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ADDRESS
Mounk Hally Springs, Pa.
Colton, Calif.
! Haw Tork, M.Y.
Ca,,

duch Div, Camdan, M),
Haw Badlord, Man,
Harrliburg, Pa.
Boonion, N_J.

Laboratosias, lnc.
Burlington, Wis.
(Copacitars)  Marion, NI,

g Ca.  Lox Asgeles, Calif,

L 4 Cacn Las Asgeles, Calif,

i £ (=8 Ml amhas, Wik,

IrIfy Litton Pndustries, Inc. Bwvarly Hills, Salif.
A1INY Pacific Semicoaductors, Inc.

Culver City, Calif.

Dallas, Tanas
Alllance, Ohio
Indiamapolis, Ind.

BUIYS Texaw Insbruments, lnc.

Transistor Predeck Div.
¥ Tha Alllanes Mfg. Ca.
1 Chansl:-Trak Corp.

1% Pacific Exlays, Inc. Wan Muys, Callf.
1918 Asarock Corp. Bockford, 0.
1941 Pules Engineering Ca. Santa Clara, Calif.

BH114 Ferronube Corm. of Americs

p Saugeckins, N.Y,
CBITNA Cole Mig. Ce. Pala Alte, Calil,
f;m;l Asphenal-Borg Electronics I:nrp.chk =
- ago, NI,
- 02735 Radio Corp. of America

. Samiconductor and Material Div,

i Somarville, N.J.

02771 Yocaling Co. of Amarica, lnc.

E Old Seybrook, Conn,

Hophies E=ginesrieg Co. -
San Fernando, Calif.

scironic Corp, Wakefield, bass.
[T} P.Tl!h'n Reiiiter Ca, Marrivhown, N
arine Maobors, Ine.  Loa Amgeles, Calif

Amow, Hart and Hegaman Elect. Ca, E
Hartfard, Conn.
Elmaacs Produch Co, Hew Tork, M.Y.
HEQ Divisicn of Asrover Myrtle Beach, 5.C.

% Matianal Watch Ca.,
Bivision Burbank, Calif.

Division of
wb-Packard Ca. Pala Alta, Calif.
Mloantaln Yiew, Calil_

Sybamis Blectric Prods., Inz.
.mlmm Tube Div.
Ire., Semiconducior
Peod Div, Phesniz, Arigans

Cyubear City, Calif.
Martslake, 10

Redwoad City, Calll.
Ca. Chicago &, il
Cantury Masiies, Ine.

Los Angales, Callf

flinghauss Elactric Covp.,
Seml-Conductar Dapt.  Youngwsod, Pa
Inc. San Mates, Calil.

Enginasring Co.
i Sunnyvale, Calif,

Colman Ca, Rackfard, 11
rapalitas Telecommunications Carp.

@ Cap. Div, Brooklyn, MY
il Engineering Co.  Santa Cruz. Calit

wick Co_ Beidaamasr Zans
Lasaard Elactric  Los Asgeles, Calif.
: and Lasmb Optical Co.

R Rochester, H.Y
- Ararica Chizaga, M.
o Eluchical lanirumant Co, imz.

Panacock, M.H
Bilw. of Mucisar Sarp. 2r aAm

Fhoaniz, iz
Mig. Ca, Waik Div
Wan Muys, Salif

0015-33

aeuse, MY
§ Apar Maching b Tool Ca. Daytos, Oklas
T Eldema Corp. El Mante, Calif.

CODE
HO.

LR RE

ERFT
arnar

_ B e e

o o o800 o poo OB O
i S o oyl S s
 owmpl el uR gy RS

- ooocao
L B R

i

N ome AT OO ke

o0 el el WAl R el e R U
- AN R D

E L

-

=
- o e

S e, il
e

e s R
E T -
L R ]

Ravized: July T4, 1743

APPENDIX

MANUFACTURER

Corning Glas Works
_Electronie Componsah Dept. Bradiard, Pa.
Digitran Co. Panacdena, Calif.
Trassister Electronics Carp.
Minnsapalis, Misn.

ADDRESS

Waitinghauie Elechric Corp.
Elactronic T Div, Elmira, M.¥Y.
Avnat Corp. © Los Angeles, Calif.

Fairchild Semiconductor Corp.

# Maoyrtain Yiew, Calif.
Teckaical Wire Produch  Springlield, M_J,
Continental Device Corp. Hawthorne, Calil.
Bhewm Semiconducter Carp, =

Mauntain ¥iew, Calif,
!huhhlw Semi-Conductar

borafories Pala Alta, Calif.

Bzantan Radio Corp. Boastaa, M.J,

U.5. Enginssring Co. Loi Angeles, Calif.
Burgess Bathery =

Miagars Falls, Ontario, Canadas

Slgan Company Burbank, Calif.

Cannon Electric Co.

Phownix Div. Fhoeni, Ariz.
CB5 Electranics Semiconductar

Qparaticns, Div. of GBS, Inc.

Lowsll Mass.

Mdgl-Bain Indiarapalis, Ind,
Babeock Ralays, loc, Couta Musa, Calif,
Texas Capacitar ten, Tewas
Elactro Assembilies, Inc. Chicaga, 11,
Mallary Battary Ca, af

Canada, Lid. Targats, Ontaria, Canada
Ganaral Traniisfor Wattern Corp.

Los Angeles, Calif.
Ti-Tal, laec. hrfﬁ “-G 1if,
Carborundum Ca. Hisgara s,
CT5 of Berne, Inc. Berra,
Chicage Talaphoss of Cailfornla, ine.
S5a. Pasadena, Calif.
Micrgwave Electronics Corp.
Palo Alta, Calif.
Duncan Elecfronics, lne,  Santa Ans, Calif.
Geraral Instrumeni Carparation
Semiconductor Bivision
Imparial Electronics, Inc.
islabs, Ine.
Clarastal Mig, Co,
Hippos Elsciric Co., Lid,
Dalta Semiconductor Inc.

Mawark, M.J,
Boena Park, Calil,
Pala Alto, Calif.

Dowar, H.H.,

Telkya, Japan

Mewpart Brach, Calif.
Telafunkan (G M. BH.] Hannowsr, Garmany
Sam-Tach Mewbury Park, Callf.
Calil, Resistar Corp, Santa Monice, Calif.
American Composants, Inc.
Conskahachen, Pa,
Carngll Dubilisr Elec. Carp.
Sa. Plainfiald, M.J,
The Daven Co. .

Liwimgston, M.J.
D Jur-Amico Corporation
Lang luland City 1, M.Y.
Deleo Radia Div. af & M. Corp

Kokoma, ind.
E. I. DuPant asd Ca., lec, Wilmingtan, Dwl.
Eclipus Plonawr, Diw. &
Bendix Aviatios Corm.
Thamai &, Edigen ladusi e
Div. of WleGraw:Eaisan Ca.
wait Orange, M. J.
Elastra Mll'lu.'i{hlri-q Ca, Kgniay City, Mg,
Elsctranle Tubas Carp. Philadeleniy, Pa
Executive, lne. Haw Tark, M.Y,
Fanstesl Maetallurgical Corp.
Ha. Ckicaga, NI
Tha Fafnfr Baaring Ca. Haw Britain, Soann,
Fed. Telaphome and Radia Carp,
CSliftan, H.J;
Gunaral Eleciric Co Schanactady, M.Y.
B, Lamp Civiiian
Hala Park, Claveland Ohia
Ganeral Radia Ca, west Concord, Mas.
Grien Beprosuess Corg. MNew Rochgiie, MY
GFrobet Fila Co. of Armenza, l=e
Carlstadt, M.J
Lancasfar, Pa.
Pala Alte, Calif
Qiwanipors, Ky,
Lecirakm lInc. Cn2igs
PR Milagry & Ca., Irc. ladianapalis, Ind
i !aduntries Prad. Ca
Akroa, Thig

Taterborn, M.J.

Hamilten Wateh Ca
Hewlatt:-Packard Ca
5. E. Raceiwing Tube Dapt.

Mecharnica

CODE
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apez0
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E4194
5016
55132
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561137
Fél07
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CODE LIST OF MANUFACTURERS (Sheet 1 of 2)

de numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 [Name to Code)
bo Mame] and their latest supplements. The date of revision and the date of the supplements used appear at
page. Alphabetical codes have been arbitrarily assigned to suppliers not appearing in the H4 handbooks.

MANUFACTURER ADDRESS
Miniaters Praciiion Bearings, Isc.

Kaama, M.M
Muter Ca. Chicago, I
€. A. Morgran Co. Englawasad, i
Ohmifs Mig. Ca. Shakie, in.

Palaraid Corp, Cambridge, Mass
Preciiion Thermometer and

Inst, Ca, Philsdulphia, Pa.
Raytheon Company Lasingtan, Mas.
Rawas Conlrallar Co, Baltimors, Md.
Shallerens Mig. Ca. Salma, M.C.
Simpion Electric Co. Chicaga, 1.
Sanctoss Corp. Elmnaford, N.Y.

Sarefsen & Co., lnc. S0, Horwalk, Cean.
Spaulding Fibra Co., Inc. Tonawanda, H.Y.
Spragqus Electric Co. Morth Adams, Mas,

Tl!ll. Inc. 2 . Paul, Minn.
Tripplett Electrical lng, Bluffton, O a2

Unizn Switeh and Slril. Div, af
Wettimghouss Alr Bras Ca. Selsvale, Pa.

Univarssl Elwciric Co. Owane, Mich,
‘Western Electric Co., Inc. Haw Yark, MY,
‘Weston Inat. Div. of Daystrom, Inc.

N!“l‘llt}“.-‘.
‘Withek Manufacturing Co, Chicaga 13, I,

Waollensak Optical Co. Rochaviar, M.Y.
Allss Mig. Co. Hartlaed, Conn,
Allied Contral Co., Inc. Haw Yook, H.Y.

Atantic India Rubber Works, Inc.
Chicaga, 11,

Amparite Co., lse. Maw York, H.Y.
Balden MI!. Co. Chicaga, 10l
Bird Electronic Corp. Cleveland, Ohbio
Eirnbach Radia Co. MHuw York, MY,
Bosfon Gear Works Div. of

Murray Co. of Teras Quincy, Mam,
Bad Radia Ine. Clavaland, Ohio
Camilac Fastensr Corp, Paramu, M.,
Allen D. Cardwall Elactronic

Prad. Corp. Plainwille, Conm.
Busimann Fute Div. of MeGraw-

Edison Ca. 5. Lauh, Ma,
CTS Corp. Elkhart, Ind.
Cannon Bleciric Co. Los Angeles, Callf.
Cinema Engineering Co. Burbank, Calif.
G, P. Clars & Co. Chicaga, .

Standard-Thamion Carp.,
Cliiord Mfg. Ca. Diw. W alvham, bani,
Cantralab Div. of &loba Union Ine.
Milwauken, 'Wis.
Tha Carnish Wirs Co. Maw Yok, N.Y.
Chicage Minlatura Lamp Warks
Chicaga, M.
A, O, Smith Carp., Crowley Div.
Wit Qrangs, M.,
Clack Mig. Corp.

Chicaga, L.

Daw Carning Carp. Midlamd, Mich,

Eitwl-MeCullough, inc. San Brung, Calif.
Electra Motive Mig. Ca., Inc.

Willimantic, Coan,

Caote Coll Cao., Imc. Prowidasze, R.I.

Jah= E. Esst & Co. Chizaga, I,
Dialight Canp, Brackliyn, M.Y.
General Caramici Carp. Knasbay, M_J.
Girard-Haphing Cakland, Calil.
Draks Mig, Co. Chicaca, Il
Hegh H. Eby inz, Philadelphia, Pa.
Gudeman Co. Chicaga, 1N,
Rabert M. Hadlay Co. Los Angales, Salil,
Erin Rarisvtor Gorp. Erin, Fa.

Hinepn M= Ca I5c,
Halipat Div, of Beckman
Instramants, [ne
Hughes Products Divisian af
Hughas Aircraid Ca, Nawpart Beach, Calif.
Arperan Slachranie Ta, Div. ol
Maorth Amarican Phillips Co., Ine.
Hickswille, M.¥
Bracdley Semicandactar Carg. Hamdan, Cann
Carding Elazirie laeg Hartlard, Coea
George K. Sarratt So., fne
Philadalphia, Fa.

Priscafpm, fnd

Fullerton, Calil,

Fram: F5.C. Handbask supphminh
H4-| [lated Juppiemant 22

H4.2 Dated April 1952
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Appendix

CODE

MO, MAMUFACTURER ADDRESS
Y5145 Mationsl Caell Ce, Sharidan, Wy,
5275 Yitramonm. Ing.
95148 Gordas Corp. ER
95354 Mathode Mig. Ca, Chicagea, L.
F59RT Weckaner Co. Chicags, Il
Y6047 Huggini Laborataries Sunnyvale, Calil,
FE095 HI-D Division of Asrovas Clean, M.Y.
Y6156 Thordarson-Maissner Div. of

Maguire Induiiring, Ine. it Carenal, I,

94196 Solar Manulachuring Ca,  Los Angele, Calil.
146110 Carlton Screw Co. Chicaga, N,
5141 Microwave Assaclates, lne.  Burlingion, Masi
#4501 Excel Tranifarmer Ca, Dalland, Calil.

§7444 Indwtrial Retaining Ring Ca. Ireington, H.J.
#7539 Automatic and Precition

Mig. Ca. Yonkers, M.Y,
979464 CBS Electronic

Div. of C. E Ine. Darvars, M,
¥7979 Recn Resister Carp. Yankers, M.Y.
TR141 Axel Brothen lac, Jarnalca, M.Y.
¥H1T0 Francis L. Moley Paradana, Talif,
FRITR Microdot, Inc. So. Pasadena, Calif.
#8191 Sealsctro Corp. bl amaraneck, MY,
FH40%5 Carad Corp. Redwaad Sity, Talif,
TET 14 Palo Alte Enginsaring

GCo., Inc. Palo Alte, Calif.
FRAT1 Morth Hills Elactric Co. Mineola, H.Y
P15 Clevite Transistor Prod.

Div. of Clavita Corp. ‘Waltham, Man.
98978 Internabianal Electronic

Retaarch Corp, Burbank, Calif.

19109 Columbia Tecknical Corp. Naw Yark, M.Y.
$9311 Varlam Asocistei Pals Alte, Calif.
$95 15 biarshall Industries, Elactran

Praduets Divitian Paradesa, Calif.
19707 Cantral Switch Divislan, Contrals Ca.

of America El Sagundo, Calil,
$9800 Delevan Elactronlcs Corp,  East Aurara, MY,
Y9840 Wilea Corporation Indianapalis, lnd.
199314 Ranbrandt, Inc, Baitan, Man.
#9742 Holfman Semiconductor Div, of

Haffman Elactronics Cerp. Evansion, [l
17157

'I“hiwlmm' Ipstrumast Corp.
of Callf. Mawbury Park, Calif.

THE FOLLOWING H.P YENDORS HAYE MO MUM.
BER ASSIGHED IM THE LATEST SUFPLEMENT TO
THE FEDERAL SUFPLY CODE FOR MANUFACTURERS
HANDBOOQK

B000F Malco Tool and Dle Lad Angales, Calil,
8008 M Watern Coil Div. of Automatie
Ind., Ine. Radwoad City, Calil.
0800M Mahm-Bros Soring Co.  San Leasdre, Calil.
Qod0P Ty-Car Mig. Co., lne. Hallistan, Mas.
200087 Teras Inshrumanty, Inc.
Matals ard Conbroly Div.

Yarsailles, Ky,

B008 U Tower Mig. Carp. Pravidenzs, RLI
0008'W Waebiter Electronici Co. Ine.

HMaw York, MY,
pE00X Soruce Pine Mica Co. Spruce Fine, H.C,
3200Y Midiand Mig. Ca. lnc, Kansas City, Kans,
3200T Willsw Laather Praduch Carp.  Mewark, N
908 A A Beifivh Radio Electraaies Lbd.

Waihingion, 3.6,
ot Al ETA E=gland
308 &S Indians Genaral Carp., Elect, Div. Indiana
20088 Precision Inmiiremant Companents Co.

¥an Muys, Calif.
540C & Camputer Dicde Corp. Lodi, N.J.

JOBEE A Wiliams Manulschuring Ca.
Lan Jota, Calil.
Gethes, lnd.
Tarcance, Talif,
Birtcher Carparation, Induitrial
lanteray Pack, Cafli
Haw Bochelle, H.Y.
Mlanravia, Calif.

000G G Goihen Dla Cutting Service
380 H H Rubbarcraft Corp,
gaanl

Divizian
Q0K K Amatom
008LL Avery Labal
00 M MREsbbar Eng. &

Davelopmant
OGN N A “N" D manslaciunng Ga.

San Joss 17, Calil,

030 PP Atohm Electronics, Swn Yalley, Calif.
0809 Q Caaltraa Dakland, Calif,
GEORRE Radia lnduitria Das Plainas, 101,
38055 Cantral of Elgin Wateh Ca.  Burbank, Calif,
P08TT Thomas & Nets Co., The Etizabuth 1, N
200W W California Bartern Lab.  Barlingame, Calil.
908 XX Mathods Electraaics, Ine Chicaga 11, 10
O0RTY 5 K Smith Co. Lon Angeles 45 Calif.

Hayward, Calif.

| P +
L2 mERTT

CODE LIST OF MANUFACTURERS (Sheet 2 of 2)
CODE CODE
MO. MAMUFACTURER ADDRESS NO. MANUFACTURER ADDRESS
71734 Faderal Scraw Produch Co. Chicago, I,  BI&AT HiTerI- llndl Cunhrvh.l Ing., Div. of
13741 Ficher Speclal Miq. Co. Clnclnnati, Okia i n“"«r""lmu .,
T3I7%) The General Indwsbriss Co. Elyria, Ohia B1866 R sp‘r:l“;r:d b AT:b;ra. H\:,:"
71905 Jennings Radio Mfq. Ca. Sandose, Calit. 340 g e o
T44EE L H. Winns, and Som Winchastur, Mass. T bk WL
TARE1 Industrial Comdanser Corp. Chicago, . §38%3 Yector Elachodlc Co. Glandals, Calif.
T4R4E RF. Products Divisien of Amphesal- 1053 Wattern Washer Mir, Co. Lan Angeles, Calif,
Barg Elsctroalcs Corp, Danbury, Cn_"m- 81058 Carr Fasbanar Co. Cambridge, Mas.
T4978 E F Johnwon Co. Wasecs, Minn.  g3g84 Mew Hampshirs Ball Bearing, Inc.
75047 Intermsbionsl Reslstance Co, Philadelphis, Pa. Patarborough, N.H,
T§171 Jonm, Howard B.. Divisios B1115 Pyramid Elactric Ca. Darlingboa, 5.C.
of Cinch Mig. Corp. Chicage, .  §3148 Elsctra Cords Ca. Los Aigabei, Calll,
TE178 Jamas Knighhs Co. Sandwich, IIl.  gy1mé Vietory Enginesring Carp. Uinioa, M_J.
75187 Wulia Elechric Corporation ME Yarmos, MY,  §07%8 Bendix Corp., Red Bank Div.  Red Bask, N1
TERTE Lesa Elactric Mig. Co. Chicago, Il g3330 Semith, Herman H., lne, Brookiyn, M.Y.
TET1E Littaifne Inc. Dws Plalnes, 1. g 3501 Gavitt Wirs and Cable Co.,
THO05 Loed Mig. Co. Erlm, Pa. Div. af Amarace Corg, Broakfleld, Mati.
TEI18 C.W. Marwsdal San Franciseo, Calif. #35%4 Burroughs Carp., =
7411 Micamold Elactronic Mig, cm:'““... - R llligzt‘:m{?am‘“ Plainflald, M.J.
v n, H.Y. Mode . s Imc,
3 Huntlmghon, Ind.
FEART Jamw Millan Mfg. Co., Inc.  Malden, Mast. g 3434 Loyd Serugqs Co. IFrrh.ll_ l::.
TE4YD J. W, Millar Ga. Los Angeles, Cnltr. §4171 Anco Elechonics, inc. Maw Tork, N.Y.
TEEIE Moasdasch Mills Sam Laandra, Calif. g ygy A J. Glessner Co., Ine.
TAEAE Musller Elactric Co, Clevalard, Ghio San Franciica, Calif,
TERE4 Oak Manufacturing Ca. Crystal Laks, 11, 84411 Geood All Blectriz Mfg. Co.  Ogallala, Hab.
77048 Bendis Pacific Division of : EATTO Sarkes Tarzian, Ine, Eloomingtan, Ind.
i mhﬂdll 'l‘ll'«'p. :h. Hallywsed, Calif. g 454 Boonton Molding Company Bogaton, M.J.
1 stroa |sphrumanl an .
Pl e op, s STL ARG S Sk, O
77281 Miladelphia Stesl and Wirs Corp. i San Frameiseo, Calif.
2 e h :“'d"lﬂ'h“- P, ggas0 Kolled Kosds, Ine. Wew Havan, Conn,
7 PFotfer an wenflald, Div. Amarican | :
Machise and Fowndry Princaton, Ind. ::: 1'1_; g;:ﬂ:;:::::; E‘" ol Chlcage, I
17830 Radis Condunier Co, Camdaen, M. Clifbea Haights, Pa.
TTE18 Radis Recaptor Co., Ine. Brocklyn, M.Y. g4 s84 Radio Corp, of Amarica, RCA
77764 Rasistance Predech Co. Harriiburg, Pa. Elln!rnn Tube ni:ﬂ. e Harrisgn, HJ.
78189 Shak Diwlsion of lliineis 87214 Philes Corp. (Lanidale Division)
ey Eigln, 1N, Larsdale, Pa.
TH28] Signal Indicator Garp. Haw York, N.Y. 37471 Wertern Fibrous Glan hﬁ?ﬁﬁ?é' i
TRATY Tilley bilg. Co. San Francisco, Calif, BThEA Yan Waters & Rogers Inc.  Seattle, "Wtk
TE48N Stackpsis Carbon Ca. S0 Marys, Pa. 88140 Cubler-Hammar, Inc. Lingaila, I
TASE] Tinserman Products, Ing, Clevaland, Chio B8110 Gould-Hational Batterias, Inc. 5t Paul, Misn.
THTP0 Tramioereer Enginaan Pasadena, Calil. 89471 General Elwciric D-‘ﬂribullngs:!:om.
THYAT Ucinite Ca. Mawtonviile, Masi : henectady, M.Y.
TH142 Vender Roat, Inc. Hurord, Conn, 17614 Cartar Parts Div. of Beanomy Balar Co.
79151 Wesco Miq. Co. Chicaga. . ga g §§ United Transformer Co. Chicaga, L
79717 Confinanfal-Wirt Elactronics Corp. | 2017% U5 Rubber Co., Mechanical
i Philadelphia, Pa. Goods Div, Passale, NI,
’:':‘ ﬂ'"“ :II',JE:":' Huw Rochalle, N.Y. 93970 Bearing Enginesring Co. San Frareisco, Calif.
SRNIY. Mnee O et Co. Morristown, N.J, 11260 Connor Spring Mig. Ca. Sas Franclsco, Callf.
8120 Schalhar Aliay Praduch Elirabath N.J. #1345 Miller Dlal & Mamaplats Cv-!l Aata: aE
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@ MANUAL CHANGES

MODEL 4124
VACUUM TUBE VOLTMETER

Manual Serial Prefixed: 316-
Manual Printed: 10/63

To adapt this manual to instruments with other serial prefixes check for errata below, and make
changes shown in tables.

NOTE

This backdating manual change sheet {green sheet) is similar to the updating
{yellow sheet) and makes this manual applicable to the earlier instrument.
Instrument-component values that differ from those inthe manual, yet are not
listed in the backdating sheet, should be replaced using the stock number given
in the manual.

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes
a01- 1
134- :
CHANGE #1 Table 5-1
Change: T101 to &Stock No. 8100-0021
Table 5-2.
Delete: & Stock No. 9100-0238, Transformer, power
Add: & Stock No. 9100-0021, Transformer, power; Mfr. 98734, Mir. Part
No, 4076, TQ, 1; RS, 1
Figure 4-15
Change schematic diagram as shown:
VIO3
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RECTIFIER
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z
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e | [ ro——
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O e %@ }@ | i5ton
|: 5: + "-q.-s ? f 1_.‘__' 1I ;
” & JVAC ",‘%EEEE >w¢| >..-.¢ ;‘:; a3
3l 1 » L I
CHANGE #2 Table 5-1 and Table 5-2
Change: f Stock No. & Mfr. Part No. 412A-21D to 412A4-21A
B Stock Mo, & Mfr, Part No. 412A-21E to 412A-21B
& Stock No. & Mfr. Part No. 412A-21F to 412A-21C
11/5/83 L Supplement B for

> an
417 A-0801



Sactlon I Model 412A
Table 1-1
Table 1-1. Specifications

VOLTMETER Voltages and Currents:

Voltage Range: Open Circuit Short Circuit
Positive and negative voltages from 1 millivolt Range Volts Current
full scale to 1000 volts full scale in 13 ranges %1 10 mv 10 ma

x10 100 mv 10 ma

Accuracy: x100 1v 10 ma
%1% of full scale on any range %1000 15 i ma

x10K lv 100 pa

Input Resistance: x100K 1v 10 pa
10 megohms +1% on 1mv, 3mv, and 10mv ranges xIM 1v 1 pa
30 megohms +1% on 30 mv range *10M 3w .1pa
100 megohms £1% on 100mv range x100M 1v .01 pa
200 megohms +1% on 300mv range and above

AMPLIFIER

AC Rejection: ; Voltage Gain: 1000 maximum
A voltage at power line or twice power line fre-
quency- 40 db greater than full scale affects AC Rejection:

reading less than 1%. Peak voltage must not
exceed 1500 volts,

AMMETER

Current Range: o
Positive and negative currents from 1 micro-
ampere full scale to 1 ampere full scale in
thirteen ranges

Accuracy:
+2% of full scale on any range

Input Resistance:

Internal Shunt Full Scale
Range Resistance* Voltage Drap

.001 ma 1000 ohms 1 mv
.003 ma 316 ohms 0, 9486 mv
.01l ma 100 ohms 1 mv
.03 ma 31.6 ochms 0.9486 mv
.1ma 10 ohms 1 mv
.3ma 3. 16 ohms 0.9486 mv
1 ma 1 ohm 1 mv
3 ma . 316 ohm 0. 9486 mv
10 ma .1 ohm 1 mv
30 ma .1 ohm 3 mv
100 ma .1 ohm 10 mv
300 ma +1 chm 30 mv
1000 ma .1 ohm 100 mv

*For total insertion resistance add 0.07 ochms
copper lead resistance at 25°C

OHMMETER

Resistance Range:
Resistance from 1 ohm center-scale to 100-
megohms center-scale in nine decade ranges

Accuracy:
+5% of reading from 0.2 ohm to 500 megohms

+10% of reading from 0.1 to 0.2 ohm and from
¥ megohms to 5000 megobma,

3 db at 1 cps, approximately 80 db at 50 and
60 ecps

Cutput:
Proportional to meter indication; 1 volt at full

scale; maximum eurrent, 1 ma. (Full seale
corresponds to 1.0 on upper scale.)

Output Impedance:
Less than 2 chms at dec

Noise:
Less than 0, 1% of full scale on any range

Drift: negligible

GENERAL

Isolation Resistance:
At least 100 megohms shunted by 0.1 uf be-
tween common terminal and case (power line)
ground

Common Mode Rejection:
May be operated up to 500 vde or 130 vac from
ground

Power: 115/230v = 10%, 50-60 cps, 35w

Dimensions:
Cabinet Mount: 11-1/2 in. high, T-1/2 in. wide,
10 in. deep
Rack Mount: ey {;
etie e B ) i
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Model 4124

1-1. GENERAL.

1-2, TheModel 412A/AR DC Vacuum Tube Voltmeter
is a precision, wide range, multipurpose instrument

- and resistance measurements normally encountered
in electronic equipment,

1-3. It measures dc voltages over the wide range of
0.02 millivolts to 1000 volts on thirteen ranges ar-
| rangedina 1, 3, 10 sequence from 1 mv full scale to
1000 v full scale. Owerall accuracy on all thirteen
ranges iswithin +1% of full scale. Voltage differences
can be measured easily since the input circuit is iso-
lated from the case and from the power line ground.

1-4. DAMAGE IN SHIPMENT.

1-5. Inspect and operate this instrument upon re-
ceipt. Section IV includes a performance check which
15 a good test as part of incoming quality control in-
gpaction, The check can be made with the instrument
in its cabinet. If there is any damage, see the "Claim
for Damage in Shipment" paragraph at the back of this
‘manual

1-6. POWER CABLE.

'1-7. The three-conductor power cable supplied with
this instrument terminates ina polarized three-prong
male connector recommended by the MNational Elec-
trical Manufacturers' Association. The third contact
‘is an offset round pin added to a standard two-blade
connector. This contact grounds the instrument when
uud withanappropriate receptacle. Anadapter should
‘be used to connect the NEMA plug to a standard two-
contact output, When the adapter is used, the ground
. ection becomes a short lead from the adapter.

This lead should be connected to a suitable ground for
the protection of operating personnel.

1-8. 115-230 VOLT OPERATION.

Ui Model 4124, AR for use from either a 115-volt or

i0-volt, 50-60 cps power source. The switch changes
he connection of the dual 115-volt primary windings
‘of the power transiormer{rom a parallel combination
to 3 series combination, or vice versa. Switch posi-

1-10. To convert the instrument from 115-volt opera-
tion to 230-volt operation, or vice versa, insert a
2 ver blade into the switch slot and slide the
until the marking indicates the line voltage. At

which covers the entire range of de voltage, current,

Section I
Paragraphs 1-1 to 1-10

SECTION |
GENERAL DESCRIPTION

the time of the change, replace the line fuse. A 0.6
ampere slow-blow fuse should be used for 115-volt
operation; a 0.4 ampere slow-blow fuse should be used
for 230-volt operation.

CAUTION

Be sure the 115/230 V switch is set at the
proper position before applying power to the
instrument, Incorrect setting of the switch
can result in damage to the instrument.

Figure 1-1. Model 412A



Section II
Table 2-1

Table 2-1. Resistance Range vs Open-Circuit Volts/Short-Circuit Current

Model 4124

Range e Open Circuit Volts Short Circuit Current
.0 on upper voltage scale) (0 on upper voltage scale)
X1 10 mv 10 ma
X10 100 myv 10 ma
X100 lv 10 ma
X1000 1w 1 ma
X10K 1v 100 pa
X100K 1v 10 pa
XM lvw 1pua
X10M 1v 0.1 pa
X100M v 0.01 pa

a0

CAUTION

TO MAINTAIN THE SPECIFIED ACCURACY OF THIS EXTREMELY
SENSITIVE INSTRUMENT, CERTAIN COMPONENTS WITHIN THE
INSTRUMENT MUST BE KEPT FREE OF EXTERNAL CONTAMI-
NANTS SUCH AS ROSIN SOLDERING FLUX, GREASE, BODY OILS,
ETC. IN PARTICULAR, DO NOT TOUCH THE TERMINALS OR
WAFERS OF THE RANGE OR FUNCTION SWITCHES WHILE THE
CABINET IS REMOVED FORANY SERVICE OPERATION. GENERAL
CLEANING OF THE RANGE SWITCH IS NOT RECOMMENDED.




Model 412A

Section I
Paragraphs 2-1 to 2-12

SECTION 11

2.1. LOW-LEVEL ELECTRICAL PHENOMENA,

2-2, Stray low-level electrical phenomena are pre-
gent in one form or ancther, in nearly all electrical
circuits. The412A does not distinguish between stray
and signal voltages; it measures net voltage. Thus,
when using the lower voltage ranges, consider the
possibility of low-level electrical phenomena. Ther-
mocouples (thermoelectric effect), flexing of coaxial
cables [triboelectric effect), apparent residual charges
on capacitors (dielectric absorption), battery action
' of two terminals mounted on an imperfect insulator
(galvanic action) all can produce voltages within the
range of the 4124,

2-3. The 412A voltage probe, current/resistance
lead and common lead are designed to have a very
- low thermoelectric effect with copper, the most com-
 plete electrical conductor. However, you may en-
. counter other materials. For example, the leads of
many transistors are made of a mixture of iron, nickel
and cobalt known commercially ag Kovar, Fernico,
etc. This material makes g very good thermocouple
with copper: about 40 uv/ C with respect to a rei-
erence junction.

2-4, Whenever possible, connect the 412A leads to
copper and maintain the points of connection at the
same temperature, preferably ambient temperature.
With the leads so connected, any voltage indicated by
a 412A is developed within the circuit under test.

2.5, OPERATING INSTRUCTIONS.

CAUTION

Do not overload the instrument. Amplifier
input, current shunts, and internal resistance
standards are not protected from extreme
overload. Momentary overloads ten times
full scale will not damage the instrument.

'2-6, Turn theModel 412A on and allow a few minutes

R e

9-7. VOLTAGE MEASUREMENT.
3, Set FUNCTION selector to VOLTS.

b. Set POLARITY switch to desired polarity.
0, 8et RANGE switch to desired range.

_ d. Use VOLTSand COM leads to connect instrument
across circuit or component, and read voltage,

2-3. CURRENT MEASUREMENT,

bn Eat FIRICTION seloctor to MA,

‘b. Set RANGE switch to desired range.
00129-2

OPERATING INSTRUCTIONS

c. De-energize circuit to be tested.

d. UseMA/OHMSand COM leads to connect instru-
ment into circuit.

e. Energize circuit, set POLARITY switch for
upscale reading, and read current.

Mote

When measuring current, be sure there is
no connection between the chassis-ground
and cabinet-ground terminals of the DC AMP -
LIFIER OUTPUT connector.

2-9, RESISTANCE MEASUREMENT,

a. Set FUNCTION selector to OHMS,

b. De-gnergize circuit to be measured.

e, Use MA/OHMS and COM leads to connect in-
strument across circuit or component.

d. Select rangewhichbrings meter pointer as close
as possible to midscale, and read resistance.

2-10. When measuring the resistance of non-linear
devices such as crystal dicdes or transistors, you
may want to know the voltage applied to the device
and/or the current through it at the time of measure-
ment. By using table 2-1 and the upper voltage scale
on the meter face, you can determine both. The meter
reading is directly proportional to the voltage across
the device being measured, and the meter reading
subtracted from full scale is directly proportional to
the current. For example,on the X10 range the upper
voltage scale is a0-100 mvscale and a10-0 ma scale,
If the meter indicates .25 on the resistance scale,
the device being measured hasanequivalant resistance
of 2.5 ohms. But the meter also Indicates .2 on the
upper voltage scale; thus, from table 2-1, the device
has 2.5-ohms equivalent resistance with 20 mvacross
it and 8 ma flowing through it.

2-11., OPERATION WITH A RECORDER.

2-12, To obtainpermanent records of 412A readings,
connect a recorder to the DC AMPLIFIER OUTPUT
connector and operate the 412A as directed above.
The output of the 412A is 1volt at full scale;if neces-
sary, externally attenuate the 412A output to raatch
it with recorder sensitivity. Maximum rated load
current from the 412A is 1 ma, A load resistance of
less than 1000 ohms may cause the load current Lo
exceed 1 ma and thus cause errors in meter indica-
tion and amplifier gain.

2-1/2-2



Model 4124

3-1. GENERAL

volt de voltmeter. Precision voltage dividers, shunts,
and reference resistors extend the range of the basic
voltmeter and permit current and resistance measure-
ments as well,

3-3. CIRCUIT OPERATION.

3-4. With the FUNCTION selector and RANGE switch
properly set, voltage is applied to a photoconductive
modulator through a low-pass filter. See figure 3-1,
The filter attenuates ac components present on any
input signal, and. the modulator converts the remaining
dc component to a square wave, A synchronous-
motor-driven, light-beam chopper sets modulator

3-2, The Model 412A is basically a 0 to 0.9 milli-.

Section I
Paragraphs 3-1 to3-4

SECTION 111
CIRCUIT OPERATION

frequency at 5/6 power-line frequency. An ac-coupled
amplifier amplifies modulator output about 500, 000
times. A demodulator synchronized with the modu-
lator by the light-beam chopper, converts amplifier
output tode. The output of the demodulator is filtered
and applied through a cathode follower to 1) a feed-
back network, 2) the DCAMPLIFIER OUTPUT termi-
nals and 3) an output indicator, The feedback network
stabilizes the dc gain of the modulator-amplifier-
demodulator system to a value of 1111, thereby pro-
viding an output of 1 volt for an input of 0.9 millivolt,
The output indicator is a 0-1 voltmeter. The PO-
LARITY switch permits reversal of indicator con-
nections, if required, to obtain up-scale readings.
The POLARITY switchis disabled when the FUNCTION
selector is set to OHMS,

e =
i TaLTlE LHENT=
T, L1 it |
" ol aivmEr i i
1 : :
1 "
: i i
: : :
| ! '
y ! 1 i
L
[ AT l L
) 5:1:: [ E CET '_t‘ w:- ::_ : m-—ﬂ FELTER -—-E_ f;ﬁl
o
E urg
e T . . | Al iie L)
EumwgaT : . ne w —)
4 i : e e
! i ' FEFORACR W Fuoaw
: - [}
‘
(T INTERmA] H e
rof Pl 5 Q- o F?;:l
e FHTT MR ' - b
J E_
0 * i =
i et T e P S S E:
. Py
O FuwsTiaw
CORMDY [£4 q-u:.l SR
e - : ol

Figure 3-1. Model 412A Block Diagram




ion IV Model 4124
le 4-1

1

SERVICING ETCHED CIRCUIT BOARDS

Excessive heat or pressure can lift the copper strip from the board. Avoid damage by using a low power
soldering iron (50 watts maximum) and following these instructions. Copper that lifts off the board should
be cemented in place with a quick drying acetate base cement having good electrical insulating properties.

A break in the copper should be repaired by soldering a short length of tinned copper wire across the break.

Use only high quality rosin core solder when repairing etched circuir boards. NEVER USE PASTE FLUX,
After soldering, clean off any excess flux and coat the repaired area with a high quality electrical varnish
or lacquer,

When replacing components with multiple mounting pins such as tbe sockets, electrolytic capacitors, and
potentiometers, it will be necessary to lift each pin slightly, working around the components several times
until it is free,

WARNING: [If the specific instructions outlined in the steps below regarding etched circuit boards without
eyelets are not followed, extensive damage to the etched circuit board will result,

1. Apply heat sparingly to lead of component to be 2. Reheat solder in vacant eyelet and quickly in-

replaced. If lead of component passes through sert a small awl to clean inside of hole, If hole
an eyelet inthe circuit board, apply heat on com- does not have an eyelet, insert awl or a 57
ponent side of board. If lead of component does | drill from conductor side of board.

not pass through an eyelet, apply heat to con-

ductor side of board, CONDUCTOR

SIDE

3. Bend clean tinned leads on new part and care- 4, Hold part against board (avoid overheating) and
fully insert through eyelets or holes in board. solder leads., Apply heatto component leads on
correct side of board as explained in step 1.

qmj w’ 'l'-ii‘J'J‘HF1'4!"J#fr'rr.!i!rt.rlﬁ‘i"ﬂr}i

In the event that either the circuit board has been damaged or the conventional method is impractical, use
method shown below, This is especially applicable for eircuit boards without eyelets,

1. Clip lead as shown below, 2. Bend protruding leads upward. Bend lead of
new component around protruding lead. Apply
golder using a pair of long nose pliers as a
heat sink.

f- CLIP
HERE APPLY
SOLDER

This procedure is used in the field only as an alternate means of repair, It is not used within the factory.

Fipgure 4-1. Servicing Etched Cireuit Boards



rllodel 4124

'4-1. INTRODUCTION.

'4-2, This section contains testing and servicing in-
formation, Included is a performance check to verify
proper instrument operation. The check can be made
‘with the instrument in its cabinetand is a good test as
partof routine maintenance or incoming quality control

4-3. Standard, readily available components are used
for manufacture of % instruments whenever possible.
Bpecial components are available through your local
# sales office where a parts stock is maintained for
your convenience.

-4, When ordering parts, 'specily instrument model
d serial number plus the component description and
number appearing in the Table of Replaceable

'4-5, Yourlocal # sales office maintains complete
: 25 and specially trained personnel toassist you
8 instruments,

fac

6. REQUIRED TEST EQUIPMENT

'4-7. To carry out the instructions in this section, you
pill need the following test equipment:

. a. Adevoltmeter withan input resistance of at least
100 megohms to measure voltages from 1 voit to 350
yolts. You can use a voltmeter with 20,000 chms/ volt

ensitivity, but circuit loading will cause errors in
e readings. Recommended % equipment: 410B
Tube Voltmeter or 4124 DC Vacuum Volt-

b. Ade metering device which can resolve 10 mv.
A plain meter movement is satisfactory if it can re-
golve 10 mv. Recommended % equipment: 410B
Tube Voltmeter or 4124 DC Vacuum Tube

¢. A devoltage souree to supply voltages from.001
wolt £0 300 volts in steps of 1, 3, 10, etc., and voltages
from 0 tol volt in 0.1-volt steps. All voltages should
be accurate within0. 1%, Recommended % equipment:
odel TIBA Voltmeter Calibrator.

'd. An oscilloscope with 0,01 volt/em sensitivity
for measuring 10-cps hum, Recommended % equip-
ent: 120A Oscilloscope.

' &, Varlable power transformer for varying line
woltage between 103, 115, and 127 velts. The trans-
jormer should have a monitor voltmeter accurate
Within 1 volt and should have a capacity of at least

1 amp.

L. An ohmmster. Recommended £2  aquipment:
410B Vacuum Tube Voltmeter or 412A DC Vacuum
Tube Voltmeter.

0n176-9

Section IV
Paragraphs 4-1 to 4-11

SECTION IV
MAINTENANCE

4-8. PERFORMANCE CHECK.

4-9. You can check instrument performance without
moving the cabinet. Before starting, check the mech-
anical zeroof the meter;if the meter requires adjust-
ment, see paragraph 4-15,

4-10, VOLTMETER CHECK,

a, Turn Voltmeter Calibration Generator on and
allow S-minute warmup.

b. Connect 412A to variable power source, set line
voltage to rated value (115/230v) and turn Model 412A
on. Allow Model 412A a few minutes to warm up,

¢. Set FUNCTION selectorto VOLTS and POLARITY
switch to +.

d. Connect VOLTS and COM leads to OUTPUT con-
nector of Voltmeter Calibration Generator.

&, Check 412A reading versus Voltmeter Calibra-
tion Generator output on each 412A range. Maximum
412A error should be no greater than 1% of full scale.

HNote

When checkingModel 412A on its .003 and .001
volt ranges, set the selector switch of Volt-
meter Calibration Generator to OFF and note
any 412A zero offset due to thermoelectric
voltage. Add or subtract, as appropriate, any
offset from the 412A reading when Voltmeter
Calibration Generator selector switch is set
to DC+.

f. Chack 412A meter tracking on + and -1 volt
ranges. Maximum error should be no greater than
0.01 volt.

g. Repeat step e (on one range only) at line volt-
age of 103 and 127 volts.

4-11, MILLIAMMETER CHECK.
a. Set line voltage to 115 volts.

b, Set FUNCTION selector to MA and POLARITY
switch to +.

¢. Connect 412A to Voltmeter Calibration Genera-
ator as shown in figure 4-2.

d, Check 412A as shown in table 4-1.

Note

Switching through the current ranges from 10
to 1000 does not change the current shunt.
Only the voltage attenuator, checked in para-
graph 4-10 above, changes. (See figures 4-G,
4-7, and 4-8 for simplitied switching getails.)

4-1



- Section IV
- Paragraphs 4-12 to 4-17

2

MA
WOLTS COM  CriMS

s

NODEL T38A
VOLTMETER CALIBRATOR

sE%ﬁu-:s
RESISTOR:
SEE TABLE

BD-5-338
Figure 4-2. Equipment Setup for Current Check

4-12, OHMMETER CHECE.
a, Set FUNCTION selector to OHMS.

b. Connect 1% resistor of 1,10, 100, 1000, 10K, 100K,
1M, 10M and 100M ochms between MA/OHMS and COM
leads. With appropriate range selected, meter should
indicate between 0, 85 and 1. 05 in each case.

4-13, CABINET REMOVAL.
a. Unplug power cord from power source. o

b. Remove two retaining screws from instrument
rear.

¢, Slide instrument chassis forward out of cabinet.
Bezel ring remains attached to front panel.

CAUTION

The wafers in the range switch are made of a
plastic material which provides an extremely
high insulation resistance. Dirt from hand
tools, flux from soldering, body oils from your
finger, or residue from conventional "switch
contact cleaners” may permanently damage the
range switch or seriously affect instrument
performance, Routine cleaning of the range
and function switches is not recommended.

I cleaning of these switches is absolutely nec-
essary, only type PC FREON solvent made by

Model 4124

the Dupont Company (Wilmington 98, Delawa re)
should be used. Other cleaners (particularly
those with aleohol) will cause the plastic wafers
to disintegrate. Use the above solvent to clean
the terminals of all components withinthe input
cireuit including the input cable terminal board.

4-14, ADJUSTMENTS.

4-15. MECHANICAL ADJUSTMENT OF METER
ZERO.

4-16. When meter is properly zero-set, pointer rests
over the zero calibration mark on the meter scale
when instrument is 1) at normal operating temperature,
2) in its normal operating position, and 3) turned off.
Zero-set as follows to obtain best accuracy and me-
chanical ability.

a. Allow the instrument to operate for at least 20
minutes; this allows meter movement to reachnormal
aperating temperature.

b. Turn instrument off and allow 30 seconds for all
capacitors to discharge.

¢. Rotate mechanical zero-adjustment screw clock-
wise until meter pointer is to left of zero and moving
upscale toward zero.

d. Continue to rotate adjustment screw clockwise;
stop when pointer is right on zero. If pointer over-
shoots zero, repeat steps c and d.

e. When pointer is exactly on zero, rotate adjust-
ment screw approximately 15 degrees counterclock-
wise. This is enough to free adjustment screw from
the meter suspension, If pointer moves during this
step you must repeat steps ¢ through e.

4-17. HUM BALANCE ADJUSTMENT.

a. Turn instrument on and allow a few minutes
warmup.

b. Set FUNCTION selector to VOLTS.

e. Comnect oscilloscope to DC AMPLIFIER OUT-
PUT connector.

d. Adjust Hum Bal. (R126), for minimum 10-cps
signal on oscilloscope. (If power-line frequency is

Table 4-1. Ammeter Check
Output of Voltmeter Series Model 412A Model 412A Reading l
Calibration Generator Registance Range (+ 2% of full scale)
1 volt 1.00M £ 0.1% 001 1.0
3 volts 1.00M = 0.1% .003 3.0
10 volts 1.00M £ 0.1% .01 1.0
30 volts 1.00M = 0.1% .03 3.0
100 volts 1.00M = 0.1% % | 1.0
300 volts 1.00M = 0.1% .9 3.0
300 volts 300K =0.1% 1.0 1.0
300 volts 100K =0.1% 3.0 3.0 |
300 volts JOK = 0,1% (5 watts) 10.0 1.0
ann yolks K +0,1% (5 watts) 30,0 1.0 (on 0-3 scale)
I, R TR TR S S e 90 S o
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Model 412A

50 cps, adjust for minimum 8-1/3 cps signal.) See
figure 4-11 for location of R126.

Note

The Hum Bal. control does not affect the 120-
eps ripple. Adjust only for minimum 10-cps
{or 8-1/3 cps) ripple. With the VOLTS lead
connected to COM., and the POLARITY se-
lectorto +, the 412A meterwill show a mini-
mum reading when the hum balance adjust-
ment is correctly made.

4-18. CATHODE FOLLOWER BIAS ADJUSTMENT.

a. Set RANGE switch full clockwise - one step be-
yond 1000,

b. Adjust BIAS ADJ. (R116), to set meter pointer
approximately on zero. RI16 is located on instru-
ment rear. This adjustment is not critical, since any
deviation from zero is reduced more than 100 times
when the RANGE switch is on any operating position.

]

4-19, AMPLIFIER GAIN CALIBRATION ANDMETER
CALIBRATION.

. Connect equipment as shown in figure 4-3. You
may replace the test voltmeter with any high resis-
tance meter device which can resolve 10 mv.

b, Set Voltmeter Calibration Generator output to
+1 volt,

e. On 4124 under test, set FUNCTION selector to
LTS, POLARITY switch to +, RANGE switch to 1.

d. Adjsut Gain Cal (R119) for zero on test volt-
r. For location of R119 see figure 4-11, A 10-
mv reading on test voltmeter indicates 1% error in
calibration.

e. Adjust Meter Cal (R46)to set meter pointer on 1.0,
f. Disconnect test voltmeter.

g. Check 412A reading versus Voltmeter Calibra-
Generator outputon each range, See note in step e

Eﬁm)m 1384 41zA
VOLTMETER CALIBRATOR

MA
WVOLTS COM CeiM

ﬁﬁ@

Section IV
Paragraphs 4-18 to 4-24

of paragraph 4-10. If any reading is in error more
than 1% of full seale, readjust Gain Cal. (R119)to
bring all readings within 1%.

4-20, OHMMETER ADJUSTMENT.

a. Set FUNCTION selector to OHMS and RANGE
switch to X1K. Be sure MA/OHMS and COM leads
are not connected through some external resistance.

b. Adjust OHMS ADJ. (R36) to set meter pointer
on co, which corresponds to 1.0 on upper voltage
scale, R36 is located on instrument rear.

4-21. TUBE REPLACEMENT.

4-22. Tubes will sometimes cause trouble; check
them by substitution and replace only those which are
defective. Following the replacement of a particular
tube, make the adjustment indicated in table 4-2.

Table 4-2. Tube Replacement

Tube Replaced Adjustment

V101 (12AX7) Amplifier| Hum balance; check
gain ealibration

V102 (BAUS) Amplifier/| Cathode follower bias;
Cathode Follower | check gain calibration

V103 (6X4) Rectifier None
V104 (OA2) Regulator | Ohmmeter
V105 (OB2) Regulator None

4-23. TROUBLESHOOTING.

4-24, When isolating trouble, consider the Model 4124
as having two sections: switchingand amplifier/power
supply sections. Front-panel indications should in-
dicate the section inwhich a trouble is located and, in
the case of switching-section trouble, should isolate
the trouble to a few components. For example, if the
instrument operates properly on all voltage ranges but
. 003, only R1, RS, or assoclated switch contacts and
wiring can be faulty. For a simplified breakdown of

TEST
VOLTMETER

70
QUTPUT

CONMNECTOR

B0-5-338

Figure 4-3. Equipment Setup for Amplifier Gain Calibration



Section IV
Paragraphs 4-25 to 4-32

the switching sequence, see figures 4-6, 4-Tand 4-8.
Figure 4-13 identifies parts mounted on the RANGE,
FUNCTION, and POLARITY switches.

Note

BE CAREFUL whenworking with the RANGE
switeh, Avoid touching the switch wafers. A
. dirty switch wafer can degrade instrument
performance. When soldering to the switch,
use a minimum of heat, Excessive heat will
melt the wafer material., Use a low-flux (2%)
solder, and remove any traces of flux after
soldering connections on the RANGE switch,
modulator/amplifier assembly, or cable ter-
minal board. A cotton swab soaked in type
PC Freon is recommended for this purpose.

'4-25, Should trouble occur in the amplifier/power
gupply section, it will be common to all ranges and
all functions. Voltages are indicated at various points
'on the schematic diagram; these are typical voltages
and may vary somewhat from instrument toinstrument.

' 4-26, The 412A is a sensitive instrument. If it has
an offset from zero or gives unexpected readings on
fte lowest voltage ranges, it may be measuring ther-
moelectric voltages, etc., in addition to the expected

yoltage (see paragraph 2-1). When in doubt, check
instrument performance (paragraph 4-8) before
' troubleshooting,

4-27. If the instrument fails to operate atall, be sure
wer is supplied to it, the POWER switch is on, and
use F101 is good before checking inside.

4-28. MODULATOR CHECK

2. Unplug the 412A from the power source, and
remove the cabinet.

b, Remove V101 and reconnect the 412A to the
POWET source.

¢. Connectaclip lead from the 412A input terminals
the center arm of K116, Bias Adjust Potentiometer.

d. Set RANGE (VOLTS) to . 001,
e. Set oscilloscope input to DC.

f, Connect one lead of an B, 2-megohm resistor to
-oscilloscope signal connector (or probe). Using a
jumper wire, connect the other resistor lead to the
‘junction of R101 and C101 (point F in figure 4-11).
| Connect oscilloscope common lead to 412A common
connector,

g. Observe amplitude of the dc voltage at point F.

h. Move oscilloscope probe (with resistor) to point
PA in [ipure 4-11.

1. Waveform should be similar to that shown in
figure 4-4, and should have a peak=lu-peur amplitude

‘approximately eguai o the delleciion {ound in step g.
Blgnal frequency should be 5 & line frequency.

Model 4124

Figure 4-4. Modulator Waveform

4-29. MODULATOR REPLACEMENT.

4-30. Should it become necessary to replace the
modulator, we recommend that you send your instru-
ment to your local & repair facility. If you repair the
instrument, check with your Hewlett-Packard sales
office about a replacement modulator. The procedure
for replacement is as follows:

a. Unplug 412A from power source and remove
cabinet. Remove shield from left side of chassis to
expose modulator assembly.

b. Disconnect black and black-white leads from
modulator assembly (point A in figure 4-10).

c. Disconnect white-orange lead (point B in figure
4-10).

d. Disconnect white lead at GainCal potentiometer
R1189 (point C in figure 4-10).

e. Disconnect green lead (point F in figure 4-11).

f. Disconnect cable to amplifier at amplifier (point
D in figure 4-10).

g. Remove four machine screws and nuts holding
light beam chopper (figure 4-9) and let it hang by its
leads.

h. Spread collars on modulator light rods (figure
4-10) and slide rods out of modulator assembly.

i. Remove four screws holding modulator/ampli-
fier input assembly to main chassie. Each screw has
an insulating shoulder washer, as the modulator/
amplifier input assembly is insulated fromthe chassis.
Be sure to seat the washers in the chassis holeswhen
replacing the screws, Replace insulating wafer be-
tween modulator assembly and chassis.

j. Lift out modulator/amplifier input assembly.
Take carenot to damage precision resistors mounted
on RANGE switch. Donuot touch RANGE switchwalers.

k. Reverse above procedure to install replace-
ment assembly.

4-31, DEMODULATOR CHECK.

] ] S e e e T ey DT
4-32. The demodiilalior ASZeTancy 18 loeczted betwaan

cis and nower tranaformer. See firure

wialc aak chadn b b

4-11. Proceed as Iuliaws:

haa.g



del 412A

a. Unplug instrument from power source and re-
+ mr

b. Remove V102,

. €. Oalight-beam chopper assembly, remove upper
amp nearest front of instrument. This lamp illumin-
ates the forward section of demodulator,

d. Connect 1 uf capacitor across input terminals
ohmmeter,

. e. Connect ohmmeter common lead to demodulator
center terminal to which pink-orange lead (brown-
ange lead in a rack model) is connected,

- L. Connect other ohmmeter lead toterminal towhich
white-orange lead is connected.

g. Pluginstrument into power source and turn it ON.

h, Note resistance indicated by ohmmeter. Typical
resistance is between 1 meg and 2 meg.

L Turn instrument off and unplug it from power

J. Replace lamp in light-beam chopper and remove
ipper lamp nearest rear of instrument. This lamp
ates rear section of demodulator,

k. Comnect common chmmeter lead to demodulator
erminal towhichbrown-orange lead (pink-orange lead
rack model) is connected,

- m. Connect other ohmmeter lead to terminal to
hich white-orange lead is connected.

n. Plug instrument into power source, turn it ON,
W note resistance indicated on ochmmeter, Typical
sistance is between 1 meg and 2 megs.

CENTER gan
CONDUCTOR

Section IV
Paragraphs 4-33to4-37

0. Disconnect power; replace lamp, V102, and
cabinet,

4-33. DEMODULATOR REPLACEMENT.

4-34. The photoconductors in the demodulator may
be individually replaced or a complete demodulator
assembly may be installed.

a. Disconnect instrument from power source and
remove cabinet,

b. Note and record wire color codes before dis-
connecting three wires to demodulator,

¢. Remove nuts {rom mounting screws and remove
demodulator from instrument., To gain access to
screw heads, remove four mounting serews from
light-beam chopper assembly (figure 4-9) and let as-
sembly hang on leads.

4-35. Reverse above procedureto reinstall demodu-
lator. Reconnect three wires to correct terminals as
noted during removal of assembly.

4-36. CABLE REPLACEMENT.

4-37. Figure 4-5 is a connection diagram for the
VOLTS, MA/OHMS, and COM cables. Replacement
of the VOLTS and MA/OHMS cables is straightforward:
connect the new ones as indicated in the figure, How-
ever, be careful when replacing the COM cable. The
position and length of the leads on terminal post #3
affects the accuracy of the instrument. Connect the
leads as shown in detail (figure 4-5).

CENTER

CONDUCTOR

SHUNT)

DETAIL OF
TERMIMNAL POST # 13

ACCESS HOLE

-

] |

11 |

g '
MA OHMS COMm

{3 CONDUCTOR ) {2 COMDUCTOR)

|

VOLTS
{2 CONDUCTOR}

&0 =L =38

Figure 4-3, Connection Diagram for Volts, MA/OHMS and COM Cables
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Section IV
Figure 4-9
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Figure 4-10,- Typical Bottom View Model 412A
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Figure 4-11
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e 4-13. Location of Parts Mounted on Typical Range, Function, and Polarity Switches
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Section V
Paragraphs 5-1 to 5-1T

el 412A

SECTION V
REPLACEABLE PARTS

!I!!ﬂﬁ“tTlnN. 5.4. ORDERING INFORMATION.
_ This section contains information for ordering
nent parts. Table 5-1 lists parts in alpha-
order of their reference designators and
the description and % stock number of each
sther with any applicable notes. Table 5-2
in alpha-numerical order of their % stock
pers and provides the following information on

art:

§.5. To order a replacement part, address order or
inquiry either to your local Hewlett-Packard field
office or to

CUSTOMER SERVICE
Hewlett-Packard Company
385 Page Mill Road

Palo Alto, California,

or, in Western Europe, to

Hewlett-Packard 5. A,
54-54 bis Route des Acacias
Geneva, Switzerland.

eription of the part (see list of abbreviations

Manufacturer of the part in a five-digit code;
st of manufacturers in appendix.
- 5-6. Specify the following information for each part:

a. Model and complete serial number of instrument.
Total quantity used in the instrument {TQ column). b. Hewlett-Packard stock number.

sended spare part quantity for complete ¢. Circuit reference designator.
during one year of isolated service (RS d. Description.

wnical manufacturer's stock number.

A
\Ca

5-7. To order a part not listed in table 5-1, give a
complete description of the part and include its func-
tion and location.

allaneous parts not indexed in table 5-1 are
the end of table 5-2.

REFERENCE DESIGNATORS

f

fxd

Ge = germanium
grd = ground {ed)
B

Zerc-Zero Lem-
perature coaflicient

| 4 = fuge P =plug v = vacuum tube, neon
FL = filter Q = transistor bullb, photocell, etc.
J = jack R = resistor W =catls
E = ralay RT = thermistor X = mooke
XF = fuscholder
L = fndector A i XV = tube socket
M = meter T = tranglormer XDS = lampholder
ABBREVIATIONS
#lect = alectrolytic mig = mounting ot = rolary
encap= encapsulated my = mylar rms = root- mean-square
rmo = rack mount only
= farads NC = normally closed
= fived Ne = neon g-b = glow-blow
WO = normally open Se = salenium
NPO = negative positive gect = section(s)

51 = gilicon
al = alide

= henries nar = not separately
Bg = mercury replaceable td = time delay
Ti0, = titanium dioxide
impg = impregnated obd = order by de- i
ined = incandescent scription tog = toggle
ing = insulation (ed) tol = tolerance
P = peak trim = trimmer
K = kilo pe = printed circult twt = traveling wave tube
board = yaruahbl
lin = linear taper o = picofarads = 1’ 2 hice i
iog = logarithmic lapér 10~ 12 farads :r 7 :_ﬁl&
i1 AR i l"":_m ww = wirewound
m = milli = 10 piv = peak ipverse ] i,
M = megohma voltage i W
ma = miliamperes pos = pogition(s) " = pptimum value
minats miniature poly = pouystyrene seivcied ab faves
mig = meud [um oo pol & putenkiowetar averaes valae
wlass shown (part may
mir = manufacturer rect = rectifier be amitted)

5=1



ction V Model 412A
g 5=1
Table 5-1. Reference Designation Index
lee % Stock No, Description # Note
3140-0013 Motor, synchronous type: 6.3V, AC
0170-0019 C, Ixd, my, 0.1 uf +5%, 200 vdew
0180-0105 C, fxd, semi-polarized, 50 uf, 25 vdew
(3 thru C100 Not assigned
€101 thru C103 0170-0030 C, fxd, poly, 0.1 f +10%, 50 vdew
' 0170-0029 C, fxd, poly, 0.01 uf +10%, 50 vdew
Cl05A/B 0180-0086 C, fxd, elect, 2 sect, 20 uf/sect, 450 vdcw
0140-0010 C, fxd, mica, 820 pf +10%, 500 vdcw
0180-0033 C, fxd, elect, 50 \f, 6 vdew
8, 109 0150-0012 C, fxd, cer, 0.01 pf +20%, 1000 vdew
0180-0033 C, fxd, elect, 50 uf, 6 vdew
0160-0015 C, Ixd, paper, 0.47 uf +10%, 200 vdew
0150-0024 C, fxd, cer, 0.02 uf + 80% -20%, 600 vdew
0150-0012 C, ixd, cer, 0.01 pf +20%, 1000 vdew
0170-0003 C, fxd, my, 0.051 uf +10%, 200 vdew
115, 116 0160-0015 C, fxd, paper, 0.47 4 +10%, 200 vdew
C 0160-0019 C, fxd, paper, 0.01 pf +5%, 600 vdew
0180-0054 C, fxd, elect, 1sect, 1.5K f, 10 vdew
C1194/B 0150-0119 C, fxd, cer, 2 sect, 0.01 f/sect, 250 vdew
CRI01 1802-0137 Diode, breakdown: 7V
SI01 thru DS105 | 2140-0012 Lamp, minat: 2 pin
F101 2110-0018 Fuse, cartridge: 0.6 amp, s-b (for 115V operation)
2110-0019 Fuse, cartridge: 0.4 amp, s-b (for 230V operation)
AC-10C Binding post: black
AC-10D Binding post: red
AC-54B Insulator
Rack mount only
AC-10C Binding post: black
AC-10D Binding post: red
AC-54B Insulator
G-81Dr - Meter
8120-0050 Power cord
0730-0128 R, xd, depc, 6.155M =1/2%, 1W
0730-0134 R, fxd, depec, 8.1M +1/2%, 1W
0730-0149 R, fxd, dep e, 28.1M +1/2%, 1W
0733-0014 R, fxd, depc, T0M +1/2%, 2 W
0730-0150 R, xd, depc, 50M +1/2%, 1 W
0727-0192 R, fxd, dep ¢, 46.3K ohms = 1/2%, 1/2 W
0727-0262 R, fxd, dep ¢, 900K ohms =1/2%, 1/2W
0730-0117 R, fxd, dep c, 2.845M +1/2%, 1W
|
# See introchiction to this t-:::i-::.'
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Section V

Table 5-1
Table 5-1. Reference Designation Index (Cont'd)
® Stock No, Description # Note
0730-0139 R, ixd, depc, 9M +1/2%, 1W
0727-0231 R, fxd, dep ¢, 284K chms +1/2%, 1/2 W
0727-0239 R, ixd, dep ¢, 389.5K ohms £1/2%, 1/2 W
0727-0215 R, fxd, dep ¢, 123K ohms +1,/2%, 1/2 W
0727-0188 R, fxd, dep ¢, 38,950 ohms +1/2%, 1/2 W
0727-0164 R, fxd, dep ¢, 12.3K ohms +1/2%, 1/72W
0727-0130 R, fxd, dep c, 3895 ohms +1/2%, 1/2 W
0727-0106 R, fxd, dep ¢, 1230 ohms +1/2%, 1/2 W
0727-0070 R, fxd, dep c, 389 ohms +1/2%, 1/2W
0727-0051 R, fxd, dep ¢, 180 ochms +1/2%, 1/2 W
412A-26G R, fxd, ww, 9 ochms
0727-0039 R, fxd, dep ¢, 90 ohms +1/2%, 1/2 W
0727-0095 R, fxd, dep ¢, 900 chms +1%, 1/2W
0727-0152 R, fxd, deps, 9K ohms +1%, 1/2 W
0727-0203 R, fxd, dep ¢, 90K ohms +1%, 1/2 W
0727-0274 R, fxd, depc, 1M +1%, 1/2W
0730-0144 R, ixd, dep ¢, 10.52M 1%, 1W
0733-0017 R, fxd, dep ¢, 100M +1%, 2 W
412A-26D R, fxd, ww, 0.900 ochms
0813-0019 R, fxd, ww, 0,47 ohms +1%, 1/2 W
0698-0001 R, fxd, comp, 4.7 ochms +5%, 1/2 W
0727-0040 R, fxd, dep e, 94.8 ohms +1%, 1/2 W
0811-0007 R, fxd, ww, 10K ohms +1%, 5 W
0727-0216 R, fxd, dep ¢, 136.7TK* ohms =1%, 1/2 W
0690-2721 R, fxd, comp, 2.TK ohms +10%, 1W
2100-0011 R, var, comp, lin, 5K ohms +20%, 1/2 W
0727-0088 R, fxd, dep ¢, 684 chms +1/2%, 1/2 W
0727-0056 R, fxd, dep ¢, 216 ohms +1%, 1/2 W
0727-0035 R, fxd, dep ¢, 68.4 ohms =1/2%, 1/2 W
412A-26H R, fxd, ww, 21,6 ochms
412A-26F R, fxd, ww, 6.84 ohms
- 412A-26E R, Ixd, ww, 2.16 chms
412A-26C R, Ixd, ww, 0.684 chms
412A-26B R, fxd, ww, 0,216 ohms
412A-264 R, fxd, ww, 0.1 chms
2100-0021 R, var, ww, lin, 100 ohms +20%, 2 W
0727-0012 R, fxd, dep ¢, 20%chms +1%, 1/2 W
nsr; part of voltage probe assy
0727-0274 R, ixd, depec, IM :1%, 1/2W

¥ See introduction to this section
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5-1
Table 5-1. Reference Designation Index (Cont'd)
Rsfi:::;ge ® Stock No. Description # Note
1 thru R100 Not assigned
0687-4741 R, fxd, comp, 470K ohms +10%, 1/2 W
0687-1041 R, fxd, comp, 100K ohms £10%, 1/2 W
0687-1821 R, fxd, comp, 1.8K ohms +10%, 1/2W
0727-0043 R, fxd, dep ¢, 100 ohms 1%, 1/2 W
0687-4751 R, fxd, comp, 4.TM +10%, 1/2W
0687-1051 R, fxd, comp, 1M £10%, 1/2W
0687-1031 R, fxd, comp, 10K chms +10%, 1/2 W
0B687-2261 R, fxd, comp, 22M 109, 1/2 W
0687-1051 R, fxd, comp, IM :10%, 1/2W
RI110 0687-4731 R, fxd, comp, 47K ohms £10%, 1/2 W
Rll1 0687-2751 R, fxd, comp, 2.T £10%, 1/2W
R112 0687-1021 R, fxd, comp, 1K ohms +10%, 1/2 W L
R113 0687-1041 R, fxd, comp, 100K ohms +10%, 1/2 W
Ri14 068T7-8241 R, fxd, comp, 820K ohms +10%, 1/2W
R115 0687-3331 R, {xd, comp, 33K ohms =10%, 1/2 W
R116 2100-0009 R, var, comp, 25K ohms «20%, 1/3 W
R117 0687-2751 R, fxd, comp, 2.TM £10%, 1/2 W
RI18 0687-1031 R, fxd, comp, 10K ohms +10%, 1/2 W
R118 2100-0136 R, var, comp, lin, 6K chms +20%, 3/10 W
R120 0727-0209 R, fxd, dep ¢, 108K ohms +1%, 1/2 W
R121 068T-1821 R, fxd, comp, 1.8K ohms =10%, 1/2W
R122 0690-1211 R, fxd, comp, 120 ohms +10%, 1 W
R123 0690-5611 R, fxd, comp, 560 ohms +10%, 1 W
R124 0813-0018 R, fxd, ww, 2.8K ohms =10%, 5 W
R125 0693-2731 R, fxd, comp, 27K ohms =10%, 2W
R126 2100-0078 R, var, comp, lin, 500 ohms +30%, 3/10 W
R127,128 0684-4T41 R, fxd, comp, 470K chms =10%, 1/4 W :
51 412A-15W Assy, range switch for cabinet model (incl, 82, 83)
51 412A-19W-1 Assy, range switch for rack model (incl. 52, S3) -
82 3100-0183 Switch, lever: 2 sect, 3 pos
83 3100-0184 Bwitch, lever: 1 sect, 2 pos
54 thru S100 Not assigned
8101 3101-0001 Switch, tog: SPST, 250V, 3 amp
5102 3101-0033 Switch, sl: DPDT
T1 thru T100 Not assigned
T101 ' 9100-0238 Transformer, power

# See introduction to this section
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1 412A Section V
Table 5-1
Table 5-1. Reference Designation Index (Cont'd)
Circuit @ Stock N Description # Note
Reference = i
V1 thru V100 Not assigned
1932-0030 Tube, elect: 12AXT
18330007 Tube, elect: 6AUS
1930-0016 Tube, elect: 6X4
1940-0004 Tube, elect: OA2
1840-0007 Tube, elect: OB2
V106 thru V109 Not assigned
Vi10A/B nsr; part of modulator assembly
VIl1A/B G-30E Transducer, photoconductive
MISCELLANEQUS
AC-54F Insulator: for J101 (bp side)
G-T4N Knob: range switch
G-T4BX Knob: function switch/polarity switch
412A-21D Probe and cable assy, voltage (incl. R48)
SEPARATE PARTS FOR VOLTAGE PROBE
AND CABLE ASSEMBLY
100104 Jaw and outer sleeve assy
412A-21A-95A Sleeve, inner (incl, R48)
5040-0407 Locknut, sleeve: plastic
AC-21A-95B Inner body assy, shielded
5040-0405 Handle and boot assy
412A-21A-1 Cable assy, shielded
412A-83A Boot, cable: panel mtd
2190-0027 Lockwasher: panel boot mtg
2950-0006 Nut, 1/4 - 20: panel boot mtg
412A-21E Cable assy, Common
412A-21F Cable assy, Ohm-Ma :
412A-23B Demodulator assy (incl V111A/B, R127, R128)
412A-3TA Light rod: modulator, for cabinet Model 4124
412A-37B Light rod: modulator, for rack Model 412AR
412A-95A Modulator assy (incl. V110A/B)
412A-58A Input ckt assy (incl.C101-103, R101-103, V110A/B)
4124 -65A Amplifier assy
425A-97TA Chopper assy (incl. motor, lamps and leads)
1220-000% Tube, shield
1400-0007 Fuseholder: extractor post type
1400-0084 Fuseholder: extractor post type
1450-0022 Lampholder: for 2 pin lamp

e

# See introduction to this section



v Model 4124

Table 5-2. Replaceable Parts

Description # Mir, Mir, Part No, TQ|RS
Binding post: black 28480 AC-10C 2 1
Binding post: red 28480 AC-10D 111
Insulator 28480 AC-54B 111
Meter 28480 G-81D 1 G i |
28480 G-29G-79 111
Transducer, photoconductive; partof 412A-23B | 28480 G-30E 2|0
R, fxd, ww, 0.1 chms 28480 412A-26A 11
R, fxd, ww, 0,216 ohms 28480 412A-26B 1:} 1
R, fxd, ww, 0.684 ohms 28480 412A-26C 153
R, fxd, ww, 0.900 ohms 28480 412A-26D 111
R, fxd, ww, 2. 16 chms 28480 412A-26E 111
R, fxd, ww, 6.84 ohms 28480 412A-26F 1|1
R, ixd, ww, 9 ohms 28480 412A-26G 1711
R, Ixd, ww, 21.6 ochms 28480 412A-26H 1 1
Assy,range switch: for 412A [ﬁn cl. 3100-0183 28480 412A-19W : B
Assy,range switch: for 412AR| and 3100-0184) | 28480 412A-19W-1 (1) |(1)
C, fxd, mica, 820 pf +10%, 500 vdew 76433 RCM20B821K 1 4
C, fxd, cer, 0.01 pf +20%, 1000 vdew 56289 29C214A3-H-1038 3|1
C, fxd, cer, 0.02 uf + 80% -20%, 600 vdew 91418 B-02GMV T
C, fxd, cer, 2 sect, 0.01 uf/sect, 250 vdcw 71590 DA1T1CB 1|:1
C, ifxd, paper, 0.47 f =10%, 200 vdcw 56289 109P47492 31
C, Ixd, paper, 0.01 uf +5%, 600 vdew 56289 160P 10356 a1
C, fxd, my, 0.051 if +10%, 200 vdew 00853 33mMoz152 1|1
C, fxd, my, 0.1 1f +5%, 200 vdew 84411 6208 1|1
C, fxd, poly, 0.01 uf +10%, 50 vdew 56289 114P1039R552 ta
C, fxd, poly, 0.1 pf +10%, 50 vdew 56289 type 114P,style T15 |3 | 1
C, Ixd, elect, 50 uf, 6 vdcw 56289 30D1334A1 2 1
C, Ixd, elect, 1 seet, 1.5K f, 10 vdew 56289 D32485 1 1
C, Ixd, elect, 2 sect, 20 uf/sect, 450 vdew 56289 D32477 111
C, fxd, semi-polarized, 50 uf, 25 vdew 56289 597441 Hil-1
R, fxd, comp, 470K ohms =10%, 1/4 W | 01121 CB4741 =1 2
R, fxd, comp, 1K ohms +10%, 1/2 W 01121 EB1021 ; E A |
R, fxd, comp, 10K ohms :10%, 1/2 W 01121 EB1031 211
R, fxd, comp, 100K ohms <10%, 1/2 W 01121 EB1041 211
R, fxd, comp, 1M 107, 1/2 W 01121 EB1051 T S
R, [xd, comp, 1.8K ohms +10%, 1/2 W 01121 EB1821 311
R, ixd, comp, 22M 105, 1/2 W 01121 EB2261 1°]1
R, fxd, comp, 2.TM =100, 1/2 W 01121 EB2751 211 1
R, fxd, comp, 33K ohms =10%, 1/2 W 01121 EB3331 1 Sl [
R, Ixd, comp, 47K ohms =10%, 1/2 W 01121 EB4731 1 e o
R, ixd, comp, 470K ohms =10%, 1/2 W 01121 EB4741 113 | |
4 s
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00129-3




Section V

Table 5-2
Table 5-2, Replaceable Parts (Cont'd)
Description # Mir. Mir. Part No. TQIRS -]
R, fxd, comp, 4,7TM £10%, 1/2 W 01121 EB4751 o
R, fxd, comp, 820K ohms =10%, 1/2 W 01121 EB8241 1 1
R, fxd, comp, 120 ohms +10%, 1 W 01121 GB1211 1|1
R, fxd, comp, 2.7TK ohms +10%, 1 W 01121 GB2721 111
R, fxd, comp, 27K ohms +10%, 2 W 01121 HB2731 1 |2
R, fxd, comp, 4.7 chms 5%, 1/2W 01121 EB47G5 1 ]
R, fxd, dep ¢, 20* ohms 1%, 1/2W 18701 DC1/2CR5 obd# 1.11
R, fxd, dep c, 68.4 ohms £1/2%, 1/2 W 19701 DC1/2AR5 obd# I
R, fxd, dep ¢, 90 ohms £1/2%, 1/2 W 19701 DC1/2AR5 obd# 1 B
R, fxd, dep ¢, 94.8 ohms 1%, 1/2W 19701 DC1/2AR5S obd# 1|1
R, fxd, dep ¢, 100 ohms +1%, 1/2 W 19701 DC1/2BR5 obd# 1
R, fxd, dep ¢, 180 ohms +1/2%, 1/2 W 19701 DC1/2AR5 obd# 1 |
R, fxd, dep c, 216 ohms £1/2%, 1/2W 19701 DC1/2AR5 obd# 1|1
R, fxd, dep c, 389 ohms +1/2%, 1/2 W 19701 DC1/2AR5 obd# 0
R, fxd, dep c, 684 ohms +1/2%, 1/2W ~ 16701 DC1/2AR5 obd# 1|1
R, fxd, dep ¢, 900 ohms =1%, 1/2 W 19701 DC1/2CR5 obd# 5
R, fxd, dep ¢, 1230 chms £1/2%, 1/2 W 19701 DC1/2AR5 obd# : i |
R, fxd, dep ¢, 3895 ohms =1/2%, 1/2 W 19701 DC1/2AR5 obd# 111
R, fxd, dep ¢, 9K chms +1%, 1/2 W 19701 DC1/2BR5 obd# 1 1
R, fxd, dep ¢, 12.3K ohms +1/2%, 1/2W 19701 DC1/2ARS obd# 8 T
R, fxd, dep ¢, 38.95K ohms +1/2%, 1/2W 19701 DC1/2AR5 obd# ) SRS B |
R, fxd, dep c, 46.3K ohms +1/2%, 1/2 W 19701 DC1/2AR5 obd# LA
R, fxd, dep ¢, 90K ohms +1%, 1/2W 19701 DC1/2BR5 obdé R s
R, fxd, dep ¢, 108K ohms +1%, 1/2W 19701 DC1/2AR5 obd# 1 1
R, Ixd, dep ¢, 123K ohms =1/2%, 1/2W 18701 DC1,/2AR5 obd# 1 1
R, fxd, dep ¢, 136.7* chms +1%, 1/2 W 19701 DC1/2CR5 obd# 1 |1
R, fxd, dep ¢, 284K ohms +1/2%, 1/2W 19701 DC1/2AR5 obd# i S |
R, fxd, dep ¢, 389.5K ohms =1/2%, 1/2 W 19701 DC1/2AR5 obd#é 1-E3
R, fxd, dep c, 500K ohms =1/2%, 1/2W 19701 DC1/2AR5 obdé |1 |1
R, fxd, depec, 1M 1%, 1/2 W 18701 DC1/2AR5 obd# 3 1
R, fxd, dep c, 2.845M +1/2%, 1W 19701 DCIRS obd# 1 |2
R, Ixd, dep ¢, 6.155M +1/2%, 1W 18701 DCI1R5 obd# 1 1
R, fxd, dep ¢, 8.1M £1/2%, 1W 19701 DCIR5 obd# 1ol
R, fxd, dep ¢, 9M +1/2%, 1 W 19701 DC1R5 obd# |1 |1
R, fxd, depc, 10.52M 1%, 1 W 19701 DCIRS obd# 1 |1
R, fxd, dep ¢, 28.1M +1/2%, 1 W 03888 PT1000  obd#é |1 |1
R, fxd, dep c, 50M £1/2%, 1W 19701 DCIR5 obd# 2 1
R, fxd, dep ¢, TOM £1/2%, 2W 03888 PT2000  obdé i
R, fxd, dep ¢, 100M «1%, 2W 03888 PT2000 obd# 211 !

f See introduction to this section
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ection V Model 412A
able 5-2
Table 5-2. Replaceable Parts (Cont'd)
i Stock No, Description # Mir. Mir. Part No, TQIRB 1
0811-0007| R, fxd, ww, 10K chms +1%, 5 W 91637 RS-5 1 1
1813-0018] R, fxd, ww, 2.8K ohms +10%, 5 W 35434 C-5-2800 1| 1
§13-0019| R, fxd, ww, 0.47 ohms 1%, 1/2W 75042 BW-1/2 1] 1
102-0137| Diode, breakdown: TV 28480 1902-0137 1 1
1930-0016| Tube, elect: 6X4 8013 64 s Al O
1032-0030[ Tube, elect: 12AXT 80131 12AXT 1] 1
1833 -0007 Tube, elect: GAUS 80131 6AUS 1 1
1040-0004| Tube, elect: OA2 80131 OAZ 1 1
1040-0007| Tube, elect: OB2 80131 OB2 1|
1100-0009| R, var, comp, 25K ochms +20%, 1/3 W 11237 type 45  obd# 1] 1
1100-0011| R, var, comp, lin, 5K ohms +20%, 1/2 W 11237 type 45  obd# 111
100-0021| R, var, ww, lin, 100 chms +20%, 2 W 11236 type 112 1| 1
100-0078| R, var, comp, lin, 500 ohms +30%, 3/10 W 11237 Model 70 L
100-0136| R, var, comp, lin, 6K chms +20%, 3/10 W 11237 type T0 1 1
i110-0016| Fuse, cartridge: 0.6 amp, s-b (for 115V 71400 MDLG/10 1|10
operation) G
1110-0019| Fuse, cartridge: 0.4 amp, s-b (for 230V 75915 313-400
- operation)
140-0012| Lamp, minat: 2 pin base 24455 No. 12 5|5
100-0183| Switch, lever: 2 sect, 3 pos 76854 190503-187-N2C 1| 1
100-0184) Switch, lever: 1 sect, 2 pos T6854 189777-187-K1 ! I R |
101-0001 Switch, tog: SPST, 250V, 2 amp 04008 B0994-H 1 1
101-0033 Switch, sl: DPDT 42180 4633 1 1
1140-0013| Motor, synchronous type: 6.3V, AC T3061 "synchrun-" model ] 1
610 (6.3V) |
[
i120-0050 Power cord 70903 CS-9941/PH-151/ |1 ¥ ]
7.5 ft |
100-0238| Transformer, power 28480 9100-0238 1] 1
L

# See introauction to this section
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Section V

Table 5-2
Table 5-2. Replaceable Parts (Cont'd)
Description # Mir, Mir. Part Mo, TQIRS
MISCE LLANEOUS

Insulator: for J101 (bp side) 28480 AC-54F 1 1
Knob: range switch 28480 G-T4N 141
Knob: function switch/polarity switch 28480 G-T4BX 2 1
Probe and cable assy, voltage 28480 412A-21D 1 1

SEPARATE PARTS FOR VOLTAGE PROBE

AND CABLE ASSEMBLY

Inner body assy, shielded 28480 AC-21A-05B 11 0
Cable assembly, shielded 28480 412A-21A-1 111
-21A-95A Sleeve, inmer (incl. R48) 28480 412A-21A-05A 1 1
Boot, cable: panel mtd. 28480 412A-B3A 1] 0
Lockwasher: panel boot mtg. T8189 1914 1| 0O
Mut, 1/4 - 32: panel boot mtg. 73734 8000 1 0
Handle and boot assy 28480 5040-0405 1| 0
Locknut, sleeve: plastic - 28480 5040-0407 141
Jaw and outer sleeve assy 28480 100104 111
Cable assy, Common 28480 412A-21E 1 ] O |
Cable assy, Ohm-Ma 28480 412A-21F 1] 1
Demodulator assy 28480 412A-23B 1
Light rod: modulator for Model 412A 28480 412A-3TA 21 1
Light rod: modulator for Model 412AR 28480 412A-3TB (2) | (1)
Input ckt assy (incl.modulator assy 412A-954A) 28480 412A-584 ¢ B O
Amplifier assy 28480 412A-60A 1 1
Modulator assy (incl. V1104,/B) 28480 412A-95A 1| 0
Chopper assy (incl. motor, lamps and leads) 28480 425A-9TA i S |
Tube, shield 71785 12627 ol B
Fuseholder: extractor post type 78915 342003 1] 1
Fuseholder: extractor post type 75915 342014 . 1] 1
Lampholder: for 2 pin lamp T2765 2020AE L |

# See introduction to this section
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