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SECTION I - INTRODUCTION

The Model 150 Micro Volt-Ammeter 1s a stable, versatile instrument
for measuring extrenely low level DC signals, It functions as ©
voltmeter from one microvolt to one volt full scale, and as an
ammeter from ong milliampere to one hundred micro-micrcausperes
full scale. It alsc cporates as a DC amplifisr with gains up to
ten million for driving recorders,

The very low nolge level of the Model 150, together with its long
torm stability make it idsal for many wmeasurements requiring ei-
treme powsr sensitivity.

Typical epplications include measuring the output from strain garpes,
thermepliles, thermocouples, bolometers, phototubes, ionizetion chanbors,
scintillation countors, and barrier layer cells, Other applications
ars found in cell studies, measurement of electirochemical potentials,
glectrolytic corrosion studies, molecular weight analysis and Hall
offect studiesn.

In addition to its use as & direct indicator of minute potentials
and currents, the Modol 1350 may also be usod as 4 null detector in
Wheatstone or Musller bridges, cor with an extornal voliage source
as & mep-megchmmster. . :
An important featwrs of the instrument i1s zero suppression up to
100 times full scale, in place of the usual wmore limited meter zero.
This permits measurements of small gignals in the presence of large
thormnl FEMF's or other masking DC signals.



STCTYON Il - SPECIFICATIOUS

VOLTHETER SPECITICATIONGS

RANGES: 13 overlapping ranges in 1x and 3x sueps from 1
- microvolt +to 1 volt full scale on e zero-canter meter.
ZERO STABILITY: After a one hour warm-up within *+ 0.1
microvolt + 2 X 10-2 R microvolts per day, where R is
the source resistence in ohms.

NOISE: With the input shorted, less than 0.03 nicrovolt
peak to peak (0.006 microvolt RMS). At various source
impedences the noise is given by E = 6.5 x 1077 (R +
2000)% microvolts peak~to-peak since the ohmic input
resistance is added to R, the source resistance.

ACCURACY: 2% of full scale on all ranges.

INPUT AND SOURCE RESISTANCE: As tabulated below unlsss
resistors shunting the input are requested, in which
case the input resistance is 100K on the micrevelt rangee
and 1 megohm on the millivelt rangee. The meximum sovrce
reslstance specifications on the 1 and 3 microvolt ranges
hold with or without shunting input resistance.

RANGE : Input Resistence Maximum
Greater than Source Rosistance

1 microvolt 1 mesgohm 10k ohms

3 wmlerovolts ' 3 megohms 30k ochms

10 microvolts 10 mcgohms 100k ohms

30 nicrovolts 30 megohms 300k ohms
100 microvolts g0 negohms 1 megochn

and above

RESPONSE SPEED: (10 to 90% of full scale). With maximum
specificd source resistance, less than one second on all
ronges except the 1 microvolt renge wheore it is two seconds,
With source resistances less than 10% of maximum source
resistance, response is within 0.5 second on all ranges,
excopt the 1 microvolt range where it is within 1 second.
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VOLTAGE ZIR0O SUPPRESS: Renges, O0f, plus or minus 10, 100,
1000 and 10,000 microvelts; and 0.1, 1.0, 10,0, 100.0
millivolts corroaponding to tho MICROVOLTS and MILLI-
VOLTS positions on the function switch. Tho accuracy
of the suppreosion ranges is epproximately 20% ond the
stability is such that 100 times full scale may be
suppressod.

AMVMETER SPECIFICATIONS

RANGES: 15 overlapping ranges in 1x and 3x steps from 10-10
to 10-3 ampere full scale on a zero center meter.

. BTABILITY: After one hour warm-up, within plus or minus 2 x
10-11 ampere per day.

NOISE: Less than 2 x 10-12 ampere peak to peak.

ACCURACY: Plus or minus 3% of full scale on all ranges.

VOLTAGE DROP: 100 microvolic on the millimicroemperc ranges,
1 millivolt on the microampere ranges.

INPUT RESISTANCE: Equal to 1 x 10'“ divided by current range
on microamperes. (Input resistance on the 10-3 rangs is
ong ohm, rising to one megohm on the lO'lO ampere range).

RESPONSE SPEXD: “One second except on the 10-10 ranges vhere
it is two seconds.

CURRENT ZERO SUPPRESS: A maximum of 100 times full scale zero
suppression on any range. Accuracy and stability are the
same as for voltage zerc suppress.

GENERAL SPECIFICATIONS

RECORDER OUTPUT: Plus or minus 10 volts at five milliamperes
for full-scale deflection on any range.

QUTPUT IMPEDANCE: Less than 10 chms below 1 cps,

60 CPS REJECTION: Greater than 50:1.

INPUT ISOLATION: Negative terminal may be grounded ox floating
up to plus or minues 400 volts with respect to the cese.
A link ig provided for grounding the negative terminal to

the case.

POWER EEQUIREMENTS: 117/230 volts, 50 wetts, 60 cps only
50 ¢ps modelg on special order.
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SECTION III - OPERATION

OPERATING COMTROLS

The controls of the Model 150 are simple and conveniently
placed., Their functions are as follows:

ON~QOFF switch is located tc the right of ths panel
meter.

FUNCTION switch selects the function which is to be
used; millivolts, microvolts, wmicroamperes or
millimicrocamperes. ‘

RANGE owitch sslects the full scale rmltiplier of
the function selected by the FUNCTION switch,
Note that the €.3 and 0.1 positiocons are to te -
used in current measurement only.

ZERQ SUPPRESES controcls consist of the ZERC RANGE
switch which gelects the course range of sup-
pressing voltage in discreet steps and the ZERO
SET potentiometer which gives continuously
variable fins control including settings through
ZeY0, .

PRELIMINARY SET-UP

Connect the instrument to the power lins. Unless otherwisec
marked the unit may be used on 117 volt, 60 cps line. To
convert to 220-volt operation, refer to the MAINTENANCE sccticonm.
A three-wire line cord is furnished, which grounds the cabinet.
If a three-wire receptacle is not available, use the two-pin
adapter furnished, and ground the third lead to an external
ground.

Set controls as follows:
Function: Mill%volts
Range: lOOb
Zero Suppress: OFF

Input: Short the input loads together.

ITT - 1
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GRNLRAL PHECAUTIONS

1. Source Resistance - In SECTION II - SPFECIFICATIONS under INPUT
AND SOURCE HESISTANCE, the maximum source resistance for use with
each voltape ronpe is specifled. Reasonable oneration is nessible
with scurce resistznces up to ten tings grcater than thcse speci-
fied, however the msasurement will surfer from a considerable de-
creage in speed of response, and measuring accuracy. IF the instru-
ment is left completely open-circuited, the meter will generally
drift off scale on any voltage range. On current ranges this dveas
not happen becauss of the input shunting resistors,

2. Shiclding - Since ths inctrument operates with a modiuvlator fic-
guency of 120 cps, i% is not gonorally sensitive to 60 cps pickup
unlesa 1t 1s large onough to overload the amplifier. Tho pickun acy
be a source of difficuliy when using the amplirier with high imped-
ances o the nore sensitive voltzge ronges and cn the twe or three
most sensitive current ranges. In these cases it is degirable to
chleld the leads and the source os completely as possible. In sous
cases a simple low-pass filter at the input to eliminate frequércies
of about 1 cps and wbove will be helpiul., o use is made of an input
filter in this instrument since eny input serics impedance due to the
filter will increass the input noise and the thermal drift. When op-
erating above ground, the case of the ingtrurent must be grounded.

3. Thermal EMF - Extreme precautions have been token in the input
circuit to minimize thermal EMF's s0 that the residual FMF is leas
than 0.6 microvolt. The material used in the input circuit is pure
copper. Any other matal will generats a thormocounls pciential.
Load solder 1is porticularly troublesome. Where thernal FMF's are a

problem, soldering should be done with tho cadmium-tin solder supplied
with the instrument.

I, Input Noise: The noiso at the input is a function of input re-
gistance and is approximately given by

E = 1.29 x 1010 (x+2000)3

wherc ¥ is the RMS noise, and R is the source resistance. It 1s as-
sumed that the bandwidth of the instrument 1s about 1 cns and the
temperature is 80°F. If noisc is cobserved, calculate the thsoreticel
nolse and compare results., Alsgo bear in mind thaet only wirs-wound
resistors approach the ideal resistor. However, If Ivancha or mana-
ganin resistors are used, a consideravle thermal ZIMF of the resistor
material against copper will be aobserved,

5, Checking the Zero Point - At low levels, spurious EMF's may be
generated simply by contact between the input leads and the terminels
under test. If possible, always leave the instrument connected and
adJust the zero after sstabliching a zero relerence in the apparctus
undsr test. TFor examnle, in bridge measurements, disconnect tha
bridge exciting voltage; or with a phouotube, shield the tube Ironm
light,
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MEASURING VOLTACE

1, Dircct Volinge Meoonuremonta - Ploce the FUNCTION switch at
MILLIVOLTS or MICRGVOLTS ac nocessary [or the moasuroment to be
talken, Then turn the RANGE gwitch €o more sensitive ranges until
the meter gives a usable deflection. :

2. Moasuring Voliage Variotions - Set tho PUNCTIOY switch and FALGE
switch 4o obtain the best deflection of the meter. Use the ZKRO AUP-
PRESS centrols as deseribed in B to increase the sensitivity cf the
meter. Then small changes in a relatively large steody sipnal may
be displayed with a larpe scale dsflection,

3. Measuring Difforential Volbiyges - When measucrements are to bo
made in a circuit where the LOW connection is ebove pround potentiel,
remove the DISCONNECT LINK from one of its poste. This disconnectis
the instrument circuit ground from chassis ground. 20 NOT attempt to
make such measurements where the low side of the circuit being mea-
sured is more than W00 volts abcve external ground potential,

-

If & recorder iz being used with the instrument In this arrangement,
the recorder ground must not be connected to the output ground of the
ingtrument since the low side of the output would no longor be pground-
ed,

MEASURING CURRENT

Direct Current Reading -~ Turn the FUNCTION SWITCH to MICRCAMPS or
MILLIMICROAMPS, and the RANGE SWITCH to 1000. Connect the instrument
to the current source and set the RANGE LWITCH to the range which
gives the best deflection of the meter,

Measuring Current Veriations - Proceed as above {or direct current
readings, and then use the ZERO SUPPRESS and ZERO SET as described
under B.

OTHER APPLICATIOCNS

1. Null Indicator - The Model 150 makes an extremsly sensitlve null
indicator which may be used in & Wheatstone or Musller Bridge.

In & Wheatstone Bridge, the Model 150 is connected between the two
resistor arme. With the FUNCTION SWITCH on MICROAMPS, and the RANGE
SWITCE on 1000, the bridgo can be adjusted 40 give & zero reading '
on the meter. The instrument can then be set on more sensitive
ranges for finor adjustments of the bridge.¥*

2. Mogohmmeter . The Model 150 may be used to measure resistancos,
utilizing an external veltage source and measuring the current which
Tlows in the wnknown,

*IT tho bridge is arranged so that one terminal of tho dotector is
grounded, the Model 1%0 may be used as described in E.L. If the

detector must be used floating, remove the DISCONNICT LINK at the
rear and oboerve the same precautions as in D.3,
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SECTION IV ~ CIRCUIT DESCRIPTION

Tho Model 140 is bacicelly a narrow-bend chopper amplifier employing nepa-
tivo Leedback to stubilize the gein and increase the input impcdance.

AL

Input Circuit

Zoro Stebility: The effect of thermal EMF's genereted. in the input
circuitry is reduced to nearly the vanishing point by the use of only
copper or gilver materials in the input circuit. All solder joints
are made with a low thermal cadmium-~-tin solder. "he chopper and
chopper transformer employ copper leads. All cwitching in the input
circuit is accomplished with a solid silver switch. Criticel resist-
ors in the input circult are wound of copper wire., Tlhe inpuvt connec-
tor has solid copper spring-loaded contacts.

The input voltage 1s applied to the wmoving arm of a 120 cps mechanical
chopper. The feedback voltage is connected to the primary center tap
of the input transformer. Thus, the difference voltuege i1s applied
first across one half of the primery and then, with phase reversel,

to the other half. This full weve error signal is stepped up 16 to 1
by tho input transformer and applied to the grid of V1, a 6084 lovw-
nolse peutode.

AC Amplifier

In parallel with the plate load resistor of V1 is a relatively high
Q, 120 cps resonant circuit which narrows the bandwidth and reduces

spurious signalsa,

V2 and V3, EF86 pentodes, further amplify the chopped srror signal
which is then demoduleted synchronously by germoanium diodes D1 and D2.

To obtain the 120 cps demodulator driving signel, use is made cf ths
ripple fraquency from a bridge rectifier circuit cperating from the
line voltage. The ripple is connected to the primary of the demodu-
lator driver transformer.

DC Amplifier

The demodulated signal is applied to the grid of Vi. Vh, V5, and V6
form the de amplifier and output cathode follower which add further
forward goln toc the system end supply output pewsr. Feedback arcund
V4, V5 and V6 multiplies the effective cepacitance of demodulator
filter capacitor €113 by about 1000, This yields the large equiva-
lent capecitance necessary to smooth the demodulated error signeal.
Because of the Teedback, spurious noiss in the dc stages ocutside the
pass band of tho whole amplifier are effectively degenorated.

Zero Suppression

A low-current + 10 volt supply is derived from the main dc supplies
using 10-volt zener diodes. Potentiomster RLT7L may be set at eny

voltage from -10 to +10 veolts, this voltage being applied through ep-
propriate dropping resistors to the feedback point to achieve zero

suppression. The potenticmoter is the front panel control marked
ZERO SET, while switch SW3, which determines the portion fed back, is
labeled ZERO RANGE. .

v - 1
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Other Controls

Three controls are set at the factory and should require only infro-
quont attention by the user.

R118 is an internal control marked DC AMP BAL. It is used to zero
the DC amplifier, 1.e., to set the output volings to zero vhen the
domodulator output is zero. This is not very critical since an un-
balance will simply be fed back tc the input to produce a smell
error signal to correct itself., R127 is merked CAL. Thie is the
varisble porticn of the meter mulitlplier resistance to ailow for
moter-to-moter gsensitivity differences,

R177, marked CURRENT BALANCE, may be set at some voltage which will
cause a current to flow through R17% 1o the chopper arm, This cur-
rent 18 used to compensate for a small generated "chopper current”
which would otherwise flow in the input circuit. This "chopper
current'" differs from chopper to chopper but is fairly steble for
long periods of time, Its effect on any current range could be re-
moved with the ZERO SUPPRESS controls, but the Current Balance mothod
used here gives an effective zero input current for all ranges.

Powaer Supply

A standard half-weve rectifier followed by an R-C filter is used to
supply unregulated B+ and B- to the output cathode follower.

The unregulated B- ;p regulated to -150 volts in V7, 0A2, and is
used for the negative returns for the de amplifisr.

Unregulated B+ is fed to the plate of V8, 12B4A, the series tube in
a 225-volt electronic regulator, The cutput voltage from this regu-
lator is divided by R710 and RH511 and compared to refercnce tubo V9,
a 5651. The difference signel is amplified by cascode amplifier V30,
a 12AXT, and applied to the grid-cathode circuilt of the series tube,
This regulated 225 volts supplies B+ directly to the dc amplifier,
through a decoupling filter (R176, Cll0) to the second and third ac
amplifier stages, and through another decoupling filter (RL03, Clok)
to the first ac¢ amplifier stage.

Regulated B+ and B~ also supply currents to the 10 volt zener diodss
which are used for zero suppression., Thie gives two.stage regule-
tion for these very critical voltages.

The first two ac emplifier filaments and the first dc amplifier
filaments are driven by a bridge-rectified G-voli d.c. supply.
fhe R-C filter sections R512, €507, R513, C508, insure low ripple.
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SECTION V - MAINTENANCE

¥xcept for occasional tube or chopper replacement, very little mainten-
ance is rcquired by the Models 150 and L5CR. Components are operated .
wall belew rating and sclid-state devices are employsd where pcssible
to achieve long, trouble-free service.

Certain portions of the input circuit are wired using copper wire and
special cadmium-tin solder. These special Jjoints are painted red.
If, for any reason, these Joints must be unsoldersd or re-soldercd,
USE ONLY CADMIUM-TIN SCILDER AND A COPPER-TIPPED SOLDERING IRON WHICH
nAS NEVER PERN USCD WITH CORDIVARY LEAD-TIN SCOLIEL., A small cpoel of
cadmium-tin solder is supplied with each instrument.

What mey seem to be circuit faillure in the Micro Volt-Lmmeter is aquite
often fcund to bs an unusual condition in the entire test set-up.
Therefore, bafors trouble-shooting the instrumsut, check Lo ses whoether
it operates correctly with: c -

1, All other circuitry disconnected.
2. Input shorted (with copper leads}.
3. Power line voltage and Ifrequency correct.

If the difficulty persists, the following systematic procedure uway be

. employed to determinc the Tault.

TROUBLE -SHOOTING -

Reference is made to the Schemstic Diagram, DR 12188-D, and the Voltege-
Reslstence Diegram enclosed at the rear of the manual.

To bepgin trouble-shooting, short the input terminals, strap chassis
ground to LO with the link provided, and switch ZERC RANTL to CIT. 4
7ero offset of a few tenths of a microvolt is normal, On curront func-
tions with the input terminals open but shielded, 1t should be possible
+0 get zero current wiih the CURRENT PALANCE control at the rear of tho
instrument.,

EXCESSIVE CUTPUT NOISE (INPUT TERMIWALS SHORTED)

Short the input grid of the de amplifier, pin 7 of VA4, to ground. If
this stops the noisge, it 1s boing generated in the ac emplifier., Unfor-
tunately, because of the very low signal levels involved, noise in the

ac amplifisr is difficult to trace by other than the substitution methed.
Most logical noise cources are V1 or the chepper. To replace the chop-
poer, unplug the cap at the top, and unscrew the three thumb-screw nuts
which clamp the chopper leads. Unscrew the two choppzr mounting scrovs
end lift out the chomper. When inserting the new chopver, make sure that
the chopper lceds are pressed apgainst the copper termirals and that the
insulating washers are between tho leads and the thumb-screw nuts,
Cbserve color-coding on the leads.



1f tho noise persists aftor ahorting the dc¢ amplifier input, the noise
is bueing gonerated in the de amplifier or power supply. A stage-by-
stayge search should reveel the source.,

QUTPUT NOT ZFRO (INPUT TERMINALS SEORTED)

Be sure that ZERO RANGE 1s set to OFF., ©Short the dc amplifier input
grid, E}ﬂjj_qgﬂyk) to ground. Use the DC AMP BAL Control to set the
output to zero. If this cannot be done, the dc amplifier or power
supply are at fault., If 1t can be set to zero, the trouble mey te in
the ac amplifier or demodulator circuit,

e, Power Supply - B* should bhe about +225 on pin 1 of VH, and
B~ should be -150 on pinsa 2, 4 or 7 of V7, If V7 is not firing,
correct the fault in the unregulated B-, If +225 is not present,
check for unregulated B+ {about 340 volts) at the plate pin 9 of
V8. If the unregulated B+ ig all right, check the tube pin volt-
ages of V8, V9, and V10 to locate the faulty tube or part, - -

b. AC Amplifier - Remove the output tube (V&) and clip pin 1 of
the cutput ccnnector te ground. Place the FUNCTION switch on
MILLIVOITS, and turn the ZERO SET and ZERO RANGE controls full
clockwise. This putg a large dc¢ error signal across the chopper
and Input transformer. Use an cscillescope to check for the
presence of 120 cps at the primary of the input transformer (the
two outside terminals on the chopper terminal block). Absence of
signal means chopper failure (or much less likely, shorted input
transformer)}. Listen for audible chopper action and check chopper
drive, if recessary.

If the 120 cps sgignal is present, check stage-by-stage throughcut
the ac amplifier, reducing the input signal as desired by backing
of f the ZERO RANGE and/or ZERO SET controls, until the failure is
discovered.

d., Demodulator Circuit - Check for presence of about 80 veolts RMS

at the secondary of the demodulator transformer (at the ends of R113

end R11L4k}.

The tests cutlined ebove will not suffice to pin-point every fault
which may exist. They should, however, lead to the ccrrection of
common fallures, In .the event that troubles cannct be corrected
by these means, or the user finds it more expedient, the unit may
be returned to the factory for repair and recalibraticn at =a
nominal cost. ’

220 VOLT OPERATION

For 220V opsration the power tranefermer primary conncctions must be
changed. The Jjumpers connecting black and black-white together, and
blue and blue-white should be removed. The blue lead should be tied
to black-white.
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Replaceable Parta List Model

150 - 15K
Circuit
Des. Description Part No.
€101 Capacitor, mylar selected,.Oh? to .33 mfd, 200 VDCW
2102 Capacitor, tubular, electrolytic, 5 mfd, 15 VDCW Clx-5
C103 Capacitor, metalized paper 0.1 mfd, 200 VICW c18-.1
C10h Capacitor, tubular, electrolytic, 20 mfd, LS50 VDCW - | C8-20L
CLlOhH Capgcitor, mylar dielectric, .1 mfd, kOO VDCW . C30-.1
cle6 Capacitor, mylar dlelectric for 50 cycle model
0082 mfd, 1%, 10C VDCW Cch5-, 0082
C107 Same as C102
103 Capacitor, ceramic disc, .01 mfd, 600 VDCW €22-.01
C109 Sams as C103
C110 Same as C10k
cl11 Same as C102
Ciiz Same as CLl05
C113 Capacitor, mylar dielectric, .333 nfd, 2C0 VDCW C29-.333
Cilh Capacitor, ceramic disc, .00l mid, 600 VDCW c22-.,001
C11% Capacitor, ceramic disc, .OCHT mfd, 600 VDCW C22-:0047
€116 Same as Clly
C117 Capacitor, padding 780 -2110 mmf C51-7C0~2110
Cc118 Capacitor, metalized paper, 1.0 mfd, 200 VOCW €18-1.0
501 Capacitor, tubular, electrolytic, 20 mfd, 600 VDCW €35-20
C502 Same as C1OL
Cs503 Same as C501
C50L - Same aa €108
C505 Same as CLlOL . _
CH05 Capacitor, mylar dielectric, 4.0 mfd, 600 VDCW C50-4.0
C507 Capacitor, tubular, electrolytic, 1000 mfd, 12 VDCW | C11-1000
€508 Same as CS07
c509 Same as C1l05
CHL Cheke, 200 HY., 120 cpa Hi Q CH1
€51 Connector, input, special
cs2 Connector, output, Amphenol 80 PC 2F S 32
CcuUl Chopper, frequency, doubling, special 60 cycle cve
50 cycle cv3
D1 Diode, Selenium, Internaticnal Rect, Corp. 501 RF 15
2 Same as D1
D3 Diode, Zener, Hoffman Semiconductor ZA1O DZ-ZA10
DL Same as D3
Fl Fuse, 13A, 3AG (110V), Fuse, 1A, 3AG (220V) FUB-FUT
M Meter, Panecl, 200 nicro amp zeroc center ME-1h
R101 Resistor, composition, 33K, 10%, %W R1-33K
R102 Reeistor, 5.8. White, low noise 2M, 1%, 1W Rhlh-2M
R103 Resistor, composition, WJK, 1C%, =W R1-b7K
R104 Resistor, composition, 1 meg, 10%, W R1-1M
R105% Resistor, composition, 3.3 meg, 1%, W R1-3.3M
R106 Resistor, deposited carbon, 1 meg, 1%, W R12-1M
RLOY Resistor, composition, 22K, 10%, 4W R1-22K
R108 Resistor, composition, 3.3 meg, 1Ch, W R1-3.3M
R1O9 Same as R104 '
R110 Same ag R107

R111

Same as RLO6




Clrcuilt

Dos. Deseription Part No.
R112 Resistor, deposited carbon, 200K, 1%, qw R12-200K
R113 Resistor, deposited carbon, 100K, 1%, 4w R12-100K
R1lh Same as R113
R119 Resistor, deposited carbon, 1.2 meg. rﬁ, W R12-1.2i4
R118 Resistor, deposited carbom, 47CK, 1%, fﬂ R12-H70¥
R117 Resistor, deposited carbon, 333K, 1%, 5W R12-333K
R118 Potenticmeter 500K chms RP5--2
K119 Resistor, deposited carbon, 680K, 1%, 3W R12-680K
Rlz20 Same as R105
R121 Resistor, deposited carbon, 2.2 meg. 1%, 3W R12-2.2M
R122 Resistor, deposited carbon, GOK, 1%, W R12-60K
R123 Same as R113
R124 Seme as R10O
R125 Same as R105
R126 Rasistor, wirewound 30K, 10%h, 10W R5-30K
R127 Potentiometer, 10K ohms RP3-10K
r128 Resistor, deposited carbon, 96K, 1%, W R12-96K
R129 Resistor, composition, 22K, 10%, 2W R3-22K
R13k Resistor, special, copper wirewound 10 ohms, 1% R18-18-10
K135 Resistor, special, copper wirewound 10K ohms, 1% RLO-18-10K
R136 Reagistor, deposited carbon, special, 1.11L&, 1%, 2N R38-1.11K
R137 Resistor, deposited carbon, special, 100K, 1%, W R38-100K
R138 Resistor, special, copper wirewcund, 10K ohms, 5 R18-13-10K
R140O Resistor, deposited carboun, 10K, 1%, _W R12-10K
R1k1 Resnistor, depesited carhbon, 3 33L, lp, § R12-3.33K
Rik2 Resistor, depesited carbon, 1K, 1%, 3W R12-1K
R143 Resistor, deposited carbon, 333 ohms , 1%, W R12-333
R1kk Resistor, deposited carbon, 100 ohms, 1%, éw R12-100
R1#S Resistor, deposited carbon, 33.3 ohms, 1%, W R12-33.3
R1LG Resistor, deposited carbon, 10 chms, 1%, gw R12-10
RalT Resistcr, deposited carbon, 3.33 ohms, 1%, W R12-3.33
ItRRIts! Resistor, deposited carbon, 1.0 ohma, 1%, 3W Ri2-1,0
R1kg Seme as R106
R150 Same as R117
R151 Same ag R113
R152 Resistor, deposited carbon, 33.3K, 1%, iW R12-33.3K
R153 Resistor, deposited carbon, 500 ohms, 1%, W R12-500
R154 Same aa R1S3
R155 Resistor, deposited carbon, 10 meg, 1%, 1W R13-10M
K156 Same as R105
R157 Same as R106
R158 Same as R117
R159 Resistor, deposited carbon, 99K, 1%, 3W R12-99K
3160 Resistor, deposited carbon, 32.3K, 1%, iw R12-32.3XK
R161 Resistor, deposited carben, SK, 1%, W R12-9K
R162 Resistor, composition, 100K, 10%, % R1-10CK
R163 Resistor, composition, 390K, 10%, =W R1-390K
R164 Same as R162
R165 Resistor, composition, h?K 10%, % R1-LT7K
R166 Resistor, composition, 15K, 10%, 3 R1-15K
R167 Resistor, composition, 4.7¥, 10%, R1-4.7K
R168 Resistor, composition, 1.5K, 10%, gw R1-1.5K
R169 Resistor, composition, 4700 ohms, 10%, W R1-4700
R170 Resistor, deposited cerben, 1K, 1%, W R12-1K



Circuit Description Part No.
Dos.
R171 Same as R106
R1{2 Same as R1L3
R173 Samo as R161
RLTL Potentiometer, 10 turn, 10K RPL-10K
R175 Resistor, deposited carbon, 100 meg, 1%, 2W R14-10CM
RITT Same as R127
R178 Resistor, deposited carbon, 75K, 1%, 3W R12-75K
R179 Sane as R178 :
R180 Same as R126
R181 Resistor wirewound, special, customer request only R16-21-1C0K
R182 - Resistor, deposited carbon, Ll meg, 155, W R12-1M
customer reguest
R501 Resistcr, composition, 100 ohms, 10%, 2W R3-100
R502 Samo as RH01
R503 Resistor, wirewound, 5K, 10%, 10W R5-5K
RS04 Same as R503
R505 Resistor, compousition, 22K, 10%, 2W R3-22K
R506 Resistor, composition, 10 meg. 10%, W R1-1CM
R507 Resistor, deposited carbon, 220K chms, 1% %W Ri2-22CK
R508 Same as R101 '
R509 Same as R101
R510 Same as R106
R511 Resistor, deposited cerbon, 600K, 1%, W R12-600K
R512 Resistor, wirewonnd, 6 ohms, 10%, 5W R4-6
R513 Resistor, wirewound, 5 ohma, 10%, 5W R4-5
T EY | Rectifier, selenium, 130v, Goma RFS
RF11 Rectifier, bridege, 26 volt, 600ma RF7
SWi Function switch, 4 pole, 4 position EW56
SWe Renge switch, 9 position sWsl
SW3 Zero suppresa, zero range 5 position swsd
SWh Power switch, D.P.D.T, SW1L
TR1 Power transformer Central KI-129 TR27
TR2 Demodulator transformer Central KI-128 TR26
TR3 Input transformer, James C1835 special TR28
Pilot lamps (2) 6.3v. 0.15 amps G.E. type W7 PLY
1’2l Vacuum tube, type 608k EV608L
Ve Vacuunm tube, type EF86 EV-EF86
V3 Same as V2
Vi Vecuun tube, type 12AXT EV-12AX7
V5 Vacuum tube, type 12AT7 EV-12ATT
V6 Vacuum tube, type O6CME EV-6CM5
VT Vacuun tube, type 0A2 EV-0A2
v8 Vecuun tube, type 12BhA EV-12BLA
V9 Vacuum tube, type 5651 EV-5651
V10 Same as Vh EV-5651
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