Errata
Title & Document Type: 419A DC Null Voltmeter Operating and Service Manual
Manual Part Number: 00419-90004

Revision Date: December 1972

About this Manual

We’ve added this manual to the Agilent website in an effort to help you support your
product. This manual provides the best information we could find. It may be incomplete
or contain dated information, and the scan quality may not be ideal. If we find a better
copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, life sciences, and chemical analysis

businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent
8648A. We have made no changes to this manual copy.

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available

product information on the Agilent Test & Measurement website:

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.

Agilent Technologies

www.valuetronics.com
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g The 'Hewlett-Pacqud Compqny certtftes that this mstrulment was, :
tharoughly tested and inspected and’ found 'to ‘meet: 1tsapubltshed
s'pec:ftcatwns when it/ was shipped from the factory Thc Hewlett-
Packard Company further certzf:es that its. cahbranon measare- :
,ments aretraceable tq the US.. Nattonal IBareau of Standards to
‘the: ea:tent?allowed?by ‘the’ Bureaus caltbfatwn facaltt ""'*‘f*f

AI | !Hewlett-Packard products ar warranted against’:
ate nd’ workmanship ‘This’' warranty apphesf for onc' year
ﬁ;gm thetdate‘ of: dellvery, or, in the case. of certain major con‘po-
nents listed:in; the operating manual; forJ the specified period; We
; 'rilt repair or. replace products which prove Yo be defective: during. ;-
‘the; warranty period, prpvnded they are returned tm}lewlett- B 2
Packard::No,other warranty is’ expressed or, imphed We are not" -

=llable for. consequential damages bl o

G .f',
: ‘ fagreements are av ilable
for: Herett Packard products-that require. malntenance a;d re-;
sair i

-’_quany assistance, cont: )
Service Office.-Addr

phehth S
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‘-.-|1p MANUAL PART NO. 00419 90004
'-hp MlCROFlCHE PART NO..004II9 ?0054

JI_H‘ .

SERIALS. PREFIXED: 0948A

: 4

=I[ other serial’ pre[ixes require modiﬂ-
* catjon of this’ mnnua.l, the ‘changes will
appear in Appendix C pr.in an associnted
"Mﬁmual Chnnges" supp]ement
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oise: 2 to 5 Hz: Sameas voltmeter (referre L
Accuraey. : *(2% of end, scale +0 1 ,uv) i [ to input), >'B Hz' rms; nolse <10 mv: (referrcd RN
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;lll .':7 _‘;] i’-‘ - : ‘- ’ ‘J ‘11 i '5"»‘ S ‘;. R - .4; I-,':‘ ‘. »--‘T: e ) ')jf— S0
AR internal bucking supply nllows voltnges up to 300 + ., Table 1:-2?-- Accéss’ory Equipmon't Supplied
v mtl‘ivoltstobemeasuredwlthhulnitemputlmpedance. vy R N T Y
Theinputimpedpnce Iorthe highermnges is 100 M. T IDENTIFICATION SUEMNSRTINTY S T
; 2. s - 1-ByiFRecorder, output terminals are provided onthe - . |- NUMBER QUANTIITY pEscmp;‘;on_
{7 -/rear panel, 'The voltage avnileble tstproport}onnl t . ] ARk — ‘
y --;_-"l]',- ﬁig}?t:crﬁ:ﬁoctiont:ndis‘ ndjustnbte rom 0 to 1 vol | ’.1 ! - 8120-1‘348, S :Power Cord
| ‘f‘ 1-9 msmumem AND MANUAl manncmou ©|s; ovare-sooot | b 'gper?tmﬁ ond
B : o R ervice Manua
R 10. Hewlett Packnrd uses a two-sectlon z;erialw e “H ) ST S
. number,' I the first section (serial prefix) of the ger- b R T T : -
L ’._.ial number on’ your instrument does not agree with .. = . '_‘)5.. ! . . “t S N
~"those on the 'title page of this manual, change sheets 1\ . .7 (i i iy o) Loy g
F:-supplied with the manual Will define the differences ey ,Table 1_3 Accessory Equl pment , Afv”n table " "
‘between your: Instrumant and thei Model 419A"de~- . ; , L
-, seribed in this manual, Some serlal numbers have a IDBNTIF[CATION R IR KU :
 letter: separating the two sectlons of the number, This . NUMBER ', |- DESCRIPTION o
o lelter indicates the country in which the instrument .. - e ‘ --~\.» L
v was manufactured -l >“ Py RRENE J, N R L S A
| L Accsssou EOUIPME 1 sunuso g L  5060-0630 ??g"‘""’“"‘“’ Clreult =
; . o ‘npi Board Extender ,

..'a Model 419A is listed'and described in Table 1-2,-

"I' 13 ACCESSORY EOUIPMENT AVMLABLE._

1- 14 The nccessory equipment avallable ls listed. in’

“Table 1-3. ' For further’ Information,+ contact’ your -
locnlr-hp-SaIes and Serviceomce. (See Appendbr B

'w.f'for omce locations.) S ) RN
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Dunl Bnnnnn Plugs to Dunl
Bannna Plugs (44")

YL B
‘110024

Dual Bnnana, Plugs to A!li-
- gator'Clips (60") .~

" '11008A%"

Dunl Binana Plugs to Probe

nnd Alllgntor Clip (60")
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} i '2-2; Thls section conlning information and instruc | For ndditiosa! informntion, address.inquirics ) L

‘tions: necessary for the installation and shipping ef only'

- the Model 419A DC Null Voltmeter, Included are - i to your =hp-"Sales and:Service Ofﬂce. (See Appendix ST

‘; tial® Inspection proceidures. power and grounding re- Bf r offiv..e locations.) R T T A’f L
Quirements. installation information, nnd lnstructlons ' ' NS RO SR
LR 1{or repnckaging for shipment. N " S 2 16 COMBINA’I‘ION MOUN’I‘ING TR R ,1&..

' R e e 17, TheModel ‘10A may bé mpunted in combirmtinn SV
_ 2 3, |N|T|Al |N5|’E§Y|0N N T withother submodulnrunltsbyusing a CombiningCase, .. ., °
2 4" This lnstrument was cnret‘ully inspected hoth . {-hps Models 1051A and 10524). The Combining Case - o

Sis'a iull-madule unit which accepts yerious combina. -
" tions' of submodular units, . Being'n full-module unit, " -
it can be bench or rack mounted and is analogous to-

mechanically npd electr‘cally before .shipment, It
b E-'hpuld be'physically free of mars or scratchesiand §n’'.
periect eleclriqalorder upon receipt, Toconfirmthis,

Y ' - i ‘_. L )

Vv i 77" the Instrument should be Inspected for physical damage. any fiull module [l}‘st_rument.\ R 3 e "

e iin'transit, 'Also cheek'for supplied accessories, and. " - e

7 i testtheelectriealper[orn.'mce of the instrumentusing 2 '? REPACKAMNG FOR SHIPMEN""{' SRR

L ".BK. the,procedure nutlined in Pnragrnph §-5, I thereds. -{ 2-18, ’rhefollowing puragraphs containageneralpuide - .
d'ihmge 0 deticiency, see the wnrrahty on the lnslde il lor repackng[ng of the instrument for shipment. Re- . .~ v
fropt cover of lhis mnnunl. TR -'=} ) A : Ier to ‘Paragraph 2-20 if the original container is to

i L e T C 0 3’;_,, ‘be used; 2-21.if’it js not, . If you have any questions,i_‘”:'!
;'2 5 POWER REQI.HREMENTS‘ i - ',U‘ contactyourlocal hp- Salesand bepvice Office. (See

| 2.6, 1'!‘he Bnttery Power, S\xpph“ ir-} the Model 419A Abgpem%ix B for oftice: locntions.)'l_'_;‘ 11 BT
: ;:nnalg;a cha;ged frogm any sou;'ce iof 16ori230 volts” - - NO'I‘E I

(£10%%), ‘at. 48:t0 1440 Hz,. With'the Instrument dis-

“'connected from the'ac power’ source, méve the slide ', 1 .'?}‘s a lf the instrument is té be shipped

\ N7 7 to Hewlett-Packard for service v
.‘switch (tocated on ‘tl’;e rearﬁpnnel) untll the desired 7 or repair, altach a tag to the e : i

‘) Ustrument Adentifying. the owner,:' L

4 L P T
p . , \ ,‘; M,., b % ~ ‘and Indieating the sie:;"s;i:l:e or re- -\"‘- ';}\a S )
. : i o - pairto be accomplished; include . ;1 \-
R ,;;‘2 7’ GIOUNDING REOU'REM"&FS' o J i, ~-the model number and fullserinl. f
52981 'I'p protect opernting persomw!. the,Nntlonnl e numberof the instrument, - Inany;‘
Eldetrical’ Manum‘cturers' Assoclation (NEMA) ‘re- - ‘. _ ":[; correspondeucf.'. identify the In-". <% 0 0
i commendq‘thuh the: instrument jpanel,and cabinet'he + 1 # BT strument by model nun‘xl,xer. serial "3’1\.4! T
}1 : grounded iTpis jhstrument is equipped with a lhree- ST -"1;; o number. and serial number pre[ix. R _‘ ;' S

" cohductor' powerlcnble which, 'when: plugged- info an i » ‘
‘lappropriats receptacle, groundsthe instrument, "The i ?olzlgtbg- )originnl‘ contnlner is to be “SEd pr?ceed as,’ SR
. offset- pin oil the: power cable three-prtpng connector LT . L L R I S I

i_s:the groum\vlre. . :-'3{?},; A i ey - ‘Place inslrument in origimhcoutainbr.‘ e }

s ;ﬁ Jginal ‘contaner is not available,one, L‘m R
129, Topreservethe protectionfeaturewhenoperating or ' & R
itheinstrument from a two-contact qutlet, usea threér . ' oy J" 1ybe purchasid from your rearest -bp- Snles RN

* prongtotwo-prong adapter andcunnect lhe green pl; -f’;":'i;' BN ,and Ser\'ire Omce. LA f* Vo R D }1 )
X t-'\il on, lhe ndnpter to grmmd- iy Mg il b Ensure \'lhat container 15 well’ senled wnh. e
S ; RS vy £ ;; ;i:‘ strongtnpe or mr.tal bnnds.A ,_; i 1. e S

[
R R o i,-' Chgaey, I_I orlgindl container }s not to beused,‘proceed
b-11. The Model 419A is Iully t;anéistorizeq the g-;, Ma,s follows- oAk h !,.;,;;a;;j R P L S
fore,  noiBpecial cooling is required.} However,'the ., | A V!
~.instrumé~i should not'be operated where. the nmolen \a [t }Vrap xlr;strun}en; inihuaw l’atl:?' 0f P‘t"?‘%’i I?e- 0
b lemperat e exceeds 50°C (122‘:’1-‘).'}'4J R BT ereP \cing in an, e SO ner, " Ly,
Tei ; b Place packlng mnterial around al[ sides of ‘
: instrument nnd- rotect panel fnce mth card- i’

‘f‘ S _‘.;, .

Plhce instrument and: inner contpiner n a‘ ,
‘hee.vy, carton ‘or ‘wooden 'box and, seal with
. ,,strong !ape retal bunds. AT

Mark shipping container- with, "DELJCA'I‘E A
. INSTRUMENT, " /'FRAGILE" elc.. il
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. Mbdel 410A Y,

) ' . ‘-..*’.
i iy . ’3'
-
.." . [ i
-t )I'_,l' :s_‘.“‘
S P i
L /!, [N
' I I i
S BN
T
o iii i
PR i ’.'i‘ ' 3
ZRdlcates valiie of npplled t‘ ltnge or Lurrent in conjunction e b S ,
th R.ANGE switch nnd fkunr&lion pushbuttons. ;o S S S
Lights'to indicate’ nppllc'ition !ac line vollng,e to power B B
‘ supply circuiis, e ; I EEETREEN Sl 1.
B fAccepts leads for applicntlon of dc vollay- or cux rent f b
inpul,. IR TR A } o
Accepts lend l’or grounding oI i.nstrument case. Coe o
..:.: f M E ,l, . "]-Ju' . - .
: IR -When depressed all [unctions are turned ofi. oy .«_.,," 10
_ FAST CHG e When depressed enables batleries to charge at a fasl rnlc. ‘0 I
BAT. TES‘I‘ o :- - When depressed enables meter to’ indicate battery, vollnbe. U R
When depressed internally dlsponnecls voltmeler lrom . | SR
;terminal and shorts to - terminnl P S e
,When depressed enables meter to lndlcnte vnlue of lnpul I A
veliage or currenl.:; _ . P N y AN B i
When depressed plnces null supply in series opposlllon IR
_ . R ftO inpul voltage. A PO T R ; o
.READ NULL ! When depressed ennbles meter io indicale value ol nu!l SRUEY IREEE
¢ Y ! ! 1 supply’: L .‘ : ,1 .: : h . _; . ‘ v r"
) -ZERO c'ontrol‘_; Skr T B "Provides continuously variable control of zero olfsel lo o P R
. P nspv. Sl s ;,-_’_, LR A } EhE
. :'NULL controlr ol pre ldes continuously yariable control l‘orfnulling of input TRIN B
" i 44 i | voltages below 300 n.v when SET NULL pushbuuon s e,
B E SRR R depressed S ; i SRR L T
' ':RANGE switchz ' Selects one ef full scale voltage or currenl ranges.. ,' 1 :
: LEVBL control ’ Provides variable control (O to % 1 V full scale), of +and -, :
Lo : recorder OUTPUT, S ook .
: Provide Ior connection ol extcrnal recorder. _
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it [ ) E S S R o P o
1 . \\ : \.Z. I‘ \ . i “-;
-, ’ ’ ST S AU J ! f A
ke ; O R S . Section I | /.
’ : R _j' _' ' RN ‘ Ty
‘,5 . Jh",‘t _‘ o J B .‘ Lo .'r ! 5‘ | ’;::.
Sy s:cn N m R AR I
Ao N iy A . : 54‘ i ‘.:f!.“ TR
e omunuc msmucnons R
D . . =\_ . y H A o "t
-| lmnonucnon : R A ‘ e NOTE -
e P T When the  410A s Pecetved or I
~ ,'-3 -2, 'I‘heModei 419Afunctions nsn dcvoltmeterwith S aft dod of storage {es-' .o o
: Ay cr o :pey 0 ge { o
i fulk{end) scale ranges [rom 3 pv to' 1000V, - An in»,-.’-E “ah, e 7 pecially ot high temperntires),. B
a7/ ternal bucking supply nllows essehtially infinite input’ ’ thebatteriesmay requivechanging, .- . o :
©© 1} impedance tobeachlevedonthe'3 pV. 43/300 mV ranges, - o Ersatic and inaccurate operation ;-
“ .. 11", The Model 419A can also’ measure,!ow level de,eur- 7 may result if the instrument s ! T
S A rentswtth full {(end) scalérarges from 30,pA to 30 na, AR Y operated on weak batteries. T TH S
i .\'Thik section describes the operating procedures andg T o
ff resents some nppticntions for the Modei 4!9A Nl SO ‘_ ‘ b Set RANGE switch to 1 v e ]*' TR
P ' L c. Depress ZERO pushbutton. 1f metet does not i
‘ -,3!3 CONTROLS 'NDICA‘ORS "ND CONNECTORS' y “indicate zero, perform the meter ?;*rondest- : S
5, R ments (Paragrnphs R-31 thru 6-38), RN
i 34, Enchoperating control indicatorand connector) ;-3-.1~[r, o v
;  located onthe Model 4194 is identified in Figure 31, . / d 39”? meteron 3 {]‘V}f"“*;fm“’""[ ZZEB“I%‘"’“‘{ °ll er
_The description of each component is keyed to the $- . eltho 3"'“ y recheck scitlng o control.. e
 lustration of that component which- is included withip. 0 R he AY range, .l L e,
S “the ftgure. ,7 _ G o ol - NOTE = o
! o 0 TR e When measuring smal‘l vo.lhg,es, zero o
: RS '3 5'_ OPE'A‘ING 'Nsrnucnous ',1 \»3 ‘A, : b, -;‘ . | the Model' 419}\ in VM mode with tesl e R
S R ST 1 R '[endsconnect(edtocircuit beingtested, . . e
B 3-6, "I‘he ModéMIQA may beoperatod on its Internal - - If possible, (Circultmustbede-ener~. .= J " v
Lattery power supply or from anac line. . The instru-. gized.) This will cancel the éffectsof - R
“ ment operates on its_internal batteries whenever the . - thermatl nndtt,alvnntc (t)ffset voltages '
“ac. power. cable is removed from the ac power ‘con-- . benera ed in the test setup. -
ngctqr. Ltneoperationoccurs nutomatically whenever-; Lo 3-8 'rURN-ON PROCEDURE (AC L!NEOPE:RATION)
‘l’ o, Set ltnevoltage two—posltionsltde switch (rear 4
~panel) ¢ correct posttton for available !ine; s
{ voltnge S . - u;_-wl
‘! ‘f,” T E - ¥ _Al:l‘\‘ Ee; ‘ . | G A\ $ vvvvvvvrvv”'. Y ‘J i ; . : :;'u ;l‘] .
" WHEN USED IN. BATTERY OPERA- " "~i e e ﬁf‘.‘.’!.'ﬁﬁ" R
iy *TION, /PHERE ISNO GROUND "RE=. ‘% .. . - 7 1 o SYPEmammmimim, o ) i
” .. 'TURN THROUGH THE ' POWER' CORD 71' v ", DAMAG ,TOlNSTRUMENTMAY S e
& - USE' CAUTIONTO AvoD ELECTRI- S5 Wi CRESULTIF LINE VOLTAGE" ', -, . -
LCAL saocx T O I -sw_ncm. SETINCORRECTLY. PR '
e o NOTE—'——’—-—‘ S b ‘Connect ac phwer. connet:tor totheline using
;{S,Best isolationcharactertsticsand Lo e ‘the ac power cable supptted R L
- _:_.‘]'j,treedom from ground loop’ prob-‘- TR . Set: R.ANGE sw:tch to 1v.). N S
E B . y ! F
ST lems results ‘when thle 1)19[{-\ s, o R d., Deprf'ss ZERO shbutton. lipleierdoosnot'
s}'_i-"Pe“l“‘-‘d on its interna a ery SR BT if " indicatezero, perform meterzeroadjustmcnts
o L_S“P”;,; A ot , . (Paragraphs 5-31 thru 5-36j, .
- e AL EFRRER : "“ PR !. : : W ." . . -
i ‘e, Zero meter on 3 ;N ronge with ZLROcontrol. IR
7. TURN'ONPROCEDURE (BATTERYOPERATION) | Periodically recheck settingol zerocontrolon RN
S '.Ei "| ‘ ’n ‘\ : . 7. ‘ the 3 pv rnnge' ) o ‘ ) -e- . "_ I'-. .'"-.: .
- NOTE ' 3 9.’ oc VOLTAGE MEASUREMENTS, B !e '

B 18 'I'urnon the Model 419A andzoro it accordtn;, e I
RN to the steps in Paragraph3- -7 (battery operation) .

Disconnect the power cable from
the power roceptacle for battery

atleastten minutes warmuptime if low volta[,es

b Uonnecttest leads to+a ‘d INPUT terminals .'f}, e

“Hot indi:}ate within BAT lirnits, perform battery
S (See Table 1-3 iora list ( test leads availabie )

! 3'charging’procedure (Paragraph3 13), 0

A . i P Ty
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' or Paragraph 3-8 (AC Line Operation), “Allow . i . .

(below 1 mv) are to be measured. " i :1 o



s iy P ey . L . Sy AT N !
R ' ‘ _:.‘;")' ! . R ‘.T ) -;7: ‘i"‘" v .',l . ' sl h.'; “ e N ) . . i . I
I .. ,?‘ L _,’i - | ' S _'f B | l\’) B ._|-!. o o ; . Cea [ ' v . , o
S .._Sectioan' by Lo L L Model 419A°
T o o ; _!‘.. o C ' : -‘.-i'! o ‘ll‘ gl o ‘: 1 R S oo ! B I
L J :, R A l‘” e .‘l ’ v _‘".‘El . ] "- : oo . ot A .
ORI c. Set RANGEswltch torangenenrestnhoveinput eoody Connect testlendsinscrieswlth current to be
M. < voltage, :Ifindoubt, starton the 1000V range /. . ¥ ] i measured. L b ‘ o
T end downrnnge as necessary. NS o T e T
R PR nn..'."; , _'; el DY [" e, Depress Vl\'l/Al\lpuehbuttonl Re’ldvnlueo[in- b
B R 'CAUTION-I [ ST current on meter seale, T
i ! 4 , ARSI A N 1 ( ; ' ) : ( . - . :
S BN ‘10 PREVENT DAMAG | i'o e
ST ' MODEL 4194, DO NOT /EX1} ,[l'tn E 'a- 11 ‘,Am"“ﬁer oipt, :
PP - THE FOLIDWG. OVERLOAD e !3 lEiThe rear panel OUTPUT terminals providgndc
IR LIMITS. Ao ,,; ‘oltige which is proportionaltometer deflection,” The -
soo b 7 RANGE - Z.MA,XIMUM INPUT VOLTAGE { B 'LEVEL control adjusts the maximum value of output.
R [ ———eteieereer e - & -‘;’,:' -:voltn;,e. With the LF;VELcontrol turpedfully cw, - the
Wi, 3nvies mV' b eovde o \lr)olllng'iel m[rit?s fr:;{n 0 t: +1 dVdc into nl 1 licll’t }o;lld. ' '
coo e Polarity of the' voltage, eensmon arity o 1c; !
| _.w’_" 10mV to 300 mv ST sovde ) et Xenectm, et "f’ TR
G 1 \{to dooov | 5 1200 Vdc ; — ;'-'3 13, Battery Clmrbing Procedurc. s ‘ '
4 Yo _;d' ,Connect test ieads to voltnge lo be meas‘ured 3-14. The batleries nre nutomntlcnlly trickle chnrbcda )
“ ' - whenever the Mode} 419A is connected Lo an ne power- o

SRR N e |
: :':C:A: U‘: :'°::N3 e \ . Jineandthe ZERO, VM/AM, SETNULLor READNULL  + -
LI pushbutton is depressed, - The instrumenl may be used .-

o ggggg&%‘;{f%%%%ﬁﬁ *15[36 * "+ i\hiletrickle charging occursexcept when the batteries -
VDC FROM GROUN‘D (), -- .+l o t.. . have been almost completely disgharged, Under this
SRR ﬂ? Ao I",\ " _condition the Model 419A nmynotopernteproperly and °
. the batterles (should be at least partiglly . reclnr[,cd
R l F‘ Eepﬂie‘f;t:’x/ﬁ;ﬁ:?b::ﬁg' ‘;Read an e ‘of: 'beiorefusing he tnstrument,' Genera)ly, .72 hours,of -
T B R R AR R ~ trickle charging will restor: .ll;e batteries to their
RN R e - NOTE RN . nfuliy ehnrgect state; however, the batteries may. be
T ; ' - tricklcI chnrg,ed indefinitely without dnmmzc. .
TS R ‘Iflnput voitnge is 300 mV or less. b -
SR e " ‘infinite input impedance maybeoh-) s 3 15 Thebatteriesnmybe l'nst chnrged by connectinl, . .
(AR 'tained by. proceedlpg with: steps £, e  the Model 4194 to an ac powerline ahd depressing the W -}
b e ) ihru h, _ ‘ J -~ "' _FASTCHG, pushbutton. The instrumeht cannotbe used - e
e e SRV LT ' R tomakemeasurementswhilel‘nstcharg,inglhcbatteries. i
S { Depress SET NULL pushbutton. ”',‘ o Tg;;i;:;t:ries jslfwuld rench iu[lchnrge in nppro\cinmtely ..
ot )8 ?:nti:fyig:ob f‘?,“tﬁ"l untilrmeler indicates _ { '3-167To obtain maximum batte_ry !iie. thc followinl, S
T _ 1 e T : points shouldbe observed. .. :; o _ T
DT e C S e o o Y : - n,! Cew
’ o .?I- - NOTE - e ,‘- AT r:1. Do not nllon the bntte*:!cs £ dischnr;,m helow R
P --_,NULL control gives both coarse ’ A CT N T the BAT, lmits on the meter scnlc o ‘l L
.,-:7.and fineadjustment. Rotatecon-. " '~ g
£ o trol until pointer is slightly down ' 1 L. -b,- Use hst*charge f)nly when necessw
a " scale from zero; then  reverse R B i e
;;-? R _=_‘directiontoobtai’nﬂnendjustment _;'!_'g S *Chnr;,cthebatleriesinmoderatetcmpcrnturcs T
i+ M T A AT (BOOFHOOF, 27 C:t5 6°C)whcncverpossible SN
Bfef restsvl:ﬁ?;u;lilr{%e[:g?hbulton.IRead vnln ‘ 1?“_::;' '. d'. Donot store the! instrumcnt‘nt tempemtureb ‘g
R YOTaB i 1 L ;\/ o above 1229F (0°C) or beloy -40°F (- 2o°c) S
3 10 DCCURRENT MEASUREMENTS o / 3 I7. AI'PI.ICA!IONS ) - v ,‘, I -{ 5‘-"1':" L
::‘:_ .;' s RN " Ql' ‘-E, R ‘ ) ) *} Lo o e
: = ‘? 'I‘umonnndzero'thelilodel 4104 according to ' 3-18.1n addltlon o stxai[,htl'orwaid dt.;vnllnge and, -
3 -1 the steps in Paragraph 3-7 (Battery Operntion) cui-rent measurements, the Model 413A has a number ‘
A .-':- or:3-8 (AC Line Operation), . Allow at least ten of applications. Severalof these are presented in the W
‘minutes. warmup time  if. low value currents - ) following porngraphs. EEEAURN i -
i (below 10 nA) are to hé measured R e R I
. AL T e A R ) 3~ 19 Measuring Leakage ; PR
, i b Connecttesttllen.d.s tc! +nnd niip U'I‘terminals. 45 -,--3-20 By using the Model 419A as a sensitive dcam-, ,,'
IS LR ey : = 'meter, veryhighresistanceleakng,epathsininsulnting
. SetRANGEto rangenenrestabovecurrenttobe ". - materials can be detected nnd ‘measured, :Leakageis .-
-measured. X indoubt, start on300nA position N gbservedby connecting the output ofa de power supply '-
: c

"and reduce aslnecessary. ross the lnsulating materiai and placing the \lodel
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. !419Ainserieswllhone ‘o lhe power sl{pply lends. By -+ 'R - =p0l3p ; SR IR
. leak 7) P! ) o
_- " noting the current flow on the Model 419A, the leakage , . ' ' (lenkage) = .77 - .
. b resislnnoe can ke colculated fromi the formuln- B N e B
e R ; J o ,: R =10 Mﬂ:i s . o
R, : (power sup ly N (lenkage)t i T TR
clenkago —r——”—' - e T

(“QA) 3 L 3-2L Cnllbrntlng A Voltage Source. o

. .--;_,:_ o

_ Examplw‘ o SRR R T i 3-22,The Model 4194 can serve asn very senslllve ;

. . . RIS , . r,l ,, ,

L ﬁ l' - ' ‘ Ch S8 and accurate nu%l detector, '"These features can be :
R -;fl, P  “especially useful when:matching the output of annd- ", %

o g?s‘i’:‘i t&;iﬂ“gﬁaggszfgf' 201{’?:;‘;& (i?; m:g " justable voltage source to a reference.slandard, The ' s =

e ‘be - mensured, As 100 V. )os?:er annly and the ad;uslnhle voltage source and the referenceslnpdnrd T
L 4104 are connected as. slzown' i: g?}' 3- 2° ., idre bonnected in series opposition withthe' Model 4194 -

AR gure _ inserieswithone of the leads. 'The adjustable voltage =

N — : ' source is then nclj_usled foranull indication ‘on the. b

o ;’I':. hP 4"9A' B il: " : . - : :"’ . Model 419Ab . ) } . . P ‘ . ‘,.J . ‘ ! _"

" (BAYTERY OPERATION) .- _‘h; : Y B LN
v 3 B Exomple' A

L T

= ' powER), SUPPLY:- -

K TN\ S e T _”” o Assume the output of ade’ standnrd( ~hp-’ Model
ST TN N N S P B '141B) is lobemntchedtothe ocutput of a1 Vtrans-'
S ﬁn:r:::n' ol ('——'["_ PR B fer standard (-hp- Model’ 735A). These  instru-

. ments and the Model 419A ore connected as shown ., ,
".‘lnFigurea-S o R !

I

e : "The reterence stundard and the ndjustnble vollage S

o S & .- .. source are both set for a1V output.. TheModel

S i1 - . 419A indicatesanydeviations between the twoout- o

o + puts, By making inlernnladjustmentsnttecllm,lhe R

.- 7 output of the'voltage source until null is reached = . 5
R | N ron'the Model 419A's 3 uv range, the output of the
: - 'ndjustable yoltage ' source: is. very . ~accurately

j,matched lolthe re[erence stnndard o oy

i [T S K

3-8, Measurlng and. Recording Drlfl.A S R

‘ A t 419 d g fB. 24 'rherear panel OUTP " terminals provide ndc -
ssume he M" icates 10 pA The leakage 0[ voltage Otox1V) proportibnal to meter deflection.”

th ll i o .

e ollcan then be caloulntcd Sttt - This output can be used to record the drift of a de - '_,.a“-"z
: SR =; oo . _voltage sourcewhenlhnisourpeis compared toavery R

--R L (power supply) - ’_’_I, vstable}reference voltage. 1 Connh SIEA -

2 i ([eakage) (419A) ‘. y .1 .41 Exnmple' o __-I ;. L M| i .<] . - i) 1?'5} L

i _-]_ o Lo - BT - Assume that thedrift of & 10Vpowersupplyis lo be o

S 100V R . observedand recorded. ‘The power supply, Model

(leakage) IU K T g : 4194, stablevolta[.,esource( hp- Model 74BB)and

Sl .; R TR S N ,_“',‘;f'_. -

B } S . : R N B R

. S . : s AR B S H -
N e ADJUSTABLE VOLTAGE ' SOURCE

R 1 I e o ;

& SRR T AC~DC aVMZ - o il

,; . /NULL_DETECTOR R IR PC’;T%PBARD_; Gt "

l))l ; o . P 4194 ) I o .‘,’5.;._). : : -

0 AT a0 o | ] 3 L0

Qe || . d@@@@@ﬁ e
~ : { g’ e
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T Coa e e, L e s i . e
Sy HRS . . . S . TR . - 0 i - ..‘.‘\'“‘._' LR L :
: Yo

Vi
'J.":'«'ﬂ gl,

e IR Model 410A

: N L T T S .
At n suip chart recorder (hp Model 7701A) are . 3-25 ‘ST,DR_'AG_E. o T
: \connected ns shown i Figure 3.4, Loy e g e e T L
2; g 1 ’ i ’ R B ‘l'r‘ ) C i - \ !'.
o Theuutputof thestablevoltngesource orthe power. . . A .!:IC,A, ,u, I, ,iO,,N - ('i ) '
_ .o supplyisndjustcduntillhel\‘fodemm:\indicnlesnull. o ! o ‘ '
AU -+ The voltage range used onthe Model 410A depends; S ; FOR PROLONGED SI‘ORAGB
1 ok - on how much drift Is anticipated [rom the power *' ' {PERIODS OF SEVERAL MONTHS)
i oD supply. IElhopowersupplyoutputdrutsam\’ over . 7 THE, INS‘I‘RUMEN’I' SHOULD ' BE o
4 "M aperlodoftime, the'Model 419Awillindicate this - .~ EITHER LEFT ON OR PERIODI-¢ ~ = ' = ' ' -
"5 variation (onthe 10n1\':;nn;,e) and supply the strlp -+ CALLY TURNED ON. THIS WILL . 7 =
“, 7 ra chart recorder with a Voltage that changes from * . 'GREATLY PROLONG THE LIFE . ; C
o 0to 0.8 Vover the same peried, Inthiscase, ‘the ., " OF THE PHOTOCHOPPER SINCE . . R ;
7o drift §s amplified: by a factor:of 100, Gains as ' .1 THE PHOTOCELL'S RESPONSE - oo
e high as 333,000 (on tha 3 pV. 'range) are avallable . , ~ "TENDS TO. DETER[ORATE 13 S T
i =whenlheModcl419A is used on the lower mnges.' . J DARKNESS e _ Loy

e
- [

shed l
. - '\:-.' st . ,;s-l) toeo i i : ) . } L | o ‘; . .
:.; ’ | ! .!| . ' .*i-. B . L .".-'; I=J : 1 ' . t L oo o n s ]
ST T o ... . STRIP CHART RECORDER PR L
s . : » 71 K-K!'_ o . L T t hp??OlA . y ).;-_:\ o ‘ | . j
Ja o : S R ' : o ‘ i o ;
S SR AT P : SR » SRR T ! - T
P e ty : . o : s s " oo » . .
l : i P : o . gé ! - H ‘ '
: b ' 2 ' Q ’,
o ) o by . . . : E . } ‘ [«F-X ] : \ i 1
Sl B LTS P T oy Lo R SN = I T L
ORI ; g L =S Lt - . 2 TQ FERR .. EA . \ Lo }
O I TN Bl g o |[DRELWPUT- . STABLE VOLTAGE \SOURCE R —
ISR o pmeroerecry > 1) | Dc-%uggggmym. TR R
5y P *;,:“ L T ppatea & o = - . oy
. t, R ' ) @0 — )

‘.:.. [ 1oV ) o i e - | ._ vl
;V L TQ QurPul S @@@@@@ o’ . : QE
: : ERNINALS . ;& '] i ) . ) oyl
. (R , 3 X ! SN F_EI'AHLPH\{I;‘, - o . “ - o s @ O . A li 1";
. |L.y};5 L1 S S g T . E | . .t "v_'J;};
: by : =l : DAY outmr"z' Lo : et
i L SRR V% : - L
o U ST oo ] ' v t:. . A - .
i PR . i )
- VN } i -"J, ) l .
PR BEUI il AL I L : : ; :
o L St 1 : Figure 3-4.. Measurln;, Power SUpply ant R s o
‘ N
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SEC'I'

‘. i!
i
! . . .
; H . : % l'.\ \ |
g
1
t ‘ |“ - B
‘4-2 'I‘his seetion contains the theory oi opevntion ot

mrnooucnon._

GENERAI. DESCRIPI’ION. B

EE ; N

'y 3_ . :
- AR
-4,
“de null voltmeter and a'de ammeter,

‘'used as a dc null voltmeter,: end scale, ranges from
.sistance. *End: scale ranges from 30 pA to 30 nA .are

tfg‘es_istunce?j' L

‘—‘identicnl to the voltmeter mode of operation.

30 nA() mv)mnges. . , L

s 46,7 A dc voltn ge beingmeasured with the Model 419A

& hpplied . to the Input- Attenuator through the +.and -
INPUT terminnls. located on thet ront panel.
voltrheter nndnmmetermodes, the input is npplied to
the input attenuator thi-oug,h S1R26. Inthe de null volt-

Il the:input devoltage Is applied to the Inpat Attenuator.
-“Table 4-1 liststhe. attentmtioniactors provided by the

ﬂ;teomr oF OPERA'I’ION

”‘:

-ihe Model 419A DC Null Voltmeier. TR AN

"The, Model 410A functions as a dc voltn.ieter. ait
When usédasa

de voltmeter, the Model 419A provides Und scaleranges
i ‘from 3 1V to, 1000 V with an’input - resistance -of 100 -
k2 to 100 M2, depcndingon the range ' selected.. When -

.3#\’ tp 300 mV 'are provided with iniinite input re~.- "
rovided | in" the ammeter tunction with, a, constant S

45, When used as an ammeter. circu:i operution is=
Carrent - ¢

ipvnlues are derived from the: voltnge drop across the
> constant 100 k2. input resistnnce on the 30 pA 3 pV).

Inthedc '

meter mode, the output of the Bucking Supply is applied o
74 t0'S1R26 in series ‘opposition to the input dc voltage. -
iThe diI[erence between the Bucking St.pply cutput and -

b Input Attenuntor ior .il‘ mnges.. j, Sy

ION IV

-7 . 'The de outp.it of the Input Attenuator is modulated
by the Modulator. . The Modulator is comprised of two
photoceils which are alternately illuminated by two -
nedn lamps, The output of the modulator is a'square .

.+ wavewhoseamplitude is proportional to the difference -
' between theamplitudes of the input de voltaﬂe and lhe
“feedback. s v

" 4-8., Thquuarewaveoutput of the modulator is amp-=‘«'
litied by the AC Amplificr./ Tae AC Amplifier'{s a
- six~slage, high gain‘nmpliiier. its output is applied
to the Demodulator, *The Demodulator output'is a de .-, .
i level whose nmplitude is proportionnlto the amplitude
), -of the squarewave. - The Demodulator cutput is applied
to the DC Amplifier, a three-stnge voltnge and power :
amplliier. ]

. 4-9," The' lorward gnin provided by the AC nnd DC

b

Rt Amplifiers for each range is listed in Table 4-1. ‘The

~output'of the DC Amplifier (approximately 1 Vde for
end scale meter deflection) isappliedto M1 and is also
availnble at the OUTPUT + :md - terminnlst S

T 10 The Feedback‘Control circuft ts gnnged to- the o
" Input Attenuator by the 'RANGE switch 51,  The fecd-
< back providedby the Feedback Control circuit is listed
‘inTable 4-1, Algebraic addition of attenuation factor, " .
iorwnrd gain and feedback gives the closed loop guin.. B
. ' ‘The closed loop gain provides 18 end scale rnn;,es in
lOdB steps. C . e

:li:., T
o:uuso osscnmlon L
4 12 BUCKING SUPPLY (See Figure 6~ 3) !

- 4- 13. De fnput \.oltages up to SOOmeny be measured
B infeither the dc voltmeter mode or the null voltmeter -

o8

L BTS,
+jAND 1

) ‘o s |
MBI
L [ SUPPLY .

[ '] proas -
Mok ATOR |
- R

FEEDBACK

o4  GONTAGL [

‘Figure 4-1.
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g L i Sl . Lo L .
LT BRI B AU P L : ) i . r

o YSeetlon IV f i; R ModeluleA
< ...’.!-_‘ X 1-. i' . .;.i:‘ ‘.Ij ) . ‘: ] . o f e o " . : o X “. - 'I‘;.:
e \ j’.i'i\,'\'_"; o, ., 'Table 41 Mode) 419A Attenuation'and Gain Characteristics & P =
. L 3 ., ) . [ - Ly i Lo o 1
o) ,;»’. . RANGE ‘| ATTENUATION FACTOR | 'FORWARD GAIN | FEEDBACK | CLOSED LOOP GAIN | ' .
.'.\ i _.",‘ - . , — . . . | ; B '
| s uvyosopalo o 0as | se0aB 0 | -d0aB [0 smoles j
Coaglo wipvfioopA b o 0dB L Y +150dB. | -50dB RS (L1 RN B
Sl 30 uV/ 800pA [t .0 0dB | 0| o +160dB -60dB - | " +90dB . i
ot £y 100 pV/1000 pA | , ‘0dB ‘ +160 4B | »70d8; |7 . +86dB . ;
b ./_‘ , l.ﬁaon pv/3000pA | - o+ 04dB. . +130dB - . -60dB  f  +70dB .
e )1“: Imv/ 10| - . 0dB, | +130dB | .-700dB +60dB .
A L SmW SOnA S 0,-0dB sl . +120aB | 0/ -70dB oo+ 80dB. [0
o owemv . 20 B! -’; . |7 +120dB | /-60dB | - va0dp - ] .
--‘~, B0my- o ;=248 | - +120dB, [ /-70dB' -+ 30dB )
'_;‘IOOmV,-__'-, b -40dB +#120d8° | | -60dB - o+20dB 0 s
coa T e40dB L -'+120 dB: i =70dB U+ l0dB |
f60da Sl o +t20dB | -60dB oL 0dB 0 =
doo e e60dB © 412048 |f 7048 - {0 -10dB 0 5|
B FE -~8dB | . |, s20a8B - || -60dB- -20dB, - L, ;
vy o -80dB 0 | Ji20aB - | ot0aB |- 2 30dB ; b
oo o e00dBt . .+120dB [! -60dB | 4 - 40dB i
iV fooo-100dB . o) ' y120aB 0 |70 -70dB -50 dB C
- 1000 v} . -—120dB . _5+120d3- =60 dB S - 60dBT,

k

-): Lo ,. . j E R
;mode. _'ln the de voltmeter mode. the tnput voltage is u:-2l Assume that ASVI is illumimted and A3V2 is g
. "-'npplied to'the Input Attenuator through the + and - _ not, The resistance of A3V2willbe many timesgreater . - 1
5 .e,INPU'l‘terminaIe and through S1R26, -Inthe null volt-". -  thanthe resistanceoi A3V, . The voltage ncross A3V2 Y

5 .‘but is opposedby thebucking voltnge npplied to SlR26 “ Tof QL The oselllator will then switch off the bulb il- S
g - luminatingA.'iVl and switchonabulb which illuninates - |, -
-_4 14 When the SET NULL Pushbutton is depressed 1o TA3V2. A3VL Jhow has the: greatest resistance, ' and -
;“-the BTS voltage is applied through R4 and Rband the,  A3V2is avirtual short to the feedback which is coupled.. :
“voltage' tlivlder network' (SIR1'thru S1IR11) to S1IR26. . ' to Q1. The modulator provides a square, wave output’ ~_ - .
"[‘he diffex’encebetween the input voltageandthebu"klng-'a' + . proportional to the differencehetween thede input and .~ - @
’tvoltage is indicated on"the Meter M1, - The bucking . - de feedback signals.’ The square wave frequency’will . Ay
. “‘voltage i3'then adfusted through the use of courseand ;_'depend uponthe swltchinb (requency of thcncon oscil~ "~ o it
- fineNULLcontrols (R4:and R5)untfla null is indicated -lator. T . S .11 SRR :

_on the Metér, When the READ. NULL Pushbutton s - ..« [, “ . f‘ S SR S P
! depressed, the input voltige. is disconnected and-the = | 4 22 The demodulutor is operated by the neon oseil- RS
- polarity of - thebucking vpltage is reversed, ‘The value " lator in.the same manner. It provides i de outpat - e
“of the bucking voltage (equal to input voltage) is indi— i 'prenortlonalto theainplitude of the squarewave tnput. J s
oK cated on the Meter Ml. R R 2y TR A t”

iy ', R Cd- 23 AC AMPLIFIER BRI O S
4r15 INPUT ATTENUATOR. e ) ERLCTEEE v S ‘ ' ) ‘1
roa T ; -24 Ampllilcation ol the squareu?ave outputfromtlte

iy -16 All voltages and currents to be measured are; /'modulator s provided by a six stage: direct-cduplcd :
1 app!ied to the - input ‘attenuator;” whlch isp resistive amplifier. . Defeedback from thebase of Q4 to the base ﬂ;';- -
. di\rider consistlng of SIR20 to:S1R26 and R3.. The , of Ql provides'bias stabilization, -Ac feedback from "',
“rattenuation, factor: depends upon the :position of the ;lhe emitter of Q3 to the emitter of - Q1 is used to vary -
‘RANGE switch.  /The attenuator is’divided into two ¥ thegninof Q1thru Q3. Thistsaccomplishedbyvnryint. r M
_.separate networks to provide: the proper lmpedance theamount of feedback to Q1, due to_the:position of e
levelsfor filter capacitors A3C2and A3C3. '(Table 4-1 the RANGE Switch.. In'the'3 uV. to 1 mV range, e-- - .' :
fliets the attenuation factors for all mnges.) 2o : sistor R7is shortedout, deereasingthe negativefeed- R
R back applied to Q.. .y ; g
D Lo 4-25 Feédbackt'rom the emittersof QB erl Q7 lssalso LR ; :f;-
a controlled tovary the gain of Q4 thru Q1. In the3uV 7 i
- 4'::(! i‘; :2?531, oan’:d"::sfnz atngiAIi:i:! fi_lter super im " " to 100 1V range resistor R16is shorted out dccreaslng ;j- ST s{ '
po pu gn i j‘— the negative feedback appliedto Q4. Capacito;s A3C4 i
' { and A4C9 ‘couple the ac lnput and output and block the Ll

dc bias voltages t,l'j .

: -20.. hemodulator/demodulatorlsaphoto-conductive -26 DC AMPLIFIER W
chopper. It consists of aneonosci‘latorwith two neon’ : EREE e : ' '

5 ‘bulbs ‘and four, photocells mounted in one assembly.e B -27. Thie output ot the demodulator ls applled to a

-The photocells have an extremely high resistance when ° Iour stage voltage. and power amplifier,’ ! Q9 provides

" _~ 5temperature compensation for the cirzuit,” When Q8

ine rease  conduction due tqa rfse in tempera—' }’i AT

f-.metermode, the input Is applied in the Same” manner, (input voltage) will be applied through A3C4 tothe base 'g:; i ]
t
!

.f4 17. INPUT F!LTER

)j .

f‘-".
ii'ti
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ture, the emitter to base voltage .of Q4 decreases, -t -37. The!tne tnputmaybe c-ithorllﬁ V or 230V trom

‘! , ) l.‘r' 1

. whichdecreases the Q8 forwardbins. This maintains .~ 5010 1000 Hz, The input is rectifted by CR1 thru CR4

Q8 conductton ata constnnt level,: ' < . . 5 and ﬂDPlied to 501'165 regutator Q. T, b

77" 4-28. The final stage of nmpltfic-ttton s a compli- ' 4 33 pener diode CR5 supplies o constant Feforends
"+ ", mentary symmetry amplifler consisting of QI2, QI3, :lo the base of Q1, The emitter of QL Is referencedto
‘ 'CR13 and CR14, The diodesbias the transistorsata - the voltageacross R2or R3, If the output current in-

- "7 constant idling staté, with no Input.signal applied. creases, Q1 will conduct less, due to less emitter to
/" When an tnput Isapplied, the transistor responds, im- 5 (YL This will decrease the output current,, If
.mediately with an output. The Input does not have to (4o cuine decrenses, Q1 th condtict harder, - in-

“reach a certain amplitude to cause conduction in the . ereasifi tl;:} out ut cun: ent "
: translstors, sinc¢ they nre nlrendy at an Idllng con-, & P ' '

dgtion. R . 4-39. The neon driver consists of a sertos regulator

L circuit. a blockingi osefllator, and n neon: circuit,
L ' :;ggsc'gi‘: i?:;tptu;no; :P;:‘;g:‘pﬂejug&l ibsealllSXﬂf[?r " Transistor Q5 andzener diode CR9 provide a constant
! ) : - . ' reference to series .regulator Q4. The frequency of
e R!;Ed tob:he + in?d RZOUTPET te":’ml“l?u‘: 5 and 36 the:bloéking oseillator is controlled by varying the:
o ‘justt.f ereg ? orl p;‘tov des co;; ro gt ode rec:)\:: e; ' \voltage ncross C3, - This Is accomplished through ad- ‘
‘output from O'to +1 volt end scalé.i € networ justable. resistor RO, *whtch controls tho bias’on the ’
" CRb'to CR12 protects the amplilter ctrcuit from nn f "base of Q4 ‘ o

“ overload o : o
‘ 4-40, Due to inherent c!mmotortstics, either Q2 or

R 4 30 ME'I;ER CIRCUIT. ,‘3,2,; ey e SR " Q3will conduct harder when power isapplied,  Assume’
g + that Q2 conducts mor'e than Q3. 'As Q2 conducts,’ n
G ut-t;:tlzegh: m";ft:a;;smzv:;r::ft :rliv:;‘ltd::::& L";hfﬁg ' ‘negative going signal is coupled through T2to the b:zse
L e amplifier provides end; sca.le needle deflection on '\ o Q3. [This causes Q3 to cut off completely, - At fhe ..
RIS all ranges. |During FAST CHARGE and off (positions: * same time, a positive going signnl is coupled to the L

ges. . J po ‘base of Q2, causing it to conduct niore. While Q2 s .

- 1'and 2 of Function Switch S2), the meter is protected . o
" from:transient voltages by a 'short across it.. Duripg: .- © . ﬁgggu:::ghit iy hegative OUFPM lwtll‘be coupled to :he.
the. BA’I"I)‘ERY TEST mode (position 3 of Function * - Vi - Lor
- Switch $2), resistor S2R1 providesthe amplifier load,’ . » 4 4 When T2becomes saturated, the positive signal ™
;" because the e meter is, dtsconnected from theamplttter “its removed from’the base of Q2, and i!t cuts off, AL
. circu,tt R N S © . o 7. the same time, the negative signal is removed from
L 4-32, Resistors R41 to R44 provide for caubratton of  thebaseof Q3, allowingit to start canducting. As Q3 .

:: the meter, "The: resistors are’ connected in parallel: -  conducts; a negativé going signal isapplied to the base T
", with the meter as a tunctton ot the RANGE switch - of .Q2, holding it cut off, ‘and a positive golng signalr i7"
= setting. TR I .; BT “+* . s appliedto the baseof Q3. Q3 continuesto conduct,
v T “ ' ' L ~-causinga positive output tobe coupledto the neon cir- -

o :"", 11 IS ) : "': R ;,)‘4
4-33. FEEDBACK CONTROL “ o o £ “cult,” This will continue unti} T2 becomes bntumted; '

‘ -34 Control ot' !eedback is accompltshed through a / LY o

*‘deck of the RANGE switch, The amount of feedback 442, 'I‘he output of the oscillator is couplod throu;,h '

e depends upon the position of the RANGE switch, . The / -T2 to the neon circuit, ‘When an input §s,applicd to

... closed: loop gain of the. ampltfier may be determined ./~ the ctrcuit. dueto inherent resistance chmécteristics, ,
‘by  subtracting the feedback fromthe’ ‘forward’ gain, / 5 either DS1 or DS2 wtlllight, depending,upon which has ;

: " 'The. teed)ack provlded for each ran;,e is listed dnj the least resistnnce. T

; Table 4 1 BT ' e R

e SR f L j! ) 4 43 Assumie that DSl It;,hts whenthe 1nput is npplied

4-35. POWER SUPPLY AND NEON DR.IVER .4 ' te T2, Capacitor C1 charges until the ‘oscillalor - . -

(Figure 6-4), . Lo _- o " switches' the input, and DS1 goes off. 'When thelos- "

_—r Do ‘S ' . _5 cil!atorswttqhes again, the chargeon C1 insures that ...

438, The power sourcefor the 419A isfour recharge-. .*..DS2 fires, and DSI stays off. “This cyclescontinues . = . °

ablebatteries; which supplya +13:V anda - 13V output. -~ . with DS1 and the DS2 firing, as long as there is an ";

The 419A may also be operated from line; voltage, ' output froni the oscillator, . CRI and CR2 prevent the’

whichwttl trickle-charge thebalterlesduring operntton. : capncitor from discharginb through R1 nnd R2 R

: y :
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T- l. 'q'. H - K lil‘.: .
i T Sy i
T ' -_'!\,I:‘3 ; R -
y . i 'Jl‘l " : ] ‘_?‘ . \ ' :" ¢
o . : N il Y '. ‘ d : ‘EIEJ-_‘E {“ : -1 A ! . S
R T 'I‘nble 5- 1. “Test Equipment Required . 1 |- " o U .
: ‘.:.)'_‘5‘.__,._._ ‘f . ".:- ;‘='-'\'.r Jl' " ‘ g ! Ly B ,"I L]}. ; [ H . Ca g . ;hl ‘L : : I ' B ' L L :
i T T I SR R ' R " R .lr' . : i T '
i | * INSTRUMENT TYPE |, ' REQUIRED ’cfmmc:rt-:msncs ' "} "RECOMMENDED MODEL® ~ |
- o i I— " o : 1L
o " Volmeter Calibrator ' -} DC Voltage Range: 0.8 mv to 300 V., | . “hp- Model 188BR Voltmeter B
o Ui e e TN : !
AR Rt L e | Accuracy: 20.2% . : SR i’ - Calibrator -, =~ 1
4 steip Chart Recorder _ Voltage Range: 1Vde = o) | hp- Madel moa o | Y
Lol e o Speed: B0 mmy/sec, o L "i: S Strip Chart Recorder SR R

3 .\ ‘+ Frequency Response- 5Hz D! (LN B P S IR

R

- Output Freq: 60 Hz | St _;"-hp'-‘ Model 208A Oscillator .~ |\ o -
. Output_ Voltage;: 0. 5Vrms SR I E T BN

Horizonial Sensitivily. 2 ms/cm S0 ‘:_-hb- Model 130C Oscilloscope
. Vertical Sensitivity: 50m\'/cm1 e BT TEa TR PRI DURE U DRt
' Frequency Response: 100 kHz - Sl T e

Cuunti.ng Range- 300 to 400 pps }I ;. ,:' v w-hp- Model 5211A Electronic ! g

Accuracy. +1 count f Wil . Counter. =~ . ! .o

Accurncy.;:tZ% s ;!_ S e SR /“,f“

0.1 pF £20% 10 Vac 0 bip- Pant No. 0170-00857  v| it

1009 £1%1/8Www - 0 [ hp- Part No. 0811- 0398
eoonu% 1/8 W met flm !‘?'-' IS 'y -hp-'Part No, 07571100 - .. | . .
uom 10 25% 1/8Wmet’nm -;'ii' --hp- Part No. 0698-3193 i c .;i
£ "‘1ioo ke £0.25% 1/8 W met'flm - f ‘I -hp- Part No. 0698-4057" _;__-1,' N
11503 ke £0.5% 1/2Wmemm .|, + -hp- Part No.'0698-5488, .. |
{1MR30.1% 1/8Www“ e o -hp- Part No, 0811-0473, "'; S
R | :-hp- Part No. 0693 5443"' =1

N s . : WLE PR - P
- 7:—_‘." d‘ l’f. b R MEETO N - : .I
.‘-voLmsTEn CALIBRATOR , hp 4I9A b
Bdnidsry *DC NEL [
' VOLTMETER - =
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w . l- ‘l ” ‘:‘?-.e:‘ . },1 ?“ e ....n u},‘ ;", . .>
B LI IR L LB B A : : . J.'
J i |] !1 !t:“:.'“’I Z"l'l:;;i ctlo'n V e ‘]]\\
kt : o it '
) ' ! f B N oty
DA oY -\ : Sy -,;l'-‘ Ui ARG
Yl &ISECT'ON IV‘ I : :‘.;1 I}I ;1{1 1) )l‘ l. 5 ')151 :]{ = . J 5‘
; AN 1 : L A SEPLERCE R
"-. MA'NTENANCE o ot ‘\i,t ’ Lyt ‘ .
. o TRT T u.’ g o ='liw"1-=; f; : “?} 1!y e '
- L. A . P ‘ IR A ) }‘_:-:1; I“\E'T‘) ‘. . P i] ” _l,‘ : P ) J,] . '!\‘7
: R - SRR LR U .
5! lmuonucnou R S R B & 7 vourm-:'rsn ACCURACY TEST," . Ll
T Bt ' ' o g
R oy i 5-8. leevoltmcternccurocy performance test setup © )
o =;2,;.‘*;ﬁz;ﬁ,'::;:.;::::;‘::;r.:t;':s;::::';i'::;léa:f",:;z‘1:5::;‘‘;‘;*;iz:’:i’;*;ft ‘i I ustrated i Figure 51, A vlimeter calbrato ' .
“.Included, are performance tests, repair:procédures, ' gg‘f} g;gcée;lgsgﬁl;)&; rlge?isrtz t;.césiﬁtorp(nm)&;’nréa?;): SIS
adjustment and calibration- procedures,’ and trbuble- o 473' ’ “i d for thi t° p- ' YRR
: - shooting procedures. o YL DUNIEAY R ) are required for this (PSL ' ‘ ol e !
g - R gy o ‘ﬂi.', 3 "e; a. Connct.t tcst sptup illustrnlcd in Flburc 5- l. Lo
5'3. 'IEST EOUIPMFNT T ',\" - #E, b Make control settings lndicotcd in ‘stap 1-of " '»:-, :
‘ B C )!" "y, Table6-2; if Model 419A’reading Is not within’ !

)‘ :
5-4. The tcst cqu*pmcnt required for maintenance oy tolernnces listed, iperform Full Scale Coll-,
. the Model 419A ‘is’listed in Table 5-1;'. 5 Equipment ‘ ‘bmtion procedure (Pnrngraph 6371 R

havingshnllarcharnctcr[slics mnybc suhstltutcd Ior Sy R
; :‘he equipment usted ‘ i ‘.';[ L ;‘; o c- Repeat stepb IOP remainlng Bt(‘pSinTﬂblE 5*2 ! ,.;)‘" -,;
S gt -»’f\" , Ly, b 9 BUCKING VOLTAGE TEST. ', _?. N i-:‘ SR -»4
FEITEE B |- LR : " :
5 5 P“FORM‘NCE 'IES'!S ST T Ty 5 10 No_ external test qquipmcnt is' required for lhc - L
& »? i C et buckhg voltage performam?c test, 3 ST

‘-6.-; "I‘he performancc testspresented in this bection .
:are [ront-panel procedures designed to compare the 1, ok ._-1 . gf\%ré::st: %i%% SI":IADNULL pushbulton Set

"Model 419Awith its publishedspeciﬁcntions {Table 1- l)
‘These. tests may be incorporated. in periodic;main=:. =~ b., Rotnte NULL control tully clockwise and thcn |

’ ténance, post repnir. and incoming qualitycontro! in-..': _ Chally counterclockwisc' if 410A meter does R
i-gpection, These tests should be conducted before nny ’., not peg'in’ negnlive and. posltivc dircctlon. I
nttempt is made'at; lnstmment colibration.- g ,], rcspcctlvely. replnce 13'[’5i Ly S
’1 EERTR T by . ' i .".‘: (Rt
’ TR ‘I‘nble 5-2 Accuracy Pcrl‘ormnnce Tcst mpplcmcntal Dnta g e .
. " : : T o " " Tt ] o
Can e VOL'I'METER f L CPOINTOF il yiiaa o o D
* CALIBRATOR ) MEASUREMENT _, | - R“Alggg? L RF"A};’&G R AR
~;DC QUTPUT . FIGURE 6~1% = /| D% 3 B
.30 i TA :] R _’5 'f" '2-a4to 306 |
e REREY A o '9.7t0 10,8 |
A . 39_;1‘1,;}" 29 3lo 30 Ty S
A -_,ibo‘;‘hv; | oo 9ton02,1 | 7
- 300 v if "293.9t0 3061 | R A
SBE S f o imv | 0.08to 102
"BloA o 3mv Sl 29400 3 06 |, ‘
'p|. o1 temv 7| e, Bto 102
oL cgomy Ul V20.4t0030.8 |
Remove e 100mv : 98 to . _19‘2.._ y (_
>Alten- 1o 300mv )l . 202t0° 306 |

.uator o 1 v | 098t.re2 | . o
. I '..', i's,.v..:: .; 2.94t03,06
S0 v 9.8l 102

Y woEw :’a.{w, W ww

Cw v [mawes [
S ST ’ . Y AR
|.800 Ve ';:-'29]4_to‘-_'-'3l‘06_!. R
| :“.I?Oo‘“?‘fl' ' 280t0 320 | . 1
; i{r_-. 5_1
e
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’ '*-‘] ! ;: “ky ' ' 4 2 o o, ) 't '
‘i1 i ! ! V- s ! ) i ' 1 Yoy
' : ! g v . _. ’} j N .
vov_meren CALIBRATOR " \ b 4194
oty hp7B8BR . S T LR , oc NULL
R A .o . ! . i . . i Ty ' ' ; < . . e N
..' S : ."E.’x E_': 0 '. _.} P ll.. a . y- : 1 } I:“ : 1y " - )
p ! @ ' Q g ) @ .) R : ; l;" [RN t i
ipg.  12% oG8 o ; et
- ;! e
. ‘ Y ! o ! - } ‘| oy . ) Ly y .-;I‘l.i .
T - AT o oMQ  S00KR U J
.'.‘ - M iy 1 . ey ! . y i": - ',
N e L CIR i IR A ; -
o SR Flgure 5-2,. Ammeter Accuracy Test Setup S '
‘=”_ i, e . 9 - - ] - B Cy .
' ’5 11 AMMETER ACCURACY TEST. v . ; cody Start strlp chart recorder and turn voltmeter oy ’
~ §~12, The ammeter accumcy performance test is bt i calibrator .de output on; i strip chart re- :

' :5443) anda 800 kQ resistor (-hp- Part No. 0698- 5483)
nre reoutred for thls test. Iy :

;‘ ‘ :‘i‘-‘ ] ' D E “b.
Pt -.trols 'as indicated in step 1 of Table 5-3. If
‘Model 419A .reading is not within the listed:

lustratedlnFigure 5-2,: Avoltmeter calibrator (-hp- -
- Model 738BR), a 9 MR resistor (-hp- Part No. 0898-.

tolerances, itroul:lleuhoot the nput nttenuator

. .‘ Be14, A etriﬁbchart recorder (-hp- Model 7'zom).
-__g\roltmeter calibrator : ( -hp- Model 738BR), a 1009
. resistor '(-hp- Part No. 0811.0398), and 2 1MQre-

- 'thts teet _ - N

OUTPUT terminals.

] Construct testsetuplllustrated tn Figure 5 l
- turn voltmeter - calibrator, de - output -off- and
.- setfor 30 mv. output connect 419A + INPUT
' termlnal to Point Al

press VM/AM pushbutton. R

- n. Connect test setup tllustrnted ln Figure 5-2. O
 Set Model 419Annd voltmeter calibrator con- A

i 'sistor ; (-hp- Part No. 0811-04?3) are required for |

* a. Connect str!p chart recol-der to 419A + and -

" vy to 10 pv posltlon. L : i

(Paragraph 5-49) L graph 6- 33) e R ! . .
l b H .
‘rahle 5 3. Ammeter Accuracy Test : L7 Be1B, supenmmseo AC ne.ns:c'non TEST. S i} B
- [ 0 i . ) 7 BTN
B g l P : : il
p. ggﬁ“ﬁ?rg‘; aroa | varea 1Bl The s;unerlmposed ac’ rejectlon test setup is 11
Aaieihl DC OUTPUT RANGE' READING ‘. lustrated in 'Figure 6-3, ‘An oscillator (-hp- Model
e ., 2084A), a 600 9 {esistor, (-hp- Part No. 0727-0081), ~
‘ ; . ‘g | ' @ 10kQresistor(-hp- PartNo, 0684-1031), anda 0,1
. 8my -?Q pA 128,110 SR uF capacitor (-hp- Part Nos 0170-0085) are e required
: v 001 V ‘100 pA | - 96 to 104 .Ior this test _
' ,:in.oos v | a0pa| 200t 310 | e S
L oo ca b e s anan. b o. Connect test setup illustrated in Figure 6-3;
B "01 ‘ V I.QOO:PA .5?70 to'2030 . 4 do'net connect oscillator. e o :
.»03 'v 5 3ooo pA |2010t0 8090 - | ‘
v LTI BN 1 B “ by Depress419ASETNULLpushbutton setNULL
: '1 - lOEnA_ 97 t?;m’s N 4 control for +9 uV on' 10 uv range. T :
' .3 V 1 -30nA {28,1t0 30.9 TR ' S
—— . c "Connectoscillatorandsettts outputtrequency (AR
3y J~5 13; nesponsc TIME TEST. ‘

, ‘,‘[ ‘. -
" Set 419A RANGE swttchto 3 ttV posmon, de- s

Ty

o 20.2 pV after the Initial transfent, '+ |

. 5-18 No externnl test equipment is required Iorthe o ‘
nolse test. T

- corder does not show OUTPUT at95% between - e,
' 2and3 seconds, perform Chopper Adjustment . :
(Poragraph 5-33), o );-'u‘

© e, "Turn voltmeter calibrator dc output ott‘nnd / L
" setfor 100mV output; set419A RANGB swltch

. Start strlpchnrt recorderand turn voltmeter 1
“calibrator de output on; if strip.chart’'re- |
" corder does not show OUTPUT at 85%: within I :

" 1,second, nertorm ChopperAdjustment(Para-

iy’ for 60. Hz; output voltage for 0.5 volts rms, ~ ° B!
‘Model 419A reading should not vary more than '

5 17, NOlSE 'resr : f -

a Short 4194 +and - lNPUT terminals. RS

£

b Zero 4194 In VM functlon on 3 uV RANGE., O . '
. ‘ . )

c. Itnolsedtsplayed on 41,9A meter exceeds 0.3 o
U uVopep, perform ChOpper Adjustment (Para- S e
graph533) : R
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- Sectjon V

‘i:: . . - |’-' FEE . . . . . ] R H
. . o i ! o ot Lot '
- | . i Sy ! o co hpatga il )
w TES‘I‘ oscm.noa S i do T DC NULL ' ‘
aocn e o chpeosA T s R o L VOLTMETER ‘
i Co o ! i
i J ] ' ‘ : . : Vo !
- i i ‘ i _:| . i
IR FE —<k e .
| , RN A c0bRF ofbF :l:mn .IE!'
7, - i — T
N Y E <k 1 e | |
-f}’{' X thuretl:l. S.lperlmposed AC Rejectlon Perlormance Test Setup RS S Ly ._ o
A 5 19 INPUT RESISTANCE 'I'ES'I‘. - ' Set Model 410A RANGE to 100 mV, set volt- Ly

N 5-20 A Voltmeter Cnltbrntor( hp- Model TSBBR), :

"'10 k2 ‘resistor {-hp- Part No, 0698-3193), g 100 k2. .

! yesistor (-hp- Part No, 0698-4057), a 1 M resistor .
i lP:n't No. 0698 4123) are requlred [or thts test

) a. PUT terminal.,

it - minalsto 10kQ reststorand -INPUT terminnl
~on the Model 419A. ."; ‘ e

‘ ‘callbrator output to 3 mV (.,003 V)

verlttes an’ input resistance of 100 k2 on .the
3 mV range. as L,tven by the lollowtng t’ormula
. ' 5 i .

'R xE

O P Eas _m L

,", it . -,.

N

) where an is the 419A input resistance. vlts
Uy - is.the series reststnnce, Em isthe voltage~
‘indicated-on the Model 4194 meter and Eg is
the vpltmeter caltbrator output voltage. ‘

NOTE D

r.pda toleranceol ¢3%shouldbeullowed
1 . '1 - R

sistor. R

: meter caltbrator output to 10 mV( 01 V)

i .

sistor. o

www.valuetronics.com

(~hp~ PartNo, 0757-1054)and o 10MQ resistor {-hp-
o Connectu 10 l-:Q reslstor to Model-llQA + IN- :
b. }Connect voltmeter cnllbmtor dc output ter:

‘ v .;.".
c. SetModeMlQA RANGE to SmV, set voltmeter

q “The Mode} 4194 should indicate2, 73 mV which

The input reststnncc mny vary sllghtly o
Replace the 10 k2 reststor with'h 100 ko rel _' .
“get ‘Model! 419A RANGE to 10 mV; set volt-f

"“'Model 419A should read 9,09 mV whtchvert-_ oL

Replace the 100 knfreststor wlth n 1 Mn re-
e SR observe the following general rules. . A

o
Do ¥
' ", S meter calibrator output to 100 mV( l V). _
| j " Model 4194 should £¥ad 009 mV which verl-
ftes an input reslamnce of 10 MO on the 100 ..
‘mVrnnge..' e e

k Replace the 1 Mn reststor wtth a 10 MQ re-

’,I_ slstor.;' R I

l{‘ Set Model 419A RANGE to 1 Vi set voltmeter

| caltbrator output to 1 \" ' Co

m. Model 419A should read 0,909 V which verl- -

" fies an input. resistnnce ol 100 MQ on the 1v

i rnnge . RN R
-21 ntmn nocsnunss S ' - Lo

v ‘-5-22 COVER REMOVAL T BN

. 523y When it is necessnry lo reputr or’ ndjusl the
Model 419A, one or more covers will have to be re-

‘ .‘; 4 moved, Refertothefollowingstepsfor cover removal

procedure ' 5 - ' ‘ ,i,.

“lal TOP COVER. Remove topcover screws, sltde
S cover to rear and lift to remove.

SIDE COVERS Remove four screws from . .
stde cover' ll[t to remove.

h c.: BOTTOM COVER. Remove bottom cover ‘
- screwsat rear of cover,

H

-24 SERVICING PRINTED CIRCUIT BOARDS. __,f"

‘ -25 The Model. 419A has two etched circuit boards
Use caution when removing to avold damaging mounted
components. 'The assembly and . -hp- part number

) Sltde cover to rear = .
'.andrem?ve. B P R

l.} .

. are etched on the interior of the circuit boardto

! identtfy them. - Refer to Section’ YH for parts replace-
" ment and -hp- part number inIormation. R i
: I

o I type The electrical connection between sides.of the " -

'~ component holes.” When' working: on these ’boards. -

y

5-26, The etched cireultboards are a plated-through R

. board is made by a layer, of metal plated through the : -/



ll .::.’:‘ RS
Section’v
) I"’)..‘ S . B ' ll s ;: . o ', o |

"i‘o nvoid contnminntion. wear clenn lint-!ree -
cotton or, rubber gloves. i .

b.: Use alow-heat (25 to 50 wntts) smnll-tip sol— y

dures sholdbe conducted only if ithas been previously -
- 'established by Performance Tests: (Paragraphs §5-6
‘to 5-20) that the i\lodel 4104 1s out of ndjustmenl

T Model 419A

-6-31. MECHANICAL ZERO ADJUSTMENT

St 7Y dering Sron and a small diameter, rosln core ; -
' solder. ' .

g ey Circuit components canbi temoved by placing ~
' “. '+ the soldering iron on the component lead on
ST , either gide of the boardand pullingup on lead.
;e - I component Is dbviously damaged, clip leads -
7. 7. . as'close to.component ns possible and then: ;
©- %, remove. Excess heat can cause the circuit
IR AT =; " and board tb seporatc or cause damage to the '
e : component.- e

D ' Componentlead hole ehouidbe c{;nned before . b;
gk inserting new lead R . ,
. _To replace components. shape hew lends and -
- .insert them in holes. Reheat with iron and

't 'ndd solder a8 required to lnsuren good elec-'
Corh o trical connection ‘ '

S : L { s ,

:._-‘:Cleanexcess ilux!rorn theconne{:tlon nnd ud- g
lommgnren' .‘ 'l R j’ | e [ -) .

c. When the pointer is exectly nt zero. rotnte

] f’ 5- aa.lcnomn ADJUSTMENT

. ' B-32, 'l'he mechonlc'll zero ndjustment is locnted on
*_the instrument front panel, If the meter polnterdoes
not indicate zero when the instrument power hasbeen.
“off for at least one'minute, mechanically zero the
meter following the procedure outlined below. .

‘. Turn instrument power oii disconnect input
* slignal; remove output cnble, and allow one .

minute ior meter pointer to stabilizc.

t ) ' .
Rotnte zero ndjustment cw until pointer is to
‘left of zere, moving' upscale, Continueuntil =
* pointer isatzero,: l.rpointerovershoots zoro, |

repent operation. Cf
. l

zero adjustment slightly CCW to free it, wIf-
-themeter pointermoves tothe left during lhis

- .step, repeat steps bande, o '

'
¥

: To avoid surface contamination of the printed
; circuit, cleanwithweak solution of warm water
c.:0 cand rnxld detergent afler repatr. . Rinse thor-
S I ;'oughly with, clean water, . When completely
. .dry/ spray lightly wlthKrylon(#lSDz or equi.-
_valent) e g DR
1 i ' . N N - 5 ]
5 27 lNSTALLATION Ol‘-‘ REPLACBMBNT NEON Mo
SUBASSEMBLY (-hp- Part No. 1990 0214)

Ve a

5-28 Physical alignment and neon selection are eri- -
. tical. When trouble is isolated tolheneonsubassembly. S :
~ the ‘complete m:bassembly should be, changed raiher ‘ .
than replacing the defective ncons, R i Dbl
i'! . ‘ ' : *
ER " a. 'Remove the top and side cover on the meter _'If’l '
el '; sideolthe lnstrument } PR S

\ w

; c-

S b Dlsconnect the neon sﬂ:assembly leads from
“i w7 'pins on A2 board. ' (Note location for recon~- - - d

sl o necting the new leads) Maneuversuhassembly

g cable through the grommetonthe inner shield

c Removethe twophotochopperessemblymount- :
: lng screws and Temove reon subassembly
s d. Install new neon . subassembly Note that the
rﬂ)bergrommet on the subassembly is- oifset
toward the top ot' tho instrument.

Y

. ! . s Route the neon subassembly cable through the
ST inner shield nnd reconnect. the cable to the .
* A2board. S |

o f . : e
o i Replace the side cover and recalibrate ‘the " ..
Model 4I9A as outlined in Paragraph 5- 29 S

. oiusmrm AND cmumou

ep

: -30...Thefollowlng isa completeadjustment andcali- [
:.- bration procedure Ior the l!ﬂodeMIBA. 'l'hese proce- : T

e NOTE -

.- '" A4R26will have tobe reselected. ‘I response.

-+ . . on 3.pV'range is longer than 3 seconds, the '~
o value of A4R26 should be decreased. If re-

- sponse on' 3 pV range is less. than 2 seconds,

5-34, AnOscilloscope( hp- Model IGOC)nnd an Elec- |
" tronic Counter (—hp- Model 521 lA) are required for the
= chOpper ndjustment . ,

8 i Serial Prelix of lnstrumentis 514- EET
- refer to: Appendix C for. chOpper ad- ' - vy
justment lnlormation S f oy {

Remove 419A top cover and shieid S

Connect Oscilloscope and Electronic Counter
toAZTPZ : ) SRR
SetOscilloscope ior2 ms/crn horizontal sen- .
sliivity and 50 mV/cm vertical sensitivity.

Adjust A2R9 (FREQ ) for Electronic Counter

- indication of 320 to 340. (This corresponds . P

" to chopper rate of 160-170 pps as Electronic '

i - Counter also counts smaller. pulses, ¥ Adjust

'A2R5 (NEON CURRENT) for waveform amp-

litude of 140 fo 160 mV, . :Figure 5-4 shows : .
the chopper waveform. B

I

X =tile NeonWaveform is unsia.ble.:_an P Lo
intermittent neon bulb is indicated. = . L

"1 See' Paragraph 5-27 Ior replacement

information. . . . - _' 1

Wi correct waveiorm is obtained and 1‘esponse
time Is still not within limits of Paragrnph 5-13,

www.valuetronics.com
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_t'f‘?_ S | 5 A . \ . .:J
" : :

"A4R26 should be increased. A4R26,should be
~ between 6,8 KQ and 15 k2 with a typieal valie
i of 10 k2. A4R26 s an Allen-Bradley, com-
position. 1/4 wntt +10% reststor. N \

- - 1

|Y:j'?‘, ot

S Figure 5 4 N'- \n Drive Wuveiorm (AZTP2)i
‘1

' 5-35. ELECTRICAL ZERO ADJUSTMENT.

536, The ‘eléctrical zero adjustment should be per- '
tormed when the meter pointer does not Indicate zero

: .?:"‘- ‘on the 1 volt rangewhen instrument power hasbeen on- ' .
. forat least one minute. - No external equipment is; re- S
P quired tor this adjustment . },; i g .
SR 'Set 4194 controls as follows: Lo
mGEUD.;bD:.DDEDDII;.'I‘Ilv

- ZERO pushbutton e e Depressed

b Remove top cover, adjust AdR14 (1 V ZERO \
ior Zero deflection on 419A meter. | f .

- 5-37 FULL SCALE CALIBRATION. | |
{0 . 5-38, Thefull sealecalibrationconsistsot periorming

the'3 2V, 10 uV, 1 mV, and1 V adjustments. AVolt-

- meter Calibrator (-hp- Model 738BR), a 100 2 Resistor
~ (-hp-Part No. 0811-0398)and & 1 M@ Resistor (-hp- -
Part No. 0811-0473) are requlred ior this test,

i ;g!'u.;

I

n. Connect test setup illustrated in Figure 5-1.

b. Remove 419A top cr)ver, depress VM/AMpush .
' J'wl.:. 2 i ) bu‘tOn- fn ._ s .

ol . 'Set Voltrneter Catibrator Ior 30 mY - output;
| o connect 419A to Point A; adjust A4R41 (3 V)

. Set Voltmeter Calibrator for 100 mV . output
" connect 419A to Point A; adjust A4R42 (10 apV)
- for iul_l scale deilection on_iO_uY__rnnge. A

Lt - NOTE —————

N 1

Remove resistive attenuatorbeiore
performing steps e and ‘6 L 'q B

Set Voltmeter Ca.librator for 1 mv output
1/ .connect 419A to Point B; adjust A4R43 (1 MV)

www.valuetronics.com

PR Pamgrapt13 13)

o St Beedon Vo

i

', “Set VoltmeterCalibrator for l V output; con-

full scale deflection on 1V range,

6-39. BATTERY TEST CALIBRATION. o

' 5.40. A DC Voltsteter (-hp~ Model 427A) is required
for the hattery test calibration e

. --—'—NorE
e Bntteries must’ be tuliy charged be- .
forepertormingthisprocedure (See . J‘I“

B Remove 4IBA top cover and shield '_= _. E 1

1 o

1

| ':"betore trouhleshooting.

. L as Iollows L R
.4~ for full scale detlection on3d pVrange. oo ; ' :

: -"[or iull scale dellection onl mV range. oA :; -

h. Connect DC Voltmeter across BTl thru BT4 A

If DC Voltmeter indicates less than26 V, re-
. charge battery power supply in accordance
. ,with Paragraph 3-13,  If DC Voltmeter indi-

cates at least 26 V. proceed tp step ¢,

" c. Depress Model 418A BAT. TEST Pushbutton,

. Meter. reading (0-3 scale) equal to DC Volt-{,

- meter rending in step b. _

540 mount:suoonue
' 5-42 This seetion contains int'ormntton designed to .

assist in the isolation of malfunctions, These checks
shouldbe undertaken only after it hasbeen established

' thatthetrouble cannotbeeliminated by the Adjustment
- -and Calibration Procedures,' Paragraph 5-29. ’

T

NOTE——eiem B

-
g
R NN

1" . The419A operateserraticallywhen

Al v the charge on' the batteries is mar- Lo

. ginal, Sincetheexactcapacityofthe
' ._Nickel Cadmium batteries cannotbe '

- determinedby voltage measurements,

* jtisadvisable tocharge thebattertes g

5-43. NO RESPONSE TO INPUT IR
o . . 4 . ]
5- 44 II the meter does not respond to input (usually
accompanied bya constant offsetnear full scale alter
" meter has been on ‘for one or two minutes). proceed

9

. RNy
_ will be the same amplitude, If the blocking
oscillator is bad there will be no pulses nt
A2TP2. ; ,
g ,_emitter of Q4 to isolate between the blocking -
;oscillator and its voltage regulator. S

c

trouble is in the ampllﬁer ol

adjust A4R45 (BAT TEST CAL) for Model 410A

iy

S ' 3
Check tor approximately 8 volts dc at the o

Iftheneonwaveform at A2TP2 is correct. the IR

.'5?5 E .‘ y

" nect 419Ato Doint B; ndjust A4R44 (1 V) for__”

T

a. "It one neon is bad, all the pulses at A2TP21:
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5 45 POS!TIVB OR NEGATIVE FOLDOVER.

5 46, Foldover is ‘when the meterneedle pegsnnd then -
_ returns on scnle \vhen the input is overioudcd .
o - A, X positivefoldOVer occurs, cllcck A4Ql2 for

- low gnin

_1 b. i hegntive foidover occurs, check Ior low .
gain in A4Q13 and fora lenky MCB orClz

g 5 47 EXCESSIVE NOISE. :

’ 5- 48 I the 410A meter noise is in excess of 0, 3 pV :
peak to peak, proceed as foilouts. ' _ _

..‘ i : i .. L2 I

i( Chock the batteries for’ low chnn,e. .
: ‘ S b. Check the chopper frequency inr r'ordnnce
- with Paragraph 5-33. Misadjustment of chop-

. and give replicement Instructions, " fa
e "

!_ graph 5-13); ' A4R26* should be replaced only if re- ' Ly

-"c:.-
; “a iiberglass brush ortypewriter eraser and
e ensure they nre making good connections.

i, per Irequency or drive or a misiiring neonh -

bulbwil! cause noise» S

-!Clenn the pin connectors onthe A4 board With

ll

Check the transistors in the Ac Am pltiler Ior

. structions. S

noise (MQ! or Q2 most probable) " i

5 49 TROUBLESHOOTII\G 'I'HE INPUT ATTENUATOR

- 5-50, I! trouble is suspected in the input ottenuator or
i‘eedback divider, proceed as Iollows' ; :

) §T ,"l S ‘!..,:
oAy ‘Rotate the rnnge switch lhrough n‘!positions R

- --’-‘ .'- several times to clean the sv.-itch contacts.
Yy

S _b Checkthe 90M,‘.’2 resistor(sms) fordustnc-
’, RN f“, cumulation, clean if necessnry.t : o

N TR g
SR e Iltroublepers{ists, cnret‘uliycheck the! input

: S : . ! i

A — ,‘:N_OTE, - ,

, Parallei pathsevist for severnl IR
e 'ol’ the resistors. . Before re-'
-lplacingnsuspectedresistor. un-
Lo solderonelead‘andcheckthere-
‘sistoraga[n T : :

o ("U,-J‘E Do

> .composition 6% 1/2 watt;resistor. ‘If the value of o Y
A4R47' must be chnnged proceed us follows- CoL

attenuator and t‘eedbnck divider riesistors. ) v

7 Ve, reduce the, value of A4R4T*,

N ~ Model 410A
o S S : Py
. ) . ot v ‘)
5 51 REPLACEMENT OF FACTORY SELECTED

. COMPONENTS. - , e =.‘
' 5-62, ‘Certain components within the Model 419A are | )
individually selected in order to compensate for slightly -
varying circuit’ parameters. ‘These components nre
identifiedby anasterisk (*) onthe schematic diagrams

‘and a typical value Is shown, The lollowing paragraphs i

" describe the function of the [aclory selected components v :

o
5-53, A4R26*; S T
i l;‘u
5-54, A4R26* Is: Inctom selected to provide proper Sy
amplifier response time,” Response time canbe evalu- .~
ated by performing the Response’ Time Test (Para-

sponse time cannot be corrected by performing. the .
‘chopper adjustment procedure (Paragraphs 6-33).
Paragraph 5-34 qtep e gives speci[ic replacement in-

1.
5 55 A4R47* ' :

anliE . SN
5 56, A4n47* is inctor_v selected to provide npproxi- e :
" mately 1.1 Vde at the rear panel QUTPUT terminals = .
~ Into & 1 k9 load with the LEVEL control turned fully -~
cw and a'full scale input applied to the INPUT ter- -
. minals.” Once A4R47*hasheen selected at the factory,
- theré should be no reason to change its value unless = -
- one.of the output transistors A4Q12 and A4Q13 or one :
-of thediodes A4CR13and A4CR148s replaced. Factory '
vaiues of A4R47* range from: 16 k2 to 20 kQ withn .
typical value of 18 k2. A4R47* is an Allen-Bradley =

a. Applyn lVdc input to the Model 4194, INPUT ot
- 'terminals 1y r:mge). o _ i s
" b, fConnect ai ka lond across the rear. panel
' OU’I‘PUT terminals. L E U _ o

e : , 1

t c Turn LEVEL control fully cw.
' d Measure the volta[,e across the load lf the

7 'voltage islessthan 1.0 Vdc, increase the value
* . of AGR4T*; If the voltage is greater than l 15

1ok

__e. 'After replacing AAR4T*, perform the Full
“Scale Calibration procedure (Paragraph 5- 37)
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" HEWLETT-PACKARD MODEL-HDA o ' TEST PERFORMED BY

“DCNULLVOLTMETER

R R | . .
. i

'SERIALNO 1 . T Lo
o U aipARange -, 419A Reading |

it Pnragraph Sl e
TR -7. VoltmeterAccuracy AR T

3 ;IV | R

Do s s oy —

A L L S . . 100 uv . !,r 1 . ‘}.
5300 gV
Imv . o

CwL SO ey e dmY, - oy

. ﬁ,._lf_'ri_ L R S : W0my 5 e
CE = T A T B Y 30 mV-. RI)

Ceh ey e my LI '.

AT AR S 0 my . Y
‘: : : 1.) o . S L 1 v - s L

IRV T 30 Voo [
S ey X z

’; .“ ".1‘7 ‘-‘:".:" (? B =:., . '. !. : IOO’O'V L R

; )
‘A o
|

Sy 5-15 Superimposed AC Rejection S I TR M

e

cn I'-('.. b ‘:.'1‘?_"

. DATE —
_TEST LIMITS

2.84 to 3,16
9,7 to 10.3

29,3 to. 80,7
97,9 to 102.1

203,90 to 306.1 - |

, .98 to 1,02
2.94 to 3,08
9.8 ' to 10,2
1204 to 30.6
88 to 102

204 to 306
.98 * to 1,02

2,94 to 306
9.8 to 10,2
"120/4 t0.30,6

88 - to 102
© 204 to 306
280 to 320 i

28,1 to 31,8
96 lm 104"
290 to 310 '

L . _,970. to -1030
3000 pA .:' -_: F .' . Eil’
| 20,1 10°530.9,

12010 'to 3090 -
9.7 to.10:3

g e "
100'ke /3%
coIM2 s 3%
“10MQ 4 3%
100M8 + 3%
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CIRCUIT DIAGRAMS e ,

L
‘|' lj_g].

nre provided for the melering circuit nnd th

: . .‘I=€ I e .

_ -2.‘ This section conminsthe circult dlagrams necs', 7 » supply)gciruuit. L , A s : .»‘: } oo a

“esbary for the Operntion and maintenance of the Model '} Ve ‘/ e s i TR ,‘.?ﬁ'? iy
"_419A DC NullVollmeter. !ncluded nre schematic and 6 5 COMPONENT IOCATION DIAGR AMS. N i

Nt i [ .r\,'=: S i . .| ) .Jﬂr

6-6 The physica!conﬂguratlon of !the 4194 is shawn‘ i

 .6 4 The e!ectricalconr yation o{ the -IIQA is shown on thecomponent location diagrams,  Each component

on the!schematlc dlngrams. . Indlvldual scheinatlcsyn_ ) ls Identmed by rererence deslgnation. ';: vy
. ,!.?”J. B : \" .'p. ‘|'.‘ ;
f'l;.- ) } ‘i :‘ ; ! 1
. o b “ ; : i: . i

PARTIAL REFERENCE ozsteNAnous,Ane suowu- PREFIX!WITH R 1] AR,
ABSEMBLY OR SUBABBEMBLV nesreunuoms) on BOTH FOR oy .a_'i I PR

.1 ) . ) ! .. f.‘| . ‘:,'I' ';:. ‘
,'=c0MPLEI;1 AT
. DESIBNATION | R
U AR@Y S
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ST S G i { “pBB4 . 0
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R A S : : ' . N {

: A2CRLthew, | 1801-0025 °° SR -Diude: Si 100 mA nt +l V 100 pr !2 pl—‘ 93332 | D30T R
L L ACR4 Ho . o . - Y A
" l'a2crs .| 1902-0048 23| 1| Diodes breakdown 6, Bl Vst o b7010 | CDGE5S .
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I - - N e ‘ - . '
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L] A2R3 “ '. 0687-5611' 1 .} R ixd comp 560 p+10%/2wW ., ., | 01121 EBB6IL © .

o | AZR4- | 0687-3331 ‘1 | Rt fxd comp 33 kQ +10% 1/2w o w0 [on2r | Epazst
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AN A2'r2 ‘-9100 1319 i 720 B 'l‘rnnstormer: neon drivch A 28480 |-9100-1319 . - .

e ! [T B . B . . . . v oh
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' Table 7-1. Replaceable Parts (Cont'd)

I T

o e

]

I REFERENCE -

- DESIGNATOR

“ o=hpe

" pART MO, |

1rq

3

-~ DESCRIPTION |

o] M

“MFR. PART NO,

|| 'Adce, AdeT

e
e

: ’ l" N .J ‘.m
lAdciz o
| asc13-

| ascie
: ‘ ‘. -iA“c:lt‘?‘ | -. .
| AdCRI thrucRi|

| Adcris-crie
| AdcRs-crI2 -

[ TR RARAE
P AdRILY
'AJRI2, AdR13 |

S YT T A
N YT TR

‘ ‘A‘R!r’ “. ..5.‘;_,

| Asr21. -

Mg
Acto

1

A4CI14, A4CI5,

BE

AdR14:

b

“A4R18 i L
AdR19
A4R20

| - oss-5601

- 0180-0224.
0180-006).

0160-0850
 0180-0100

 0180-0155,
. ";;
0180-0061
01600932
b180-0228
| 0180-0303
' 0180-0228-
‘l

- 1001-0025, |
1001-0537 |

 1864-0226

.} 1864-0033

1863-0010

-} 1854-0033

11853-0010
18540033

1853-0010 G}

18540033 -

" 18530000 |
| o757-0374

0757-0120 .

| oesr-1241

06871041

[ Phe
08875621

1 oB87-1211"

0757-0374
- 0687-4751
'0687-4721
~'0687-2251
0687-5631

- 0687-1031 - -
. 0687-1041

cossriam |

1.0687-1031 "
} 0687-1021

‘I 0687-1041

. 0687-2231

2100-1410 ||

—CTE e N

1 R:
L. R:

1R

b b

| R

R

. A.R:_

C: fxd Al elect 10 iF +75% -10% 16 vdc
Cs fxd.elect 100 uF +100% -10% 16 ydew

C: fxd my die 1.0 gF £10% 1D vdew

C: fxd Ta dic 4.7 pF +10% 35 vdew
(o 1 o :
C: fxd Ta elect 2,2 pF 22072

Ce' fxd my dle 4 pF £20% 30 vdew -
C: fxd Ta elect 22 uF +10% 16 vdew -

i h
AN

‘Transistor:
Transistor:
{Transistor:
‘Transistor:

.| Diode: si 200
T Diode: Si select 100 mA 100wV
NPN 8i - '

‘Transistor: .

Trnrisisibf:

| Transistor:

‘Transistor:

st

R:
R:
R:
R
"R:

il K :
" | 'Transistor;

NDN 8i 2N3391
PNp Si**

NPN Si2N3301 .

BNP. S§** .~
ST iy

NPN 51 2833011 .

PNP Sjes

‘NPN 8t 2N23391

PNPSI®* -

fxd prec met flm 415 k0 2}

" fxd prec met flm 118 k2 + X
fxd comp 120 kR +10% 1/2 W
fxd comp 100 kR :10% 1/2 W

fxd comp 56 0 +10%1/2W @

fxd comp 6600 2 +10% 1/2 W
fxd comp 120 22 10% 1/2W ;-

Ixd prec met flm 475k £1% 1/2W -
“fxd comp 4. TMR £10% 1/2W - T

1]

i1

R:: fxd comp 4700 2 & 10%1/2w.

R:
R:
Rz

R:
‘R

fxd comp 120k 2 10% 1/2 W
fxd comp 10 kf2 +10% 1/2W
‘ fxd comp 1000 12 2 10% 1/2 W
| R: fxd comp100kn 210% 1/2W
fxd comp 22 k2 2 10% 1/2W

0 view

i B N e
‘|'Cs ixd elect 100 pF +100% -10% 15 vdew
! \ .. ie

N AR o v .
C: fxd Ta elect 39 gF'2 10'% 10 vdew
S c fxd Ta elect 22 pF +10% le\:dcw o

mA at +1 V 100 piV 12 pF

Gi2w
%12y

R:'fxd comp 2.2 MR :10% 1/2W"'
ifxd comp 36kt :10% 1/2W -

var lin 20k :30% 1/8 W
fxd comp 10k +10% 1/2 W

fxd comp 100 k22 +10% 1/2 W

| 56289
| w6280

56280
562689

asgab‘

| 56280
66289
1 56289
'L Be289
. 56286
1
193332
| essmr

' I
56289 °
_ - 24446
] o413
! 1'24448

G| o4mas

1| 24448

’ 04713,
_ 24446
N -0“1713

)
118701
19701

“e1121
01121,

01121

o121’
01121
' 18701
<] onzt

| onar

01121
01121
71450
01121
01121

01121
01121
01121
01121
01121,

J0D106G0OL6
iBAd
30D107G015
DD4
48P

!

AZ

3001076016

D4
Type 148P

160D226X0015 -

B2-DYS ’
1602396X8010
© ‘B2-DYS ,
150D226X0016

BI2-DYS i

D072
‘N}vm

TN:56 -
2N3301 ,
SM4TIB P
2N3301 -
. EM4TI3

12N3391
VSMATIS

2N3391
SMATIS

MF7C T-O 1 obd]|

MFIC T-0
EB1241 .

EBIO31

'EB5601 -

'EBS621 -
‘'EBI211
'MF7C T-0
"EB4751

EB4T2. . ¢

EB2251
_EB5631 .
XQs-200
EB1031
EB1041

v Jo
EB1241
EB1031
EB1021

EBl041: | ' -

EB2231

ohd
150D476X0035 .
B2 ' . .
;160D226X0020. |,

o

.

)

obd

obd

4

:‘ wd !

. USectlon VI ’

: , R: , ; i
- l‘i" EREE R e . ) o !3 .'r".; 'l_ :. . R ST ; ’ \ ““ ; . f Do R i '
2O AMR22 T 10687-1241, .|, © PR fxd comp 120 k22 £10% 1/2 W UL 011211 EB1241 . '
| AdR23 theu .} 0887-1021 | o) Retixd comyp 1000 @ 220% 1/2W - -1:01121 | EB1021 :
R YT L I T R Vi R e R _ SRR R o O
| AdR26e - ey o [Pt | See Paragraph B-68 - o . e L v
S| AARBT T - 06871051 | - “F'R: fxd comp 1M £20%1/2W . . ']:01121 | EB1051 v,
| AdR28 . 0687:2231 | - | R fxd comp 22 k2 +10% 1/2W . ool o1r2r } EB2231
B R I R D LI L !;lll.' G R ’ ) ‘ - . -
.."‘ . ‘.-' ‘ \’ :', g0 Pl : ' . STy .'} < ::
2 . 4 =—'~3j : i) - ' e
‘‘‘‘‘ N . T
e N SRR i
g N R R N AL o fAv
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Section V",,"%' . ' / :’ T Mgldelz-lm_ﬂ .
_ I S . ‘Tnhle.'a'-l;..--Hépkn;ehblc:_ﬁar!s {Cont'd) i "
I REFERENCE |- -hp- - ) o : ' v arer | OMER DART RO,
| DESIGNATOR. | PART RO, - TQ|. - .,  DESCRIPTION . MFR. | MFR; PART NO.
| Adm2s | ocer-2221° | 7 | Ry fxd,comp 2200 @ £10% 1/2 vir on21 |- 2221
| A4R30 0687-4741 - ‘I Ry Exd comp 470 k0 £10% 1/2 W 01121 |  EB4T741
| A4R3I thru - 0687-2241 ‘3R Ixd comp 220 k0 £ 10% 1/2 W 01121, EB22-H ‘
CAdR33 ) o o N : h
AdR3 thru o |- 0687-22211 R: l‘:'l:t_fl comp 2200 t] le.v 1/2 W P ‘01121 EB2221
A4RIE - AR | e :
A4R3T  0687- o1 * | R txd comp 100 k0 Ho"é 1/2 w o on2t | Es1od1
A1R3B 0687-3951" - 2| Rt fxd comp 3,6 M & 1006 /2w o 01121 | EB3951
A3 | ocsv-po3r! | R fxd comp 10 kR 105 1/2 W : 01121 | EB1031
A4R40 - ] 0087-1010 R: fxd comp 100 0 & 10% 1/2 W 01121 | EBIOIl
A4R41 thry - 2100-1795 {43 \mr comp lin 250 kﬂ t20'% 1/8 w 71350 | QS 200
‘ASR34 : G " ‘ I i . .
AdRA5 2100-1470 1 | R _.m'r’ Lin 500 k‘rz'tno% yiow 71460 | XQS-200 © - obd
"AMR4G . .06B7-3041 1| R txd comp 390 ki 2 20% 1/2 W 01121 | EB3941 o
AdRgTe o U - - | See Paragraph 5-56. Co ' _
AdR48 : ,"0687-8831 + 1. | 'Re Ixd comp 68 k2 +10% 1/2 W _|.on2r -epesit
A4R49 0687-2221 - | Rt lxd comp 2200 0 tlo% l/2 W S ori2: ED222]T‘ .
ASREO |- ogar-1031 R._hd comp 10 kD s10%12w 0 '] ozt |‘EB1031 -
AIRSL | o087-2221 | R ixd comp 2200 2 £10% 1/2W o1 | .EB222t '
: BT[ thnl BT-! | - 1420-0016 4 ‘Battéry. rechargenhle nickel cadmium/ 61637 | y-5201 - .
. .BT5 ‘:"_'f Lo b e20-0004 - ] 2 .;Bnltery- mercury 1, 34 chllnd‘ica' 109569 | 316460 ‘
sy '2140'0003 | 1 :anp glow type NE 2neon’ 28480 |:2140.0008 .
e 2110-0011 K 1| Fuse: cnrtridge 1/16A sl eme| m2ee
s | azei-asst) 1 | Socket: 3-pin Male Pover Receptacle 82389 | EAC-01
2 ‘ 5{.‘}}0 1218 ‘1 | Binding Post: red with solder turret 28480 | 5080-1278 .
S e NPUTY L TR | SR
03-!0 0159 2 | Insulator Cup: bindlng post - | 28480 | 0340-0159 :
+ | - 0340-0100 - .2 | Insulator Spacer: binding post s “|.28480-| 0340-0100' . -
00419'—21701 ) -2 | Guard:' binding post, threaded- o ‘. 28480 | 00419-21701 .
i 5080-1277 o B:nding Post: black with solder turret . 1.28480 | 5080-1277
. INPUT). - I S
0340-0159 . Insulator Cup: binding post 28480 | 0340-0169
'0340-0100 | - ! - {*Insulator Spacer: binding post -28480 | 1 0340-0100 - - .
: 00419-21701 o | Guard: bi.nding past, threaded . 28480: _004!9-21701.‘*‘_
"1610-0011 | - |- 3 | Binding Post: ‘black wllh solder lurret (J- ) 28480 | 1510-0011
-} .0340-0099 .| 1.} Insulator: binding post - ‘| 28480 | 0340-0009 = .
) !510 0010; i 21 Blndim, Post: red with solder lurrel. L 128480 .15!0-,0010‘ o
i B <+ OUTPUT) ' N S [
1510 0011'_ af .| Binding Post:- black wlth Bolder turrel ; ‘28480 | 1510-0011
S B .| (~ouTPUT) . ! I 1) .
11510 0011 e Binding Post: ~blnck wllh solder turret (J- ) | 28480 |.1510-0011"
" 0340-0086 1 | Insulator: bindlng past, dual v .| 28480 | 0340-0086
©0340- 0091- 1 |'Insulator: binding post, triple 28430 0340-0091
1 il
9100 1313 1 Inductor" input - 23480 9100-1318 '
uzo 0312 g% Mctcr A 0 Sl i | 2ea80 | 21200312 1
] A ‘ . . [ il J Lo .
52100 1557 2t 1 R vab prec ww 10 lum 100 kn ts%z W 12697 Series 62 cM!
L ; Y e B ) 33147
' 2100-2200 L1 ,R': vat lin 20 kR £20% 1/3w S 71450 | Series 45, = .
- 0698-3463 1 'R: Ixdpreceflm 90 MQ 2 1% 2 W 03888 ] HV2000 . .obd
- 2100-2199 2 | R: var comp 2 sect lin tandem ganged 12697 | Serles 5IM .
_ R Sy 1sooszandsooomzo% IR S R
- ! ) L . . o A . L i
- oss': 2221?_ n fxd comp2200 mw% 1/zw - -+ | on21 | EB2221°
) -0687- lp-ll - R" f'{d comp 100 k0 th&‘ 1/2 w.: -} 01121 EB;l_OgII -
N y




R ‘ e PR S s - PR o : v , SRR
i o . Model 410A" e ::";’.-)‘ T ;"\z-‘:' B }; L ot vy 1 Section VI
sk Gy g __ S B o b o : )
- O - ’J . “_ K .._5-'_: ._ . D ‘_\: b . X . . . . ;
S b T T Table 7-1. Replackabl} Parts (Cont'd) ‘
:; ".-:_-_‘! REPERENCB " _-hp- B ) L ._.?7 . \ 4‘ [ N ‘» , ‘i AU ) .
[,;. | DEsiomAToR: | eamtRo. | - |T@| ¥ v pEsemPmiox I MFR. [ MFR. PARTNO.
X BB o . ] . : . N . i b
W0 | osre-sreor ] [ 1| switen Assembly- range. - .| 28480 | 00410-61901
7| o683-6845 1 'n- 1xd comp 680 ke £5% 1/4 W - |- om2r | coesss
| oes-2zan [ L | 1| REid220k0 s10% 14w | oni21 | cp2zdt
.1 o6ss-6831 | M.l 1| R: fxdcomp 68 k2 +10% 1/4 W 4 01121 | cpe83l ¢
o) cossg-a2ar || 1] B txdcomp22kR 105 174w . . | on2r | ©B2231
o, fooessazss [ || R dcomp L2MesSRYAW, . |.on21| CBI2SS
S| oesa-apdl 1| B fxdcomp300kn £20% 174w [ outar | cpaon
- 0683-1245 1R fxdcomp 120kR 26% 1/4W 1| .01121 | CB1246
v .| 0083-3935 ‘1| \R txd comp 39 ks 6% 1/4W - o112t | cp393s
v ] 06841231, 1R txdeompIzke s10%1/4W 4 |l oniat | cpi2g
| o6s4-3321 1| Re fxd comp 3300 2 £10% 1/4) w 2| o121.] Epaazn
| oesrea | || Remarokeawe®izw 0 lomat| EBrenr
- o08t1-1505 | ' | ['m txdprecww 100 R +0,1% /2w | 01686 | E-20 “od
| 0698-3373 |- 1) R Cedmet flm 140k £0,25% 1/4W | 10701 | MF6C:T-0  oh
| 0698-3372 11°| Rt fxd pree met fim 40k £0,26% 174w | 19701 |''MF6C T-0 - obd i
(| os98-3371 | N1 | R: Ixd prec met flm 14 k2 20, 25.:1/4 w | 19701 | MF6C T-0 ' obd
| eess-3zr0 1 [ 'R txd prec met f1m 4000 2 £0,25% 174w .| 10701} MFOC TO o)
, o] 0698-3369 1 | Rt fxd prec met fim 1400 230,25% 1/4W | 19701 ['MFéC T-0  obd
S| 0811-1508 1| R: fxd prec ww 400 2 30,1% 1/4W ' - | 01686 | 'E-20 © °  obd
| 0686-3055 1| R Ixd3.0 MO £5% 1/2W ! | on121 | EB3055 L
0 | 0698-3363 U | R: ixd prec e tim 100 @ 20.5% 1/2w | ouaso | cvs b
; 0698:3364 1| R: £ pree c 1im 000 0 £0,5% 172 W f 04459 | cvs © omd
0693-3365 1 }Re fxd prec c flm 0000 2 40.5% 1/2W | | 04469 | C¥S - obd |
oo ti| - 0698-3366 | . | o1 R: fxd prec ¢ flm 90 kR £0.5% 1/2 W. 04459 | cvs . od
‘0698 3367 |7t | R: fxd prec ¢ flm 906 kR 20, 5% 1/2 wF 1 94459l cvs 7 ol
[ 0698-3368 " | .| 1 | R: fxd prec ¢ fim 9.06 MR £0.5% 1 W:| 01637 | pC-1 ' = - obd
Y o Con . ¥
1 osss-1026 |1 | R xa comp 1000 2555 2w E | ont21 |'EB1025°
0687-1831 |l 1 [ Re Ixdeomp 15k x10%1/2W b | on2l | EBISSL
L 3101-0303 1| switen: pushhutton function g 76854 C obd
| 06872721 | 1.|'R: txdcomp2700 @ £20%072w ' foonar | Ep2r2a o
o] 011234 Lo 1| Switehs slide DPDT..6A 250 Vac | os;s0 | niA-12424 .
| 8120-1348 [ |1 Cable «\ssembly. powcr ey 70903 KIIIS_-"TO-H .
R TR P B , SRR RN O T L g
. RO B MISCELLANEOUS EETRE N B
Cnesorrz || Connector' 22 ribbon n type. conlacts ©on | or2as » '250-22- 30-
. . ._ RS ., : . S ' s .. i: 0 R i R
-~ ’| -~ s0d0-8s81. | 1.| cover: bottom 7587 Lo | 28480 | s00s-0716 -
5| o000-8563 | - -['2 ['Cover: side6x8 . 'l 2pi0| 5000-0702,
| ooso-BsTL | 1 [ Covers top7x8. 0« oot | 28480 | 5060-0717"
'7.'",? N R . B ;E‘ B BN . Col V
V0 zanacaan | | Foot Assembly:that module R | 28580 | 2414-444
"], 5060-0728 1' | Foot Assembly: half module (front) . .~ | 28480 | 5060-0728
| '5040-0615 - 1| Holder: battery (BT1thru BT4) - ' -|.28480 | 5040-4524
10041966401 [, | 1 | Holder: :battefy phenclic base (BT5) | 28480 | - 5040-0615 -
1400 0084 oty 1 | Hoder:: fuse extmctor post type ©oa,, ] 4916 | 342014
: ‘ SN ' FEEE! ETIREE ¥ . y
I B ‘ ! . S . '
00419 04301 F R TS }Insert' RANGE S e ] asasd | 0041904301
3 . L A AR - . . . ]
L 0370-0121--. I P j/ hnob:, pushhutton rectangular gray plnstic 28480 | 0370-0121
| 0370-0137 | "2 i) Knob: ;ound 5/8" diam black (ZEROand | 28480 | 0370-0137
' .-"i',-,i : . '|NULL . ';. : .:'
| osn0- om_- } 111 Knob: - skirted bar 3/4 diam black(nANGE) 28480 0370-0112 - -,
o I A ) ‘ PR
S oseeaar fo o] _Lnbel 'pushbutton BAT. TEST: | 28480 | ‘s000-3217
| s000-3216 | | 1 | Label: pushbutton FAST CHG.. - . . | 28480 | 5000-3216,,
[ oo419-01201 | | Swllch Pane!. Black Plastic. RANGI-:' R R »
| ’\, : . L | : | ]
H v i . 1 R . ! ’ .
.-I‘;}' N g . ) R 3 5 7-5
! ' ‘E ' i 1 ‘ I ‘E; : ‘
i.'f;' O i 7, Lo . ;
. ‘ ' U ! . I ; ..
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Rep_lacpnbie Parts (C}dm'ri_)’ ‘

Nodel 4194

HES B

~ ~hp-:
PART NO.

,:“ TQ -

"

. -l
DESCRIPTION -

MFR.

-
 MFR. PART NO!

i -
REFERENCE:
'DESIGNATOR
‘H B . -

- 15000-0251

'6000-3213
' 6000-3214
'6000-3345
| 15000-3215

00410-90004 -

;00410-00204
'00419-00203

00-! 19 00606

0041900601
'00410-00602

,00419-00604

00419 00603

'100419-00605°
1490-0032 ,

f

. e

Label:
Label:

‘Label: -

Label:.
Label:

. h.nnunl

:Pnnel.
Panel:,

Shield:

Shield:

; Shield;.
‘Shic,a:

Shield:
Shield:

St-md' half module tllt stainless steel rod

i A|.
It !
. H
Eor .
. . .
K3
K Tl
) . .
\
. - !
FR ..
. o
. h Voo
. . i e i
. iy .
'
. Tt
i o S
1 ' .
) K . 1
] i
S )
i AT} B
A . ".,4
, , .
. ] | )
N i i)' )
[E .. 3
o R A

pushhutton OFF -
pushbutton READ NULL -
pushbutton SET NULL .
pushbutton VM/ AM
puzahbutton ZERO .

: OpemtimB nnd Sorvico S
-3 : . [

front. _ R
rear 5ot

hottom
front
rear "
“size left
side right
top :

. : ;
. | . e
B i

P 28480

128480
28480

28480
28480
28480

28480
|

28480

28480
28460
28480
28480
28480
28480

91260

' 6000-0251
‘5000-3213
5000-3214

.6000-3345 - »

'H000-3215

00410-00201
00410-00202

00410-00606

. 00410 -00001
0041%-00602
00410-00604

_ 00410-00603
00415-006€05

' 00418-90003.

Ve

o

© obd
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s o e
JJC::" ";I. Ihnulntunr e

) . -
EEP MR

-9

00000 U, S A Commnn. . sy .. .A.uy luppller ¢r u.B.

" 00196 v McCoy Electronics. «,\Mouny Hally Springs, Fa,
" - DOI3, Bage Electronlcs Corp. s+« Rocheater, N.Y.
[ 00187 Comen, Inew + 0o e ey v o o Danjelaon, Condr,

L 003N

RN
00838 Aerovox Corp, » vrerr e e New

o Humldial v o vvbvie s o vy Colton, Calif,
(7 00348 Mictroa, Co., Inc.s » » » » Yalley Strﬂun. K. ¥,
T Garlock e, » v s 205 v 1 s o sCherry Hilk, NJ. :

orﬂ,

00179 . AP.ING, » v v s’srr i ray Nareisburg, Pa.

' 'M:!rms

- 08624

. . 00781 Mr:rn.’k Raxho Corp.s v s e s v Boonton, N.J.

‘ - 00809 Cruven, Lid,.yu\ -, ?\Vhllby, On!arlo, K.‘am.ua .
o Wllb Northern Englneering

I : .E"‘ <+l Laboratories, Ine, + 5 o0y .mr'lnnnn. Wll
i ooas.-. &n;amn Elsctrie Co., -

hens Div. ..

MMB Gocsltnximerlm Co. .. ¢ City of Industry, Cal.’

: 0080t
AT o 'Geperal Electrie Cp,, > -

Carl E, Holnies Corprr s v + Los Angels
00927 | Micralab Inc., oo vy b b v o o - o Livingston, N.J,

es, Cal,.

iaes s Pleking, 8.C.

Capacitor Dept,e s o+ » » » Hidson Falls, N.Y. 7 -
01008 * Alden Producis Cr} + 2+ s WBrockton, Mans,

oo onzn Allen Bradley Co.. .

)

O s
L h01!!5 Texas Instruments, Inn. ,

[ .bu:mm Wis
01285 . Litton Industries, Inc. . . . . Beverly mlls. Cal.
TRW Semiconauctors,Inc, . . . p Lnnda!-l, Cal.

i TransistoF Products Div. 5o+ o Dallas, 'renl

L

) '0!5!9‘

mm f‘erromxhe Corp. of
rlm........,...
onle Wheelock Signals, Ine.s v s »

men

-..02660 -+ Amphenol+Borg El
Bk N
_ 02115 - Radio Corp. of Amerlca,Semi- =)

51 ronduc!or and H-\!ll‘llll

S Divk

Q;ﬂl \'mllm Co, of America,

. mn"“;&..,.......
02875 . Hudson Tool & Die «.v v s

- 02296 £ INylon Molding Corp.. i .

0350! G. E. Semleonductor, Proc) |

00708 Apex Machine & Tool Cor o
“1pamer..

3 oms I‘yromm Resistor Co,',
: om.c
" oa0n Arm, Hart and Hegeman

 Slnger Coy, Dlehd Biv, »

_om: " Taruus Corp.’

Gllﬂ The mum Mg (‘n,- Jras . +» »Alliance, OMo
01538 Emall Paris Los Angeles, Cul.
- Pacillé Relays, I3 . 25+ o0 » - Van Nuys, Cal.
01610 ° Gudebrod Bros. Btk Co, o v o JNew York, N.Y.
S 0100 Amerosk Chrp.i s oivs y Jaie e 0 Rockdord, L
- 01660 ./ Pulse Englrering Ca + 5+ » . Santa Clara, Cal .’

Saugert|: p,N \', -

ranch, N.J, |,

©.0220% . Cole Rubber and Plastics tnc , .mmmu. G
‘.Byq.dvln. m.‘

ceen Oldw&ybrook Conn.}
ns EngiraeringCo. . » San Fernando, Cal}
P Mwuk,N 3,
a-arwnnld LAR

1 Depta i s W Syra
T .......... s cqn.NY.:
v+ «Dayton,Oblo
:Eldema Corp, 5+ iy e v v oo Corpton, Calil.
‘.;mllll hrhr&nlCo..........I..ouAnum.CaI.
- QU817 Transitron Electric Corp. X - Wnluneld, \Ius,

................Cﬂhrltnnl.ln N’J.,
. Finderne PIantiis v, v s sbs axmerﬂlle. N. S
- r:mt.c».............‘.mrum.c:m.

) v rs b e s Lambertville, N.J.
04062 - Areo Electronte Ine,. s Vs + o Great Neck, B, Y,

SO 2T EmsexWIre vy v h i ke ,Log Angeles, Cal,
T AR HI-Q Dilsion of Atrovox, .Myrtle Brach, ¥.C,

. 04354 - Precision Paper Tube Co. ., .. 4 Wheeling, Nt
Lo f 1 {4404 - Palo Alto Division of Hnrlm- 2
) -t Packnd Co, ...._...\...hlomo, caLl-
. 04651 - - Sylvanla Eleeiric Products, - -

; Microware Device Div, . Mountain Viev, fal

(04673 . 'DaXota Engr.Ine. v v b v u s Cuivlr City, Cal.

S . ‘MNJ_' Maotorela Inc. &mt:wduql?r ot
Cl oamer Fidteon Co wine, Western
! " Div,

R.L1. ?rumnn Coil Byring Co.
i 04RT0. 1 P M. Motor Company, . ,
4989 Cnmpomnt Mig. Service’

v 05006 Twrnulm Century Plnucl.

Ine, . .
05211 \hsttmhwu Electric Curp.

_oun “Autymatie Eleciric Ceiv by o o« Northlake,
04796 Sequoia Wire CL ;. .\ .5 Redwmd City, C:.I
v EL Monte, Cal,
,e .qut:huur. 1138

Scmim:t.or Dtpt DI ..Youngwwd l'g.

Prod. DiYe 13 Ly s rya iyt Phagnix, Arjzona:

srvrsrnnresses . Culved City, Cal,.
.

O kb y e e W Bﬂdp\nhr, Mu&
:.'onmem, cat.

WWW. valuetronlcs com

. Co.
06555 B«de Electrical Instrument

07126 DigranCo. v ovvnunnns
p'ﬂ!? . Transistor Electronics

' cont un or nmuucwuns ;

K

¥
|

Nn ) .. Manufachurer 'I

GMH U!Lrunlx. l’nc. ISR B.m !oblm,,
Q5397  Unlon Carbine Corp., Elect. o
[+ T A T rmr\'nrk.NY.
uus'u Viking Ind, Ia¢. o en s s s Canoa Park, Cal.
Q5503  leore Electro-Plastices bne.. . . .&lnnrnle Cal.
03618 Cosmo Plastie (e/o Electrical '
Cod iivnenenron o, "Cleyaland, Ohlo
Parber Colman o, .o v penr e Roddnrd n,
1 TmenOp!mICo........ e
L Rnllynlhlghu. Long Island, N, ¥,.
08129 ° Metro-Tel Corp., v v o penv'eis ‘Wenbury,N.
0378 Stewart Engineering Co, ... . ., Banta Criz, cal.

£ 05820, Wakefleld Engineering Ine.. .. .Waklnnld. Mass,

06004 ° Bassick Co, , Div. of Stewart.
. Warner Corp. . oo v vy o . Hridgeport,’ L‘nnn
04050 Ra hemtnrp.‘,.......ﬂ wood City, Cal,

08135 Baunhnnd Lomb Cptical

R O ......Rptheller,NY
06402 E.TA Products Co, of

) S ..Chlcuo,ll.
08540 Amatom Electronie Hardware .
New Rochelle, N. Y.

€0, 108 apvivrrsrprs iy Peracook, N.H
cms Genenl Devices Co, Ine, . . .hdumpolu. X
08751 Components Inc, ,Ariz. Div. , , Phoenix, Arlroma
06812 Torrington Mfg. Co. ,\West Div, . . Van R\srl, Cal.
06080 Varlan Asace. Etmae Dy, ., , , Ban Carlos, Cal,
07088  Kelvin ElectricCo. ...... . .

....Madem.(.‘al g

Cor, ................Mlnneapnltl.Hmn
MIJS W-mnghauu Electric = -
Corgs , Electronte Tube Div. . v, . Elmlra, N, \'. \
O‘IND Fllmnhm Corpy s v iie v o s v b o o New York, N, Y,
07T . Cineh-Gruphik Co. .. ... City ol lndustry, Cal,

N SN

. 07246, Biltcon Transistor Corp. .. . .: Carle Pjwe, N, Y.

..............Samervulr,hi.l.)‘ A
- 0T8T Birtcher Corp, The .. . . . Monterey Park, Cal, ;14960 Willlams Mig, Co. ., ..\, ..., HinJuse, Cal.

1

07820 Bodine Elect. Cod Ly

01261 "ARRE COFP.s v b v avs sa s i e Culver Cny, Cnl

ones’ Falrchild Camera & Inst, Corp.,.
Semicondietor Div,, . . .. Mountain Vlw. Cal.

0732  Muwiesota Rubber Co, . . , ,'. Minneapolis, Minn,

07391 Sylvania Elect. Prod. Inc,,

Mt. View Operations . . . . Mmlntain View, Cal.
07700 . Tuhnl:al Wire Products | - .
Cmrord KJ

. Chlraxo, .

G1H0 : Continental Device Corp.’. o .0 4 Hawthorr.-, cal.
07333 Raytheon Mfy. Co,, Semi-"- '

conduetor Div. o o v v e e Moumtn Vtw,, Cal

070 Hewlelt-Packard Co, ,

'_ 09028 Bu'bcn:th WAV,

‘0&LS4 ' 'Bristol Co, , The'

: New Jersey Diviston , « oo v o Rochtay. N, .!.
08145 U.S. Engineering Cov v+ s+« Los Angelen, Cal.
"08262  Blinn, Delbert Co..'v v vy v s, i + v+ Pomana, Cal.

5358 mruu!kulery(.‘n hererea paRerr ULy

Pre e .....N!Apn hlb,omrio,c:uuda .
oa.m Deuuch Fastenar Curp. »+'v o Los Angeles, Cal)
rerarran Waterbury, Conn
. Sun \muy, Cal,

04717 - Bloan Compan

derranrn

- 08718 ITT.Cannon Electric Inc.,

08250  Elestro Assemblies) Inc.. ..

OIS - Tech.Ind, ne, Atohmy

Ptmm:mr......,....(. Phoeni, Arizona’

‘08727 Natlana) Radla Lab. Ink. ... 74 Pmmu-. N,
LOITD! CBS Electronics Semiconductor ;.

- Operations,Div.of CBS Inc . 55, Low-ll Masy,
0!805 General Electric Co, .0
S Manlature Lamp Dept. , ., ... .Clenhnd. Ohto
08984 Mel-Rain ..,....;,.....lndmnpoln Ind.
« .Costa Mesa, Cal,
;09097 : Electronic Entlolunl Inc... Los Angeles, Callf .
“ 09134 Texas Capacitar Co. ). ..., » Houston, Tens

.....,.a....).mrhnnk.(‘:.l

+ ., Chicagn, Nk

CH53 C & K Componentgne,. .y, .Numn, Mass. -
09589 Mallory Battery Co, nl :

. Camda, Lid,, .. .y, anon!o, Omrio, Lamuh

0‘3795 Pcmylvan.a Florocarbon. Clifton Heights, Penn.

onspe Burrdr(.‘orp..,...........anm Conn

Joy Elethouay .

:10214 Ueperal Transistor Western 20 !

‘mm C:lbormx!um Co. ....;‘. Miasars Falls, X. Y.

C .,....'._.})...... mmeks,cﬂ.
10411 'no'm B, ). wr d¥0 s ooy, Berkaley, Cal.

-

Addnu  Code

(H2g2

12857

14674 Cornlng Glass Works ', . .

(15800 ch:fslc:l. Ine, O}

7109 Thermonetics Inc, ..

“)8565- Chometies i bueabey

- 1E31): Durant Mig.Co. ... ..

'lQ!SB,\Cwoa. vy

N it

'l'hn rnlln'liu code mmborl nrr Irom the l‘edonl Supply Cnnle for Mamhrmnrs leqinc Ihndhmla H4-} (Name b Cude) Ind IH-? (Cnd! : B . '
to Bame) and thelr Latest supplements, The date of revision and the date of the supplements und appear at the baltgm of nch page.’, Alpha : N
beticul codes have Imn ubltnrlly n.mard lo suppllers not nppea:lm ln lhe ltnl Handbeoks, | .

‘.w._J.‘, :

Mamratmflr 3 Addrrll

Ko,

 yinae
Hn

CTSn!Bcrnt.ln:. T n.m., rm!
Chlcago Telephone ol
Calitarma, In¢. » v v+ v o+ So. Pusadena, Cnl
Bay Bate Electronics Cnrp. »+ » Waltham, M.ua
Teledyne Lae,., Jicrow: ave K
[ 11 ...P:lloMm.Cul.
Nal!oml Seal !

N R

iz

1
1483
11534
1"

vn-s

Duncan Electronica Ine, v v v .Couta Mena, Cal.
General Inmrument Corp. , ©. oM
Semlmndurlor Division Producls

, P e evas waers v nessy Newark, NJ,
1nne lrnperlal Electronie,Inc, . - . v Duena Park, Cal,
1BT0  Melabs, Ine, v» voses s apos l‘a!an, fal,
I;IJG Phlhﬂnlphh Bandle Co. ' v v+ i)+ Camden, N.J,
12361
12574 Gulwon [nd. Inc, ,mh System
| Alhu;urrqut, N M,
Chrnlulmt €. v vnr v s s Daver, NI,
Elmar Filter Corp s+« v'v + » » W, Haven, Conn,
Rippon Electric Co,, Lid. ., .+ » v o Tokyn, Japan
Mstex Electronics Corp. .., ., ., » Clark, N,.J,
Deltz Semlconductor bne,'. . Newport Beach, Cal.

II'JIB

12839
12801
§2930
12534
130108
13061 .
13103
1327
11138

[ .Delroll. Mich,
v v e Dallas, Texas

prorews o Tappan, BY,

Wilco Products
Thermolloy, vy isssain
Botitron Devices Inc,
Telefunken {(GmbH) ', ., t
13835 Midland-Wright Div, of 1,

. Pacilie Induntries, Ine. . . Kinsas City, Kansas
14099 Sem-Taeh o v i s -0 4 v o Newbury Park, Cal,
14193 - Calif, Reiistor Corp . .. . ;5 Santa Montka, Cal,
14208 | American Components, Inc.. ,Conshahocken, Fa.
143 1TT Semicomductur, & Div. of ©

Int, Telephone and Ttlegraph K

‘Corporation .. . ..., .West Palm Beach, Fh :
14493 Hew)ett-Packard Company, . ., , Loveland, I’.‘olo
< 14655 Cornell Dublier Electric Corp . . . Nemrk, K.J.

14762 Electro Cube Ine., v o /v o 5+ o San Gabriel, Cal.

15106 .‘The Sphere Co. dne, ..., . Lilte Falls, N.J,
15203 - Webater Electronics Co, , . . . Kew York, N. ¥,
1287 Belonles Corp. v .

15868 Amprobe Iasg, Corp, .....,, Lynbrook, K.Y,
15631 Cabletrordes o v v oo v s v v o s Costa Mu-l Cal.
15172 Twentieth Century Cotl

raea s.mn mra. Cal,

D sk e

v oo Framimgham, Mass.

15818 Amelcolnc, o. v ) ... Mountain View, Cal.
16037 Spruce Pine Mica Ci. 'y 3}y » - » Spruce Pine, N.C,
16179 OmnleSpectralie. oovtivvrnian Detroll, 111,
16352 Cnmput-rmndrr.'orp ver s e e e Lodiy NJ,

16554 ElectroidCo. ... v »1s » ». Unloe, N.J.

16585 Boots Alrcraft Nut Corp., . .. . Pandcna. cal,

16688 Tdeal Prec. Meter Co,,lnc., ’ e
- De Jur Meter v, ... .. .., Brooklyn, L a

16758 Delep Radio Div. of G, M. Corp. ., . Kokomo, Ind.
v b 20 a . Canoga Park,Cal, .
17494 " Tranex Company . ... . ..Mountain View, Cal,
17675 Namlin Metal Products Corp o w o ANTOR, Ghlo
17745 Angstrohm Pr!t.lnr.l. v+ v No. Hollywood, Cal.
17838 Siiconialne, .. .0y o ss .., JSunnyvale,Cal.
17810 MeGraw-Edison t‘o._'. spe s+ Manchenter, N.H.
18042 Puower Design Pacilic [ne, .5 . Jo , Palo Alto, Cal.
18083 Clevite Cﬂrp.&mttmﬂu:!or Div. . Palo Alto, Cal,
18324 - Elyneties Corp. 7 .5 . .+ v n» Bunnyvale,Cal,
18476 Ty-Car Blig. Co. .Inr. v s Holliston, Mase.
18486 - TEW Elect, Cotsp.Div, .. .., Des Plilpes, I,
Plalnville, Mass,

fou v Dewney, Cal.
Precision Connector Corp, + 5 .+ » Jamalea, NoY. °

Grove Mig.Co., Inc, + .40+ Bhady Grnvr, Pa. .

Dickson Electronies Corp., . Scoltsdale, Arizona
Alrco Supply Co, , Ine, o .., » Witchita, Kansas

v .I!.umcr Germany

Fr b b aae Nurlhrh!‘r,(.‘:ll., :
' 15291, Adjuatable Bushing Co. , .. . N, Hollywood, Cal, - .
155581 Micron Electronics; Garden City, Long slandN. Y, ' . -

18581 Curtis Inatrpment,Ine, . v o0 .. ME, Kiteo, K.Y,

18812 Vishay Instruments Inc,. .., , +y » Malvern, Pa.
18873 E.L DuPontand Co., Ine. oy Wllmlnu!on Del.
lllw:ukn Wik
19315 The Dendix Corp. haulg;ﬂnul.

Cp Controt DN, L il e s Teurboro, N2
19500 Thomas A, Edison Induat es,

i',y: Pav;of McGraw-Edisoh ., West Or:mge, NI

ye e

+» v, Baldwin Park, Cal,
. ! H
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_.Code ' . i Mdnn
" Ko, bhnurutunr .

19844 LRC Etectranies . YN -Ilnruhﬂdl.h‘ Y.
18703 ElectraMig, Co. v ovvv v ndence , Kansas
2083 . Gerwral anlu Corp, » o v+ Philadelphla, Pa.
21238 - Execulone, Irf. »» - Lomyg Island City, N. Y.,

21358 Fafnlr Bearimg Co, ,The . .. New Brittan, Conn,

21520
23020 General Roed Co. o v o v v v v v v » Metuchen, N.J,
© BIH2 Texscan Corp. v s+ 5 » oo indianapolis, Ind,
23183 . Dritish Radio Electronics Lbd. . .Washington, DL,
24435 . G, E.-Lamp Division, Nala Park,Cleveland, Ohin
124855 Genera) Radio Co, v s v b+ v “West Concord, Mass,

24881 - Memeor Inc.,Comp, DIV: .+ » » + 4 1 Juntington Ind,
.- 28385 : Griea Neproduces Corp. . o o New Ruchelle, N, Y .
i .. 28462 . Grobert File Co.of America,ne,’ C.lrlsmll, [ 3% &
4 agest  CompacsMolllster €o. . vo o v o Holhster, Cal.
26092 - Mamilon Wateh Co. v« v v v v » o+ Lancaster, Pa;
28480 Mewlett-Packard Co, v e B Pale Alto, Cal.
28520 . Jleyman Mig.Co. » r ) s sl Icnnihnnh. NJ. .

‘30817 tnatrument Bpecialties Co.',
lnc...........,....J..Lmlahlln.h‘
5117? - G.E, Recelving Tube Dejr. ; .+ » Cwensborn, Ky
35434 Lectrohm Inc, ...,..;........Chlrm n,
56195 B-\nv)rh Coil Products,; 1
L oy e s e v Hawkeabury, Onl.'lrio. Carada”
IG!IT "umindmm, W &I,
N ...........‘I‘oronto.omzﬂn.(.‘amh
‘a4z PR, Mallory & Co. Inc, = . . » Indianapolis, Ind, .
!,\ 39543 Mechanica) Industries Prod.Co.  + . Akrun, Oblo
- 40020 Minlature Precision Benrlmgl,lnc. . Keene, N0,
40031 Honeysell Ing. 4 oo oo WD nneapolis, Miss,
. 42186 | Muter Co, ......“.........Chirm.lll
43980 ¢ S CANorgrenCo. wvvsrsny Enu!wood.

- Revised: May. 1018 o

Fanstee) Matalturgical Corp, » » \N. Chiraga, Il -

I e
No.

JTI4E2
11800

nne
31700
7707
T4
705

Tio8s.
18

T8l
-l T.!\‘M
1
T,
112165
12625
2028
12562
"
gt
. 1061
| 7078
BRI

73203
TIN5
13308
1353%

. _' 3!,..}; ’

}

i

' Manufachirer - )

C e e Chicam, BL

C. o ClambkCo vivvs
reptralab Dy, of

Globe Unton Ine, + o . + b, « Milwaukee, Wis,
Commrcul Plasties Co. v oy o Chicagn, R
Cornlsh Wire Cb, , The .1, , . New York, N. ¥,
Coto Coll €. bne. ... o Providence, R.0;
Chicago Minfalure I.amp Works , . Chlrun, 5.
Cinch Mig, Co,, s

Noward B, JOEER DIV, i v os .Chl:azn. .
Dow Corning Corp. . v +' » o+ + - Biidland, Mich,
Elecirn Mative MIg. Co., Tne.
.. Willimantie, Conn.
JDrooklys, N.¥.

! Keasby, B.J.

kb nrerrrErsreL s
Dhatight Corp. & rvewinsisen
Jndiana Ceneral Corp, .
Elnctromics DI, Ly o v v v v v v v s
Ceneral Instrument Corp., = '
Cap DINBIOR. s by v v en. b Newnrk, N,
Drake Mig, € 0o o« Harwond llrlnhu, Ill |
Hugh B, EbyIngs vorvrvns Philadelphla, Pa
Oudentan €0, .o vvinvervrsnn Cheago, DL
Efantic Stop But Corp. . o v uis oo UBiol, N
Robert M, Hadley Co,i & . .+ . - Los Angeles, Cal.
Erie Techaological Produsie, Inc, . . .Erle, Pa,
Hansen Mfg. Co., In¢. , o\ .., . Princeton, Ind,
H.M, HarptrCo. [ Chlrun n.
Helipot Div, of Deckman Inst. , Ine, s
Ny emaamarae hlllcrmn,(.‘ll
Hughes Pmd\u.'u Division of
- Rughes Alreralt Co. .\ . lmuport Bnch Cat.
Amperex Elect. Co, , . . Hicksville, L.1., N.Y.
Bradley Semiconductar Corp,
N A S L Ihvcu.t‘onu
Carling Electric, Inc, ... ... Hartford, Conn,

www.valuetronics.com

'CODE LIST OF MANUFACTURERS (Continued) /.
. T . T ! NS

Address

- AOYID Behnitzer Altoy Prstucis Co. . .

""’d' M-lnul‘.nmrer

" Addresa
M i 1
ma: Thomp--m-lanmur LCa o\, ., Chivago, N
TB43L. THIey Mg, €3, .« v v+ - San Franciscy, m.
TB4A8 Mackpote Carbon Co, .., . v o St Marya, Pa

58493 Randard Thomaan Corp, » « » Waltham, Mass, . _
. 'TH353 | Tinnerman Products, Ine., o, o Cleveland, Ohin

TATH0 Tranllurrn!r En;tnnn i o' « BSan Gabeir}, Cal.

TROAT Uelmle Cou o vy oo a vy o o Newtnaville, Mars,
. Long Island City, K, ¥, .

)18 Waldes Kohinnok Ine,
79843 . Veeder Roat, Ine, . ...\, .. Hartfont, Copn,
70330 Wenco MIR. €0 . uvunsn oo o o Chicidge, Nk
';917 Continental-Wirt Electrontes Corp.

seb e idens
9561 .tmltk Mg, Corp. v, ., New Rochelle, N.Y,
40031 * Mepco Diviston of Seasions Cluck Co,

vsbrne s s by 2 Murpintown, N.J,
v+ nr s Toledo, Ohlo
Elirabeth, N.J.

rrraEby

210023 Presiole Corp,

RIS

"B0131 Electzonic’ Industries Asnnelation,

80223 Umted Transformer Corp.

n0488. AlLSar Products tne. oo s
ID‘.!W AveryLabelCo, ., o v v 0

. B0BIY Dimeo Gray Co,

Randard tube or semi- mndncmr device,

any manufachurer,
50207 Unimax Switch, Div, Maxon Electronics :

o - » » Wallingford, Conn.
. ,.h‘w York, K. Y.
20248 Oxtord Electric Corp., . . . .. b » o Chicage, N1,
P02 Bourns Ioe.. o5 e v vy Myo ot Riverside, €,
L2} Arco Div. af Robertshaw Controls Co,

bres e b s w e s Columbus, Ohin

X ; Defiance, Ohin
e o Musmvia, Cnl
' 70983 Hammarbnd Co, , Inc, 4o, o Mars Ilﬂl. N.C.
BOE40 Btevens, Arnold, Co,,Mne, |, ., Boston, Mass,
y e .,,.......lh)t-m.ohio

M. er s ivanbaas

BL00 Interpationa) Inst, Ine. ., ...

"n“." 4 !

Hi-} Dated Jamary 1970

B O o

"+ » Orange, Conn. . ‘

s ies. s Philatelphia, Pa..

©Ure4655 . Ohmite MIg, €0, v my b e s srrbas Skokle, Ill.
- mu | Penn Eng. &MIg. Corp.  »/s v v s .Daylestosn, Pa. 73388 Circle F Mig. T nsvnr e Trentm, K. - 8107 GrayhllECo. .oy s o v v v oo LaGrange, DL
Polargid Corp. > v 5 e s vrrrs Cnmhndgv, Mun 73682 Ceorge K, Garrelt Co,, ' - AL09% Triad Transforper Corp. . o'\, Venlee, ‘cal.
uuo / Precision Thermometer & i - Div, MSKL Industries; Inc., . Phlhﬂelphtl- Pa. Bpa2: Wlnrhullr Elee, Div. Litton Ind. | Ine,
; T T Soulhamplon 7374 " Federal Sevew Products, Tne, , .. Chirago, N1 wrr e e s i Cukyille, Conn,
© 47956 [ Microwave & Power Tube Div, . .Waltham, Mass, TITH) Fischer Special Meg. Co. .. ; . Cinclnnati, Ohlo . 81249 ﬂ-lmmy %lllcallnn R T

- 52090 | Howan Controller Co. » .+ vy 0's ‘Wastminater, Md,  73T9) General Industries Co,, The, ..., Elyria, Ohlo 31483 !International Rectitier Corp, , I Segundo, Cal,
52983 |- HP Co,y Med. Elec. Div, + . .. Waltham, Mass, , 73646 Goshen Slamping & Tool Co. , . ., ,Goshen, Ind, .. 81541 Alrpax Electronics, Ine, , Cambrldge, Maryland
54294 | - Shallcross MI.€o. » v s oo s s v » Selma, N.C, 0 ' 731803 JFD Electronics Corp. . ., .+, .Brooklyn, N. ¥, auso Darry C-)ntruls. Div) Barry Wright Cnrp.

' 58026 Bimpuon Eleetric Ca.'s s "W s v e s Chleago, M1, | 13905 Jennings Radio Mig, CN’P- + e+ o San Jose, Cal. Wb s e ey e s Watertown, Mans,
‘55033 ; Sonolone Cotp. sy enuar ‘Elmllord, N.Y. 73057 GrovverPin Corp. o 1o s v v » » » Ridgelield, N.J, '82042 Camr Purllhm Electrie Co. . .\ Ehnkle\ I,
135938 -Kn;,ulm Co, Camrlrreia) Apparatus ST4278 Slgmalile Ine. c. . vs e e s oNeptune, N3 BI04 ﬁmu Faraday Ine. ’ Copper Ilrwm
. mv, erps ey 50, Norwalk, Conn, 74453 J, 1. Winns, and Sons v oo s Winchester, Mauts, - CEleetrle DIV, cuisveasies bokeh, N5,
E813T spa nm Co, ) Ine, + .+ » v Torawanda.N. Y, " 74863 Industrial Condenser Corp, . v Chlm, Nt : 82196 Electric Regulator Corp. ..., Rnrwnlk. ‘Conn,

58200 arngut Elcctnc Co. » v» » North Adams, Mass, - "HNB R, F. Producin Divislonof = - g [{TE Jelferd Electronies Divisionof
BT - Buperior Eleet.Co. v v ol vy s o Bristol, Cnnn Amphenal.Borg Electronic Corp ! Sperr Carbon Co. v i ev v vy Du Bals, Pa.
58448  Telex Corp. ................'ruln ' v ............,;-....Dantmy.(‘lunn IB‘.'I'!O Fairehitd Camera & Inst, Corp.,

. 83730 Thomas & Detth Co. v« s v s » i » Ellzabeth, N,J, - 4970 E. F. JORRBOn Co. 4 v u v v+ v v Wakeen, Mum. L Space & Delense Systems Div. Pnrnmul. NI
L0741 Triptett Electrical Inst, Co, ... Blulnnn. Oblo . 75042 Intermationi) Resistance Co, , Philadelphia, Fa. 92200 M.mnm Industzien, lnc, . ., .Grrenwlch Conn, .
61775 - Union Bwiteh and Signal Div, of -~ 75263 . Keystone Carbon Co, , “t»zk +» oSt Marys, Pa. 82219 Sylvania Electric Prod, » Ine,

5 ; Westinghouse Alr Brake Co., .. Pittsburgh, Pa V75378 CTS Knhghts, Inew .o Ciu s + Sandwich, Jik, ST 7 Electronie Tube Divlgion -, , . F.mporlum. Pa.
62119 Universal Etecteic Co. o v oy > - » Owosso, Mich.: .. 15382 ‘Kulka Electric Corp. ' .., ML Vernon, N.¥. 82376 Astron Corp.. .. . East Newark, “Harrison, N, 1,
83743 . Ward.Lecnard Electric Ca. . . Mt Vernn, K.Y, " T881% Lenz Electric Mfg. Co. ... ... Chicago, L 62360 Switeheralt, Ine. . couivinennss Chl:m, .
64959 - Western tric Co.y Inc. ... New York, N.¥ 15515 Littefuse, Inc. ,yh.au . e s Des Plalnes, Nl . 82647 Metaln & Controls Inc,,

65092 . Weston Inat, IMI Weston-Newark, Newark, K. J. 76005 Lord Mig. Co. . rroversaass o Erie Pa Spencer Products, . ., vy .s Mmboro. Mass,
£6295 Wittek MIg, Cou'ly . oovv o vs o« Chizago, I 'M! C.W, Marwedel .\ ..o 520 Fm:uco, Cak;' 22788 ° Phillipn-Advance Control Co,, +\ , .o doliet, L

68346 - Minnesota Mining & Mfg, Co. 'y RR L 33 General Instrument Corp., . ' £2883 Research Products Curp. .\ . o . Madison, Wis,

v Reyere Mincom Div, e W8 Paul Minn, Micamold Division . »». 5 .. » Newark, N.J,- 82817 Rolton' Mfg, Co., Inc. .. .. Weodstock, K, Y, -

S T02T8. CAllen MIE. €0 vis v ianes Martiord, Conn, - T648T James Millen Mig. Co., Ine. i Malden, Miss.” 82803 Vector Electroni¢ Co.. v houus s Glemale, Cal,

J, %0300 Allied Control 4 oy. 'ty oo New York, K.Y 76433 J,W, Miller €o. ... . oo v i LOB Argeles, Cal.. 83058 Carr Fastener Co.. ... .. Cambridge, Mass
770318 . Allmeta) Screw ProductCo. , Inc. - ;76530 Cinch-Monadnock, Div; of United Cars . (BJ0BE New Mampshire Dall /|

! '-'...,...|..........~..GurdenC\ly.NY 't Fastener Corp, ----u--&l\l-ﬂ'ﬂ”.ﬁ' Bﬂlrlu.lnt........,.Pﬂarhorwuhh’ll
70417 . Amplex, Div. of Chryster Corp. .Detroit, Mich. 76545 Mueller Electric Co.4 .\« o o » Cleveland, Ohin " BI[25 General Instrument Corp.!,

+ .. 70485 - Allastic India Rubber Works, [ne. . . cnlmo k. 78703 Nallemal Unbon ., . .uu'sa s v v Newark, N.J, Capacltor DIv, v i vy oo s Dnrlinxlm, s.C.

30563 - Amperite Co,, Ine. ..., ... Unlon City, N.J, 76654 Ouk Manufactueing Co. ... Crystal Lake, BL - BI148 )TT Wire und Cable Div. . , . Los Angeles, Cul.

-T08%4 . ADC Products Iac. ', ..., .Minneapolis, Ming. - 77068 The Bendix Corp. - L BII86 Victory Eng. Corp. . ... ... Springlield, N.JJ.

70903, Belden Mig. Co. - v oo <vorys . Chicago, 0 , Etectrodynamics Dy, ., N Haltywood, Cal, . 83208 Bendix Corp. , Red Bank Div., . Red Bank, N,J.
‘70898 - Dird Electric Corp. viv v et Cleveland, Ohlo 17073 Pacific Metals Co.' o, o . . . San an:llm. Cal 3015 Hubbelb Corp. v v v v v vn v as .Mumlelnln ..
71002 .- Piredach RadioCp, « ...y .. New York, N. ¥, 71221 Phaoatran Instrument and - 8324 Rosanlne. ;oo o Newport Peach, 'Cal,

+ 71034 . Bliley Elecirle Co.;Ine, .. ; vaswhe s En-, Pa. Electronie Co.in v va’o v v n So hudem Cak. . 8330 - Smith, MNerman 0., Ine. . < . . Drooklyn, 8. Y.
040 : Boston Gear Works Div. o . TT252 Philadelphia Stee) and’ 8332 Techlabs ... ., ... Palisades Park, q’ A

Murray Co. of Texas. ... .Qulncey. Mass,  WIre Corp. vu s s s ce o cPlilladelphia, Pa. 83385" Central Screw Co. 5 00 nsnis Chlra.zo III

TI210 ¢ Mﬂa.dlo. e’ o e ws oe o o Willoughby, Ohio ‘1?342 American Machine & Foundry Co. 83501 * Garilt Wire ard Cable Co. , Div. nt
1279 .- Cambridge Thermionics Cl;rp. Cambridge, Mass. Potter & Brumileld Dy, ... . . . Prl.m:eton Ind. Amerace Corp. + o v v b v s, Brook!ielsl Mau.
111268 Camloc Fastener Corp. vy s -i Paramus, N.J. = 71630 TRW Electrunic Components My, Camd:n, N.J. 835 . Burrwghs Corp., ka:lronlc
71313 - Cardwell Condenser Corp. - 7638 Gereral nstrument Corp. L Tube DY s s e lau-neu N,
e ....J...........I.tndenhunt LNy N Y 15 Rectfier Diviston s . . . . .., . Brookly, K.Y. . 83740 l!nlanCa:bidnCurp Consumer . ’

- 71400 - Bussmann MIg. Div. of - - 71784" Resistance Products Co. . .. Harrlsburg, Pa. CUPROL DIV, o4 v v s bn s s s New York, MY
Pove Ly MicGraweBdison €o. s, v . h e s 5. Louls, u . 77969 Rudbereraft Cdry. of Calif. . .. Torrance, Cal. . 83771 Model En:. and Mig., Ing. ... Hunlingtos, [nd
71436 ;. Chicago Condenser Corp. .. -+ « 5 » » Chicage, I 78139 Shakeproof Division of - s 23821 - Loyd Scrvgga Co, ., o Lo w o o Festus, Mo,

11447 © Calil. Spring Co.ilne. ', . .w . Pico-Rivera, Cal. Ihinols Tool Works! .o .''s . v v Elgin, L 83542 Arromautical Inst, & Radio Co. .., Lodi, N.J, -
TI450  CTECOIP. 2y raevrens winoes s Elkhart, Ind. ~ 18237 Sitm--'-...-n..-..s_m Braintree, Mass. @4171 Afco Electroniea lne, . , ... . Great Neck, K.Y,
71488 ITT Cannon Eleciric Inc. . . . Los Angeles, Ta), -~ 78283 ‘Signal Indicater Copp. .. .0 0% New York, N.¥Y. ‘84396 A L. Gleserer Co., l.nc. »+ San Feancieeo, Cal.
T4 - .C!mma. Div. Aerovox Cnrp, + v+~ Burbank, Cal. - 78250 Slrumers-mnn lnc. ke Ptlm:u'l. N.J, Ml TJRW Capacitor Dlv Ceeeprase . Ogallala, Neb,
T Bl : ) - iy e
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. CODRLIST OF MANUIAI}:TUIIIS (Clonllmud) SR Pohen
. .: ‘ S N . AR . . o Y. ,
. \ AL ;
: : ’ .- Cuode . o a . Code ! ! Coin - s
o © Mamsfacturer Addreas . No. Manufacturer . CAddress © No. Mam!.munr o A&inu
S i S L .
Earkes Targian, e, ., .. .Blovmington, Ind, 83020 Ilon:rwlll Ine,, Illero Buitch Dtvlllun ! 06005 : HE-Q Py, of Aeruvon Corp. rhear Ohnm N. ¥,
Boonton Ilomn‘ Company . . » , »» Boottos, N.J, e uebsasasreeibrenriasss Freeport, N1, 06256 Thordarson:Melssner Inc. , . . Mt. Carme), I
C AB. BoydCo. ., iy, 2 Ban Francises, Cal.  0158) Namnm.spnucb...,.,.omu-a.cu. 04208 Bolar MIg. €0uosnnnnns o ROk Mapl!l.Cal-
‘. R.M, Bracamonte & Co., . . 5an Francisco, Cal, 92180 Tru-Connector Corp. o, .y s o » Peabody, Mass, G806 Microswitch, Div, o ., -
Kolled Xords, In€. » v o »» o » »» Hamden, Conn.  §2367 Elgext Optleal Co,, Inc. . ., . Rochester, K.Y, Minn, Honeywell o\ 05 ssyrns met, nL.
Seamiesa Rubber Cn, A Chicago, TIL, . 92607 Tensalits Insulated Wire Co, , Ine, - §8330 Curllon Screw €08, oy 8y s s Chirago, HL
_Falnir Bearing Co. +. ., . Los Angeles, c~lu. T U U 'mmwn. N.¥, 06ML Microuave Assoclates, Inc. . Burlington, Mass,
Chifton Precision Products Co, , Ine, . 92702 INC tles Corp. . o ,Weastbary, L., N.¥. ' 08501 . Excel Tranaformer Cit o4, . o « Oakland, Cal,
S ohmarrahaenser oty e Clifton Helghts, Pa. 52086 Hudson p Co, ..........Knrney,ﬁ.. “Ml Xeellle, Int. oosvsnnans rtl'nhil‘ark.N’.
- Precislon Rubber Products Corp,  Daytonp, Ohlo 93332 Sylvania Electric Prod, Inc,, 86733 Sin Ferando Elee, Mix. Co.San Fernambs, G,
Radlo Corp. of America, Electronic Comp, Bemionduetur iy, .. .. ., .. Wobuen) Mass, . D€88) Thombon Ind, Ine. ..:, .., Long Island, N Y.
& Devices Diviston .., .,... Harrinon, N.J.- 03363 Robbins & Myers Inc. ., . Pallisades Par‘t N1, - 07464 Indusirial Retalning Ring Co, , . trvlns!nn, LS
. Beastrom MIE/ €O, 400 sr e Glandale, Cal.  OMIC Semco Controls, Div, of Essex © B339 Automatie & Preciston MIg. ., Englewnod, N. I,
Marco Industeles ..o oo, Anaheim, Cal. '  WITE COPPerr sl s s vehy » o Manslleld, Ohlo 97919 Reon Neslstor Corp, v <. o+« o Yonkers, N.¥,
Philco Corparation (Lansdale Division} 1632 Waters Mig. Coru v v vy oy v o Culver Cny. Cal, 97983 Litton System Ine,, Adler-Westrex
vhrrvrshensisenersssr s, Lansdale, Pa. B3929 ov.c.:mnn......,...uvmsmn.u.. Commun, Dtv.-.-.-.-.bwnwhrll!;“'-
Wiestern Fibrous Glass Produets Co. - i GAN3T General Cable Corpy o yvy s yonrut.. N, J. §014) R-Tromles, bac, ..oy sy o Jamatcn, N. Y,
: surdeesrne i e s a0 Froneseco, Cal. ""“ Raviheon Co, , Comp, Div,, 98150 Rubber Teck, Inc. ......,..,mrdrm. Chl
/| I'Ml Y yan Waters & Rogees Ine, , . Sin Franclaco, Cal, ind. Comp. Operations ...\ .. Quln:y, Mul. $8220 Jtewlett-Packard Co,, .
L B1930  Tower Mg Corp, .....,.. Providence, R.1. 4148 Sclentitie Electronics Madical Elec, DI¥e o000 v v Pa.w!!nﬂ» Cal.
BBI40  CutlersHammer, lac, .\, ..., Lincola, ) ‘Products, €. v snrrrsins Lorch.nd,, Calo, 08278 Microdat, Ing. , ...y, Su, Pasadena, Cal.
Gould-National Batteries, Inc, . . &. Paul, Minn, - 94154 Wagner Elect, Cotp., ' gE291 Sealectro Cory, vy s . Mamaronech, NV,
“Genaral Mills, Ine, .p»»p4-o»>m"3b K.Y, . Tunge IDW..........”. bﬂll’k N.J . #8176 Zero Mfg. Co,’ ...,........mlrbnhk Cal,
. Graybar Electrie Con s vs v 'hnsr e Oukth Cal,  B419T Curilss-Wright Corp, , BAI0 Ete Ine. uudirirrrrernn lnulaml, Ohio
G.E, Distributing Corp.', , , . Schepectady, N.¥, - - Eleetroniea Div, 0. h . East Pa.llnnon, K.J, 9873 Geperal Mms he., Elmnmlu Div,
- BeeuriY €O v r v v n e b be g e s noDelroit, Mich, 9422 South Chester: Corp, ....,...,C ebler, 2, e e r e e ia sl v o Minneapolls, Minn,
United Transformer €0 o v v o s » Chicago, B §4330 Wire Cloth Products, Inc.'., . . . Bellwood, L, 98T Pasco mmlnn of Hl*lllea"kard Co, .
" United hoe Machinery Corp. . , . Beverly, Mass, 84375 Automati¢ Metal Products Co. . Brooklyn, k. Y. P yansibieessrensn e PaloAlto, Cal.
. U, 8 Rubber Co., Consumer Ind. & B4682 - Worcester Pressed Aluminum Corp.. | - AR23 Norlh Hills Electtonien, In¢, . Clen Cove, K.Y, -
‘Plastics Prod. Div,., . v v v b » Pabsale, N3, Caerbreveieraserireny Worceater, mu. a7 lnttrr.monal Electronic Research Cnrgmk
Bcllevllhmmmrrmlwg.,lnt T Q4806 Magrecrals Eleetric €o, v'u'v v o s Chicago, I P wpsserasrrrahesypraanah Bur cal.
o abweasarsbndnsersvssens Belleylile, . - 0501Y . George A. Philbrick Researchees, Ing, ¢ . #6109 Calumbin Technieal Corp. ., . New York, N.Y. -
*United Carr Fustensr Corp, ..., .Chlzayo, DL : rherrrrasnarrersney s Bonton, Masa, 5313 Vuhnhmhkl-....u.-. Pals Alte, Cal.
" Bearing Engineering Co. . . , Ban Francisen, Cal - 85146 Aleo Elect, MIg. Co, .., » v, . Lawrence, Mass, 99378 Atlee Corp, o vy s vy ') Winehester, Mass,
ITT Cannon Elect, Inc, , Salem Div, ‘952386 Allies Products Corp, ., . .5+, Dianfa, Fla, - 90515 Marshall Ind, , Capacitor Div, . Monruvia, Cal. .
e ehisesnsibriruseressy Stlem, Mazs, - 95238 Coptinental Connector Coip. . o Woodslde, N’ Y. N‘m'l Control Bwitch Division, Controls Co, = - }
.. Cunnor Spring Mg, To.'s s S:ut Francisco, Cal.  B526Y Leccpaft Mfg. Co., tne, i \Long [eland, N, ¥, - ol Amerlem .uaivusenaas El Segundo, I’.‘al
- Miller Dia) & Nameplate Co, -, . . El Monte, Cal. . 92265 Nattonal Coll €, 2y o o v s » » o Sheridan, Wyo, 99800 Delevan Elecironics Corp. . Easf Aurors, N. Y.
Radio Materlals Co, ... ...4. .. Chicagn, NI . PA2TS Vitramom, I€, .o vy v . s\ - Bridgeport, Conn, BIB4B Wileo Corperalion ., ,.,... mpolll. lnd
LAIEALINE. wh ks s e s Altleboro, Mass, 53 Gordos Corp. ..........Blnomn-ld N.J. 90928  Branson Co cervrrrEey nippany, N.J.
; Dale Electronies, Ine, , .., .. Columbus, Nebr. - 93354 Muthode Mg, Co, .. .'v. Rolling Hendnw,l, Nl #9034 . Rembrandt Tnc. Ve s s ey s Buston, H-lu-
CEleoCarp. sau iy e Willow Grove, Pz, .03546 ‘Arnolt Enginesring Co srriven .umm. N1 S92 Holiman Electronlen Corp,,
- Epiphone [8€, . wne sy le oo New York, N.Y 05112 Dage Electiric Co,, Ine, 00y s ranklin, Ind, . . s-mtcuwuwmmm.....m Mante, Cal
- Gremar Mig. Co,, Ine, Wy . i Wakelield, ‘Maze, G384 Siemon MIE €0y v v rvessss sy Wayne, L - B9857 Technology-lnstrument Carp.
K F Development Co. ., . ., Redwood Clty, Cal. 03087 Weckiswer €o. oo viyoeres o Chicago, AL 7 of E‘nluornh ealhevai Mwbury Paﬂl C:Il. .
peoeT vyt - :

00015-49
Rﬂlud

i

ot L PR ,\h

F lhl:o'l’ool usd Die v o s Lom Aagtlu, Calil..
-/ Willow Leather Products Corp. .. ?\tw:u; ?I"a:d'

(ETA oluoububbuu»hpopo»’oi—b

g I’"eillnu Instyument Comp. Co. Yan Ntm't Cal’

} Ihy. im

Ihl:ollt:.,!n:.............:L‘hltam, .

IJOOCS

Microware Assoc, ,\West, Inc, . Sunnyrale, Cal,

A
! Hewteit-Packard Co,, Colarado

Th- rollwlnc HP Vcndnu hart no numbcr nsimd In llu lates) luwllm!l\l Lo the Frdcnl mp;ly C?h tnr Mamhcmnrs Ha.n!hoeh

OOOQQ

F I ! ; ot

»] H
Cooluon........;........Onkhnd.l’.nl

Springs Divs &« » Colorado Springs, Colorade * GOOWW. California Eastern Lab. . .- . Burlington, Cal. "
Rubber Eng. & Development , , Hayward, Cal, - Q00YY &. K. Smith Co. K L .Los Angeles, t.‘al

obcw-i
OOON" A"N"DW‘- Cﬂ-.......-..&nlou.(‘al
: 1
[

3

© U From: Mandbook a:pph.uunt'n ‘
.., 'Mé-) Dated January 1970 -



"'l:! x: : . R .'.’ ! !.--.7-: I A . '_ }f ‘ o ‘.‘_' L ‘_ L o o ‘ ) ’ : TR Ry
. RN ARt G R o e , ) _ PR R

,-~, . oL

vy . (: - Con ‘
k Cor 1 : o RO e : .
9 ' :_J oo - { v : . } R ‘ o R Appendbt c .‘ ¥

E MANIIAI. BACKDATING cnnuaes

DC NULL VOLTMETER T PP SRR

B This manual bnckdnttng sheet makes this manual aypllcable to earlter instruu i o
7 ‘ments. Instrument-component values that differ from those in the manual, . - L
" yet are not listed in the backdating sheet, should ue replaced using the pnrt R

i ;'-fnumber given in the manual R ,l" ey !
RN o R £ BRI

R
e

Instrument Stjarlal Pretix g Make Manuat Changes S Instrument Sertal Prefix Make Manual Chnnge's

i i3 - 1
. . .

:. Ly I",_ 'l:jl' . Bty !_..‘ X ) S H . 1 . 5
. '846-- ‘ I S | ]l. 506 o1 below 948-03336*' s 5, 6 :
v . . ] .t.’:_‘ . . Lo

532-0401 andabove' A 1, 2.5, 6 o ban
‘53g- 0400andbelow:7‘*? :‘"1 2. '3, 5, 6 R B e T

: ”514. SRR I P i 1. 2, 3,4, 5 s . o
!, L e QCHANL:E T
Flgu es 6 1 nnd 6 -3:. Substitute thures C 1 nnd C-2 for the ones in E‘igures 6 1 and 6-3 v
l Table 7 1 Change al "A-l" réference designators to"AL" b '1_ in :

: Change -hp- Part No. of Al lo 00419-66504, ~ R [T i _
Change AlIC13 to ‘~hp- Part. No 0180-0022, C: fxd elect 3 9 pE 35 vdew. = o ' N
.Delete A1C14 thru ALC17. ' . T o

o .
v 1)

! ',

;oL Change "AICPY.thru AICR16 to "A!CRI thru’ AICR14 LI 'g 7 1
. .7 ...+ Change AlR ~hp- Part No.. 0686-3055, R: 'fxd comp 3 MQ&S% 1/2 w. . R A L

2 . Change A1R41-thru'Al1R44 to -hp-. ‘Part No. 2100-1410, R: var.lin 20 kQ +30% 1/8 W R

= Change A1R48 to -hp- Pnrt No. 0687 6821 R fxd cnmp 6. Bk? *10% 1/2W R

- Deleté AIRS0 and AIRSL. ' : o+, /! —_
Add €1, -hp-, Part No.! 0180 0283. C fxd Al elect 60 uF +75°€ 10"6 10 vdcw. o

t

S \?f?.: S E S cmucr-:z : R "_if.' TR E PRSP N
) ‘ T '|' ""' R & ‘ ; e R L L o T _-"“.‘ i
Table 7-1 Change Jz to -hp- Part’ No 1510-0010 Jooo IR T “ et .
it Change J3 to -hp- Part No, 1510-0011. AR R R L S
. Change J5 to -hp- Part No.' 1510-0026. R U SR o A
- ChangeJBto -hp-PartNo 1510 0027, 'L B
;o G M BTS battery holder ( hp- Part No. 00419- 66401) ts replaced a new right shield (as viewed' S
“from rear ‘of instrurient) -hp+ Part No, 00419-00603 must be tnstalled The new, battery !

.holder is not compatible wlth the old right shield, Lo : N e
e i ‘:'-' C"ANGN L am

Figure 6-3 Change A1R26* (10 K} to A1R26* (22 K)." T S PR
: _ . Move AIR26 between AICR3 and4andQ8Base. R iy PR
7" Delete.C10 (3.7 #tF) in emitter of Q12 and Q13, S e

' Add C10 (20 pF) between A1-13 and r-ﬁ’ii_,‘ L 1 T - N,
Short R40 (100 2} nbase of i1QIO, -l v T B TR e
Add R40 (39k0)betweenAICI3 and A1R39, R IR T L R, Dol

E : I 1

- Change AIC10 th C: hfxd Al elect 20 UF +76% - 10% 25 vdew; -hp- Part No; 0180-0045 B
“..Change AIR26* to R: Ixd 22 K £10% 1/2 W; ~hp- Part No, 0687-1031,% - '~ ' = = o o .) o

Change A1R40 to,R- fxd 39 K 110% 1/2 W- -hp- Part No. 0681’-3931 Coa -
; S . __‘7 . ” ‘ )'} i P
RN
) | NFES
3 SR g
P
R
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L0 AppendixC ’ ST s . Model 4194
1 . ] . f} [ ! - - ! E . L ' L
A & a MANUAL BACKDAT!NG CHANGES s :
: ) Lo ;l; :.-. - . ;’ , 1 ".‘ , ‘- ‘ ; N Il .K .
e cowel e e e CHANGE4 . , Ja : .
oo : ; 'f" . : ‘i;; T ‘ ! oy ! \: ! vy i . )
. Change Pamgmbh 5-34 stepsdnndcns follows: . W, G
f d A2R12, CHOPPER CURRENT. affects both lhe chopper [requency and gurrent. Adjust A2Rl2 l‘or R
wwaveshape shown in Figure 5-3 with peak amplitude of 140 to 160 mV ond frequency of 3200 340 = -+ - ..
! ; . v pps (this correSpords tr chopper rate of 160 to 170 pps as counter also counts smaller pulses) : j, S _
SR '-t:c_i A A1R26 should be between 10 krz and 39 kﬂ with a typical yalue oj 22 kﬂ J" [ . L 1
T ¥ : i ‘I f 3\ “ . ! - " .} ‘,lj':
. Figure 6-4:" Subst' Lle Figure er and C- 4 for lhe ones in Fibure 6- 4 ‘ o ’ r-"}}_ S :
v 14 ﬁMe?lCm%eMQHommPnH%.MMOMQTmmmmerLm.mmm ,w%/v.>;= ! _
- % ., . Change A2Q2, A2Q3 to' -hp- Part No.' 1854-0033, Transistor: 'NPN, Si, 2N2025 v :
. Tk v 0. 1. Change A2Q4, A2Q5 to -hp- Part’ 'No.l 1854-0039, Transistor:’ NPN, Si,/ 2N3053; L
v o ‘i ‘Change A2RI to' -hp-iPart No. 0687:56611,. R: fxd, comp, 560 Q £10%, V2wi PR i
o _ flnmmAm2mmeMHhﬁ%%%HJRMdcmmﬁ%ﬂtmmlﬂw [
oo ' "7y . Change A2R3 to -hp- Part No.. 0687-3331, R: Ixd, comp, 33 ke +10%, 172w [ IR
R o ' Change A2R4 to -hp- Part No. 0687-3321, R: xd,’ 'comp, 33000 +10%, 172w
' ' Change A2RS5 to -hp- Part No. 0687.6801,:R: fxd, comp, 68 @ +10% 1/2 W
0. Change A2R6 to -hp- Part.No, 0687- 2731, R: Ixd, comp, 27kQ ilOfc, /2w
. Change A2RT to -hp- Part No. 06B7-4731, R: Ixd, comp, 47 kO +10%, 1/2 W N , A
.. “Change A2R8," A2R9 to <hp-!Part Nu, 0687-4701, R: fxd, comp, 47 @ +10%, 1/2w s
_ o .Change A2R10'to -hp- Part No. 0687-1511, R: fxd, comp, 150 +10%, 1/2W S D
© .07 Change AZR11 to -hp- Part No. 0687-3341, R: Ixd,' comp, 330 k@ HO“ 1/2 woo
" h% - Change A2R12 to -hp- Part No. 2100-0227, R: var, ww, 20 2 +10% 1/2w : !
©; - Change A2T} to -hp- Part No. 9100-0172, Transformer: power ' v e
DR fChange A2T2 to -hp- Part No. 9100 1314, Transformer-_ neon driver AR TR
B ' | U CHANGES i SR i
L ! Y S 5 ' e
Pnge %~4", Change J1 Pnrthhx’to 12510148 o o,
i _Page 7-5:~; Change W1 Part.No. ‘to 8120-0078" , - R S =
Pnge '? 6 Change "Panel: Rear""- Part No. to 00419-00202 i e o
xl o ’ " R ; L\,fu g " '.;"',.’:.f' L CHANGE 6 ‘ b : S :
Pages?-Sand?B L o B L o Co
R 7+ The part numbers listed in Table 7= l for the front pnnel and 419A covers are for brown instru— e
i : ments. The part numberb for blue instruments appear below. . :
s v 50000716 1) 'Cover: bottom 1 B T N LT L
. S . ‘ 3 5000_0702 o - Cover: Side ST " S ..;_ : rl _i: :
STy - 5060=0T1T o) i Cover: top . : 9 B R TR U
Pl Panel: front , - e s

00419-00201 ' /.
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