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SECTICN I INTRODUCTICN

Model 410

The Keifhley Model 410 Micro-microammster is a line operated
vacuum tubse BJ.EC'ISI‘O!II@EGI" aes:.gnaa and constructed ESPBCJ.E.‘Lly for
measuring amall currents. Full scale ranges are from 10-3 to

3 x 10-13 ampers,

Tne features include full-scale voltags drop at ths input of
lags than five millivolts, zero drift of less than 2% of full scale
in elght hours, good accuracy and calibration stability, and simpli-
city of opsration. It also has an output which will drive & 0-1
or 0-% milliampers recorder as well as the numerous potentiometer .
rebalance recorders; one output terminal is at ground, making it
convenient to connect cathode ray oscilloscopes or pen-driving
amplifiers, similar to the Brush and Sanborn squipment.

The major panecl controlg are the range switch (emperss full-
acale) and the zerc. Minor controls are the Zerc Check, used to
short circuit the input and in setting the zero, Meter Polarity
for providing up-scale readings for currents flowing in either di-
rection, and an ON-CFF power switch. The meter dial i1s illuminated,
and these bulbs serve as the pilot light.

Model uloq

The Keithley Model 410C is identical to the Model 410, except that
the panel meter 18 provided with contacts which can be set to
closs at any predetermined meter pointer deflsction., The delicate
contacts of the meter operate a relay in the 410C, and the relay
contacts (SPDT) are avalleble for externsl switching functions
through an AN connector on the rear of the chassias.

Titrerncs Iezad, both medals

220 ond 4100 are zhirzii with capzeiteors zhuntliog This rang
o~

zoistora on the lO ? throu xn 10-'% cmpzre r:nbus. The copaclitors
17w ohe rosponse, llm¢u‘ua Ta2 anplification ol zpurious Jdizturb-

o)

anz2g, and preventing cvershoct and ringing when a :1¢ar: nLlu_
ir 2urrent is applied and irput csbls capacitones Is as much a
2020 ndcero~microferads., Such dampiung i3 usually praferrea when
oot inpub coples are uced, oo owita somete ion caamrIcrs.  Jhen
e eesad s dradired, 23 in zene wnroduction tozis, ond ravy
£.ivr Zupat cobles are ncing sed, th2 cavacliors may simply -a
rivoved Jrom o the range switeh,  Sce dotalls on page II-7,
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SECTION II DESCRIPTION

Twanty overlapping current ranges, from 10 :.L@Vﬂ'amgere,ta
3 x 10-13 ampere are selectad by the Amperes Full icale gwitch, locmisd
left of the Meter. The accuracy of the rangss from 16 % 19-% <hromgh
3 x 10-7 is within 2%, 10 x 10-9 through 3 x 10-32 is witzen i,

Input Impedance is controlled by nagative fecddmels Zronm the 2wttt
go that the voltage drop across the input terminsla {1 lz3s tian 5
millivolts for full-scale moter deflection, This i btased an propsr
zero setting; 1f the meter nesdle is ncot set at fard, with zers Txgpot
currant, about 3 millivolis constant petertial psr percesnd of Jull
gcele are added to the five millivoltsa.

The Input Connector is located on the back Jeee oF 4he ciessiwm.
It is a UBF connector with teflon insulation, and arcepts 2z dtandagd
teflon insulated mating plvg. The plug and lead wirss cr cable sfiewild
be extremely well insulated to prevent the leakaga 1d the smedl curTems.
A cap is provided for kseping dirt out when the iastyimemz i3¥ stord.

Tnput Switch Lubelled ZERO CHECK is located ta the l2f4 of 4he
Range Switch. When depressed, it effectively shomis I&e inpul o -
move spurious charges, and provides the zero input surrent rsfferormes
for zeroing the meter with thes Zero Control.

Grid Current is less than 5 x 10-14 ampore , amil reqmesamits e
limit of measurement of a vacuum tube slectrometar. ThiF i atowdt ITH
of full-scale on the most sensitive range.

Zero Drift is less than 2% of full scale inm edigit Hours cn alll Tenpss
except 3 X 10-+3 ampere where it is less than 4% of Full seal®s in sizit
hours. These drifts include warmup from a cold stant. 3T a 4wo Aooe wearm-
up can be provided, the drift will be one half to ome Fourthk o times
amounts.

Zero Control- The Zer¢ knob 1is located to tie right aof She meter smd
i3 used for zerocing the meter with zero input cwwmesat. Affeztimely zero
input current can be obitained by depressing the Iers Cheak Lvutdion,. Tha
input must not be short-circuited. This upsets tle neggtive Fhredbmcd peth
and makes it impossible to Zero the meter.

- IT-1 -
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It 1s recommended that the metor pointer not be set anywhers but zero
nn the meter scale with zero input current, because with the feedback used,
& de¢ potentiel is developed across the input whenever the output and the
panel meter are not zero for zero input current. Recorders, of course, can
be bilased to any part of their scals for zero volts at the Model 410 output.

Qutput is provided for driving rescorders. The amplifier will dewvelop
5 volts for full-scale meter deflscticn, and 5 milliamperes can be drawn
without upsetting the circuits, The OUTPUT connector is et the rear of
the chassis, The connectilon details and zuitable cutput attanustors
are discussed in OPERATION, 3sction III.

Response Speed of the 410 depends upon the current range being used wnd
also upon the capacitancoc of the external circultry. On the less sensitive
ranges the speed 18 limited by the amplifier responag, which is from dc %o
approximately 1,000 cps. On tho ranges from 3 x 10-% to 10 x 10-12 amperes
the speed has been reduced to whout 1.0 second by the addition of capacitors
acrosd the range resictors. On the three most sensitive ranges, shunt cap-
acitance across the input limits the response speed. Because of the method
of applicatidn of tie negative feedback, the slowing effects of capacitance
from the high input terminel to ground have been greatly reduced, but are
still gignificant. Table I bslow gives typical responss speeds; viz; the
time constant of the responss to a step function,

TABLE T
TYPICAL RESPONSE SPEEDS (to read 67% of final value)'
Ranges No significant extsrnal capacitance with 5000 mmf acrose
the irnput

Undamped Cawped Undamped Camped
3 x 10-13 2.2 seconds 2.2 seconds 4 seconds L seconds
1l x lo’lpl 1.0 7 1.0 n 2 I 2 1
1 x 10°%1 0.15 " 1.0 " 5" 1.0 "
1 x 10-10 8.10 " 0.5 " 2 " 1.0 "
1 x 10-9 0.05 " 0.5 n 1" 1.0 "
1x 108 0.01 " 0.5 " .05 " 1.0 "

If the maximum speed of response 1s desired, the capacitors shunting the
range raesistors may be removed; however the increased responss to spurious
ac signals may interfers with recording, as mentionsd in Section I.

Amplifier Noise is principelly powsr frequency, and is 30 millivolts
rms max at the output terminals, irrespective of the current rangs. From
the most general point of view, grid current and amplifier zero drift are
also background noise; thess have already been discussed,

- (1.2 -
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Circuit Description

The circult diagram DR 10867-C is enclosed at the back., The amplifier
consists of two 5886 electrometer tubes operated as a long-tail pair, with
a substantizl amount of in.phase raejection. Further in-phase rajection is
cbtained by supplying V1 and V2 screens from V3 and V4. A tricde connected
5CMG i used as the cathode follower output stage.

Negative fe=dback from the output (dircetly, or through 2 low impedence
divider) i3 accomplishaed through the shunt resistor to the grid of the in-
put slectrometer tubs, It is this feedback which Xeeps the input voltiage
drop low.

Tha open loop veolfag: gain of ths amplifier, measured from the first
stage grid to the reedback connection which would normally be connected to
the low impedance end of the shunt resistor, is about 2500 on the loss
sensitive ranges, alternates between 150C and 500 on the middle rangss,
and is 150 on the 3 x 10-13 ampere rangs. This assures a low input drop.

To insure low drift, the feoedback-veltage {the voltage drop across
the high resistance range resistors) is mads large and alternatgs betwesn
1.0 volt and 3.0 volts for most of the rangss. On the 10 x 107 ampers
rang: and those less sensitive it is 5.0 volts, whils on the 3 x 10-33
ampere rangs (the instrument's most sensitive) it is 0.3 volt. The alter-
nation of the feedback voltege is used to economize on the very exponsive
high megohm resistors, so that only one is used for svery decade of
measured currant. Table II, below, gives the value of Ey and Rg for
ecch current range.

TABLE IT
Range Resisgtor

Ampares Full Scale Ep volts Rg Accuracy %
10 x 10-% 5 5K 0.1

3 x 10-4 5 16.67K 1

10 x 10-2 5 5CK 1

3 x 10-3 5 166.7K 1

10 x 10-6 5 500K 1

3 x 106 5 1.667 Meg 1

10 x 1o-7 5 5 Meg 1

3 x 107 5 16.67 Meg 1

10 x 10-8 5 50 Meg 1

3 x 10-8 3 108 1

10 x 109 1 108 1

3 x 10-9 3 109 3

10 x 10-10 1 109 3

3 x 10-10 3 1010 3

10 x 10-11 1 1010 3

3 x 10-11 3 101l 3

10 x 10-12 1 1011 3

3 x 10-12 3 1032 3

10 x 10-13 1 1012 3

3 x 10-13 0.3 10k2 3

- II-3 -
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The power supply is regulated by a Sola transformer. Helf-wave
selenium rectifisrs supply the B4 and B- potentials. The filtering
is conventional.

Calibration is determined by the value cf the high resistance rangs
registors and the value of the feedback resistors. From 10-3 to 10-8
amperes, the overall accuracy is better than 2%, From 3 x 10-9 to

3 ¥ 10713 amperes, the accurecy is better than U%.

The meter 13 connected between the output terminal and ground.
When the range rasistor is shorted in zeroing the instrument, the meter
measures the voltage existing between the input terminal and ths output
terminal (which are connected together when the shorting button is
prassed) and ground.

The balancing of the amplifier, with the Zero control, is done in
the filament circuit of V2. This 1s a convenicnt low-impedance point and
do=s not disturb the electrode potentials or the low grid currsnt elec-

trometer tube.

KEITHLEY INSTRUMENTS CLEVELAND, CHIC
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SECTICN III OFERATION

Simplicity of operaticn is an outstanding characteristic of the Mcdel
#20. TFirst ccanect the input to a current source, and the output to a re-
corder or external indicator, if desired.

Then: a) Plug the power cord into a 110 volt 60 cps outlet. Note
that because a 3ola resonant regulating transformer is used, the power fre-
quency, a8 well as voltege, must be the proper valus.

b) Turn the amperss Full Scalo to the 10 x 10-4% position.
c) Turn the power switch to ON.

d) After a few minutes warmup, set the panel meter to zeroc with
the ZERO controel.

e) Advance the instrument's gensitivity with the renge switceh,
until a usable deflection is obtained on the panel meter. The current is
read directly., Attenticn shculd be paid to the METER polarity swltch, so
that an up-scele deflection is obiained.

£) Poariodically check the zero setting by operating the ZERO
CHECK switch and receroing the meter if necessary.

Input, using cabling

The current source should be comnected to the input connector with the
high impedance side of the current source associated with central condustor
of the connsctor, The lead-in cable should be polyethylene, polystyrens, or
teflon insulated coexial cable, and the connector should havs teflon insula-
tion. Amphenol type 83-756 or equivalent is recommended. During preparation
of cable and connectors, it is essential that all high impedance surfaces be
kept scrupulously clean to aveid leskage. With graphite coated cable, it is
necessary to avoid tracking graphite onto the high impedance surfaces of the
cut end of the insulation and the teflon surface of the connector. Movement
of ths cable during measurement should be avoided since this will cause
spurious needle movements, because of capacitance chenges and generation
of static charges.

GRID CURRENT in the Model 410 is less than 5 x 10-1% ampers - usually
about 2 x 10-1% ampere. It can be read directly on the 3 x 10-13 ampere range

after carefully shielding the high impedance input conductor such as by
screwing the connector cap on.

The grid current can be subtracted algebraically from the total gurrent
read on the meter to give the correct current in the circuit being msasured -

on the most gensitive ranges.

RECORDING: The Model 410 is provided with a connactor on ths rear of
the chassis for recording. The output for full-scale meter deflaction is
+5 volts. The maximum current that wmay be drawn from the output terminals
is 5 milliamperes. This output is suitable for driving one end five mil-
liampere reccrders as well as recorders employing an amplifier. Cinch-Jones
§-202-B ig the chassis connector, P-202-CCT is the mating plug. Terminal

#1 18 ground.
« I71.) -
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Tatle III gives resistance to be used in series with ore and five
milliampere recording milliammeters, to maske the recorder full.scale de-
flection equal the panel meter full-scale doflection.

TABLE III
Recorder Seriza Resistance
1l m.a. 3.3 to 3.7K
> m.a, 920 to 40

Tha exact sariss resistancs varies from recordsr teo recorder, and a
portion of the series resistance should be adjustable so that the recordsr
may be calibratad sxectly against the ponel meter.

A guitabls voltage divider for more sensitive recorders can easily be
made, keeping in mind that 5 volts appear at the ocutput terminala for full-
gcale deflection of the pansl meter, and that a 1000 ohm divider will not
draw too much output current and will be sufficiently low impedance to con-

nact to amplifier inputs,

The Speed of Response, or the time conatant of an input transducer
and micro-microammeter, depends upon the speed of response of the cir-
cuitry of the instrument and alsc upon the capacitance of the current
source and its connecting cable. Becauge of the way the negative feed-
back is applied in the Model 410, the external input capacitance is not
nearly as important as In systems using e voltmeter across a shunting
resistor, and quite large capacitances can be tolerated without having an
impossibly slow response. Thus, & cable run from an ion chamber to the
micro-microammeter is permissible.

The internal time constant of the Model 410 depends upon both the
frequency response of the amplifier stages and the time constants of the
high megohm range resistors and the assoclated distributed capacitances,
These change from renge to range on the 410, the speed decreasing as the
sensitivity is increased. Table I in Section II, Deseription, gives
quantitative values.

$216 Volts. A connector has been mounted on the back face of the

chassI8 to provide 4216 volts for polarizing en ion chember. The poton-
tial i8 derived from 2 OB2 voltage regulator tubes, and is well filtered.
The supply can be short circuited without damaging it. The chassis con-
nector is Cinch-Jones 8101, end P10l is the mating plug.

- I1I-2 -
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SECTION IV MAINTENANCE

The Keithley Model 410 Micro-microammeter has been designed to give
long, trouble-free service. High quality components have been used
throughout, and the circuits are stabilized by a substantlal emount of

negative feedback.

TR 10867-C, at the back, is ths detailed circuit schematic diagram
of the Model 410. The circuit opsration was discussed in Ssction II,

Description.

Maintenance Adjustments

One maintenance control is provided. It is accessible from the tep
of the chassis, and is located behind the meter.

R138, METER CALIBRATION, is in series with the Meter. To recalibrate,

use tha 10 x 10-% range and, with 7 x 10-4 ampere through the input cir-
cuit, adjust R138 so the meter reads exactly 7.0. Since the shunt resistor
en this range is accurate to 0.1¢ of its nominal valug ths overall accuracy
can be adjusted to about 1% of full scale. On the 3 x 10% to 10 x 109 ampere
renge ths range resistors are accurats to 1% and, providing the calibration
wag accurately done on the 10 x 107" range, the overall accuracy will be 2%,
From 3 x 10-9 to 3 x 10-13 amperes the range resistors are accurate to 3%

and the overall accuracy will be L%.

Vacuum Tuhes V1 and V2 are the two electrometer tubes, and are located in
an aluminum can which plugs onto the top of the chassis nsar the iuput
terminals. The tubes have been selected, matched and labslled; V1 is
Keithley part EVS886-5 and V2 is EV58686-6. The difference betwssn the two
is that EV5886-6 does not have to have low grid current. It is recommendesd
that the complete Input Tube assembly Model 4102, be kept for replacement
purposes,

The other tubes are standard rsceiving tubes and need no special szelec-
tion to assure satisfactory performence of the Model 4L1Q.

THNSULATION: All insulation for the high impedance conéuctors is made
of teflon, as are the contact insulators on the range switch. This should
give gatisfactory service in all humidities. OQccasionally, the high im.
pedance insulators should be inspected to insure that they are free from
dirt and dust.

CONNECTCR CAP: The cap for the input conmector should be kept in
place whenever the connector is not being used. In storage and in trans-
port, it Xkeeps the insulation from accumulating dust and dirt. Before
screwing the cap back onto the connector, be certain that it is clean, so
the insulatlon will not be contaminated.

- TVl -

KEITHLEY INSTRUMENTS CLEVELAND, QOHIO



SECTION Vv SPECIAL INSTRUCTIONS FCR THE MCLDEL 410C

IR 11165-C is the circuit schematic dizgram of the Modsl 410C.
It differs from the 410 in providing the metsr ccntacts, and
the relay vhich is controllsd by them.

The metsr-relay is manufactured by Assembly Products, Inc.,
of Chesterland, Ohic, Model #61-C. Its contacts will clese
when the black metsr pointer ccincides with the red index
pointer. The index can be sat easily to any point on the
meter scals by rotating the black knob on the front of the
meter.

Tc obtain reliable contacting of the meter, the contacts are
locksd together electrically., Unlocking can be accomplished
by operating the RESET button on ths pamel, or by a remote
switch.

To complete the locking path, it 1is necessary that contacts A
and B of the AN connector be connected. This can be dene
within the mating male plug, if resetting ia to be done only
with the panel bhutton, or leads can be run to a remote reset
relay or switch.

The one AN connector, it will be ceen on the schematic diagram,
is used for the resetting circult, control relay contacts, and
the output to a recordsr.

The relaey contacts are rated 5 auperes at 110 volts AC, or
24 volts IC.

- V-1 -
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PERFORMANC E REPOQAT
MODEL 410

This report is intended to sup iy data on perzformance in addition to
or outside of our published specifications. Measurements are made on
stock instruments and are to serve as a guide rather than a limitation
or guarantee of performance of any pariicular instrument.

Pour tests are inciuded:

1y Cverloazd characteristics
2) Linearity

3) Response Speed

4) Drife

MODEL 4i0

Figure 1 shows the performance of the ocutput signal with several full
scales overload. Curves are shown for no lead and for 1K load,
and the input signals user were both positive end negative,

Figure 2 shows the linearity between negative full scale and positive full
scale, /s may be seen, it is so good it is hard to measure, This is
the emplifier output only and has nothing to do with meter linearity.

Please note that the range used employs one volt feedback. The
linearity may be expected to be 3 times as good on ranges using 3 volts,
5 times as good on renges using 5 wolts and only 3 times as good on the
nost sensitive range.

Chagt 3 is a listing of response speeds for all decade ranges and the most
sensitive range with small input capacity and with 5000 mmf input
capacity, for the standard unit and for the standard unit with range
switch capacitors removed.

On some ranges, overghoot is encountered. For thege, the overshoot in
percent of full scale is recorded,

The times given are to reach 90% of final value. Conversion to standard
electrical "time constant® is made by dividing by 2.3. For exzample,

the standard unit on the 10 x 10-12 range has a 90% response time of
2,3 secomls, This means a ®time constant™ of 1 second.

Figure 4 shows the 3.day drift record of a “typical™ unit. Remember that,
1]
on any ranges, the drift record will be _f times as good as the record
.3
shown (on the 3 x 10-13 renge, the feedback voltage is .3 volts). Thus,
on any range above 10 x 10=8 (ef = 5v) the scale of Fig., 4 could be
compressed 16,7 times.
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MODEL 411

Because the same amplifier ig used in the 411, the characteristics
are quite similar. The following changes apply, however.,

1,

2.

3e

Overload: Since ©f is always full output, the linearity
is as shown in Fig, 1 for no load except that 1 full scale
for the 410 is 4 full scale for the 41l and 1% for 410 is
1% for 411, The dashed curve is approximately correct
except that in the 411 it is for 2K (5 ma} load.

Linearity: About 5 vimes as good as Fig. 2.

Chart 5 shows the range=by=zrange response speeds for the
Model 411,

Drift record (Fig. 4) should have the scale compressed 33
times.
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Chart 3 = 410 Response Speed

Time tao rzach 90% of final value

Standard

Range Switch Capacitors OFF

Small (20 mmt) | 5000 maf Small 3600 mmf e
Range Input capacity Input capacity Input capacity Input capacity
3 x 10=13 10 seconds 40 seconds 10 seconds 60 seconds 3
10 x 10-13 8 20 8 20 1.
10 x 10-12 2.3 2.6 .65 1.5 1t
10 x 10-11 1.2 1.6 .07 25 (20% || v
10 x 10-10 1.1 1.4 009 (15% 06 (60% | 10
10 x 10=° 1.0 1.2 .0025 (15%) 018 (70% i 1
10 x 10-8 .0012 006 (70%) 20012 006 (70%) ] 5+
10 x 10~7 .0012 .002 (50% .0012 2002 (50%) || 5
10 x 10=6 .0012 001 (10% «0012 001 (10% || 5t
10 x 10-5 .0012 001 0012 .001 51
10 x 10=4 .0012 001 .0012 .001 5t

Response
Time

Qvershecot

2 oy R FA WA Y.

»006 (70%) means 6 ms to reach 90% of step with 70% of
step overshoot

070

overshoot

means 70 ms to reach 90% of step with no



Chart 3 - 411l Response Speed

Time to_reach 90% of final value

Standard

[ Range Switch Canacitors OFF

Small (20 mmf) 3000 mmg Small 3000 mme 3
Range lnput capacity Input capacity Iaput capacity Iaput capacity || *
10 x 10~12 8 seconds 13 aeconds % seconds 132 seconds 10
10 x 10=11 2,3 2.5 1.8 2.0 10v
20 x 10-10 1.4 1.6 .14 .13 10v
10 x 10=9 1.2 1.4 010 025 (40%) |20V
10 % 10-8 1.2 1.4 003 L0075 (6075 10v
10 x 107 .0012 .0023 (40%) 0018 .0025 (40%){|10v
10 x 109 .0012 001 .0012 001
10 x 103 .0012 .00 ,0012 001
10 x 10-4 .0012 001 0012 001

Response
Time

Overshoot

.006 (70% means & ms to reach 90% of step with 70%
of step overshoot

Q70

avexrshoot

means 70 ms to reach 90% of step with no
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FAULT:

A,
1.
2

3.
1t

Will not zero.
PROCEDURE:

KEITHLEY MODEL k10.

TROUBLE SHCOTING PROCEDURE.

Refer to Schematic DR 10867-0
Use VIVM, DD voltages referred to ground.
Input can (4102) pin 2; 4 130

v
Supply end of R from ¢5 pin 7; - 140V
TR RNG '

Check power aupily voltages

voltages are inoorreoct, cheok power supply tubes and

components,

4,

15.
16.
17.
18,
19.
20.

The following potentlials will depend on the getting
of the ZERO oontrol. However, if 1t is possible to
swing the check point through the correct value by

ad juating the O oontrol it may be amsumed that the
stage is working. Proceed until the point is foumd
where the voltage value cannot be obtalned. Then
oheck the tube and then the components of that stage.

Input oan pin 1
Input can pin
Input can pin
Inout can pin §
Input oan pin 6
Input can pin 7
Input can pin 8
Input can pin 9
and 10 ; O
ZERQ gontrol,
wiper,

V3 and Y4 (6CBS)
prin 1
VY3 and V4 pin 2
and 7
g? and V4 pin 6
pin 5
Vz in §
V5 (60M6)pin 1
pin3 A& 6
pin 7

i M T B We uywe
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T
H
o

]
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SPECIFICATION FOR BELL TELEPHONE LABORATORIES MODEL 410-BL PJCOAMMETER

I .Ranges:
i # Full Sczle :
\[i5 5 Full ch! Overlapping Ranges
to~! to 10
2.0utput'l
0to [ Volg on | x Ranges @ S5 MHa.
0 to .943 Volt onVil x Ranges at the 3x meter indication @ 5 Ma.

Full Scale on theYTD x ranges is | Volt.

3.Accuracy: -3 -8 :
+1% of full scale from 07 to 10" amgeres at the output;+1.5% at the meter-

+2% of full scale from IO"ztoHTBR 10 amperes at both meter and output.

rmperas

Zero Suppresslion Is cepable of being- set within +.5% of value with the''Fine -
Zero Supress''control and Is usable up to 100 full scales.

L, Zaro Drift:
+2% of full scale In a 24 hour period after a 30 minute warmup,provlding source

voltage is not less then | volt.

5. tnput: -i4
Grid current Is less than § x 10 ampares,

input voltage drop s less than Smv, -3 g
Effective input resistance is 1,5 ohms at (0 “amperes to |5 x {0” ohms at 10"

amperes.
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REPLACEABLE PARTS LIST - MODEL 410

Clrcuit

Part
Desig. Description No.
cl01 Capacitor, polystyrene, 5000 maf, 100 WV, 25%-~—- C:lnsoaa__.
cloz Capacitor, polystyrene, 500 mmf, 100 WV, 25% CIL500
c102 Capacitor, polystyrene, 50 mmf, 100 WV, 25% C31.30
C104 Capacitor, polystyrene, 5 mmf, 100 WV, 25% C3l.5
c1os Capacitor, ceramic, 0,02 mfd, 600 WV, GMV C22.,02
C1l06 Capacitor, ceramic, 100 mmf, 600 WV, 10% C22-100
c107 Capacitor, ceramic, ,001 mfd, 600 WV, 10% Ci2=,001
C401 Capacitor, electrolytic, 40 mfd, 250 WV C27 =40
C402 Capacitor, electrolytic, 150 nfd, 150 WV C9 -150
C403 Same as C401
C404 Same as C402 3
C40S Same as C401 i
C406 Capacitor, electrolytic, 20 mfd, 450 WV i C8 .20L
C407 Capacitor, ceramic, 0,02 mfd, 600 WV E C22.,02
C408 Capacitor, oil filled, 1.0 mfd, 850V AC !
FU 1 Puge, 1,5 amp type 3AG FU <8
ME1 Meter, 0-200 micro-amperes, illuminated dial, ME -6

Meter bulbs G,B, type 323, '?L.“\“‘

R101 Resistor, wire wound, 5K, 0,1%, W R18-16-5K
R102 Resistor, deposited carbon, 16,67K, 1%, 1W R13#16,67K
R103 Resistor, deposited carbon, 50k, 1%, 1IW R13=50K
R104 Resistor, deposited carbon, 166,7K, 1% IW R13166,7K
R105 Resistor, deposited carbon, SQ0K, 1% 1w R13-.500K
R106 Resister, deposited carbon, 1.667 meg, 1%, IW R13.),567M
R107 Resistor, deposited carbon, 5 meg, 1%, IW R13w5M
R108 Resistor, deposited carbon, 16,67 meg, 1%, 1W R13=16,37M
Al109 Resistor, deposited carbon, 50 meg, 1%, 2W R14=50M

[E—— Y




Circuit
Desig,

Ri10
R111
R112
R113
R114
R115
R116
R117
R118
R119
R120
R121
R122
RL23
R124
R125
R126
R127
R128
R129
R130
R131
R132
R133
R134
R135

R136

d o v rm i tmme — e -

REPLACEABLE PARTS LIST - MODEL 410

T i ———— i ebebelemeome MR s ws el w4 s o4 me e e e e

Description

Resistor, depo;i¥§d carbon, 100 meg, 1%, 2W
Resistor, high megohm, 109 ohms, 3%
Resistor, high megoﬁm, loloohms, 3%
Resistor, high megohm, lollohms, %
Resisotr, high megohm, 10130hms, 3%
Resistor, wire wound, 2K, 0,25%, iW

Same as R115

Resistor, wire wound, 700 ohms, 0,25% iw
Resistor, wire wound, 300 ohms, 0.25%, iW
Resistor, composition carbon, 22 meg, 10%, iw
Resistor, deposited carbon, 10 meg, 1%, W
Same as Rlzb

Potentiowcter, ten turn, 200 ohms, 5% tol,
Resistor, power 12,5k, 74, 3%

Same as R123

- Resistor, deposited carbon, 100K, 1/3W, 1%

Resistor, wire wound, 150 ohms, iW, 1%
Resistor, wire wound, 250 ohms, W, 1%
Resistor, deposited carbon, 20K, 1/3W, 1%
Resistor, composition carbon, 10K, 4w, 10%
Resistor, deposited carbon, 1 meg, 1/3W, 1%
Resistor, deposited carbon, 60K, 1/3W, 1%
Same as R130

Resistor, depnsited carbon, 5 meg, W, 1%
Resistor, deposited carbon, 8 meg, W, 1%
Same as R123

Resistor, wire wo.. i, 22,5K, W, 1%

 Part
No.

O T

R14-100M
R20~10

R20-10
R20-10"
R20-10' "~

R18.-135=2K

R18al5«700
R18«15«300
R1-22M

R13~10M

NP4-200

R7-12,5K

R12~100K
R18~$=150
R18-6.250
R12-20K
Rl =10k
R12-1M

R12=60K

R13=5M

R13-8M

R18-10-22,5K

Q::T‘E,J)
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Circuit
Desig.

PV
R401
R402
RA03
R404
R405
R406

R407

REPLACEABLE PARTS LIST - MODEL 410

R408

SR1

sw1
sw2
SW3
Sw4

Tl

V1
y2

V3
V4
¥5

vé

!
SR2,3,4,5,4 Same as SR1

f
Same as V6
i

Part

Description No.
ﬁgféaiiometet. wire wound, SK 2w, 20% RP2=5K
Resistor, composition carbon, 100 ohms, iW, 10% R1.100
Resistor, composition carbon, 470 ohms, W, 10% R1-470
Same as R40)
Same as RA02
Same as R401
Same as R401
Resistor, power, 10K, SW, 3% R4=10K
EResistor. composition carbon, 100K, iW, 10% R1«100K
lRectifier, selenium, 65 ma., 130 V AC input RP-f]
Range switch, teflon insulated SW=30
Input shorting switch, teflon insulated -
Meter Polarity, switch, DPDT toggle SW-14
Power line switch, DPDT toggle Same as SW3
Transformer regulating; Pri, 100-130v, 60 cps; TR=17
Sec, i, 600v dc, @ 20 ma, center tapped;
Sec, 2, 250v dc. @ 50 ma, center tapped}
Sec 3, 6,3v ac. & O0,6A;
Sec, 4, 6,2v ac, €@ O,6A;
Sec., 5, 6.3v ac, @ 2,0A
Furnished with C408, tuning cnp1citor
Elccirometer tube, Raythcon CX 5886, matched EV 5886=5
with v2
Electrometer tube, Raytheon CK 5886, matched EV 53B6~6
with V1
Vacuum tube, type 6CB6 EV 6CBé
Same as V3
Vacuum tube, type 6CM6 BV 6CM6
Vacuum tube, type 0B2 LV 0B2




REPLACEABLE PARTS LIST - MODEL 410

Circuit Part
Desig, Description No.
CONNE:I‘ORS ON CHASSIS

Input

Connector | Connector, teflon insulated CS=12

Cutput

Connector | Connector, two terminal CS=l18

Chamber Plus 216 volt connector for ion chamber CS=16
MATING PLUGS PURNISHED WITH INSTRUMENYS

Power

Connector | Power cord receptacle CP-l

Power Six foot power cord with piug for outlet C0=-3

Plug and socket to mate with power connector

and

Cord

Input Plug, teflon insulated C8=13

Plug ——

Output Plug, two terminal CS=-19

Plug

Chamber

Plug Plug, 4" cable CS«17
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