflection. In each’c&e, the ‘meter pointer ,, ‘, ,c., 
should deflect full scale, *l small division’. 

Set the SENSITIVITY switch to “I”. 

Adjust the CURRENT LIMIT cpntrol to obtain a 50 
milliamp&re, indiCatitifi’dnl,tbe external meter. 

4-52. Voltage Standard 
d.’ 

,+53. AUXILIARY POWERSUPPLY. With POWER 
switch in the OFF position, connect the Modcl33SA, 33513 : ,~’ 
,thrcugh an autotransform& to the power line. Adjust 
the autotransformer for nominal line voltage. Extend C. 
the Auxiliary Power Supply P/C Assembly (A5A5) on 

Rotate the,,,adjustment labelled ,OUTPuT CURRENT 
METERWSI c&il the front-pan&meter pointer 
,inditiates 5P:,qjlliatiperes,on the red scale. 

Set the,R&ti switch to 100,&a; then to 1000 
volts. ‘~The’front-panel metwshould tndicate 5,O 
mUliatqeres, In ,each p&ion cf the RANGE switch, 

Set the POWER switch td STDBY/RESET. Rcmovc 
the external mater connections from the imtrument. 

the extender card provide,d. Set, the POWER switch 
,to the STDBY/RESET position. Allow approximately 4-56. OUTPUT VOLTAGE MONITOR. Proceed a8 
,lO minutes for warm-up; thPn proceed a6 follows: follows: 

a. Using the +SENSE terminal as common, connect a”,’ a. 
Model 885A to pie 10 OD the Auxiliary Power Supply 
P/C Assembly. 

Set t@ front panel controls, ai follows: 

b. Referriog to Figure 4-8, adjust R9 until the Model 
885A indicates 25 ,voltrr, r10 millivolts. 

b. 
c. While varying the~line voltage from 100 to 130 

volts ae, the Model 885A indication should not 
change more tbas 20 millivolts. 

,C.’ 
d. Set the POWER switch to OFF. Disconfiect the Model 

885A. Replnce the Auxiliary Power Supply P/C As- 
sembly. Return the POWER switch to the STlJBY/ 

SENSITMTY v ,’ ‘: 
RANGE 100 ‘, 
Readout Dials 100.00000 

Rotate the adjustment labell@ ,OUTPWT VOLT- 
METER ADJUST until the front-panel meter in- 
dicates 100 volts &O. 5 volts., ‘,,. 

Meter linearity may be checked at the cardinal 
points listed in ,Figure 4-9.” Ail meter isdicatiotis 
should be withis’*3% of’the readout dial settings. 

KESEI‘ position. 4-57. VOLTAGE TRIP., Proceed as follows: 

4-54. CURRENT LIMIT. Proceed a8 follows: a. 

a. 

b. 

c. 

d. 

Set the controls as follows: 

POWER STDBY/RESET 
RANGE 
Readout Dials ~Poooooo 
TRIP 1000 
VERNG3R maximum clockwise 
CURRENT LIMIT maximum clockwise 

b. 
Connect a 0 to 100 dc milliammeter aci-css the 
OUTPUT terminals. Set the POWER switch to 
OPR. 

Referring to Figure 4-8, adjust R23 for a 60 mil- 
liampere indication on the external meter. 

c. 

Rotate the CURRENT LIMIT control maximum 
counter-clockwise. Referring to Figure 4-8, ad- d. 
just R24 for a 2 mflliam~ere Indication on the ex- 
terna meter. 

Set the controls as follows: 

,‘RANGE” 100 
Readout Dials ‘, 10x.0~0000 
VOLTAGE TRIPOUT ~tiimum Counter- 

ADJUST (top cover) clockwise 
TRIP 100 
VERNIER 30” from maximum 

Rotate the VOLTAGE TRIPOUT ADJUST until the 
outpti is de-energized, as indicated by the illumin: 
atlon of the red indicator lamp and the audible, 
“click” of relays. 

Set the POWER switch to STDBY/RESET. Rotate 
the VERNIER control to the maximum clockwise 
position. 

Set the POWER switch to OPR. Set the RANGE 
switch, TRIP switch, wad readout dial8 &listed 
in Figure 4-10. Check the trip action 011 each 

4.9 
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R4 
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CURRENl 
LIMIT 

ADJUST 

Figure 4-8. LOCATION OF ADJUSTMENTS 
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before’~;rdjustment5’are ‘%&de. ‘The in%+tient mu&be 
operated in It8 case with,, the RANGE switch and read- 
,~~t,.d,~a~,s:set~for~~.lOo~,v~l~s utput. 
:, ,:” ‘, ,, ‘,,’ 

‘+i& i i+E,RG pUTP:UT ADJUSTMENTS. ,follows: .,, ,,‘:I, ,,, Proceed a8 :, ,,,A;, ,,,, 

RANGE I READOUT DIALS 

, I I 

Figure 4~9., CONTROL SETTINGS FOR VOLTAGE 
‘:MtiNITOOR LltiEARITY CHECK 

range by rotating the VERNIER control counters 
clockwise. The trip, point should occur in each 
RANGE switch position when the VERNIER co&-01 
is approximately 30’ ,frOm the maximum clock- 
wise position. 

TRIP 1 RANGE 1 READOUT DULLS 

ii06 
10 r_o.xooooo 
1000, ,,l_oxx,,~oo~o~ 

a. 

b. 

c. 

d. 

c. 

Set the controls as follows: 
POWER OPR 
RANGE 1000 
Rea.dout Dials 00x. 0000, 
VOLTAGE TRIP 1000 
VERNIER maximum clockwise 
CURRENT LIMIT maximum clock!4b8 

Cmmect a Model 885-A to the MASTER REFERENCE 
TEST points through the top inner cover., 

Adjust CAL 1W0, CAL 1OU and CAL 10 mechanically 
to rnld-pow (d travel. 

Rotate the MASTER ‘BE&RENCE adju&ent t,o 
obtain an indication ‘of~6r 02 volts (*lo tiv),,,on the 
Mod61 885A. 

Set the POWER switch ib SPDBY/RESET. 

4-59. VOLTAGE STANDARD OUTPUT. 

4-60. The voltage standard Ls calibrated by setting the 
zero output and adjusting the sample string resistors 
,and the range resistors. Adjustment of sample string 
resistors determines output voltage ratio accuracy and 
adjustment of range resistors determines ,absolute 
voltage +curacy. The ~linearization adjustment in- 
volves adjusting c,or’responding resistors in adjacent 
,decades so they are is ex&ct ten-to-one ixtio,of each 
other. 

4-61. The instrument should be warmed up for at least 
fdti h&s at’btinchtard reference co&ions cd 2.30 +ioc, 
up to 76 relative humidity and constant line,voltage 

a. 

b. 

c. 

d. 

Slide the instrument chas~sls out:of the case just far 
enough to reach the ZERO OUTPUT adjustment holes 
(IN, lOOV, 1OOOV) in the ,cover. 

Connect a Model 885A,differential voltmeter or a 
Model 845AR null detector ac~o86 the OUTPUT 
terminals. Set the voltage standard dial readout 
to’&lP neros”abd the PPWER switch to OPR. 

At each RANG$“switc,h positibn, ‘vary the corre- 
spending ‘ZERO Omtiti adjtitmentr (lOV, lObV, 
‘IOOOV) for a riull ,indicatlon (+I microvolt) on the 
voltmeter. ,, 

Slide the chassis back into the case and rech>eck 
the zero outp~$ adjustme+. 
if il+eary.,: “A;,‘y 

Refine the adjustments 

a. 

b. 

c. 

d. 

e. 

f. 

K. 

h. 

i. 

j. 

Connect the qiipti,eat,as show& Figure 4-11. 
,: 

Self-calibrate the Model 720A according to,tts 
instruct~os manual. 

Turn bn the reference voltage source (Model 332B) 
and allow to stabilize ,at equilibrium temperature. 

Linearization adjustments do not depend 
‘on the calibrated accuracy of the Model 
332B used as an external reference. An- 
other 10 volt source of equivalent Output 
stability may be used. 

~Settl&voltage reference source ior 10 volts output. 
‘set,y@vlodel,7?oA to: 1000000. 

‘: 
Slide the unit out of the case just far enough to reach 
the SAI@W STREVG A,lXLBT (DECK A AND DECK B) 
and CAL (lOOOV, 1oOv) access holes. 

Set the Model 7SOA INPUT VOLTAGE switch to 100 
and the OUTPUT VOLTAGE switch to 10. 

Set the POWER switch to, OPR, set the RANGE 
switch to 1000 and the dial r,eadout to 00X.0000. 

Rotate, the CAL, 1000Vadjustm’ent to, obtain a null 
,(f.S,,uv)on the null detector. 

Set the Model 845AR to ZERO m’odc. Set thl; instru- 
mfnt dial rebd6ut to 010.0000. ~’ ,,,,. 

Set thd Model 845AR to’OPR mode. Rotat;‘adj&t- 
,me,nt l.of DECK,B for,a’nu11(+.5 uv) indication. 

4.11 
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., Figure 4.11. CONNECYONS FOR LINEARIZATION ADJUSTMENT 
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k. z;..at the procedure for steps c through g of Figure d. On the Model ISOA, collnect’the’standard’cell to the, ” 
STANDARD CELL terminals and the null detector 

1. Set the RANGE switch to 100 and perform the adjust- 
ments listed in FQur,+ 4:13,,f,or, the,.+ :FEC,Ic. ,,‘. 

4-64. RANGE CALIBRATION; :P&&~‘& ~Eolld&:,~ 

a., Connect the equipment as shown in ,Figure 4-14. 
Use low,- thermal, (copper), leads with’space lugs; 
the leads should be a% Bhort as possible. 

,,, 

b. On the ,Mqdel 335A/3,3’513, coniiect the OUTPUT and 
SENSE terminals together and connect the OUTPUT 
terminals’to the OWTPUT terminals on the Model 
750A. Connect the GUARD terminal to the shield, 
of the output cable and connect the VM AC COMMON 
terminal to the ground (I) terminal. 

to the NULL DETECTOR terminals. Set the Model 
845AE fqr re,duced,se,nsitivity. Set the Model 75OA 
‘controt:as follows: ,,‘. ,::: 

STANDARDCELiVOL?AGE Voltage of 
cell in use 

INPUT VOLTAGE R,ESET 

B. Slide the Instrument chassis out of the case just far 
enough to reach the CAL adjustment holes (IOV, 
lOOV, ‘1OOOV) in the,top cover. 

f. Set the POWER switch to OPR. Set the Model 
750A STANDARD CELL ClRCUIT switch to MO- 
MENTARY and note’tho deflection on tha Modal 
845AR. 

c. Set the ,front panel controls’ BS follows: 
,, “’ 

,’ 
g, ,Adjust the CAL lOVincrea?inp nu~~detcctor Sensitivity’ 

NULL ZERO O+R until zero volts (.*1’:0 microvolts) is’itidicated ‘in the’ 
INPUT MODE TVM Model 84SAR for the 335A (ho.5 UY, 33SD).“; ,’ 
SENSlTlVlTY V 
F) A IrTr.P rn h. Repeat the adjustments for thhs 100 nn&lOOY volt 
A...I.YY 

TRIP 
TRIP $+ERNIER 

CURRENT LIMIT 

Reaeft Dials’ 

A” 

1000 
Maximum clock- 
wfse 
Gpprox. 10” from 
maximum counter- 
clockwiee 
EL 000000 
STDBY/RESET 

,rangcs according to l?i$ur~ 4-l 5. ,’ 
CAWTI~~:,~‘,~:. “; ~ ” ,’ 

The overvoltage ‘protection feature, of the 
Model 75OA is nulullified when thetest voltage 
ia applied to the OFPCJT YOLTAGE, t&ii- 
nala . Always re+~e’ the, ,apbliecl voltage 
before reducing the WIodel’ 75OA OWTP,uT 
VOLTAGE switch,setting. 

STEP I 335 DIAL SETTING 1 720A DIAL SETTING 1 ADJUSTMENT 1 NULL TOLERANCE,(w) 

a. 

b. 

c. 

11. 

c. 

f. 

E. 

00x.0000 .1000000 CAL ,100OV (335,A: 2) (335D,‘= -5) 

010.0000 .1000000 I (335A = 2) (335D 5.5) 

020.0000 .2000000 2 (33SA= 2) (335D= 1) 

040.0000 .4000000 4 2 

060.0000 .6000000 6 3 

080.0000 .SOOOOOO 8 3 

0x0.0000 ~000000 X ‘3 

Figure.4.12. DECK B ADJUSTMENT:INSTRUCTIONS 

STEP 335 DIAL SETTING 720A DIAL SETTING ADJUSTMENT NULL TOL,ERANCE (uv) 

a. 0x.00000 .1000000 CAL IOOV (335A,= 2) (335D = .5) 

h. 10.00000 .1000000 ,l (j35A= 2) (33513 = .S) 

c. qooooo .2000000 2 (335X= 2) (335D= 1) 

d 40.00000 ‘.4000000 4 2, 

c. ‘60.00000 .6000000 6 3 

f. Hn.nonno ‘.8000000 ” 8 3 

8. ~0.00000 j,ooooooo IO 3 

Figure 4-13. DECK A @JlJSTMENT ,lNSTRUCTlONS 

1 

4-13 
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Figure’4.14.’ CONNECTIONS FOR RANGE~CALIBRATION 



i. Sllde the chassis back into the ctise and check the 
accuracy of &put at the RANGE and dial readout 
settings listed in Figure 4-15: The indication on 
the M&l a5AR ah&d be within the given tolerance. 

455. TROWBLESHOOTING 

466. A thorough understanding of the ,principlcs of 
operation is absolutely ncccssary to efficiently trouble- 
shoot the instrument. It is recommtindcd that you review 
Section III before attempting to troubleshoot tbc ullit in 
detail. 

4-61. The following troubleshooting procedure is in 
such sequence tl@ it can be applied to any tit, including 
one in which the trouble is totally unknown and there is 
doubt whether power eaa be applied, without causing 
damage. Ii the unit Is operable, the Resistance Measure- 
ment and Standby Power Check, Paragraphs 4-68 and 
4-10 may be omitted. The checkout follow&the guidelines 
listed bekw, and is intended to localize the trouble to an 
assembly which may bwtested individually. 

a. Remove the Pre-Regulator P/C Assembly. 

b. Check slY ‘auxlllary supplies and the referen% voltage. 

- 
ajvrt 

- 
XWCK 

c 

c 

c 

Figure 4.15. CONTROL SETTINGS AND TOLERANCES 
FOR RANGE CALIBRATION 

335A13350 

,,, 
c. Check the Ccmtrol Amplifier to ensure that it operates 

properly when provided with an enor signal. 

d. Verify U&the h-eYRe&ator ti being t&.ed on altd 
off by the Unijunction Oscillator. 

When It can be verified that the Pre-Regulator ie con- 
rolling power to the’ Nigh Voltage Rectifier, the ,POWER 
switch may ,be set to the OPR position end the Series Pass 
Element checked. 

[g] 

The innerchae@a is at the same potential as 
the *OUTPUT terminal. Avoid contact with 
the inner chassla and exposed pa+. ?I?@’ 
Pre-Regulator circuitry is at lirie voltage 
above ground. When &ngfn~ P/C boards, 
us the POWER switch OFF posit&ii tid wait 
a few second9 after removing pO!+rto allow’,,,, 
capacitors to discharge. When changing the 
Pre-Regulator Assembly, set the POWER 
switch to OFF. 

,,. 
4-68. Resisrance Measurements 

4-69. These checks verify correct output resistance Of 
~awlllmy voltagesupplies. A check of the sample string 
msly reveal an open resistor, which LB sometimes a cause 
of 106s of regulation. An ohmmeter (RCA Voltohymst DT 
equivalent) is required for thes test. 

a. Di@camect the inetntmerd power plug frti ac power. 
Dise~lgage the chassis from tbe case by lpdeening the 
two Dzus fasteners on the rear of the instrument. 
slide the unit wt of the ease and remove the top imer 
cover. This will opwi the iderlcck. ‘, 

b. Remove the Pre-Regulator P/C A@.sembly. Set the 
instrument PWEFf stitch to OfF and set the readout 
dk& to all zeros. 

c. ~asure the resietasce between the following test 
points and the +SENSE termtnal,, Connect the 
assembly to the mother board by wing the extender 
card 

ASSEMBLY 

Auxiliary Power Supply 
Auxiliary Power Supply 
Current Limiter 
Current Limiter 

PIN RESISTANCE 
(&Pro% ) 

9 9,0 kilohms 
10 2.2 kilohms 

,,; 
5. ,O kilohms 
3.0 kilohms 

d. Disconnect the shorting links between the SENSE 
and OUTPUT terminals. Remowthc Differential 
Atipliffer Asse,mbly and Connect ati ohmmeter 
betweewpin 5 of the Differential, Amplifier socket 
and the -SENSE terminal. The ohmmeter should 
indicate less than 0.5 ohm. Step each dial through 
its ‘range; the resistance should lacYease ac- 
cording to the following table. Return each dial 
to zero after checkout. 
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This check detects gross errors only, such 
as an open resistor. +sistors axe fadory 
selected for accuracy and temperature 
coefficient. 

READOUT DIAL RESETAliCE INCREASE 
OHMS PER STEP 

Seventh 
Sixth 
Fifth 

0. 1 
1.0 
10 

Fourth 100 
Third 1000 
S@COd 10,000 
First 100,000 

8. Reconnect the lie& between the SENSE and OVTPUT 
terminals and replace the Differential Amplifier 
Assembly. 

470. Standby Power 

4-11, This check measures power consumption in the 
STDBY/RESET mode. It reveals possible gross faults 
such ae shorted components in the auxiliary power supply, 
voltage control circuitry and protection circuitry. A 
metered Variac and differential voltmeter are required for 
this test. 
a. Remove the top inner cover and the Pre-Regulator 

Assembly if not already accomplished. 

b. Connect the instrument through a Variac t0 a 115 
volt, 60 Hz, power line with a wattmeter or ammeter 
In serice between the Variac and the instrument. 
Set the variac output to zero. set the front panel 
controls as follows: 

POWER OFF 
VOLTAGE RANGE 100 
VOLTAGE TRLP 1000 
VERNIER maximum clockwfse 
CURRENT LIMIT maximum clockwise 
Readout Dials 50.00000 

c. Set the POWER switch to STDBY/RESET and slowly 
increase the output of the Varlac to 115 volts. The 
CURIlENT LIMIT and center decimal lights should 
operate. The wattmeter should indicate 30 to 40 
watts power drain. 

4-72. Auxiliary Supply Voltages 

4-73. This procedure checks out the bias voltages, 
tnaster reference voltage and the series pass element 
voltage. 

a. “sing the Model 865A tiferential voltmeter, measure 
the voltage between the test points listed in Figure 
4-16 and the +SENSE terminal, which is common. 

b. Where Indicated, perform the adjustment to deter- 
mine that Lt can bz made. These should be rechecked 
dw@ call bration of the instrument. 

4-16 

ASSEMBLY Ply VOLTS DC 

Auxiliary Power Supply 10 23 to 21 p= 

Auxiliary Power Supply 9 -14 to -16 

Current Limiter 1 -33 to -39 

current Limiter 3 33 to 39 

Reference Calibration Test Points 5. 9 to 6. 1 
D 

mister Reference Collector Ql 26 to 35 D 

series Pass Collector QS Approx. 14( 

Rear bulkhead power Yellow lead 650 
resistor, 100 kilohms 

e Adjustable to 25 *lo volts with R9 

D Adjustable to 6. 02 r10 volts with A2 

Approximately 1 volt at turn-on, rising to 
k7== 26 to 35 volts after 10 minute warmup. 

Figure4.16. REFERENCE AND AUXlLtARY VOLTAGES 

4-74. Unijunction Oscillator and Amplifier 

4-75. This check verifies operation of the unijunctlon 
oscillator and the flow cd error signal through the chopper 
amplifier, differential ampliffler and ecries pss driver. 
An oscilloscope and a general purpose power supply are 
requtred for this test. 

a. Connect the oscilloscope with a 10X isolation 
probe between pins 14 (common) and 15 (input) of 
the Series F-as P/C Assembly. Set the owillosct~e 
sweep speed to 2 milliseconds/cm and vertical 
sensitivity to 50 millivolts/cm. 

b. Set the POWER switch to STDBY/RESET. Positive 
going pulses of 0.7 to 2.5 volts peak-to-p&x should 
be observed. 

c, Set the POWER switch to ON. The pulses should 
disappear. 

d. Connect a general pume power supply, Set for 5.5 
volts output, to the OUTPUT terminals: positive to 
positive and negative to negative. 

e. Set the RANGE switch to 10 and the readout dials to 
5.000000; unijunction pulses should appear on the 
oscillwcope. Set the readout dials to 6.000000; the 
unijwction pulses should disappear. These results 
verify correct control amplifier operation. 

f. To check out the additional RANGE switch circuitry, 
set the RANGE and readout dials es follows: 



RANGE READQIJT: ,,: ~JNLT~JJCT~GN 
,., ‘,, .,’ : D)IA,M,, ,! ,.; ‘, PULSES 

” “: 100 ‘, ,, ,:, ‘b5;bOOm: ‘i, :,’ ., 
100 “” ‘. 

Sliould.ap@ar 

1000 
06.‘bOflOP ,‘, Miopl~, ,,&sappear 
005.0000’ 

1000 006.0000 
Should appear 
should disappear 

&IT. ” diid check’v&fi& o+ra~lo~of the P+Reegulator 
circuitry Ql through Q6. An wcilhscope and a power 
line isolation adapter ape required for this test. 

a. Set the POWER switch to OFF. hstall the Pre- 
Regulator P/C Aeeembly. 

b. Set the front panel controls as follows: 

,,, 

,, .:,_ 

OFF 
1”“” 

VOLTAGE TRIP ii0 
VERNIER maxfmum e1ockw1se 
CURRENT LIMT maximum clockwise 

c. Conwxt the oscillocsope power plug to the ac line via 
a line isolator (two-to-three wire adapter). The 
oscilloscope must be operated ungrounded when 
observing pre-regulator waveforms. 

d. Connect the oscitloscope common to the emitter 
(blue) of Ql and connect the iuput to the base (yellow). 
(Ql ts the stud-mounted power transistor. ) Set the 
VwtiCal input to EC, SWep Speed to 2 millisecond/cm 
and the vertical sensitivity to 1.0 volt/cm. 

e. Set the POWER Switch to STDBY/RESET. The 
oscilloscope waveform should appear as shown in 
Figure 4” 11. 

f. Set the Pm switch to OPR. The waveform should 
appear as shown in Figure 4-18. 

4-78. Series Pass Element 

4-79. B the procedure has been completed sattsfactorily 
thw far. the main parts of the voltage control circuitry 

Figure4.17. PRE-REGULATOR Ql. WAVEFORM ON 
STDBY/RESET 
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,., ,,, 
‘Y ( ‘, :TMS,CM ‘, ,.,: ‘, ‘, 

L I 

Figure4.18. PRE-REGULATORQl.WAVEFORMONOPR 

have been checked out excluding the Series Pass P/C 
Assembly. A simple check of the series pass functfon 
IS to measure ac line power consumptton in OPR mode 
with 1000 volts dc output. A metered Variac, a differ- 
entlal voltmeter and a load resietor box are required for 
this test. 

a. Set the front panel controls as follows: 

METER VOLTAGE 
POWER 
RANGE 
VOLTAGE TRIP 
VERNIER 
CURRENT LIMIT 
Readout Dials 

1000 
maximum clockwise 
maxhnum clcckwise 
AXI zeros 

b. Close theinterlockswltches. Set the P(IWER switch 
to O&W and step the first voltage dial from 0 to 10. 
The wattmeter indication at 1000 volts output should 
be 80 to 70 watts. If the indication is 80 watts o$ 
greater, It is possible that the series pas8 functios 
is faulty, assuming that any trouble is the prc- 
regulator was detected by the preceeding check. 

c. The capability of the series pass elemertt to regulate 
may be checked by measuring the voltage drop 
acrc6s the series pass transistors. Connect a dc 
high-impedance voltmeter between pine 11 (positive) 
and 5 (common). Set the RANGE switch to 10 aud the 
readout dials to all x1-08. Adjust the line voltage 
to 100 volts, The voltmeter indication should be less 
than 85 volts. 

d. Connect the voltmeter betweenthe collector of Q8 and 
pin 5. Measure the voltage aciws Q8 at the following 
control settings end line voltages. The voltage should 
be wtthin the given urnits. 

VOLTAGE LIMITS 
READOUT LINE 

RANGE DIALS 
ACROSS QB 

VOLTAGE MIN MAX 

10 All zeros 100 2 100 
10 All zeros 130 100 

e. Set the PGWE!R switch to STDBY/RES@T and connect 
the Load Resistor Box, set for 18.3 kilohms (60 ma 
load), to the OUTPUT terminals. Set the POWER 
switch to OPR and measure the voltage ac.cposs Q8 
at the following control ssttir@ and line voltages. 
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VOLTAGE LIMlTS 
READOUT LINE ACROSS QS 

RANGE DIALS VOLTAGE MIN MAX 

lOD0 10x0.0000 100 55 
1000 10x0.0000 130 ii 55 

f. Set the POWER switch to STDBY/RESET and dis- 
connect the Load Resistor Box. On the 1000 volt 
RANGE, set the readout dials for output voltages 

4”18 



5-l. INTRODUCTION 

5-2. This section c~ntis’complete descriptions of 
those parts one might normally elqJect to replace clurjng 
the life of the instrument. The first listing is a break- e. 
down of all of the, major assemblies in the instrument. 
Subsequent listings ltemfze the components in each as- 
sembly. Every listing is accompanied ,by an illustration 
identlfyfng dach component in the listing. Assemblies f. 
awl subassemblies ‘are identified by a reference de&- 
nation beginning with the letter A, (e.g., Al, etc.). 
Components are identified by the schematic diagram 
reference designation (e.g. RI, c101, Wl). Parts not 
appearing on the schematic diagram are numbered g. 
consecutively thrtivghout the parts list ,with a whole 
number in arrow calhut Illustrations and are identified 
by index number only in grid illustrations. Flagnotes 
are used through&t the parts list and refer to’ ordering 
explanations. The flagnote explanations appear at the 
end of the parts list in which they are listed. 

5-3. COLUMNAR INFORMATION 

a. 

b. 

d. 

h. 
The REF DESIG c&unn indexes the item description 
to the associated illustration. In general the refer- 
ence designations are listed under each assembly 
in alpha-numeric order. Subassemblies of minor 
proportions are sometimes listed with the assembly 
of which they are a part. In this case, the refer- 
ence de&nations for the components of the sub- 
assembly may appear out of order. 
The INDEX NO. column lists coordinates which 
locate the designated part on the associated illus- 
trations. 

i. 

The DESCRIPTION column describes the salient 
characteristics of the component. Indention of the 
description indicates the relationship to other as- 
semblies, components, etc. In many cases it is 
necessary to abbreviate in this column. For abbre- 
vi&ions and symbols used, see the following page. 

The ten-d&it part number by which the item la 
identified at the John Fluke Mfg. Co. is llsted in 

the STOCK NO. colu& Usi this nutibe,r,when 
order% parts from.the factory, or autb+&d rep- 
lT$ddlWS. 

The Federal *ply Cod? f&We item manufaC@rer 
fs listed in the MFR column. ,An abbrev@te,d l&t 
of Federal S.@y Codes Is included in the AppendFx. 

The part number which uniquely identifies ,the:ltem 
to the original manufacturer is listed in the MFR 
PART NO column. If a component must be ordered 
by description, the type number is Ii&d. 

The TOT QTY column lists the total quantity of the 
item used in the instrument. Second and subsequent 
listing of the same item are referenced tothe first 
listing with the abbreviation REF. Iwthe Case of 
optional subassemblies, plug &a, etc. that are not 
always part of the iwtrument, the TOT WY coIumn 
lists the total quantity of the item in that particular 
assembly. 

mtries in the REC QTY column indicate the recoin- 
mended number of spare parts necessary to SupPOrt 
one to five instruments for a period of two years. 
This list presumes an availabtiity of common elec- 
tronic parts at the mafntez?ance stte. For mainte- 
nance for one year or more at an isolated site, it is 
recommended that at least one of every part iv the 
instrument be stocked. 

The USE CODE column identifies certain parts 
which have been added, deleted or modified durjng 
the production of the instrument. Each part for 
which a Wse,Code has been assigned may be iden- 
tified with a particular instrument serial number by 
consulting me Serial Number Effectivity ,List at the 
end of the parts list. As Use Codes are added to 
the list, the ,TOT QTY,column list~s are changed 
to reflect the most current information. Sometimes 
when a part is changed, the new part can,and should 
be used as a revlacement for the orizinzd part. In 
this event a p&enthetical note is added &the DE- 
SCRWTION~column. 
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5-4 HOW TO OBTAIN PARTS b. FLUKE Stock Number. 

5-5. Standard components have been used wherever 
powdble. standard Components may be ordered directly 
from the manufacturer by wing the manufacturer’s part 
number, or parts may be ordered from the John Fluke 
Mfg. Co. f&tory or authorized representative by usti 
the Fluke part number. Yn the event the part you order 

c. wescrlption. 

d. Reference Weslgnatlon. 

has been i&placed by a new OF improved part, the re- 
placement will be accompanted by an explanatory note 
and installation tnstructions, 19 necessary. 

Example; 2 each, 4805-177105, Transistors, 2N3565, 
QlO?-108 for 845AR, s/n 168. 

5-E. You can insure prompt and efficient handling Of 
your order to the John Fluke Mfg. Co. if you include 
the Pollowhg Information: 

If you must order struchrral parts not listed in the parts 
list, describe the part ae completely as possible. A 
sketch of the part showw fts location to other parts of 

a. Q.untity, the instrument is usually most helpful. 

5-7. SERIAL NUMBER EFFECTIVITY 

5-8. A Use Code column is provided to identify certain 
parts that have been added, d&ted, or modified during 
production. Each part for which a use code has been BS- 
signed may be identified with a particular instrument serial 
number by consulti,ng the Use Code Effectivity List below. 
All parts with no code are used on all instruments with 
serial numbers above 123. New codes will be added 8s TC- 
quired by instrument changes. 

USE 
CODE 

NOW 

A 

B 

C 

0 

0 

5-2 

EFFECTIVITY 

Model 335A/335D serial numbor 123 and on. 

Model 33SA serial number 123 thru 147. 

Model 33512/335D serial number 148 and on. 

Model 335A serial number 123 thru 151, 153 thru 
169, 171 thm 176, 178, 180, 182 thru 184, 187 
and 190 thru 197. 

Model 335A/335D swial number 152, 170, 177, 
179, 181, 185, 186, 188, I89 and 198 and on. 

Model 33SA serial number 123 thru 197. 

Model 335A serial number lY8 thru 338. 

Model 335Aj335D serial number 339 and on. 

Model 335A serial number 123 thru 219. 

Modul 335A/335D serial number 220 and on. 

Model 335A serial number 123 thm 337. 

Model 335A/335D serial number 338 and on. 

Model 335h serial number 123 thru 209. 

Model 335A/335D YC& number 210 and on. 

Modal 335Aj335D serial number 444,454,458, 
467,470,480 and on. 

Model 335A serial number 123’thru 486. 

P 

a 

R 

S 

T 

U 

V 

W 

X 

Y 

Model 335Al335D serial number 487 and on. 

Model 33SA serial number 123 thtu 576. 

Model 335A/335W serial number 571 nnd on. 

Model 335A serial number 123 thru 599,601 thru 
620. 

Model 335A/335D serial number 600,621 and on. 

Model 335A serial number 210 thru 576. 

Model 335A serial number 123 thm 671. 

Model 335A/335W serial number 672 and on. 

Model 335A/335W serial number 123 thru 629, 
63 1 thm 761 and 777 and on. 

Model 335Aj335W serial number 630 and 762 
mu 116. 
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REF INDEX 
DEslG NO, 

DESCRIPTION STOCK ” ,MFR MFR TOT REC USI 
NO PART NO QTY QTY COf 

DC VOLTAGE STANDAR,D-DIFFERENTIAL 335A 01 335~ 
VOLTMETER-NULL DETECTOR 
Figure ,5-l 

91 Capacitor Assembly (See P/C 
Figure 5-2) 

1702-219212 89536 1702-219212 1 
(336A-4062) 

42 

43 

Sample String P/C Assembly (See 
Figure 5-3) 1 

Capacitor Switch P/C Assembly (See Figure 5-4) 1702-227603 89536, L702-227603 
(SXW-4092) 

1. 

Reference Calibration P/C Assembly (See Figure 5-5) 1702-219113 89636 1702-21911X 1 
(335A-4052) 

15 Main Mother Board P/C Assembly (See Fi$ure 5-E) l?O?-219238 89636 1702-239238 1 
(335A-4064) 

15Al Master Voltage Reference P/C, 
Assembly (See Figure 5-7) 

1702.298653 89536 1702,-298653 1 
(335A-4101) 

15A2 Series Pass Driver P/C Assembly 1702-219154 89636 (See Figure 5-8) 1702-219154 1 
(335A-4058) 

iSA 

.5A4 

Xffsrentiai Amplifier P/C Assembly1702-2L9162 (See Figure 5-9) 89536 1702-219162 1 
(335A 4057) 

- 

Chopper Amplifier P/C Assembly 1702-219170 
(See Figure 5-10) 

89556 1702-219170 1 
(335A-4058) 

5A5 Auxiliary Power Supply P/C 
Assembly (See Figure 5-11) 

1702-219188 89536 1702-219188 1 
(335A-4059) 

Current Limiter P/C Assembly (See Figure 5-12) 1702-219196. 89536 1702-219196 1 
(335A - 4060) 

6 

6Al 

6A2 

Isolated Mother Board P/C (See Figure 5-13) Assembly 1702-219147 89536 1702-219147 1 
(335A 

- 
4055) 

Null Detector Power Supply P/C 1702-219121 89538 
Assembly (See Figure 5-14) 

1702-219121 1 
(335A 4053) - 

Null Detector Amplifier P/C, 702-219139 89536 
Assembly (See Figure 5-15) 

1702-21915~9 1 
(335A - 4054) 

1 Time Delay P/C Assembly (See Figure 5-16) 1702-192260 1702-192260 1 
(332A 420) 

SOS+ - 

8 

8Al 

High Voltage Mother Board P/C 
Assembly (see Figure 5-17) 

series pass Element P/C Assembly (see Figure 5-18) 

1702-219220 89536 1702-219220 1 
(335A - 4063) 

1’702-219204 89536 (335A-4061) 1702-219204 1 

r8A2 Preregulator P/C Assembly 
(See Figure 5-19) 

1702-222000 89536 1702-222000 1 
(335~~4082) 

.9 Extender Board P/C 1102-18’7344 89536 1702,-187X44 1 
(332A-415) 
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NDEX 
NO 

DESCRIPTION 

Cap, oil, 4 nf *lo%, 1,200~ 

Cap, eer, 0.01 ti, gmv, 1,600~ 
(located On Cl) 

cap, cei-, 0.005 ti +2%, 3,ooDv 

cap, p1stc, 0.1 uf +vJ%, 1,500v 

cap, p1stc, 0.1 uf *lo%, 1,500v 

cap, eer, 0.1 uf +so/-20%, 5oav 

Cap, cer, 0.1 ti +80/-Z%, 500.1 

Cap, Ta, 10 uf +I%, 20~ 

cap, ph!tc, 0.47 uf *zu?&, 25ov 

Diode, sillcon, 1 amp, 100 pfv 

Diode, Wicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Lamp, incandescent, 28~ 
(not illustrated) 

Lamp, incandescent, 28~ 
(not illustrated) 

Lamp, incandescent, 28~ 
(not illustrated.) 

Lamp, incandescent, 28~ 
(not illustrated) 

Lamp, incandescent, 28~ 
(not illustrated) 

Fuse, Type MIX, slow blow> 1/P amp; 
25Ov (not illustrated) 

Fuse, Type MDA, slow blow, 3 amp, 
250~ (For 115~ operation) 
(not illustrated) 

Fuse, Type MDX, slow blow, 1-l/2 
amp, 250~ (For 230~ operation) 
(not iUustratecl) 

Binding post, red, OUTPUT 

Binding post, black, OUTPUT 

Binding post, red, SENSE 

Binding post, black, SENSE 

Binding post, blue, GUARD 

STOCK 

t 

NO 
MFR 

1505-183541 01884 

1501-106930 71590 

1501-188003 71590 

1507-234260 96’733 

1501-234260 9673s 

1501-105684 56289 

1501-105684 56289 

1508-160259 05397 

1507-184366 73445 

4802-116111 05271 

4802-112383 0527’7 

4802-112383 05277 

3901-175265 89730 

3901-175265 89’730 

3901-175265 89730 
I 

3901-115265 89730 

I 5101-166306 71400 

5101-109280 71400 

5101-109231 71400 

2811-149856 584’74 

2811-149864 58414 

2811-149856 56474 

2811-149864 58474 

2811-233833 58474 

7 
MFR 

PART NO 

:MLE405K12 

DD16-103 

DDSO-602 

C-60232A 

C-60232A 

41c92 

41c92 

KlOC20K 

1280AE/P470: 

1N4811 

IN4822 

lN4822 

751 

151 

151 

751 

757 

Type MDL 

Type MDA 

Type MDX 

iAB10208G22 

sHBl0208G21 

$HB10208G22 

WB10208G21 

DFBlBLC 

K 

- 
'01 
3T 

r 

2 

1 

2 

tEl 

2 

tE1 

5 

2 

55 

40 

1El 

5 

1El 

T 

r I 
Y( 

? 

- 
USE 
OD 
- 
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REF INDEX 
DESld NO 

J6 

51 

J8 

J9 

YlO 

Yll 

512 

DESCRIPTION 
STOCK 

,,MFR 
MFR TOT ,R:EC I.6 

NO’ PART NO QTY QTY CO! 
,,, 

Binding post, blue, VMAC COMMON 2811-233833 58474 DFS~BLC RE1Er 

Binding post, GROUND, 28ll-l559Ll 58414 GPBONC 2 

Binding post, red, INPUT H 2811-149856 58474 BHBlOZO8GZ2 REF 

Binding post, red, INPUT LO 2811-149856 58474 BHB10208G22 REF 

Binding post, GROUND 2811-155931 58474 GPBONC REF 

Bin;di Et, red, RECORDER OUT- 2811-149856 58474 BIIB10208G22 ,REF 

Birdidi~ pomt, red, RECORDER OUT- 2811-149856 58414 BHB10208G22 ‘REF 
‘:,_ 

513 Binding post, black 

Kl Relay, armature, 115 ,vac, dpdt 

K1 Relay, armature, 115 vat, dpdt 

2811,-149884 58474 BHB10208G21 REF 

4504-198675 Se536 4504:196675 1 J. 

4504-148940 73949, A410:060713- 1 
90 

Ml 

R1 

R2 

R3 

R4 

R5 

RE 

R7 

RB 

R9 

RlO 

R11 

R12 

R13 

R14 

315 

RlE 

Rll 

R18 

Meter, lOO-0:lOO ua, 325sl 2901-218925 89536 2901-218925 1 

Res, met flm, 1OOk rl%, 1/2w 4705-151518 76042 TYPO CEC-TO 2 

Res, met flm, 1M +I%, 1/2w 4705-161075 ‘75042 Type CEC-TO 1 

Res, car flm, 5M al%, lw 4703-107458 75042 Type Cl3 2 

Res, car flm, !M &l%, lw 4703-107458 75042 Type Cl3 REF 

Res, var, ww, 5k ilO%, 5w 4102-219’758 71450 Type AW 1 

Res, “W, WV, sooci +10%, 5w 4702-219741 71450 Type AW 1 

F&s, camp, !OOM +lO%, I@w 4704-190520 01121 EB1071 1 

F&s, camp, 27oa *lo%, aw 4704-110189 01121 HB2711 2 

Res, car flm, 9M, matched b 

Res, car flm, 900k *l/2%, 1/2w 4103-107391 75042 Type Cl2 1 

Flee, ear flm, 90M, matched D 

Res, car flm, 1M, matched D 

Res, car flm, lOOk, matched D 

Res, car flm, ,lOk, matched D 

Res, car flm, lk, matched D 

Res, car flm, 1000, matched D 

Rea, eomp, 1861*5%, 1/4w. 4704-219022 01121 CB1805 1 

F&s, camp, 27051 r596, 1/4w,, 4704-160804 01121 CB2715 1 



REF INDEX STOCK 
MFR 

MFR TOT REC USE 

)ESIE NO 
DESCRIPTION 

NO PART NO QTY QTY CODI 

R19 Res, met flm, lM, matched b 

R20 Res, met flm, lOOk, matched D 

R21 Res, met flm, lOk, matched D 

R22 Res, 5M +2C%, 0.2~ var, camp, 4701-219733 71450 Type 70 1 

R25 Res, camp, lk *l@%, l/zW 4704-108563 01121 EB1021 5 

R26 Res, 5OOn *5%, 25~ ww, 4706-185633 14193 Type MC250 1 

R21 Res, 1OOk *I%, 1Ow ww, 4706-177121 14193 Type SP1127 2 

R28 Rcs, ww, look *1%, low 4706-177121 14193 Type SP1127 REF 

R29 Res, “ai-, car, 10k +20%, lj2w 4703-162800 12697 series 37 1 

R30 Res, 4.7k *IO%, 1/2w camp, 4704-108381 01121 EB4721 3 

Sl Switch, POWER, STRBY/RESET wafer 5107-187864 76854 Type nc 1 
Switch, POWER, OPR wafer 5107-187872 76854 248214HC 1 

s2 Switch, RANGE, rotary, lip, 3 pas, 5105-237305 89536 5105-257505 1 
5 sect 

$3 Switch, TRIP, rotary, 3 pee, 2 sect 5105-240739 89536 5105-240739 1 

94 Switch, INPUT MODE, rotary, 3 pas, 5105-240705 89536 5105-240705 1 
2 sect 

95 Switch, SENSITIVITY, rotary, 11 ~OS, 5105-240713 89636 5105-240713 1 
6 sect 

SE Switch, NULL ZERO, rotary, 2 pas, 5105.240721 89536 5105-240721 1 
1 sect 

91 Switch, interlock 5104-187708 91929 V3L78 2 

sa Switch, interlock 5104-187708 91929 V3L-78 REF 

Tl Transformer, power 5602-222315 89536 5602-‘222315 1 

T2 Transformer, high voltage 5602-222307 89536 5602-222307 1 

Wl Line cord 6005-102822 89536 6005-102822 1 

XIX1 
thru Holder, lamp 2110-100131 95263 I-14 3 
xDs3 

xDs4, Holder, lamp 2110-103523 72619 7-08 2 
xrls5 

XFl, Holder, fuse 2102-160846 75915 542004 2 
XF2 

1 Coupler, dial 3153-130252 89636 3153-130252 7 

2 Coupler, R5 to ss 2402-195557 89536 2402.193557 1 



REF INDEX 
DESCRIPTION 

5TOCK MFR TOT REC USE 
JESIG NO NO 

MFR 
PART NO QTY GTY COQ 

3 Coupler, R22 ‘to S6 2402-226787 89536 2402-226787 1 

4 Cwpler, Dlglt Swttches to detqnts 3153-226779 89536 3153-226119 1 
(not ‘illurttrated) 

5 Coupler, Digit Switches, $1, S4, S5, R62$02-104505 89536 2402-104505 11 

6 Coupler, S3, S6, 3153-~~~058 ,89!36: ‘3i53-246058’ 2 

1 Coupler, Sl shaft to +assis front i;O2-1,983& && ‘:” 2&-iii8314 1 

8 coupler, sl shaft to si ~afar 2462-200592 89iSb' 2402-200692 1 

9 cover (not illustrated) 1402-227280 89536 3402-227280 1 

10 Detent, 51 5108-240895 89536 5108-240895 1 

Detent, Dl& switches 

Knob, DIGITS l-7 

Knob, NULL ZERO, TRIP 
c0ncentr1c 

ED .‘:, 

,, 

These resistors are a factory matchedset, part number 4710-227132. lf replacement of one ~r.more 
resistors 1s required, replace the entire, set. 

j-p ,.” :‘, These resistors &a factory matched set, part number 4707-239293. If replacetient of one or mom 
,res~stws wrequircd, include all informatios~stamped on the resistor along with the inf&mation de- 
scribed in paragraph S-6.’ Should the information on the resistor xiot be discernible, include all of the, 
above information aboWthe adjacent resistors, 
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CR2 

CR3 
Kl 

CRI 
R26 

T2 

ABA2 

ABA1 

A5A3 

ASA 

A5A5 

‘--‘--- ---__- --------- _------ 

Figure 5-l. DC VOLTAGE STANDARD-DIFFERENTIAL VOLTMETER-NULL DETECTOR (Sheet I of 5) 
5.8 



c7 

Cb 

XFI 

XF2 

R29 

J11 

ca 
R30 
,JlZ’ 

CP 

J13 

16 21 J6 22 J7 J 

Figure’5-1. DC VOLTAGE STANDARD-DIFFERENTIAL VOLTMETER-NULL DETECTOR (Sheet 2 of 5), 
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Figure 5-l. DC VOLTAGE STANDARD-DIFFERENTIAL VOLTMETER-NULL DETECTOR (Sheet 3 of 5) 
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Figure 5-l. DC VOLTAGE STANDARD-DIFFERENTIAL VOLTMETER-NULL DETECToR (Shed 4 65): 
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Figure 5-1. DC VOLTAGE STANDARD-DIFFERENTIAL VOLTMETER-NULL DETECTOR (Sheet 5,of 5) 
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Cap, plstc, 1 uf +20%, 250~ 

Cap, plstc, 1 uf +2%, 250~ 

Cap, plstc, 0.25 uf &$I,, 1200~ 

Cap, p&c, 0. 25 uf *lo%, 1200~ 

Diode, silicon, 1 amp, 100 piv 

Diode, silicon, 1 amp, 100 piv 
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#EF INDEX 
ESIG NO 

DESCRIPTION 
MFR TOT REC USE 

PART NO QTY QTY COD II 
A2 SAMPLE STRING P/C ASSEMBLY 

Figure 5-3 I! 
RJ, B2-NS Res, ww, 99.955k, matched D 

R2 BJP3 Res, VW, 99.955k, matched ,D 

R3 U-Q2 Res, YX, met flm, 2000s f20%, 3/4w 4701-186213 73138 78PR200 5 ‘, 

R4 SZ-,Q2 Res,var,met fJm, 2OOa+20%, 3/4w ,470l.186213 73138 78PR200’ REF, 

R5 J33.P3 : Res, ww, 99,.955k, matched ,’ ,b 

Res, WV, 99.955k, matched 

Res, WV, 99.955k, matched 

Res, WV, ¶9.955k, matched 

Res,, WI, met flm, 200&-Z +20%, 3/4w 

Res, var, met flm, 2OOCI +20%, 3/4w 

Res, ww, 99.955k, matched 

Res, WV, 99.955k; matched 

Res, WV, 99.955k, matched 

Res, WV, 99.955k, matched 

Res, WI, met flm, lOOi- *20%, 3/4w 

lb, var, met flm, 20a A30%, 314~ 

5-14 

I 
Res, VW, 19.991k, matched 



l,NDE$ 
‘ESIG ‘N,O ! 

R30 F4.Q3 

R31 F4-NS 

R32, Gl:N5 ‘, 

R33 G3-N5 

R34, G5&3 

R35 G2-Q3 

R36 G2QI 

R37 G5-N5 

R38 Hl-N5 

R39 B2-N5 

R40 H4.QY2 

R41, kI3.Q2 

R42 H3-Qi 

R43 H5.N5 ,, 

R44 WI-N5 

R45 Il.NS 

R46 12Q2 

R47, l,I-Q2 

R48 13.Q2 

R49’ I2+5 

R50 13-N4 

R51 14.N4 

R52 15.N4 

R53 14.Q2 

R54 14-42 

R55 J3-T3 

R55 

R56, S3-T2 ,,., 

R56 

R57 J3-T3 

RSI 

Rcs, VW, 1&991k,, mat+ed 

Res, VW, Zk, matched 

Res, ww, Zk, matched 

Res, ww, 2k, matched 

Res, w, 2k, matched : 

Res, ww, 2k, matched 

Res, VW, lk, matched 

Res. ww, 2OOL-l, matched 

Res, WV, 2OO&matched 

Res, WV, 2OOCl, matched 

Res, ww, 2OOfZ2, matched 

Res, VW, 2OOa, matched 

Res, ww, IOO@marched 

Rcs, ww, 2Ofi, matched 

Res, ww, 2Ofl, matched 

R&, WV, 2OP+ matched 

Res, ww, 200, matched 

Res, VW, a&matched 

Res, WV, ‘1052, matched~, 

Res, ww, 2CL, matched 
,, ,. 

Res, ww, 2fl, matched 

Res, WV, 2CL, matched 

Res, WV, 20.3, matched 

Rces, VW, 2.Cl2, matched 

Res, WV, la, matched 

Res, WV, 0.20, matched 

Resistance wire, b.lsl (See S7) 

.Rcs, VW, 0.2n, matched 

Resistance wire, O.lD (See S7) 

Res, VW, 0.20+ matched 

Resistaim wirc,‘b.ln (See S7) 

STOCK 
NO. 

D 
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REF INDEX 
ESlG NO 

DESCRIPTION ST;;K MFR 
hllFR TOT REC USE 

PART NO QTY QTY CODt 

R58 MT4 

R58 

R59 J3.Ill 

R59 

R60 33.T5 

RciO 

R61 
thru 
R64 

SI Dl.P4 

s2 Fl.P4 

S3 GI.P4 

s4 HI.P4 

s5 H&P4 

56 JlP4 

s7 14.T4 

Sl J5-P4 

Res, ww, 0.X&, matched D V 

Resistance wire, O.ln (Se S7) W 

Res, WV, 0.2Q, matched D V 

Resistance wire, O.lfi (See S7) W 

RFS, ww, O.lCL, matched 
D 

V 

Resistance wire, O.l,a (See S7) w 

Resistance wire, O.ls1 (See S7) W 

Switch, DIGIT I, rotary, I I pox, 5105.240697 89536 5105.240697 6 
2 sect 

Switch, DIGIT 2, rotary, I I pas 5 105.240697 89536 5105-240697 REF 
2 SCCt 

Switch, DIGIT 3, rotary, 11 pas, 5 105.240697 89536 5105.240697 REF 
2 sect 

Switch, DIGIT 4, rotary, I1 pas, 51057240697 89536 5105.240697 REF 
2 sect 

Switch, DIGIT 5, rotary, I1 pas, 5 105.240697 89536 5 105.240697 REP 
2 sect 

Switch, DIGIT 6, rotary, I I pas, 5105.240697 89536 5105.240697 KEF 
2 sect 

Switch, DIGIT 7. rotary, I I pas, 5105240697 89536 5105.240697 REF V 

2 sect 

Switch, DIGIT 7, rotary, 5110.291021 89536 5110.291021 I w 
(Includes R55 thru R64,O.l.Q 
resistance wire. For replacemen 
of rcsistancc wire, order a new 
S7 digit switch.) 

D Factory matched for resistance accuracy and tcmpcraturc coefficient. 
When ordering, include all information stamped on the resistor (if not 
legible include information on adjacent resistors) in addition to the in. 
formation requested in paragraph 5-6. 



335Al3350 





335Al3350 

ASSEMBLY - Figure 5-5 

Cap, plstc, 0.1 uf flO%, 2ocw 
Diode, silicon, 1 amp, 100 piv 
Res, ww, Factory selected 

Rcs, WI, met fltn, 5OOC? *IO%, ?4w 
Res, ww, 300.&Sk, matched 
Rcs, WV, 300,85k. matched 
Res, “a~, met flm, 50.9 +20%, VW 
Rcs, ww 60.1lk, matched 
l&s, ww, 30.085k, mstchcd 
Rcs, “a~, met flm, 1OCI 130% SW 
Rcs, WV, 6.015k, matched 
Res, ww, 3.0075k, matched 
RCS, ww, 3.0075k, matched 
Res, WV, 30.085k, matched 

B.’ 
Factory Selected If replacement is required, include all information stamped on the resistor (if not letiblc 

‘, Include all InformatIon on the ZC~CI over decal) in addition to the information requested in parish 5-6. 

Is=- 
Factory matched for resivtancc accurncy and temperature cocflicient. When ordcriny, include all informa- 
tlon stamped on the resistor (if not legible include information on adjacent resistors) in addition tO the 
information requested in paragraph 5-6. 

r. w r .T K T. M ?.I T) 

bgure 5-5. REFERENCE CALIBRATION P/C ASSEMBLY 



335Al3350 

REF INDEX 
DESIG ~0 

A5 

A5Al 

AL42 

A6A3 

A5A4 

STOC’K 
, 

DESCRIPTION MFR 
MFR TOT REC ,JJS,E 

NO PART NO, QTY ,QTY COD 

MAIN MOTIIER BOARD ‘1702-219238 89596 1702-219238 REF 
P/C ASSEMBLY _ Figure 54 (SS5A-4064) 

Master Voltage Refhence P/C 1702.298653 89556 1702-298653 REF 
Assembly (See Figure 5-1) (335A-4103) 

Series Pass Driver P/C A&embly 1702-219154 89536 1102-219154 REF ” ,’ 
(See Figure 5-8) (335A-4056) 

Differential Amplifier P/C Assembly 1102-219162 ” 89536 1702-219162 REF 
(See Figure 5-9) 

; 
(335A-4!51), 

Chopper Amplifier P/C Assembly 1702-219170 ” 89536 1102-219170 REF Z.,’ 

(See Figure 5-10) 

Current Limiter P/C Assembly 
(See Figure 5-12) 

Lamp, ,neon ” 

Res, met flm, 23.7k &&, l/zW 

Res, met flm, ‘25.‘5k ~1%; 1/2w 

Res, met flm, 267k rl%, l/zW 

Res, met flm, 274k +l%, l/zW 

Res, car flm, 1.82M &l%, l/2w 

Res, car flm, 1.62M *l%, 1/2w 

Res, car flm, 1.82M +l%, ‘1/2w 

Ree, camp; 4’7OSJ +l&, Iw 

Connector, female, 16 contact 

Connector, female, 16 contact 

Connector, female, 16 contact 



-:-.~.-I-..,l...-..-‘.,-, 

Figure 5-4. MAIN M,OTHER BOARD P/C ASSEMBLY 



335AI335D 

REF INDEX 
DESCRIPTION 

STOCK 
MFR 

MFR TOT REC USE 
DESIG NO NO PART NO QTY OTY COD 

A5Al MASTER VOLTAGE REFERE,NCE 1102-298653 ,a9536 1102-298653 REF, 
P/C ASSEMBLY - Figure 5-7 (335A-4101) 

Cl P3-R2 Cap, mica, 470 pf *5%, 5OGv 1504.148429 14655 CD19P4711 1 ” N 
CR1 E3-Pl Diode, silicon, 1 amp, 100 piv 4802-116111 05277 lN4611 REF,, 

PI Bl-P4 Connector, male, 16 contact 2816-187724, 91862 02-016-0135-200 10 

91 c2-Pl Tstr, silicon, NPN : 4805~183004, 95303 40250 6 1 

Q2 F2”P3 Tstr, silicon, NPN 4805-203489 07910 CDQ10656 REX 

613 F2-N5 Tstr, silicon, NPN ,’ 4805-203489 07910 CDQ10656 REF, 

Q4 G2-N5 Tstr, silicon, NPN 4805-203489 07910 ,$DQlOf356 REF‘ 

Rl D3-T3 RN, WW; factory selected &- 

R2 E3-P3 Res, camp, lOk,+lO%, 1/2w ‘, 4704-JO8118 01121,, EB1031 REF “, 

R3 G2-P3 lies, camp,, 15k+%, 1/2y 4704-108928 0112’1 EB75.36 4 

R4 G2-P4 &s; camp, 33k blO$&‘,l/Zh 4104-178541 01121 EB3331 2 

R5 F5-P5 Rea, met flm, 75k +I%, i/Zw ‘4705-193961 75042 ,Type CEC-TO 1 

R6 G2-PZ Res,, eomp, 24k +S%, 1,/2w 4704-108654 011,21’ EB2435 1 

R7 G3-Q3 Res, ,“a~+, ww, 10k &lo%, l-1/4w 4702-195164, 71450 Type 115 3 
special 

R8 F4-Q4 ,‘Res; met Urn, ,6. 048 rl%, 1/2w ‘X705-162588 ,75042 Type CEC-TO REF 

R9 GS-S2 F&S, “ar; W, lOk~+lO%, l-l/4w ‘4702-195164 ‘, 71460, Type 115 REF 
special 

R10 F4-S3 ‘Res, met flm, 6.04k &l%; 1/2w ,4’(!5;,162586, ,75042’, TypeCEC-TO REF 
Rll G3-T3 Res, var, ww, 1Ok ilO%, 111/4w ,4702,-195164 71450 Type 115 REF 

special 
R12 F4-T4 Res, met flm, 6.04k +l%, 1/2w 4705-162586 75042 Type CEC-TO REF 
Sl K3-Q5 Thermostat, ‘snap acting 5301-228999 01295 97OOL-21-11 1 1 

(not illustrated) 

C5-N5 Beat .$Lnk 4806-186759 89536 4806-186759 3 “, 

Dl-R5 Oven Assembly 

CR1401 K&R5 Diode, zener, matched 

CR1402 I5-Sl Diode, zener, matched E,, 

Q1401 J4-Q5 Tstr, sillcon, PNP 4805-190389 04713 SM4144 4’ 1 

R1401 52-53 Rea, ww, llOar5% 4101-183,830 $9536 4707-183830 1 

R1402 I2-$3 Thermistor, 500k at 25-C 4108-185915 I5801 GA55P2 1 .l 

RI403 I4-Rl Res, met flm, seleCted Lp, 

b Factory Selected. If replacement is required, tnclude all ,informatlon stamped on the resist& (if not 
legible please include all lnformation on,the’zener oven de+l),in addition to the information requested 
in paragraph 5-6: 

D CR1401 and CR1402 comprise a specially matched zener reference set. Many of the resistors bn the 
Master Voltage Reference Assembly are selected and/or matched to the characteristics of these refer- 
ence elements. Consequently, should either or both of these units require replacing;, ,it,is rticommendec 
that the complete Master Voltage Reference Assembly @5Al), part number 1702-298653, be replaced. 
A4Rl and A4R3 must also k replaced and are included under this part number. 

5.22 
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M N P Q R s ” T u V 
I~~213~4~5~11213~4~5~1]2]3~415~1~2~3~4~5~1~2~3~4~5~1~2~3~4~5i~~2~3t4~5~1~2~3~4t5~1~2~3~~~5 

Figure 5-7. MASTER VOLTAGE REFERENCE P/C ASSEMBLY 

5.23 



335A/335D 

REF INDEX 
~ESIG NO 

A5A2 

Cl G4-P4 

c2 F2-Q5 

c3 E&Q5 

c4 G2-U5 

c5 Hl-Ql 

CR1 I4-Rl 

CR1 I4-Rl 

CR1 14-m 

CR2 I4-Sl 

CR2 I4-51 

CR2 14-Sl 

CR.3 F5-R3 

CR4 E5-Q3 

CR5 Ha-U3 

CR6 FP-Tl 

CR7 D5-U2 

CR8 D3-T4 

CR9 Dl-T4 

CR10 KS-T3 

CR10 FZ-T3 

CR11 Fl-U2 

CR12 E3-U4 

CR19 E3-R2 

CR14 H2-P2 

CR15 

Pl CZ-Q2 

DESCRIPTION STOCK 
MFR 

MFR TOT REC USE 
NO PART NO :: OTY OTY COD 

SERIES PASS DRIVER P/C 1702-219154 69536 1702-219154 REF: 
ASSEMBLY - Figure 5-8 (335A-4056) 

Cap, plstc, 0147 uf +2096, 25.0~ 1507-164366 79445 C26OAE/P470 REF: 
K 

Cap, Ta, 2.2 uf +lO%,: 20~ ” ,1508-J6CiZ26 05997 KZRZCZOK * 

cap, plstc, 0.1 uf qg; 2oov “1507-106,435 56269 192P10402 REF’ “, 

Cap, plstc, O.,Z? uf +1&j 80~. ,:,’ 15&159392 “56289 192P2249R8 1 ‘, 

Cap; Ta, 15’ui +lO%, 2OV ” ‘: ~1508-153056 0,5397 K15C2OK 2 “’ 

Dicde, silicon’; 150 ma, 6 piv ” 4802-113308 07910 CD13161 5 1 E 

Diode, silicon, ,200 ma, 25 piv,, 4802-190272 93332 lN456A 2 F 

Bide, silicon, 1 amp, 100 piv 4802-116111 05277 lN4817 REF ‘, G 

Diode, silicon; 150 ma, 6 piv 4802-115308 07910 CD13161 REF E 

Diode, silicon, 200 ma, 25 piv 4802-190272 93332 lN456A REF’ ,‘, F 

Diode, silicon, 1 amp, 100 piv 4602-116111 06277 lN4811 REF. G 

Diode, zener, 10~ 4603-113324 07910 lN961A 5 1 
., 

Diode, sillcon, 1 amp, 100 piv 480?+1~1 05277,. lN4817 REF’ 

‘, Diode, zener, 10~ 4803”‘113324 ” 0791p l+slA REF ’ 

Diode, silicon, 1 amp, 1Oq piv 480+1:16~Il 05277 ,I!4817 REF 

Diode,, $icon; 1 amp, lop piv ,48b2,-‘1161,X1 ,65277, iv4817 REF 

Diode, silicon, 1 amp, 100 piv 4802-116111 OS!?? ‘lN4817 REF ” 

D&de, silicon, 1 amp,, 100 piv 4802;116111 ,i52Ti IN4817 REF 

,Dicde,’ germanium, 75 ma, 125 piv 4802:150342 Q+ .ih277 1 ,1 Q 
Diode, silicon, 150 ma, 6 piv 48~;~113308’, 0791O,,‘CD13161 4, R 

Diode,,, silicon, 150 ma, 6 piv ‘,’ 4802-113308 ,$eiO’ CD13161 REF, 

Diode,, silicon, 150 ma, 6 piv 4602-113308’ 079$‘; ,+13161 REF ‘, 

Diode, sillcon, 1 amp, 100 plv ~460&16i11 0,$277,:, ih817 RR” 

Dicde,~,zener, ‘4.,3x’ ,: ,,,, 4809-180455 O?,F,tl; ;JNT49A 1 1 
(not illustrtited) 

Diode, sikcon, ,l amp, 100 piv ‘,48b2-1161111 ,05277 lN4811 FEF G 

Connector, male, 16 contact 2816-187724 91662 OZ-0%01% REF. 
5-200 

Ql F3-Q5 Tstr, tested, silicon, PNP 4805-159491 89536 4805-159491, II 2 

92 G5-R2’ Tstr, silicon, NPN 4805-203489 07910 CDQ10656 REF 

,, 

5.24 



REF lND,EX 
DES!'2 NO 

83 G4-N4 

Q4 al-QS 

Q5 E5-54 

QS E5-U2 

67 E3AT4 

Q8 El-Q1 

Al E&N3 

R2 J3-T3 

R3 E3-N1 

R4 E3-M5 

R5 J3+P4 

R6 15-55 

RI G2-R2 

RQ El-P2 

RlO Xl-P5 

Rll E2-P2 

R12 E3-N5 

1213 II-R5 

R14 DS-Sl 

R15 m-i?4 

R16 G2-S4 

Rll El-S3 

R18 G3-T3 

RI9 G5-S3 

R20 l?5-T2 

R21 F4-U2 
R21 F4-W2 
R22 El-W2 

R23 D2-$5 

R24 B2-S2 

R25 B4-Q5 

R26 DS-P5 

DESCRIP,TION"' 

'11 &;' si&n,, NPN,, "' ,' :' 

Tstr, tested, ,silicon, PNP 

Tstr, silicon, NPN 

Tstr, tested, silicon, PNP 

Tstr,, silicon, NPN 

T&r, tested, Micon, PNP 

Res, ,met flm, 4.02k +l%, 1/2w 

Res, VW-, VW, 2k+K4& l-1/4w 

Res, corn& 2.lk +lO5& 1~ 

Ree, met flm, 4.02k +l%, 1/2w 

Res, "ax, WV/, 3k r20%, l-1/4w 

Res, met flm, 5.62k +I%, 1/2w 

Res, camp, 1OOk +lU%, 1/2w 

Res, camp, 2.4k r5%, 1/2w 

Res, camp, 4161 *lo%, 2w 

Res, camp, 47&-h tlG%, 2~ 

Res, camp, 36k r5%, 1/2w 

Res, vu, WV, 3k+2@, l-1/4w 

Res, met flm, lk &l%, l/zW 

Res, met flm, 221k +I%, 1/2w 

Res, corn& 3. Sk +lO%, l/&v 

Res, corn& 20kr5%, 1/2w 

Res, corn& 16k r5%, 1/2w 

Res, camp, 10k *IO%, 1/2w 

F&s, camp, 218 t5%, l/h 

Res, camp, 22061*5%, 1/2w 
Res,comp,2lrL25%,'/2w 
Res, met flrn, 1on *1%, 1/2w 

Res, bxnp, 41k +5%, 1/2w 

Res, corn& 62Oa +5%, l/h’: 

Res, corn& 41k +5%, 1/2w 

Res, hnp, 18Oa +lU%, 2~ 

"STOCK,, 
NCi"' 

4805~183OO4 

4805-159491 

t805-205482 

1805-159491 

4805-203481 

4805-159491 

4705-167476 

4702-198411 

4104-10949~ 

$705-167478 

~702-149’781 

1705-219014 

uo4-108128 

1104-108902 

4704-144352 

1704-144352 

1704-185991 

1702-149781 

4705-151324 

1705-182527 

1104-161406 

1’704-109041 

1704-159632 

3704-108118 

1104-186023 

1104-186031 
+704-260984 
1105-151043 

1104-108738 

4704-108704 

1704-108738 

1104-155451 
,,. 

.dFR 

95303 

89,556 

07910 

89556 

07910 

89536 

15042 

71450 

01121 

75042 

11450 

15042 

01121 

01121 

01121 

01121 

01121 

11450 

15042 

15042 

01121 

01121 

01121 

01121 

0112l 

01*2* 
01121 
15042 

01121 

01121 

01121 

01121 

MFR T,C 
PARTNO Ql 

40250 RE 

4805-159491, RE 

CDQ10656 RE 

4805-159491 RE 

CDQ10656 RE 

4805.159491 RE 

‘ype CEC-TO 2 

Type 110 2 

GB2721 1 

‘ype CEC-TO ‘RE 

Type 110 3 

‘ype CEC-TO 1 

EM041 '3 

EB2425 1 

AB4101 2 

BE4701 RE 

EB3635 4 

Type 110 RE 

‘ype CEC-TO 1 

‘ypc CEC-TO 3 

EB3921 1 

EB20S5 3 

EB1635 3 

EB1031. m 

EB2135 1 

EB2215 : 1 
EB2705 1 
‘ype WC-TO 1 

EB47S5 2 

EB6215 2 

EB4135 ,RE 

BB1811 1 

,,_ 
335AIii50 

USE 
:OD 



335AI335D 

REF INDEX STOCK MFR TOT REC USt 
IESIG NO 

DESCRIPTION 
NO 

MFR 
PART NO QTY QTY COO 

R21 D&Q5 Res, corn& 2k +5%, 1/2w 4704-169854 01121 EB2025 3 

R20 E5-P5 Res, camp, 8.2k +5%, l/2w 4104-147777 01121 EB8225 2 

Gl-Nl Heat sink 4806-186159 89536 4806-186759 REE 

5.26 
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Figure 5-8. SERIES PASS DRIVER P/C ASSEMBLY 



335A/335D 

I 
REF INDEX 

~ESIG NO 

A5A3 

Cl E&P5 

c2 F4”Q5 

CS GA-P3 

c”:: 
I4-R4 
11-84 

CR1 D4-Rl 

CR2 E5”Sl 

CR3 Gl-S2 

CR4 E4-R5 

CR5 F5-R5 

CRE FS-Rl 

CR1 Fl-Rl 

CR8 G2-Rl 

CR9 Gl-Rl 

CR10 ES-S4 

CR11 Gl-S5 

CR12 Gl-Tl 

CR13, Gl-Q2 

CR14 Gl-N5 

CR15 X3-T2 

P1 C3-Q2 

Ql D2-Tl 

Q2 D&N2 

QS F2-N2 

g 

H2-Ql 
H2-Ql 
11-42 

~33 D2-T5 
Q6 D2-T5 
w D2-US 

98 H3,:A3 

QB X2-T5 

P/C ASSEMBLY -Figure 5-9 

DESCRIPTION 

cap, p1stc, 0.1 uf +10%, 5ov 

cap, mica, 510 pf +B, 

DIFFERENTIAL AMPLIFIER 

5oOv 

Cap, Ta, 15 ti +lU%, 20~ 

Cap, elect, 250 ‘ui +50/-W%, 40~ 
Cap, mica, 21 pf *SW, 500~ 
Diode, si+on, 1 amp, ,100 piv 

Diode, eilitor~, 1 amp, ,100 piv 

Diode, sillcon, 1 amp, 1OOpiv 

Diode, silicon, 1 amp, 1OOpiv 

Diode, silicon, 1 amp, 100 piv 

Diade, silicon, 1 amp, 100 piv’ 

Diocle, silicon, bp, lbO.plv 

Diode, Silicon, 1 imp, 100 piv 

Diode, silicon, 1 amp, 100 piv 

Diode, silicon,, 1 amp, ,100 piv 

Diode, siticoli, ‘,I, atip, 100 piv 

Diode, silicon, 1 amp, 100 piv 

Diode, silicon; 1 amp, 100 piv 

,Diode, zener, 10~ 

Dicde, silicon, 1 amp, 100 plv 

Com@ctor, male; 16 contact 

T&i-, silicon, NPN 

Tstr, J-FET, silicon N-channel 

T&r, silicon; PNP 

(335A-4057) 

2507-150318 

STOCK 
NO 

56289 

1504-148411 

MFR 

88419 

1508-153056 

1702-219162 89536 

05397 

1502-176616 13445 
1504-177998 ES+19 
4802-1~16111 05277 

4802-116111 05,277’ 

4802~ii6111 052j7 

4802;116111 0527,7 

4802-116y :, 05277 

4802-1,1611&, 05277 

4802-11~11I 05277 
,,: ,’ 

4802-116111 05277 

4802-1161il 05277 

~4802-116111 : 06277, 
‘:, :” 

4802-116111 ,05277 

4802-116111 05277 

,4802-116111 05277’ 

4803-113924 07910 

4802-116111 05277 

,’ 28;6-161724 “91662 
,’ 

4805-177105 07263 

4805:16$223z 15818 

4805-190389 04713 

MFR TOT REC USI 
P&RT NO CTY qTY COC 

17dii21;i6i ,,& ,_, .: 

,,” 

194P1049R5 1 

CD19F511J 2 ‘;’ 

! K15C20K REF ‘,,, ,:::,: 

C43lARG250 1 
~ ;4185;?705 

1 

& 
u 

‘: ,,,. .,, 

lN4817 REF ,,“’ 

1314817 REF ,‘: 

IN4817 ‘: REF ‘,’ 
‘i, 

lN4817 ‘,: .‘, REF ,: 

lN4817,;+REF “,,’ 

‘lN4617,“’ ‘:, REF :, 

‘,,iN4817 REF 

lN4817 REF 

“‘lti4617 ,’ REF 

‘, lN96lA ” REF ” 

lN4817 REF ‘, 

02-016-013-, REF 
5-200 

',2N3,565 ,’ 9 :” 

U-1,240 2 

SM4144 REF ‘.’ 
I 

Tstr, tested, ‘silicon, NPN 4805-198812 89536 
,‘;;4;;98”12, 

3 1, 
Tstr, silicon, NPN 4805-168716 07263 3 1, : :,,; ; 
Tstr, silicon, PNP 4805-190389 04713 SM4144 REF 

Tstr, teated, silicon, NPN 4605-198812 69536 4805-198812 ,‘, 
Tstr, silicon, NPN 4805.168716 07263 s19254 PLE; :: 
T&r, ailicon, PNP 4805-190389 04713 SM4144 REF ,’ 

T&r, silicon, NPN ,4805:203489 ,07910,, C,DQ10656 REF. 

Tstr, silicon, PNP 4805-183558 04713 2N3250 3 1 



335A/335D 

REF INPEX ~ESCR~~T~ON ,, ,:,,. “:” STOCK’ ‘~ MFi ” TQT ItEi .,U:SE 
lESlE NO No ,,,: ,f”!,? ,,, ,‘PART NO DTY .iiY CO’0 

QlO 
E4-U3,:’ : ‘: Tstr,‘,‘siiicbn,, PNP ,’ ,’ 4sos-i8&5g, d4713,~ ,:: 2N3$5b : ‘: REF “.,” 

811 Il-u4 T&r, silicon, PNP 4805-183558 64713 2N3250 REF 

Ql2 El-US Tstr, silicon, NPN 4805-177105 012133’ ” 2ti356b’ REF 

Rl DS-Sl Rea, camp, 2% tS%, 1/2w 1 4704-186064 01121 bi235 1 

R2 D3-R3 RES, camp, lOOh- *5%, lb ,: 4704-188508 01121 EBlOi5 6 

R3 W-R5 RES, camp, loos2 *5%, 1/2w 4704-188506 01121 EB1015 REF 

R4 m-s3 Res, ww, lOk$.Z%, lj4w 4101-112111 69536 4707-112177 I 

R5 E5-33 Res, camp, 10061 i5%, lh 4704-188508 01121 EB1015 REF 

RB F5-S3 Res, camp, loon *5%, */!a!4 4704.188506 01121 EB1015 REF 

RI E4-Tl Res, camp, lk&, 1/2w 4704-108597 01121 EB1025 ,? 

RB D3-QS Res, camp, 3.3k t5%, l./2w 4704-165161 01121 EB3325 4 

R9 D3-Q2 Res, camp, 3k &5%, lh 4704-109090 01121. EB3025 2 

RlO DS-P5 Rea, camp, 61061 a5%, 1/2w 4704-108951 01121 EB5115 I 

Rll El-P1 Res, eomp, 22M +x5$, 1/2w 4104-108233 01121 EB2261 1 

R12 Fl-MS Rea, camp, 6. W a5%, l/&v 4704-108621 01121 EBB225 3 

R13 Gl-N3 Res, corn& 2.2k +6’%, 1/2w 4704-108506 01121 EB2225 2 

R14 Gl-Pl Res, camp, l.?k +lO%, l/zW 4704-106803 01121 EB1221 1 

R15 F5-P5 Res, met flm, 1OOk *l%, l/h 4705-151316 75042 Type CRC-TO REF 

R16 Il-Pl Res, met flm, 221k +l%, 1/2w 4705-182527 75042 Type CEC-TO REF 

Rll B4-Pl Res, met flm, 40.2k +l%, 1/2x’ 4705-161059 75042 Type CEC-TO 2 

R18 G4-Rl Res, met flm, 750 tl%, 1/2W 4705-150810 15042, Type CEC-TO 2 

R19 E4-T4 Res, met flm, 15n tl%, 1/2w 4705-150670 75042 Type CRC-TO REF 

R20 E4-T5 Res, met flm, 221k +l%, l/b’ 4705-182527 75042 Type CEC-TO REF 

R21 F4-U4,, Res, met flm, 40.2k +l%, 112~ 4705-161059 75042 Type CEC-TO REF 

R22 H4-SS Res, met flm, 6.04k +I%, 1/2w 4705-162586 75042 Type CEC-TO REF 

R2S W-S5 Res, met flm, 42.2k +l%, l/!&v 4705-182501 75042 Type CEC-TO 1 

R24 HZ-S5 Res, met flm, 9.09k +l%, 1/,2x’ 4705-151258 75042 Type CEC-TO 1 

R25 I&T5 Res, met flm, 15k +l%, 1/2w 4705-151498 75042 Type ‘XC-TO 1 

R26 F&US Res, metflm, 1.58k+l%, l/zW 4705-182543 75042 Type CEC-TO 2 

R27 G5-T4’ Res, met flm, l.58k +l%, lh 4706-182543 75042 T-e CEC-TO REF 

R28 G5-WA Ree, met flm, 9.76k tl%, 1/2W 4705-182485 15042 Type CEC-TO ‘, 3 



335A/3350 

REF 

IESIC 

R29 

K3O 

R30 

R3 I 

NDEZ 
NO 

H3-v 

HNJ‘ 

H2.u~ 

E3-T: 

DESCRIPTION 

Res,comp, lOk*S%, 1/2w 

Kcs,comp,lk*5%, ll2w 

Res,camp, LSkilO'%,1/2w 

Kcs,comp,2k*5%, l/Zw 

STOCK 
NO 

.704.10916~ 

.704.10859' 

-704-10815' 

-704~16985. 

- 

VlFR 
- 

11121 

11121 

Ill21 

11121 

MFR 

PART NO 

EBl035 

EB1025 

ER1521 

EB2025 

0 
T‘ 
- 

2 

s 

I 

:L:: 

iii 
:00 
- 

Q 

K 
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Figure 5-9. DIFFERENTIAL AMPLIFIER P/C ASSEMBLY 



335Al3350 

REF INDEX 
IESIG NO 

AW4 

Cl ES-T3 

c2 E5-T3 

DESCRlPTlON, STOCK 
‘, NO ‘, ,.yF! 

,,” ,MFR TOT REC USE 
:$&NO, :‘,, QT$, ,@ COD 

CHOPPER AMPLIFIER P/C 1702-219170 89536 1702-219170 REF’ :, 
ASSEMBLY L Figure 5-10 (335A-4056) 

cap, pwc, 0.033 uf *lo%, zoov 1507-106062 56289 182P33392 2 : ‘,,,:’ 

ie 

cap, pL$tc, 0.033 ti +10%, 2oov 1507-108082 58289 192P33392 -F “’ 

b 
,,. 

c3 El-T3 cap, ph.tc, 0. I. ti izc%, ,200v 1507-106435 56289 ,192P10402 REF ” 

rD 

c4 F3-Tl’ Cap, pletc, 0.01 uf r20%, 100~ 1507-235390 84411 Type 663UW 1 

‘b ,.’ 
c5 G2-T4 Cap, cer, O.Ol,ti &, 160” 1501-149153 .562?9 C0,23BlO&F-, 2 “, 

,,. 103M 

CE F4-u4,, ,:. Cap, elect, iOO,ui +75/-10%‘25v 1502;1065m 56289, 3;;4~7Gbk 2 :I 
‘,‘,’ 

Cl H2-7.r: “, cap, elect, 20 ti +75/-m, 5ov 1502-106229 80183 TE1305 ,9 1 

C8 M-S2 ‘, cap,, cer, 0.0012 ti *IO%, 5oov 15(I~-lO6732 71590 CF-122 1 ,j;, 

c9 Hl-S4 Cap, elect, 100 uf +75/-X@; 2gv ,1502-106518 56289 30DkG025- REF .’ 

“,’ ‘:, ,* DH? ,’ : 

Cl0 Jl-P5. Cap, ele& 20 uf +75/LlC$, .?Ov’,,, 1502-lOii29 SOhS,,” :‘TE1@5 ,,, REF .,,” 

Cl1 11-42, Cap, cer, 0.01,uf *it@,,’ 100~ :” .,, .16@-140153 ,5626Q C023BlOl$ PEF 
,103M ,, “:, ,, 

,,,,; ;.‘: 1, 
Cl2 GZ-Ql cap, ele&, 20 ti +75/-l@&, 5OY ‘,1502-106229 80165 “ti1305’,~:,” ‘. REF ~,’ 

Cl3 HZ-P2 cap, elect, 20 IIf +76/-l@; 5ov 1502-106229, 80183 i.&@ : REF 

Cl4 G&N3 cap, Ta, 330 urrlo%, Ev 1508+193011 ‘:,,05397,,,’ ,K330J”K’:: 2 ‘: 

Cl5 ES-N3 Cap, TP, ,330,uf +10%, 6v ,, 1508~19301~~~ 05397, K3,30J6K REF “,‘: 

CR1 D4-PS Dide, silic~n~ 1 amp, 100,piv 4802-1161fr 05277 lN4811 REF 

CR2 D5-PZ Diode, ,silicon, 1 amp, 100 piv 480211,lElli ?5,27’l lN4811 REF ,,’ I,, 

” 
,,. 

CR3 Fl-N5 piode, SiliCOIl, 1 ,anlp, 100 p&v ,4802-116111, 05217 lN4817 ,REF :;:’ 
,,,,,, 

CR4 E3-P4 Diode, silicon, 1 amp, 100 piv 4802”,116lll 05277 lN4817 REF 

Gl G2-R2 Chopper, mechanical, dpdt, 10~ 5901-104349 80640 CH1413 1 :,‘, 
.,:. ,’ 

Pl C4-Q3 connector, male, 10 contact 2816-187724 91662 OZ-016-013- REF ” 
5-200 

91 F5-T2 Tstr, FET, silicon N-channel 4605-166223 15818 U-1249 REF z,:. 

Q2 G4-T2 Tstr, silicon, PNP 4805-190389 04713 SM4144 REF ,’ C 

92 G4-TZ Tstr, silicon,’ PNP 4805-218388 07263 2N3645 ” 1 D 

93 14”U2 Tstr, silicon, NPN ,4805-177105 97263 2NS565 REF 



- 

REF 
)ESIC 
- 
Q4 

Q5 

Rl 

R2 

R3 

R4 

R4 

R5 

R5 

RE 

R? 

RB 

Ra 

R9 

RIO 

Rll 

R12 

Rl3 

R14 

R15 

R16 

R17 

R18 

R19 

R20 

R21 

R22 

R23 

R24 

R25 

- 

iN,DEX 
NO 

I4-Tl 

IZ-N3 

E4-S4 

Fl-Sl 

IX-T1 

IX-T1 

Dl-Tl 

Dl-R5 

Dl-R5 

F2-T2 

D2-U4 

w-u2 

F3-w2 

F5-KY1 

E3-Tl 

H5-T5 

H5-U4 

H4-T2 

H4-T3 

K&P5 

n-s4 

G2-SI 

I5-N4 

B4-Ql 

HZ-N5 

B2-P4 

F4-P3 

F4-P4 

DS-QZ 

EZ-P2 

DESCRIPTION 

T&r, silfcon, NPN 

T&r, silicon, NPN 

Res, Cmq, 22k r5%, 1/2W’ 

Rea, corn&~, 2.2k A%, l/Zw 

Pas, met flm, 604k +I%, l/Zw 

Rea, met flm, 604k +I%, 1/2w 

Res, met flm, 750k rl%, l/2w 

Res, cmp, 100 *IO%, 1/2w 

Res, camp, 12Ck*lO%; 1/2w, 

RES, camp, 3.m tm, l/&v 

Res, camp, lSk&S%, I/zW 

Res, camp, 20061*5%, t/2w 

Res, camp, 36061*5%, 1/2w 

Res, camp, 15krlO%, 1/2w 

Res, camp, 6. W +5%, 1/2w 

Res, camp, 15k&lO%, 1/2w 

Res, met flm, 15051+1%, 1/2w 

Res, camp, 12Ok &lo%, l/&v 

Res, camp, 47khlO%, 1/2w 

Res, corn& 15ktlO%, 1/2w 

Res, met flrn, 23.n Al%, 1/2w 

Res, camp, IOk*IO%, 112~ 

Res, camp, 30k+5%, lh 

Res, eomp, 15ktlO%, 1/2w 

F&s, met flm, 3. Olk A%$, 1/2w 

Res, met flm, 3. Olk +l%, 1/2w 

Res, met flm. 9.76k +l%, 1/2w 

Res, met flm, 9.‘76k +I%, 1/2w 

Res, camp, 36k+5%; i/2w 

Res, camp, 2Ok+5%, lj2w 

STOCK 
NO ” 

4805-.177105 

4805-111105 

4704-186~064 

4704-108506 

4705-182493 

4705-la2493 

4705-155192 

4104-108092 

4704-187851 

4704-108282 

4704-159632 

4704-169839 

4104-192559 

4704-108530 

4704-108621 

4704-108530 

4705-182550 

4704-108779 

4104-108480 

4704-108530 

4705-169383 

4704-loaila 

4104-186015 

4704-108530 

4105-196709 

4705-196709 

4705-182485 

4705-182485 

4704-185991 

4704?1090$1 

MFR 

07263 

01263 

01121 

01121 

75042 

75042 

15042 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

75042 

01121 

01121 

01121 

15042 

01121 

01121 

01121 

75042 

75042 

15042 

15042 

oiih 

01121 

MFR TOT 
PART NO OTI 

2N3565 REI 

2NsSSS REI 

EB2235 REX 

EB2226 REI 

ype CEC-TO 1 

ype CEC-TO REE 

ype CEC-TO 1 

EBlOOl 1 

EB1201 1 

EB3351 1 

EB163,5 REI 

EB2015 1 

EB3615 2 

EB1531 REI 

EB6215 REI 

EB1531 REE 

ype CRC-TO 1 

EB1241 1 

EB4131 ,l 

EB1531 REI 

ype CEC-TO REI 

EB1031 REI 

EB3035 1 

EB1531 REI 

ype CEC-T2 2 

ype CEC-T2 REF 

ype CEC-TO REF 

ype CEC-TO REEF 

tiB3635 &F 

EB2035 REF 

335A/335D 

USE 
:ODI 



335A/3350 

REF 
‘ESIG 

:Gl 

NDEX 
NO 

Jl-Rl 

DESCRIPTION 

Socket, chopper, 9 contact 

Cap, chopper 

Cover, front (not illustrated) 

Cover, rear (not illustrated) 

p see section 4-13 for replacement instructions. 

STOCK 
NO 

2112-10435 

2103-1032s 

sm-18680 

3156-18681 

MFR 

11662 

iO640 

19536 

19536 

MFR 
PART NO 

)083EG:3/32 

;52-05 

,156-186809 

~156-186817 
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Figure S-10. CHOPPER AMPLIFIER P/C ASSEMBLY 



REF INDEX 
IESIG ,NO DESCRIPTION 

STOCK MFR TOT REC USE 
NO 

MFR 
PART NO ,QTY OTY CODI 

A5A5 ~’ AUXILIARY POWER SUPPLY P/C ‘1702-219188 89536 1702-219168 RKF ,’ 
ASSEMBLY -Figure 5-11 (335A-4059) 

Cl Gl-P5 cap, Ta, 68 uf rlG%, 15v 1508-182824 05397 KB8C15K 1 ,’ ,’ 

c2 Gl-N3 Cap, elect, 250 uf +50/-lO%, 64~ 1502-185850 13445 C43lARH250 4 ,I~ 

C3 Gl-P2 cap, elect, 50 uf +75/-lo%, 5ov 1502-105122 80163 TEL707 3 1: 

c4 Jl-P3 cap, cer, 220 pf r10%, 5oov 1501-105526 72982 315-024K5WD- 1 ‘:I” 0 
221K 

,,, ,,, 
c5 Hl-RS ‘: ,, call, ,PIS$, 2 uf +,zowt gqv :‘,, “,’ 1507;106$6S: 84411. ‘kjpe’X6,63:+3 2 ,,,I;_ 

“6 E2-R3 Cap, plstc, 0:1 uf +20%,, &ov:,.,‘,, :~~15bi-l&435 5628,9 ,‘192Pl,O492 ,.,,, REF 
:.:,: ‘!,’ ,,. ‘!, 

C7 H5-R2 Cap, elect, 20 ‘tif +75/-lo%, 50~’ 15021’106226, ,891,63 ,, +lSO!,:,,:” “REF “, 

C8 ES-LB ;,Cap,,~elect, 50 uf +75/-IO%, 5ov 1502:10512,2 8@93 :T&O7 :’ REF ,‘, 

c9 Hl-Tl Cap, plste, 0.0012 uf *lo%, 208 1507-l&88 56289 192Pl2292,1 ‘Z’ 1 ” 

x0 E2-Tl,’ ” cap,‘, plstc,’ ‘2 uf r20%, 1bOv 
,,,, 

I&-iO&S 84411 ,Ty+$Fj REF ” 

311 n-w5 
212 IWPS” 

cap, elect, 20 uf +75/:10%, 5ov 15‘,2-106,i26 8,,i83 TEiiOj,‘;,,:::‘,, ‘,iEF 
1507-I,06435 5,6289 I,’ ,192P10402:::!: REF ,’ P 

ZRl E2-N5 ” 
cap, pk.tc,: 0.1 uf*20%, ‘2Oov 
Diode, &icon,, 1 amp,, 100 piv 4802-116111‘ :‘06?77 l,N4817,’ ,‘,““,,::, REF 

ZR2 D3-N5 Diode’; dicon, 1 amp, 100 piv 4802-116111, 05277 :iN&l;: ; ‘_; :‘j:: I,, kEF : .“, 

3R3 E4-N5 :_ pi&, silk&, 1 amp, 100 piv 4802~116111 052h lN$837, ::,,:_‘,, ,’ ‘XEF “’ 
,., 

“R4 D5-N5 Diode, silicon, 1 amp, 100 piv 4802-116111 05277 ‘~lN&@,J,“~::,, :,,, REF ,, 

3R5 Jl-IVY5 Diode, eerier, 3.9v 4803-113516 07910, :‘&I46 ‘: “l ~. 2 ‘1 

YR6 El-R5. Diode, zener, 6 3v : 48,03+148 ,03’&7, ::l,N34$ ,,; ‘?; ‘, ‘, 1 l’, 
_’ 

3R7 Fl-U5 Diode, silicon, 1 amp, 100 piv 4802~&l~~l~., ‘!52?7 ;, :,lfl4817 ,.,; ;I’,‘, PEF _ 

ZR8 Fl-Ti’,: Diode, sili,c+n, 1 amp, 1OOpiv 4802-1161!1,,“,0,5277 .1~4817,,1,,‘,,,“,‘:REF ! 

3RD D5”U5,, Diodi, silicon, 1 amp, ‘;& Piv 4802-116111 05277” lN4817 ,,.“” REF ““‘, 

3RlO D5-T5 Diode, silicon, ,l amp;’ 100 piv 4802-116111” 05277’ ‘, 3N4817 ““:;:;y;~ REF 1’ 

Pl c4-44 connector, male, 16 contact 281$-197724 91662 O&dl6+3- ‘: REF 
5-200”, ‘:. 

91 D5-QS siucon controlled rectifier, 4805-192567 OS508 C-6F 2 1 
1.6 amp, 50~ .,,, 

22 I4-N4 Tstr, selected, silicon, PNP 4805-159491 69596 4805-159491 REF 

23 I5-Ql T&r, silicon, NPN 4805-209489 07910 CD&10656 REF 

24 15-R5 Tstr, sillcon, NPN 4805-183004 95303 40250 REF 

25 F3-Rl T&r, silicon, NPN 4805-203489 07910 CDQ10656 REF ‘, 

26 FS-R5 Tstr, silicon, NPN 4805-203489 07910 CDQlO656 REF 

5-36 



335Al335D 

REF INDEX 
IESIG NO 

21 GB-U2 

28 " I4-T2 

a9 GLT2 

Rl E5-P5 

R2 E5-Q3 

R3 E5-Q2 

R4 H3-N3 

DESCRIPTION 

Tstr, silicon, NPN ~ 

Tstr, silicon, NPN 

Tstr, silicon, NPN 

Res, camp, lOk&, l/2%' 

Res, camp, 39Ohl r%, 1/2x' 

Res, corn& 5.6k +5%, 1/2w 

Res, camp, 1562 tm, 2w 

STOCK MFR TOT REC USE 
NO 

MFR 
PART NO QTY OTY CODI 

4805"183004,,, 95303 40250 REF ,' 

4805-203489 07910 CDQlO& kW ,,,' 

4805-203489 07910 CJIQlO656 REF 

4704-109165 01121 EB1035 REF ': 

4704-lo,9082 01121 EB3915 1 

4104-181880 01121 EB5625 1 

4704-155549 01121 HB1501 ,I." ," 

Res, corn& 4.7k +lO%, 1/2w 

1 I 
1 

% 1 

1 

1 

1 

I 

I 

I 

1 

I 

1 

1 

I 

1 

1 



335A/3350 

M N P Q R s T u V 
~~21314~5i1121314~5i1~21314~5~1~2~3~4~5~1t2t3~4~5~1~2~3~4~5~1~2~3~4~5~~~2~3~4~5t~~2~3~4~5 

m ,,, 
* ~~ ,,,,.... :; ,,..,.,..,.,,, I...+ ..,, ~- ,,,..,., ~ ,,.... .., ,,,.,,.,.,,,,.,,,,, k ,,.,,,,,,,,, .,.,, k..: .,., ~ ..,,,.,.,,,: ,.,,.,,, < ,,,..,, i .,..,,,,,,: ..,,. ,,.., ,,,, ...,,,,., .,.,,,,., ,...,,,! ,...,, 

N 
4: ~!: 
“7 ,,,,, ‘,,, ,,‘. ,: ,,,,,,,,, :---- ,.., -- ,,..,...,..,,.,., i, 
-3 

,,,,, ,,,,, ,,..,,,,,,,..... I..,... ~ ,,.-,, i ..,,,,, I-,. 
56;; .,,,,,,.,,,, :,,,: .,,,,,, ~ ‘,,, ,,,,: 

N ,,.,,,, :, : ,.,,.,.,, ..,,,,, :,.. ,- ,,,,,,.,,,. .,,,,, ~ ,,.,.,: ,.,,,. :,,.-.! ,,..., :-..,i ..,,.,.. - ..,,,, -,.:- .,..: ,.,...,: ...,...,. :.,,-I-...: .,,,, ,:... ,’ i. ,,, ,,,,,,,.,,.,,,,,: . L.--i ,.,,,..,! ..,,,.,,,: .,,, :, ~ 

Figure 5-l I. AUXILIARY POWER SUPPLY P/C ASSEMBLY 



NDEX 
NO 

GE-42 

IS-U2 

H5-R5 

H5-35 

Yl-W2 

X4-Q2 

B5-Nl 

E2-N3 

E5-Q5 

El-W4 

El-U2 

F2-63 

E5-33 

15-m 

DS-PI 

J4-T3 

Gl-Q5 

12-n 

G&P3 

Il-Pl 

F5-P3 

C5-Q4 

GS-S4 

G5-U2 

Y&N2 

H-N3 

F2-N9 

D4-PL 

DESCRIPTION 

CURRENT LIMITER PK 
ASSEMBLY : Figure 5-12 

Cap, elect, 250,uf +O/-lo%, 64~ 

cap, elect, 20 ilf +75/-lo%, 5ov 

cap, elect, 20 uf 175/-l@&, 5ov 

Ca& elec& 250 uf +50/-lb%, 64~ 

cap, elect, 20 lif +75/-lO%, 5ov 

Cap, elect, 256 uf +50/-IO%, 64~ 

cap, ,plsfc,, 0.047 uf t20%, 1oov 

cap, elect, 2 uf +75/-lO%, 5ov 

Cap, elect, 160 ti +50/-lo%, 64~ 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 000 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 6OOpiv 

Diode, zener, 3.6~ 

Diode, aener, 3.971 

Diode, zener, 36~ 

Diode, silicon, 1 amp, 600 piv 

Diode, zener, 12.1 

Diode, silicoil, 1 amp, 100 piv 

Diode, silicon, 1 amp, 100 piv 

Diode; silicon; 150 ma,, 6 piv 

connector, male, l,B contact 

Tstr, silicon, NPN 

Tstr, germanium, PNP 

T&r, ‘selected, silicon, tiNP 

Tstr, silicon, NPN 

Tstr, selected, silicon, PiW 

Tstr, selected, s!licon, PNP 

1702-219190 89536 
(335A-4060) ,,, 

1502-185850 13445 

1502-106229 80183 

1502-106229 80183 

1502-185650 73445 

1502-100229 90183 

1502-185850 13445 

1507-306096 72928 

1502-105197 80183 

1502-170274 73445 

4802,-112383 05277 

4802-112383 05277 

4802-112383 05277 

4802-112383 05277 

4803-186163 07910 

4803-113316 07910 

4803-231354 04’713 

4802-112383 05277 

4803-159780 01910 

4802-116111 05277 

4802-116111 05277 

4802-113308 01910 

2816-187724 91662 

4805-183004 95303 

4805-152868 95303 

4805-159491 89536 

4805-205489 07910 

4805-159491 89536 

4805-159491 89536 

MFR TOT RE( 
PART NO QTY OT1 

.702-219196 REF 

431ARH250 REF 

vu05 RE,F 

CE1305 REF 

43’7ARH250 REF 

rE 1305 REF 

437ARU250 REF 

i35I3473M, 1 

m1301 1 1 

437ARHlEO 1 1 

.N4822 REF 

lN4822 :I, ,,_:, RFF 

iN4822 .,,,. REF 

~N4822 REF 

N974B 2 1 

IN748 RFF 

LN30S3A 1 ,1 

lN4822 REF 

WI59 1 1 

lN4817 REF 

lN4817 REF 

:D13161 REF 

2-016-013” REF 
i-200 

10250 REF 

3N2869 1 ,l 

1805-159491 REF 

:DQ10656 REF 

1805-159491 REF 

1805-35949; /n/El 

335Ai335D 

JSE 
ODI 



REF INDEX 
DESIG NO 

Q7 E4-P5 

Rl E5-U2 

R2 H2-I-3 

R3 D3-TA 

R4 F3-u2 

R5 I5-R3 

R6 DS-P2 

RI H5-Rl 

R8 F5-R4 

R9 El-T1 

RlO EZ-Ql 

Rll Fl-P3 

RI2 R3-N4 

R13 D3-Nl 

R14 IX-N2 

R15 I3-Pl 

RAE GET-N4 

x11 H4-P1. 

R18 G2-N3 

219 G2-$5 

120 F&P3 

121 F2-P3 

122 J3-Pl 

123 J5-N2 

124 J4-U3 

125 ES-T2 

326 E2-R4 

F5-$2 

B4-Vl 

STOCK MFR TOT REC USE 
DESCRIPTION 

NO 
MFR 

PART NO QTY CITY COD 

T&r, silicon, NPN 4805-203489 07910 CDQ10656 REF 

Res, camp, 1051 +lO%, 2w 4704-110163 01121 HBlOOl 4 

Res, camp, S. 3k +5%, l/Zw 4104-165761 01121 EB3325 REF 

Res, SOS? +5%, camp, 2w 4704-235192 01121 HI31515 1 

Res, camp, 1oa *lo%, 2w 4704-110163 01121 HBlOOl REF 

F&s, camp, 3.3k t5%, lj2w 4704-165761 01121 EB3325 REF 

Res, camp, 7.5k +5%, 1/2w 4704-108910 01121 EBl525 s 

Res, camp, lOOk+lO%, 1/2w 4704-108126 01121 EB1041 REF 

Axes, 12Osl+10%, camp, 2w 4704-155551 01121 HB1211. 4 

Res, camp, 12On +lO%, 2w 4704-155551 01121 HBl211 REF 

Res, camp, 4.W+lO%, l/2!., 4704-108381 01121 EB4121 REF 

Res, camp, 1Ok tlO%, 1/2w 4704-108118 01121 EB1031 REF 

Res, camp, lOk+lO%, 1/2w 4104-106118 01121 EB1031 REF 

Res, camp, 16kr5%, 1/2w 4704-159632 01121 EB1635 REF 

Res, camp, lk do%, 1/2w 4704-108563 01121 EB1021. REF 

Res, corn& 2.2k +100/o, 1/2w 4104-108605 01121 EB2221 1 

Res, camp, lOOk+lO%, l/h 4704-108126 01121 EB1041 REF 

Res, camp, 36k&, 1/2w 4704-185991 01121 EB3635 REF 

Res, 330k *5%, 1/2w camp, 4704-150201 01121 EB3S45 1 

Res, 7.5k r5%, 1/2w camp, 4704-108910 01121 EB7525 REF 

Res, camp, 7.5k +5%,, 1/2w 4704-108910 OlA21 EB7525 REF 

Res, corn& lk &lo%,, 1/2w 4704-108563 01121 EB1021 REF 

Ree, met flm, 12. lk A%,, 1/2w 4105-182535 15042 Type CEC-TO 1 

Res, v&i-, WI, lOkalO%, l-1/4w 4702-162115 71450 Type 110 1 

R&3, var, VW, 15on *lo%, A-1/4w 4702-113092 71450 Type 110 1 

Fes, camp, 1200 +10%, 2w 4704-155551 01121 BB1211 REF 

Res, camp, 12on +10%, 2w 4704-155531 01121 HB1211 REF 

Heat sink 4806-186759 89536 4806-186759 REF 

Heat siti 4806-186742 89536 4806-186742 1 
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Figure 5-12. CURRENT LIMITER P/C ASSEMBLY 



335A/335IJ 

REF INDEX 
DESCRIPTION 

STOCK 
MFR 

MFR TOT REC USE 
IESIG NO NO PART NO QTY QTY COD 

A6 ISOLATED MOTHER BOARD P/C 1702-219147 89556 170249147 REF 
ASSEMBLY - Figure 5-13 (335A-4055) 

ABA1 Null Retector Power Supply P/C 1702-219121 89536 1702-219121 REF 
Assembly (See Figure 5-14) (395A-4053) 

A6A2 Null Detector Amplifier p/C 1702-219139 89536 1702-219139 REF 
Assembly (See Figure 5-15) (335A-4054) 

A6Al E&J2 Connector, female, 16 contact 2107-187732 91662 IO-5009-016- REF, 
153-001 

A6A2 C2-J3, connector, female, 16 contact 2107-187732 91662 IO-5009-OlE- REF 
153-001 

G H I Y K L Nl N 
111 21 3~4~,5~1~2~3~4~5~1,2,3~4(5~1~2,3(4,5~1~2~3~~~5~1~2~3~4[5~1~2~3~4~6~~~2~3~4~~~4~5 

.e 

Figure 5-U. ISOLATED MOTHER BOARD P/C ASSEMBLY 
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- 

REF 
IESK 
- 
A6Al 

c5 

C6 

CR1 

CR2 

CR3 

CR4 

CR5 

CR6 

CR1 

Pl 

Ql 

82 

93 

44 

95 

QE 

Rl 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

- 

NDEX 
NO 

D4-N2 

G5-PI 

G&U4 

G4-T3 

F2-P2 

B2-M5 

D5-P4 

D4-P3 

D3-P4 

D2-PX 

E3-N5 

E3-U2 

El-U2 

c3-P3 

H4-N5 

H&P9 

D4-T2 

E2-94 

GI-P3 

Gl-N5 

E2;P3 

II-N3 

U-P5 

.Y3-Q2 

E5-T2 

Fl-S5 

Z-Q1 

GlbN3 

DESCRIPTION ,,, 

NULL DETECTOR POWER SUPPLY 
P/C ASSEMBLY -.Figure 5-14 

cap, elect, i, 000 ti do/-lo%, 

Cap, plstc, 1 uf t2C%, 250~ 

CaF6yelect, 1,000 uf *50/-to%, 

cap, elect, 1,000 ti +50/-lO%, 

cap, elect, 400 uf +50/-lo%, 4v 

Cap, elect, 50 uf +50/-l%, 25~ 

Diode, silicon, 400 ma, 400 piv 

Diode, silicon, 400 ma, 400 piv 

Diode, silicon, 400 ma, 400 piv 

Diode, silicon, 400 ma, 400 piv 

Diode, aener, 1Ov 

Diode, silicon, 400 ma, 400 piv 

Diode, silicon, 400 ma, 400 piV 

connector, male, 16 contact 

Tstr, germanium, PNP 

Tstr, germanium, PNP 

Tatr, germanium, PNP 

Tstr, germanium, NPN 

T&r, germanium, NPN 

Tstr, germanium, NPN 

Res, camp, 15orI *5%, 1/2w 

Res, camp, 5. lk t5%, 1/2w 

Res, camp, 5. lk *5%, 1/2w 

Res, var, ww, 2k+lC’%, I-1/4w 

Res, camp, 22k&5%, l/Zw 

Res, corn& 22B+5$, 1/2x’? 

Rev, camp, ,22k +5%, l/h 

Res, camp; 22ki5%, l/” ,,, 

STOCK’ 
“0, 

1702-219121 
(335Ab4053) 

1502-193896 

1507-190330 

1502-193896 

1502-193896 

1502-187713 

1502-168823 

4802-180240 

4802-180240 

4802-190240 

4802-180240 

4803-113324 

4802-180240 

4802-190240 

2816-187724 

4805-182600 

4805-182600 

4805-182709 

4605-182691 

4805-182691 

4605-162691 

4’704-186056 

4704-109108 

4704-109108 

4702-1984le 

4704-186064 

4704-186064 

4104-186064 

4704-186064 

MF,R 

89556 

73445 

73445 

73445 

13445 

13445 

13445 

81483 

81485 

81485 

81483 

07910 

81483 

81463 

91662 

01295 

01295 

01295 

01295 

01295 

01295 

01121 

01121 

01121 

11450 

01121 

01121 

01121. 

01121 

MFR 
‘PART NO ,, 

1702-219121 

WARE1000 

38OAEjPlivJ 

13lARElOOO 

137ARElOOO 

126ARB400 

h2EARF50, 

4n4 

4134 

4D4 

4D4 

lN961A 

4D4 

4D4 

:-OlE-ow 
-200 
GA2811 

GA2817 

GA2877 

EA2875 

GA2875 

GA2875 

EB1515 

EB5125 

EB5125 

Type 110 

EB2235 

EB2235 

EB2235 

EB2235 

?O 
QT 
- 
RE 

4 

RE 

RE 

RE 

2 

1 

8 

RE 

RE 

RE 

RE 

RE 

RE 

RE 

2 

RE 

2 

3 

RE 

RE 

1 

2 

RE 

RE 

IE 

2E 

?.E 

IEI 

- 

335Al3350 

l- - 
:ix 
IT1 

- 
JSE 
OD 
- 



335AI335D 

REF INDEX 
lESlG NO 

R9 J&N2 

R10 15-Ql 

Rll F&M5 

Tl HI-R1 

T2 El-R1 

DESCRIPTION 
STOCK 

MFR 
MFR TOT REC USE 

NO PART NO QTY QTY COD 

Flee, VW, WV; Sk +20%, l-l/h 4702-149781 71450 Type 110 REF 

Res, camp, lOk+lO?& 1/2w 4704-108118 01121 En1031 REF 

Res, camp, Ik *l%, I/2w 4704-108569 01121 EB1021 REF 

Transformer, driver 5602-227201 89538 5602-221207 1 

Transformer, output 5602-227215 89536 5602-227215 1 



Figure 5-14. NULL DETECTOR poWER SUPPLY, P/C +jE,MBLY 



335Al335D 

NULL DETECT0 

cap, p1stc, 0.22 ti *20%, 120v 

cap, p1stc, 0.47 uf +zrf&, 12ov 

Diode, eerier, 10-J 

Lamp, neon, Type NEZU 

Lamp, neon, Type NEZU 

connector, male, 16 contact 



REF lI+EX 
DESCRlPT& STOCK, I ,,‘:MFR MFR ~’ TOT REC UiE 

DESIG ‘,NO NO PART NO .dTY bTY hIi 

92, U-T1 Tstr. tested, silicon, ,NPN ,,, 4806,-398812 .8953,6 ‘. 48;5;5;98812. F$ 
13.TI 

.,v; 
Tsti, silicon, NPN 

iii 
4805-168716 07263 W 

i-I5-s5 Tatr, silicon, WN ‘, +30$:16,6708 05508, 2N3391 ” ,A 1: ,,,, 

Q4 El-R3 /l’str,~silieon, NPN ,’ 4805+?110~ 8: 07263, ,2N3565 ,‘,: REF 

Q5 FS-T3 Tstr, silicon, NPN, 4805-111,105 97:263 ,, .2N3565 RE,F 

Q6 ,F4-S6 Tstr, germaniunl, PNP 48?5-1@709 01295., GA2677 XEF 

87 F5-N2 Tstr,,silicon, NPN _, 4805-37730~ 01283 ,,2N3565 REF 

Q8 E&N2 Tstr, silicon, NPN 5605~177105 01263, 2N3565 :, REF 

T&i-, silicon, PNP 

Res, Camp. SSk a5$, 1/2w 

Rea, corn& 47Br6%, 1/4w 

Res, COIYID, 10M +lO%, l/zW 

Res, Come, 1.2M r5%, 1/4w 

Res, comp, 41k +5%, 1/4w 

Rea, Camp, 68k &5%, 1/4w 

Res, Camp, 82k*5%, 1/4w 

Res, camp, 31Md *5%, 1/4x 

Res, Camp, 1OOk tS%, 1/4w 

Res, Camp, 22k*5%, 114~ 

Res, Camp, 39k *5%, 1/4W 

Res, camp, look *5%, 1/4w 

Ret, camp, 1OOsl+5%, */4w 



335A/335D 

REF INDEX 

DESIG NO 

R21 D4-S2 

R22 CZ-S4 

I123 E6-Q3 

R24 G2-Q2 

R25 Gl-Pl 

R26 F4-Q3 

R27 F1-P3 

R21 Fl-P3 

R28 F5-P4 

R29 Fl-N2 

R30 D4-N2 

R31 C4-N2 

R32 F4-S3 

R33 E5-Q3 

VI 15-U2 u’2 I5-u5 

Il-u3 

H2-U2 

H2-U5 

DESCRIPTION 
STOCK MFR TOT REC USE 

NO 
MFR 

PART NO QTY QTY COD 

Res, camp, 15Ok+5%, 1/4w 4704-182212 01121 CB1545 3 

Res, camp, 1Ok +5%, 1/4w 4704-148106 01121 CB1035 REF 

Res, comP, 2W es%, 1/4w 4704-148130 01121 CB2235 REF 

Res, 15k 15%, 1/4w camp, 4704-148114 01121. CB1535 2 

Res, camp, 150k *5%, 1/4w 47d4-182212 01121. CB1545 REF 

Res, eomp, 68k t5%, 1/4w 4704-148171 01121 cm335 REF 

Res, 15k+55& 1/h camp, 4704-148114 01121 CB1535 REF 0 

Res, camp, 1 SOk *S%, %w 4704-182212 01121 CB1545 RE;F P 

Res, camp, 221(+5%, 1/4w 4704-148130 01121 CB2235 REF 

Res, camp, 1OOk +5%, 1/4w 4704-148189 on21 CB1045 REF 

Res, camp, 15k r5%, 1/4w 4704-148114 01,121 CB1535 REF 

Res, 3.9M 15%, 1/4w corn& 4104-188411 01121 CB3955 1 

Res, lk+5%, 1/4w camp, 4704-148023 01121 CB1025 2 

Res, camp, lk+5%, 1/4w 4704-148023 01121 CB1025 REF 

Photocell assembly 3700-194449 89536 X700-194449 1 1 

Photocell support 3155-194613 89536 3155-194613 1 

Rod, light 3800-237362 89536 3800-237362 2 

Rod, light 3800-237362 89536 3800-237382 REF 

Shield, input (not illustrated) 3156-226886 89536 3156-226886 1 

5.48 
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Figure 5-15. NULL DETECTOR AMPLIFIER P/C ASSEMBLY 



335A/335D 

REF INDEX 
DESCRIPTION 

STOCK 
MFR 

MFR TOT REC USE 
IESIG NO NO PART NO QTY QTY CODI 

A7 TIME DELAY P/C ASSEMBLY 1702-192260 69536 ,1102-192260 REF 
Figure,S-16 (332A-420) 

C2001 El-J3 cap, elect, 400 UT +50/-lo%, 4ov 1502-185868 75445 C43lARG400 1 1 

s2001. C4-13 Diode, silicon, 1 100 piv amp, 4802-116111 05217 lN4817 REF 

:R2002. Cl-15 Diode, silicon, 1 amp, 1OOpiv 4802-116111 0527’7 lN4817 REF 

:R2003 C5-11 Diode, silicon, 1 100 piv amp, 4602-116111 05277 lN4817 REF 

K2001 G.-M2 Relay, armature, 12 vdc, dpdt 4504-116347 80089 62-760 1 

92001 E4-M2 Silicon controlled rectifier, 1.6 amp, 4805-192567 OS508 C-6F REF 
5OV 

It2001 A5-K5 Res, 2. w +10%, av camp, 4704-109961 01121 nB2221 2, 

R2002 E3-K3 Res, camp, 5.6k+lO%, 1/2w 4704-108324 01121, EB5621 1 

R200S F2-L3 Res, 39Oa SO%, l/zW camp, 4704-108965 01121 EB3911 1 

R2004 D4-K5 Ree, corn& lOk+lO%, 1/2w ,‘, 4704-106118 01121 EBlO31 REF ,’ 

G n 1, Y ,K L M N P 
~1~2(3(4~~5~1~2~3~4~5~1~2~3~4~5~1~2~3~4~5~1~2~9~4~5~1.~2~3~4~5~1~2~3~4~5~1~~2~3~4~5~1~2~3~4~5 

,,...,,: ..,...,,..,,.. .,..,.,... ,,....,,,...,: .,.,,,,,,,,,.,,.,,.: ,,,,..,.,,,,..,,,,.: :., !., ,,,,,..,,.,,,,.,,.,,.,,,, ,,,. ,,,,. ,,,,,,,,,,,, ',,, ,..,.,,._: ..,.: j,., _,.,, ..,, :; ,,,. :,,. 

F+e,5-lb. TIME DELAY P/CASSEMBLY 



- 

REF 
bESIt 
- 
A8 

Cl 

c2 

CS 

c4 

c5 

C6 

Cl 

CB 

c9 

Cl0 

CR1 

CR2 

CR3 

CR4 

CR5 

CR6 

“Rl 

CR8 

CR9 

CRlC 

CRll 

CRli 

CRlZ 

CR14 

CR15 

NOE> 
NO 

E4-N4 

G4-N4 

[2-N+' 

El-S4 

E2-Q1 

F5-TX 

35-Q5 

[l-QS 

F2-T4 

35-52 

x5-h 

34-Vl 

a-v1 

o-u2 

34-U2 

35-U2 

11-m 

I2-VA 

:x-'vI 

:3-v2 

:2-u2 

:1-u2 

X-Q1 

?5-Ql 

74-&l 

,,’ 
DESCR,IPTION ,I’ ” 

HIWVOLTAGE~ MOTHER g,O,ARD 
P/C ~AS~EhitiLY - Figure 5-17 

Series Pass Element P/C Assembl] 
(See Figure 5-,18) ” ” 

Preregulator P/C, Ass,embly 
(See Figure 5-‘19) 

cap, elect, li5 uf +50/-10~;'450" 

Cap, elect, 125 uf +50/-IO%, 450~ 

Cap, elect, 125 uf +5$-iO~,'h5Ov 
,, ‘, 

cap, elect, 8 uf +so/-lo%, 4jo1 
,, 

,cap, ,e1ect,, 8 Uf +50/-IO%, 45ov 

cap, plsh, 1 Uf +20%, 200” 

cap, elect, 50 uf+75/-m, 5ov 

Cap, cer, 0.001 uf t20%, 3 kv 

cap, cer, 0.01 uf, gmv, 16OOV 

Cap, oil, 3 uf r20%, 230~ 

Diode, sill&n, 1 amp, ‘6dO plv 

Mode, silicon, 1 amp, 600 piv, 

Diode, ailicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, I amp, 600 pi; 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 plv~ 

Diode,~ sill& 1 amp, 600 piv, 
,,. 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, EOb’piv 
,, 

Diode, +con, i amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode,, silicon, 1 amp, 600.~1~: 

Diode, silfcon, 1 amp, 600 piv 

1702-219,220 ,SSj;,, 
(335A-4063) 

1702-219204,89536 
(335k4061),, ‘: 

1702-222000~ 89536,: 
(335A-4082) 

15&-loe~3& 56288 
,,:,,, ,, 

1502-106336 56289 
.,, 

1502-106936 56289 

1502~1940& 56289 

1502-194CG8 56288 

1507-106450 84411 
'I#,' 

15!2-1051221,80?3 

1501-1056351 s&s 

P802-112383 05277 

1802-hi83 05277 I ‘, 
1802-112383 05277 

..,,, 
1802-112383 05277 

1802-112365 65277 

1802-112383 05277 
,, 

1602-112383 05277 

1802-112383 “05277 

&802-112383 05277 

1802-112383 05277 

MFR 
PART NO 

,1?02:219220 

1702-219204 
,,, ” 

1702-222000 

Type 66D 

Type BED 

Type 66D 

19D805F450II 
E4:., 

19D805F450B~ 
E4 

TypeX663F 

TE1307 

29CSOO 

DDlE-103 

2OOP1:640 

lN4822 

lN4822 

IN482i 

IN4822 

IN4822 

IN4822 

lN482i 

IN4822 

IN4822 

lN482i 

IN4822 

lNk822 

lN4822 

TN4822 

IN4822 

336Al335D 

ibT”RE 
QTY ‘01 

RE,F 

REF 

REF. 

3 

REF 

REE 

3 

&EF, ,’ 

/ 
2 

REF 

1 

REF 

1 

REF 

REF 

JaF 

REF 

REF 

REF 

REF 

REF 

REF ” 

REF 

REF 

KEF 

REF 

REP 

REF 

- 

- 

U! 
:0 
- 

,,, 

B 

- 



335Al3350 

REF INDEX 
‘ESIG NO 

:RlB F4-Q5 

:Rll G2-Ql 

!R16 G2-Q5 

:R19 G&Q5 

:R20 F5-Q5 

:RZl F5-R4 

:R22 HS-RS 

11 Hl-Sl 

Hl-R2 

;2 F&S4 

F3-Sl 

11 FZ-Nl 

12 G4-N1 

:3 H5-Nl 

14 E3-R3 

L5 E5-64 

16 Gl-T3 

17 U-R2 

la I3-Q2 

:9 I5-s1. 

110 Fl-S4 

111 Fl-Ql 

112 H5-M4 

113 G5-M4 

114 F3”M4 

115 G&S4 

‘1 F4-u5 

48Al E5-R5 

A8A2 G3-R4 

DESCRIPTION 

Diode, silicon, 1 600 piv amp, 

Mode, silicon, 1 600 piv amp, 

Diode, silicon, 1 600 piv amp, 

Diode, silicon, 1 600 piv amp, 

Diode, silicon, I amp, 600 piv 

Diode, silicon, 1 100 piv amp, 

Diode, silicon, 1. 100 piv amp, 

Ray, reed, 5,ooov 

Coil, reed relay, 24~ 

Relay, reed, 5,000~ 

coil, reed relay, 24v 

Res, camp, 22Ok *IO%, 2w 

Res, 220k +10%, 2w camp, 

Res, camp, 220k +lO%, 2x’ 

Res, 470k *S%, lw camp, 

Res, camp, 470k *5%, lw 

Reu, camp, 1051+10%, 2w 

P&s, 47on +10x, l/ZW camp, 

Res, 5. la +5%, lw camp, 

ms, 1on *lo%, 2w camp, 

Res, 27053 +lO%, 2w camp, 

Res, camp, 2.2k +lO%, 2w 

Res, 220k +lO%, 2w camp, 

Res, 220k +lO%, 2w camp, 

Res, 220k *lo%, 2w camp, 

Res, 2k +5%, low ww, 

Transformer, pulse 

Connector, female, 16 contact 

connector, female, 10 contact 

STOCK MFR TOT REC USE 
NO 

MFR 
PART NO QTY QTY CODI 

4802-112383 05277 lN46.22, REF 

4802-112383 05271 lN4822, REF 

4802-112383 05277, 3N4822 REF 

4802-112583 05277 lN4622 REF 

4802-112363 05277 lN4822 FLEF 

4802-116111 05271 lN4817 REF 

4802-116111 05217 lN4.817 REF 

5103-184440 12617 DRVT-1 2 

1802-186155 71707 SP-24-P REF 

5103-184440 12617 DRVT-1 REF 

1802-186155 11101 SP-24-F REF 

4704-110191 01121 HI32241 6 

4704-110197 01121 HE.2241 REF 

4704-110197 OllZl HB2241 REF 

4704-109819 01121 GB4745 2 

4704-109819 01121 GB4145 REF 

4704-11U63 01121 HBlOOl REF 

4704-108415 01121 EB4711 REF 

4704-219011 01121 GB51G5 1 

4704-110163 03121 nn1001 REF 

4704-110169 01121 HB2711 REF 

4704-109967 01121 yB2221 REEF 

4704-110197 01121. HB2241 REF 

4704-110197 01121 km2241 REF 

4704-110197 01121 BB2243 REF 

4106-155416 06136 Type 10F 1 

5600-185027 89536 5600-185827 1. 

2107-187732 91662 00-5009-016- REF 
153-001. 

2107-187732 91662 00-5009-O& REF 
153-001 



335Al3350 

M N P Q R s ,T 

Figure 5-17. HIGH VOLTA,GE MOTHER BOAR0 P/C ASSEMBLY 



335A13350 

- 
REF 
IESIG 
- 
ABA1 

Cl 

C2 

C3 

C4 

c5 

Cfll 

CR2 

CR3 

CR4 

CR.5 

CR6 

CR1 

CR8 

CR9 

CR10 

CR11 

CR12 

CR13 

CR14 

CR15 

CR16 

CR17 

CR18 

CR19 

CR20 

CR21 

CR22 

CR23 

CR24 

- 

INDEX 
NO 

E4-65 

n5-Tl 

GI-R4 

D5-P4 

D5-P2 

D4-R2 

D4-51 

D4-R1. 

D4-R4 

D4-32 

n5-Q3 

Gl-N2 

Gl-M5 

G2-N5 

G2-PI 

H2-Q4 

G2-Q2 

G5-$5 

G4+2 

HZ-R5 

G4-T3 

G4-U4 

D5-$5 

F5-R5 

OS-Q2 

c3-Vl 

c3-u3 

F4-$1 

Jl-N1 

DESCRIPTION 

SERIES PASS ELEMENT P/C 
ASSEMBLY - Figure 5-18 

cap, cer, 0.05 uf +80/slO%, 5ow 

Cap, elect, 8 uf +50/-lo%, 450~ 

cap, cer, 0.05 uf iSO/-10%. 500 

cap, p1stc, 0.068 uf +10%, 1oov 

Cap, plstc, 0.047 uf alO%, 80~ 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 600 piv amp, 

Diode, silicon, 1 amp, 600 piv 

Diode, zener, 6.6~ 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, I amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, l’knp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piv 

Diode, silicon, 1 amp, 600 piY 

Diode, zenw, 20~ 

Diode, zener, 36~ 

Diode, silicon, 1 amp, 100 piv 

Diode, silicon, I amp, 100 piv 

Diode, zener, 6. 2” 

Diode, zener, 2OOv 

Diode, zener, 200~ 

STOCK 
NO 

MFR 

1702-219204 ,89536 
(335A-4061) 

1501-105676 56289 

1502-194068 58289 

1501-105616 56269 

1507-182110 88419 

1507-195099 56289 

4602-112383 05211 

4802-112363 05277 

4802-112383 05277 

4802-112383 05277 

4602-112383 05211 

4803-161195 07910 

4802-112383 05277 

4802-112383 05217 

4802-112383 05271 

4802-1123.53~~,05271 

4802-112383 05277 

4802-112383 05217 

4802-112383 05211 

4802-112383 05277 

4802-112383 05277 

4802-112383 05277 

4802-112383 05217 

4803-113340 01910 

4603-186163 07910 

4602-116111 05211 

4602-116111 05211 

4603-160497 01910 

4803-217422 04113 

4809-217422 04113 

MFR TC 
PART NO Ctl 

1702-219204 RE 

33C58B 
I6 

ID805F450- RJ% 
HE4 

33C58B RE 

DMFlS68 I. 

J2P4739R8 1 

IN4822 

lN4822, 

lN4822 

lN4822 

lN4822 

CD36554 

lN4822 

lN4822 

IN4822 

lN4822 

lN4822 

lN4822 

lN4822 

lN4822 

lN4822 

lN4822 

lN4622 

lN968A 

lN914B 

lN4811 

lN4617 

lN753 

lN305lA 

lN305UL 

RE 

RE 

RE 

RE 

FtE 

1 

RE 

RI3 

FtE 

RE 

RI3 

RE 

RE 

RE 

RE 

RI! 

RI? 

1 

FtK 

RI% 

m 

1 

8 

RE 

‘F 

F 

- 
:EC 
iT1 
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:OD 
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REF INDEX 
DESIG NO 

CR25 Yl-P2 

CR26 Jl-Q2 

CR21 Jl-RS 

CR28 Jl-S3 

CR29 Jl-T4 

CR30 n-u5 

CR31 n-s4 

ZR32 r&P1 

Pl cx-Pl 

a1 15-&x5 

22 x5-Pl 

as IS-Q2 

24 15-R3 

25 I5-s3 

a6 I5-T4 

21 15-U5 

aa E.S-U3 

a9 Dl-N2 

210 C4-T4 

Rl FZ-Ql 

R2 F3-N4 

R3 E5-N4 

R4 C4-U2 
R4 C4-U2 
R5 Fl-R5 
RS FI-RS 
R6 HZ-N3 

RI H&M5 

R8 H2-Pl 

R9 H2-PS 

RlO HZ-41 

Rll HZ-Q2 

DESCRIPTION. 
STOCK 

NO MF’R 
MFR TOT REC USE 

PART NO, QTY OTY COD 

Diode; mm-, 200~ 4609-217422 'b4713" lN3051A REF 

Diode, zener, 200~ 4803-211422 04713 lN305lA REF 

mode, zener, 20&v 4603-217422 '04713 lN3051A REF 

mock, zener, 2oov 4803-217422 04713 1N3051A 'i?EF 

Diode, zcnei-, 200~ 4805-217422 04713 lN3051A REF 

Diode, zener, 200~ 4803-217422 04713 lN3051A REF 
,, 

Diode, silicon, 1 amp, 600 piv 4802-112383 05277 lN4822 : R&F 

Diode, silicon, lamp, 100 piv 4802-116111 05211 lN4811 REF 

Connector, male, 16 contact 2616-187724 91662 02-016-013- REF 
51200 

T&r, silicon, NPN D ,6 8 

T&r, silicon, NPN D, REF 

Tstr, silicon, NPN D REF 

T&r, silicon, NPN D REF 

Tstr, silicon, NPN D, REF 

Tstr, silicon, NPN D REF 

Tstr, silicon, NPN D REF 

T&r, silicon, NPN D REF 

Tstr, silicon, unijunction 4805-117176 03508 2N167lA 1 1 

T&r, silicon, NPN 4805-203489 01910 CDQ10656 REF 

Res, camp, 1.8k ilO%, 2w 4704-185983 01121 HB1821 9 

ftes, camp, 1.8krlo%, 2w 4104-185963 01121 FIB1821 REF 

Res, camp, 1.8k slO%, 2w 4704-185983 01121 BB1621 REF 

Ree, camp, 36OSl+5%, lh 4704-192559 01121 EB3615 REF L 
Res, camp, 62kt5%, l/Zw 4704-108522 01121 EB6235 2 hl 
Res, camp, 270k +lO%,, 2w 4704-110023 01121 BB2141 1 L 
Res, 'camp, lOOk+lO%, 2x4 4704-158659 01121 HE1041 1 tvl 
Rea, camp, 561(+50/o, l/Zw 4704-219048 01121 EB5635 1 

Res, camp, lk+5%, 1/2w 4704-108597 01121 EB1025 REF 

Rea, camp, 62k+5%, 1/2w j 4704-108522 01121 EB6235 REF 

Res, corn& lk+5%, 1/2w 4704-108591, 01121. EB1025 REF 

Res, camp, 68k&5%, l/Zw 4704-159624 01121 EBB835 1 

Res, camp, Ikr5%, 1/2w 4104-308591 01121 EB1025 REF 
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REF 
3ESIG 

RI2 

R13 

R14 

H15 

K18 

R17 

R10 

R1Y 

Rx! 

1121 

R22 

it23 

1~24 

,125 

R26 

R21 

[128 

WY 

1130 

I<3 I 

1132 

it33 

R34 

I235 

I<36 

R31 

1238 

1130 

I<40 

1141 

5”56 

NDEX 
NO 

H2-R4 

H2-R: 

HZ-S5 

H3-S5 

H2-T: 

HZ-T3 

H5-w4 

H&U4 

C4-U5 

H2-N5 

HZ-P4 

H2-QS 

H2-S2 

H5-S5 

s&U4 

HZ-U4 

Cl-P3 

G4-Q3 

E‘5-$3 

c&s5 

T*. 5 -s .5 

F4”Ll3 

(,;I-113 

F3-Q5 

F5-A3 

El-N2 

u4-P5 

El-M? 

HZ-N2 

E3-N5 

DESCRIPTION 

Res, camp, 75k :G’h, 1/2w 

Res, camp, lk .15%, I/Zw 

Res, come, 82k +5vk,, l/W 

Hes, camp, lk +5%, 1/2w 

Res, co,mp, 91k *5%, 1/2w 

Res, camp, lk +5%, l/Z& 

Reu, romp, 1OOk +5V,, 1/2w 

Res, camp, lk +5%, 1/m 

R@S, camp, 1.10 l 5%, l/hv 

Res, camp, 1OOk &, 1/2x’ 

Res, camp, 1OOk s:5%, 1/2w 

Res, camp, 1OOk +59& 1/2w 

yes, camp, 1OOk +5%, 1/2w 

Res, camp, 1OOk *5%, l/Zw 

Res, camp, 1OOk 45%, @xv 

Rcs, camp, 1OOk +5%0, l/h’ 

Res, camp, 22k +lO%, 21~ 

Res, camp, 22k +lO%, 2w 

Res, cony,, 22k +10x, 2W 

Res, corn,,, 2% ,+lO%, 2w 

RES, camp, 22k +lO%, 2~ 

Res, camp, 2% :t10%, 2w 

Rcs, camp, 22k d$&, 2w 

Reu, camp, 75k r5%%, l/h 

i&s, camp, 75k +5%, 1/2w 

Res, camp, 36k -t5%, l/Zw 

Res, cump, 18On +5%, l/zW 

R&c, camp, lOOil is%, 1/2w 

Rf!s, camp, 1OOk +5%, l/Z-m 

Res, met flm, 4.75k +I%, l/ZW 

STOCK 
NO 

4704-108928 

4104-108597 

4704.195966 

4704-108597 

4104-219030 

4704-108597 

4704.168054 

4704-108597 

4104-163711 

4704-168054 

4704-168054 

4704.168054 

4704-168054 

4704-168054 

1704-168054 

4704-168054 

4704-109975 

4704-109915 

4704-109975 

4704-109975 

4704-109975 

4704-109975 

4704-109915 

3704-108928 

1704-108928 

#TO+185991 

4704-108944 

3704-168508 

$704.168054 

~105-192500 

- 

MFR 

q1121 

01123. 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

01121 

31121 

01121 

31121 

31121 

01121 

31121. 

31121 

31121 

31121 

31121 

31121 

31121 

31121 

J1121 

31121 

31121 

75042 

MFR TO1 
PART NO QT’ 

EBl535 

EB1025 

EBB235 

ED1025 

ER9135 

EBlU25 

EB1045 

EB1025 

EBllG5 

EB1045 

EB1045 

EB1045 

EB1045 

EB1045 

EB1045 

ED1045 

HB2231 

HB2231 

HB2231 

HB2231 

HI32231 

HB2231 

HB2231 

EBl535 

En7533 

ER3635 

EBl815 

ER1015 

EB1045 

rype CEC-TO 2 

REI 

REI 

1 

REI 

1 

REI 

9 

REI 

1 

REI 

REF 

REI 

REF 

REF 

REI 

REF 

7 

REF 

REI 

REF 

HEF 

REF 

REF 

REF 

REF 

REF 

2 

REF 

REF 



REF INDEX 
IESIG NO 

R42 E3-N3 

El-V1 

DESCRIPTION 
STOCK 

MFR 
MFR TOT REC USI 

NO PART NO QTY OTY CO1 

as, met flrn, 4.75k +1%, 1/2x’ 4705-192500 75042 Type,CEC-TO REF ~:, S, 

lieat sink 4806-192245 89536 4806-192245 1 

,_ ,” 

I 
,‘,’ 

“:, 

w Ql thru 98 may be Fluke Part No. 4805-190710, Mfr 04713, (Mfr Part No. 2N3739; 
or Fluke Part No. 4805”225573), Mfr 95303, Mfr Part No. 2N4299. It is necessary, 
however, that all eyht must be the same type. Example; if all eight are 2N4299, a 
replacement of one or more should be a 2N4299. 
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REF 
D,ESlG 

ABA2 

Cl 

C2 

C3 

C4 

:c5’ 

C6 

Cl 

ca 

CR1 

CR2 

CR3 

CR4 

CR5 

CR6: 

CR?’ 

CRB 

CR9 

CR10 

CR11 

CR12 

CR13 

CR14 

CR15 

CR16 

Kl 

K2 

L* 

L2 

Pl 

NDEX 
NO,, 

D2+24 

D3-g2 

EZ-P5 

F2-R4 

E4-s3 

I5-P5 

G3-Pl 

G5-R3 

D3”P2 

E&R2 

Dl-P2 

D5-R3, 

E1Si 

H5-U5 

Fl-Ul 

F 5-T5 

H5-,V2, 

J3-P3 

Y2-N4 

H5-N5 

I4-N4, 

05-M 

H5-P5 

H5-Q5 

H5-T5 

G2-U5 

F2-U5 

F5-41. 

G5”Sl 

c3-P3 

,’ 
L’ESC~IPTION 

PREREGULATOR,,P/C, ASSEMBLY 
Figure-S-19 : :,’ ~ 

cap, cei-, ,o. 05 id +80/-100/o, 500 

cap,. cer,, 0.05, uf iao/-,lo%,, 500 

cap, p1etc,: 1 uf:*20%, 2oov 

Capgect,, 1; 000 uf +50/-lo%, 

cap, cer, uf 500 :0.,05 +ao/-la%,, 

,‘, cap,, cei+,, 0,. 05 ur +80/--l&, 500 

cap, cer, +60/:2u?h, 0.01 ,ti 500 

cap, mi,ca,, 510,Pf +sg,, 5oov 

Diode, ~silkon, 1 amp; 100, piv 

Diode,, ~sflicon; 3, unp, ,?t@ piv 

Diode, silicon,, 1 amp, 100 pjv 

Diode, gicon, amp,, piv 3 200 

Diode, silicon, 3 amp,;:~ZOO’piv, 

Diade, silicon, amp, piv ,,l 600 

,Diode, silicon, I’amp, ,600, piv ,, 

Diode,, silicon, 1, amp, 600 piv 

Diode, silicon,. l,amp,, 606 piv 

,Diode, silicon, 3 ;amp, ,200 piv ‘, 

Diode; .%&icon, ;3 amp, 200 piv 

,Diode,, ,silicon, 3’,amp, 200 piv 

Diode, ‘#icon, 3 amp, 209,plv 

Diode, eerier, 2OOv, 

Diode, silicon, l,,amp,. 100 piv 

Diode,, $icon, 1 amp, 100 piv 

Relay, armature, 115 YOC, cipclt 

Relay, reed, 5oov 

Coil, reed relay, 24~ 

Inductor, 1,000 utl, 140 ma 

Ihductor, 2?0 uh, 280 ma 

connector, ,ma1e, 16 contact 
,,, 

1501-105676,56289; 

1507-106450 a4411 

15,02-193896 734’45. 

1501.1,05,676 5,6289 

1501-105668 a0183 

,$aO2-187716 04713 

48~2-11~111 05277 

4802:1,87716 ‘04113 

4802-187716 p4ll3 

+892~112983 p5277 

4802-112363 0,5??7, 

4802-112383 05277 

4802-112383 06277 

48027187,716 04,713, 

4802-187716 04713 

4802-187716 04713, 

4802-187716 04719 

4803”18?61:7 ,04113 

4802”116lll 05277 

4802-116111 05277 

45Ul-106864 16332 

5103-136630 12617 

1a02Y1a6155 71701 

1801-147819 72559 
I 

1801-147835 72559 

2816-181124 91662 

33C58B REI 

33c5aB ‘, REI 

Type X663F =,I 

:437ARElOOO REl 

33c5aB RE,l 

33c5aB REI 

29COB5 ,_, ,,I, 

CD19F5115 REI 

IN4817 REI 

MR1032B 1 

lN4817 REI 

MRlO32B RJII 

kik1032B REI 

lN4822 REl 

IN4822 REI 

lN4622 REI 

lN4822 REI 

MR1032B REI 

MRlOS2B REI. 

MR1032B REI 

MR1032B REE 

bN3350RA 1’ 

IN4817 REI 

lN4817 REI 

lOO-SAU,PDT 1 

‘ype DRG-1 1 

3P-24-P RET 

WEE-l, 000 1 

iVEE-220 I 

2-OlF-013- REI 
5-200 

335A/335D 

- 
ZEI 

,T> 

1, 

1 



335AlZ.350 

REF 
3EW 

Ql 

Q2 

93 

84 

Q5 

Q6 

87 

Rl 

H2 

R4 

R5 

R6 

RI 

ii 
R9 

RlO 

RI1 

R12 

R13 

K14 

R15 

RI6 

R17 

R18 

5-60 

NDE, 
NO 

H3-b 

Hl-r 

14-R, 

GZ-1 

81-h 

Pi-6 

FZ-I 

D5-1 

Jl-R 

53-V 

14-P 

El-C 

Dl-L 

12-Q: 
12-93 
11-Q: 

F5-N 

12-m 

H2-T 

H5-S 

Cl-P 

Gl-S 

E5-N 

G3-R 

H2-S 

D4-T 

FI-N 

DESCRIPTION 1 
Tstr, silicon, NPN 

Tstr, silicon, NPN 

Tstr, tested, silicon, PNP 

Tstr, tested, silicon, PNP 

Tstr, silicon, NPN 

Tstr, tested, silicon, PNP 

T&r, silicon, NPN 

Res, camp, 68hl +lO%, 2w 

Res, ww, 0.192Q +l%, SW 

F&s, ww, 2k +5%, 5w 

Res, camp, 22k+5%,, 1/2x’ 

Res, ww, 1osl *lo%, 5w 

ms, ww, *orI *lo%, 5w 

Res, camp, 43on t5%, l/ZW 
Res, camp, 56052 +5%, Kw 
Res, camp, 36OW*5%, 1/2w 

Res, camp, 20k +5%, 1/2w 

R&s, camp, lOOti +5%, 1/2w 

F&s, camp, lk +5%, 1/2w 

Res, camp, 27051+5%, l/h 

Res, camp, 18On r5%, l/Zw 

Res, camp, 4.7k t6%, 1/2w 

Res, camp, 3.38 15%, 1/2w 

Res, camp, 27on *5%, 1/2w 

Res, camp, 6200 &, 1/2w 

Heat sir& 

Heat sink 

STOC-K 
NO 

4805493953 

4805-183004 

4805-159491 

4805-159491 

4805-203489 

4805-159491 

4805-203489 

4704-110205 

4701~238741 

4706-113506 

4104-186064 

4706-112300 

4706-112300 

#704-109058 
$704-109124 
uo‘l-192559 

4704-109041 

1704.188508 

$704-108597 

1704-159616 

1704-108944 

1704-108886 

1704-165761 

1704-159616 

1704-108704 

1156-227256 

1806-186761 

MFR 
,. 

05211 

95303 

89536 

89536 

07910 

89536 

07910 

01121 

89536 

06136 

01121 

06196 

06136 

01121 
31121 
01121 

01121 

31121 

31121 

31121 

$1121 

31121 

11121 

31121 

31121 

39536 

39536 

MFR 
PART NO 

UOCO34H31 

,40250 

4805-169491 

4805-159491 

CDQ10656 

4805-159491 

CDQ10656 

HB6801 

4701-238741 

Type 5F 

EB2235 

Type 10F 

Type 10F 

EB4315 
EB5615 
EBS615 

EB2035 

EB1015 

EB1025 

EB2715 

EB1815 

EB4125 

EB3325 

EB2715 

EB6215 

3156-227256 

4806.186767’ 

- 
10 
al,‘ 
- 

i 
?a 
IE: 

W 

2E: 

IE: 

IE: 

1 

1 

1 

ml 

2 

1El 

1 
I 

1El 

1El 

tE1 

tE1 

2 

1EI 

1 

lEJ 

LEI 

lE1 

1 

1 

T I 

- 
REI 
3T 
- 

1 

1 

USE 
:OD 

Q 
R 
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List of Abbreviations 

A,amp 
mp, 
a.2 
-W 
Bco 
UP 
GOI 
cm 
c 
FBr 
m 
CMRR 
camp 
ccw 
ccme 
CRT 
CPS 
db 
dum 
dc 
drrd, 
dp* 
dact 
oxt 
f 
E 
PET 
flm 
Ga 
0 
and 
WV 
plvl 
h 
HZ 
hf 
IC 
if 
int 
kc 
k 
If 
mc 
hl 

m 
mm 
n 
nsg 
s2 

PPm 
PlV 
!J* 
P 



-. r- --- 
I 
I I I 

I 

.--- ,- ---- 

r 

. 

__---- L------- --_-_-- --------z ______ ----_-_ 

i ,,IL 
1 I .r’ L- 

r 

I 
I 
L 

VT 
L I_-m.“....-------J 

--I 



r 

I 
I 
, 

, 
II u 



---------------- i’ 

I ---------- q CARD’ 
e GROUND 

. 
,, 



‘;: 
.; 

,,,,:: 
‘,,.I ,,,, ! 

A8AZ 
PREREGULATOR 

I I I 1 

--- 



R25 
IK 

H.V. MOTHER BOARD 



--- 
A5A2 

VER 

I 

A8AI 6iS.s ELEMENT -‘+a” 



I 
I 

iYEJ i 
I I.---J - 

A-- 

1 DIFFERENTIAL T .Fu a2 



1 r&%3- 

I 
I 

k3st-YER 
) VOLTAGE 
, REFERENCE 



- 
A4 I- 

R,S r 4-m 



I I 
ChOPPER AM PLiFi LR ; 4050 

\‘o’, 

A5A4 I 
I 

--- -- -- 

I T rT- 
332A- 4i4 

MASTER VOLTAGE RWE 
ASAl 



&COM ’ 

---- ---- ---- ---- --- ___-- -- -_-- -------A 

-- 

--- 

T-T 
- 

15 w 
FEE %cHEMATlC 
335A ,004, - 

-- 

I :R VOLTAGE REFERENCE 
A5Al 

c 



4057 
rnL” A5A3 
--,.I 

DIFFEREbiTlAL AM?L\~I ER 4057 



li 

CURRENT 

J 
-. 

LRli? 

-- 

I 

l 



---i--l I 
--I I 

I 4 

r 1 I 

A5A6 
CI !REI N T i\M \T ER 



G a= k,, 
,,, . 

r’ 
,, ,, + I .: :‘, 



i 



.,.---------- -- 
1 

r ____________ ------1-- 

I 1 
I 

99.955K 19.991K 20 

. 



-1 

r 

_-- 
1 

I 
r----- --------- 

4 . 

i 



--- 
1 r--- --------_ .-- 

1 r---- --- 



bLuAl. 335-A- lao3- 

DETA\L T 

r----- --------- 

. 

0 SIN 672 ANDON ------ ---- _________ 

I-------_-A------- 

@ s/N 123TnR” 67 
__------------ --- - 
I r---.---L 

1 

L------ __.____ -.----_ 



DE-I-A\L I 

0 SIN 672 ANDON __---- _---- --- ---..-- 

.-------- -.....--------__I 

0 SIN 123 THRU 671 ---------- 
---- r------ ’ 

-- -7 
---- 1 I 

I 

II I 
R59 
.* “.Y R” 

R58 R59 
.2 2 .?. 

_----- -____ ---. 
7Y-j 

R60 
----- 



I - 

40E 
CUR 

7 .“ds 

-_ 
I-- 

4050 AZ 
CHOPPEF; 



1004 
I -- ;“; 233,““: F3 4059 -- l AiA5 

72 
AUXILIARY POWER SUPPLY 

--- 1 
I 

4060 A5A6 
CURRENT LIMITER 

cot.4 --_ __ 

I 
--I 4082 A8A2 

PREREGULATOR 

4050 A%4 
CHOPPER 
COIL 



T T I , (-3s” SYPPLI 

SERIES PASS 
ELEMENT 



INPUT 
TERMINALS 

U!O Aa c 

- * 

. 

l I 



A6A I 
NULL POWEK SUPPLY 
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