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FOREWORD

Thc oLju,t of this inrnr.Ll is fo describc, bricfly, uscfLrl pnrcticxl alxl simple
rrethods for  l (x : r { ing t roul) lcs rnr l  nnkiug r( l jostr l . ,n l ,s  in vrcuurn tubc (c lcc-
t ronic)  q lu iprr t ( 'Jr t .  ' l 'hc 

cq| i t ) rncnl ,  and nrol ,hods rrsod {r 'c  r rot  t l rc  most  i ( lc l l
l r r r l  rvc lc sc lect t r l  io  s l rorv l } | l l ,  r  r r r in i r r r run of  tosl  c( tu i t )nrcnt ,  r i :ur  l )c  used 1o o
glcr l  c \ tcut : r r ( l  $ i l l r  v{r ry sr i is fur t , ( ) ry rosul ts.

' l  l ro srrcr tss of  : r ,  nrs) . | i r r 'Lrn,  f ,n1!( l  t ( '  orx i t1r io rurr loLrr lvc|sc c(  i l i { i , ,  . . ,
dq, | r l ( ls  Lr |g0l l  u lnnr l ) is  i r r r j { i l l r i ion : r r r r l  rosorrrccfr r lnoss.  ' l 'ho srrgg0sl io l ls
1 , r ' , , s c r r t c r l  i r r  l l , i s  l r D k L : l  r r r r :  l l u :  n . s u l t , r l  i l t f o l 1  , r l i , r r  l , h , r (  h l l s  l r { l r ' r r  g , r i r r r r l : r r r r l
i , r r r r r l  of  v l l rx ,  l )y  { l ,c  rur l l r r , r  dr ,  i "g L i : r  t l l ly  l r r r l io  t l r in i rg r l ,n s i r r  l lLc sr l r r r r l
of  hrLrr l  or lx , t i r . r r r ! .  ( i , r r rs i rk, r  l  b is rs : t  I l l , l l l \ l l tNInN S l l l , lMINl)1, l l t  rv l ( ,1 i t
is  " t . I l ' ' l 'o  \ 'o t , "  1.o rot) l r i f  r r ) ( l  k{xt)  urui lnnr: I ) t ,  o lx, rx l ing.

WIxrrr :vcr '  lxrssi l ,Lr ,  of  r (nrrso,  l ,ho n1r: r , i lnurn s l ,orrL l  r r ( i l izc r r l l  rvr iLr l , l , ,
nvxl ( r 'n tcst  c( lu i t r rx i r t ,  c i lhcr  stxy i i :  izo( l  or  gcrrc| r r l .  Sigt l t l  gorx)nr t ( rs,  osci l
l l io fs,  os. i lLrs{x) lx)s,  l r r idgcs,  r r r r r r lvzor ' : r ,  s iArr l  t l r ( l t ' , rs ,  ot( i . ,  arc l t ig l ' ly  dosinr l , l ( l
n( l  r 'c  rn invt l r r t l r lc  t i r l  in  rchioviug {) t ) t i rn lnr  r { )srLl ls .  l lowcvur ' ,  orr l l  t r r r
of l (xr  thc l r r ru i r r  iho l i r : | l l  ( l ( ,os not  l r ivc r ( i (x)ss 1o hlnnlr t ( r 'v  inst funxrr ts r r ) r l
is  fo lcer l  to rnrLi l l t . r i rL c( tu i l ) rncxL i r  ( ,o ls i  rL o ln ' rat i I lg  , ! 'D, t i t i , ' l l  \ t i t l r  rv l rx l  t ,  w
instnunt:I)l.s hc Iras rvrileblc.

\\'-{sr[N(iroN, I).O.,
J anuorll , 19 13.

J. G. l  osrrsun



GENERAL SERVICING HINTS

A carcful visrrrl irspcctiorr rnd thorough clcaning of thc equip-
rncnt shoukl lxr thc first lhirg to do. By thc timc l,his inspcction
anrl elclning htvc bccn colryrlctcd, you rvil l  probrbly not nccd a
tcst lrctcr to krcltc thc troublc.

Ncrt, lcst rt l l  ylrcll l lrn trrlxrs in a tubc tcst(rr; or if lr, tubc tcsl,cr i
i ; lot ir,r,t i l ir lrkr, xrpllr,cc clch trrlrc, onc lrt i t t irrrc, n'ith a krxlrvn goorl
tubc, t,r 'yirrg lhc crlrriprrcrrt for norrrl l l  olxnll. ion :rf l()r. cvoly c\-
clulrrgc. Nolr, tulr on thc c(l l l iprnont, a,lr l clrccli cu,ch trrbc 1,o scc
that t lrc l ihrrrcrrl,s trc opclal. ing, cithr:r by l<xrli irrg at thc l i l lrrrcnt I
gkrw ir gl.rss lulrcs, ol by ftrr:lirg rnctrl tLrlxrs to sco if 1,hcy lt rc wal rn.

In {C-opcratcd scts, if a fusc Lrlorvs whcn thc cquipnlcnt is
tulncrl on, rernovc thc rcctilicr tubc fronr its soi:lict to kill thc high- I

voltage porvcr supply. Norv, turn thc cquiprncrrt on again. If rcmov-
ing tlie rectifier tubc has cleared thc trouble, it is a good indication



of an ovcrload in thc high-voltage powcr supply. trrequcntly thrs
troublc is cLruscd by a shortcd fi l tcr condcnscr. In AC-DC sct",
whcrc tubc lilarncuts arc corrnectcd il sclics, it, will bc ncccssary to
rualic a poiut-by-lxritrt chcck of the circuit in ordcr to firrd thc t:tusc
of lhc oycrlolrl.

\\rhcn erlripnurrtt ctn bc trrrncd on tnd no lusc blols, chcck Lll l
tubcs fol lorrnlrl ph,tc lntl f i l iururnt voltlgcs. ' l ' lror chcck t,hlorrglr
lhc sr:t lry pllrcirrg u. sigrrl l on thc inprrt ond troce tho sigrrtl lhlouglr
cllch circttit lry rru:lns rrf i l  l tcatlyl ltonc ltrvittg lt ootrtlclsrl irr sclios
rvith onc lcrrrl uf thr: holrlphonc.

A st'cond rnr:thod of signal tracilg is to starl, at thc output cncl
of ln.rrrrplif i t:r or rcoeivcr an(1, usirrg t: ithor iu lorv-voltagc AO supply
or & high-lrcqucnoy buzzcr as a sigtull gcncrlrtor, put a rj ignll across
thc final output lcads. Vcrify thc plcscnce of lhe signal by listcrrirrg
to it in thc spcakcl or by mcans of hcadphoncs or an output mcter



conncctcd a,cross thc samc output lcads. Norv procccd, stagc by
stagc, torvard the iuput of l,hc cquipmcnt, puttirrg thc sigral into
crch tubc at thc phtc rr,rrd grid, arrd at, cach coupling trtusforrncr
or condcnscr, unti l thc point is rcrchul rvhcrc thc signrl is lost or
apprcciably rcrlucctl, I lcrncrrrbcl thul crch sttgc of anr plif icu"tior r
uil l  trhl to l lrc sigrrl l strclgth at lhc output. Whcrr l,hc point, rvlrrrc
llur signal is lost or rcrlucccl hls bccrr rcllchul, it is a roll l , ivtly sirnple
rntttcr lo lcsl orch cornponcnt, of tlrtt [)[r'ticul.rr sttgo arrrl thcr.clry
locltc l,ho troublt:.

If l  rccoivcr ol rrrrplif icr is noisy ol scl&tchy, it usually irrrl icl l,cs
a dcfectivc hrlrc or t ltd coruxrction. 'fo krcltc a noisy tulxr, tur.rr
thc sct on rntl talr crch tulxr l igh y with your l ingcl or a 1rcrrcil. l '<r
Iocate a batl conncction, ust: I srrurll dry stick or piccc ol fibcr lod
scvcral irrchcs lorrg as an "irrsulated firrgcr." antl tcst crch conncction
throughout thc cquiprncnt by pressiug orr it rvhilc thc set is in oprera-



tion. Do not usc your bare finger or a piece of metal to pokc around
in cquiprrrcnt rvhich is turmxl on. Sgrakcr rroiscs rnay lrc cattscd by
a nrpturcd diaphragrrt, a voicc coil dragging on tho pole piecc, or
mclal filings and dirt in l,hc air grp.

llsc a hcadplronc in scrics lvith a condcnscr to chcck noiscs irt
polvcl srrpplics lnrl artdio circttits of a, sot. ' f lrr: sarnc rnctlxld cilu be
rrsql to r:hqrl< & cornrnorci.r,l porvor litrc to rlctcrminc whothcr it

clrrrit:s ,\C ol l)C.

A srrrtl l  t lxrr-lxl l tLtttsfotrrtct Inry bc usrxl for a varicty of
pllrposos, sllch :rs N substitrrte fol a l i l tcr clurl<c, l, sigrl l l  goncrator

for dlivirrg aurlio cilcuits, a rnultipliur for i\C voltrncters, a boostcr
for rclrl irrg lorv noisc lcvcls on a rtrctclJ ctc.

'l'o chcck plr,rpcr opcratiorr of arr oscillator stlgc, conncct a volt-
mctcr frorn plate of tube to ground. Shorting thc tuning condcnser
should ohauge the mctcr rcading. If it docs not, check the circuit



furthcr for shorts, opcns, batl conncctions, etc.

lVlurn l irrirrg up the lI stagcs in a rcccivcr ihat has AYC, kccp

thc tcst sigl:rl ncrr thc thrcsholtl of scnsit,ivity in ordcr to give thc

cflcct of a rvork signtl. 'l'his will prcvcrrt aligrurrcrtt crrors duo to

lction of thc AVC cilr:uit. A piccc of dry blrd-rvood sbtrpcncd
infir l scnrvdrivcr poirtt tt l lhcs a good ll igtrrnctrt tool.

A conrkrnscL not in scrvicc Ilrry bc chargcd antl is dattgcrous;

rl isclringc it lrc[otc ltrndlirrg. l ' irr rt lt l lccntclt l 's, trvo cottt lortstrrs rvii, lr

a lrrurkrLrrvn volt, lgc lt lvcl thtn thc rcqttired voltagc ntly bo cort-

rcctctl irr sclics. 'I 'his doublcs thc voltagc rating, but halvcs thc

clU)itcr1.v.
IJc crrrcful l hcn rrrakittg tcstsl you alc dcaling rvith high voltagcs.

Mtlk your tcst lcuds, lltl rlrvays usc thc same lcad for probing. It is

custorniuy to usc thc black tcst lcad for lcgaiive or oonrnonJ &nd
the rcd lcrd for the positivc or hot side. Be careful about applying



too high a voltage and kicking a meter against the pin. This will
hcnd the nctxlle and dcstroy 1,hc crlilrlation of the meter.

\Yhcn rt:placing rcsist,ors chcck thc rvatt.rge of the circuit, bcfore
inshlling thc rcsistor. Bc surc that thc roplaccrrrcnt rcsistor is of

suflicicrrt wattagc to rlissipatc thc hcat. Ilormulas I'R, {,or IE
will apply. tt

An llr signll trkcn frorn thc IF stagc of an operating rcccivcr
rvill oftcn provitlc thc ncccssury signll for pcaking lnothcr sct.

VOLIAGE READINGS
Bc surc to usc thc highost rnctcr scllc availablc rvhcn chccking

ln unknown voltagc; aftcr which you can clungc to a morc appro-
priatc scalc for rnost lccrlatc rcading.

The colibrotion of o voll meter may bc chcckeil by connccting it,
in parallcl with another mctcr of known accuracy, &cross a convcni-



cnt voltagc sourcc. (Scc Figure 1.) Thc rcadings of both can thcn

bc cornparctl. Srrrall inaccuracios can bc corrcctecl by moving the
pivot ldjrtstrrrcnt on thc facc of thc mct'cr bcing calilrratcd.

To meosure voltoges beyond the scole of ony voltmeter, pla,co lt, sorlcs

of rcsistols lur'oss tlre voll l,gc lo lrt: tucrslt lctl, lrcirrg clrcful thlt t 'hc

conrlrirrcrl lcsistols lr ir,vc srrl l icicrrt rcsisilt,ttcc vrrhte so th.rt 1,hcy tlo

r ro l  l r l r l r r r t , i r r l r l y  L l ld  l lu r  c i l c t t i i ,  t ln tw t tx t  r r t t t t rh  c t t r tc l r t ,  l r r td  t l r t t s

l lvcr l lrc ovt'r 'u,l l  volt:rgc. Norv tt l ic lcedil lgs t(i lr)ss crtolt ttrsisl,or

in lrrrrr. (Strr lf igrrrc 2.) ' l ' lrc lolrl l  of t ltost: ittt l ivit l tt l l  rctt l irtgr. is

cqrul to l lrc \ 'oltago rcloss tlrc l inc or lo.r,d bcing ntcasttlt lr l.

Resistonce Multipliers. I ' l tcc a resislol in sctics rvith tl lc voltlnctcr,

choosing r valuc lhat rvill kcep i,hc nccdlc on scalc. Thcn, using a

vollagc rvilhin lhc normal rrxrlcr ri.Lngc, t'akc a rtxr,rling with the

voltmctcr alonc (rcading A), and a scconcl reatl irtg on thc same

voltagc with the sclccied resistor in scries with the metcr (rcading

P o g . l 0
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R). (Scc Figrrrc 3.) Now divicle rcading (A) by reading (B) to obtain

tlro rtnslunt (I() of yorrl mrrlt iplicr rcsistor. ' l ' lrcu, ttsing tho I 'olt-

nrcicr rvilh thc rlull i l t l icr rcsistl lr in scri i:s, maktl rt lr l i trgs artd

nrrrl l iply all of i, l tc rcttl i ttgs thtrs tntdc by thc (Ii) to olrtrr ' in i 'rttc

voll lgc. 
' l ' l lr rcsislot so ctl i lrur,t 'nl and taggcd with thc (l i) vrrluc

cul lx, ttsctl with thc slrtttc vollttrctcr tglin without rqrl l i l  r l l l irtn '

It is <k'silt lr lc, lntt l lol lr(recssoly, to sclcct, a rosistor l l l lrt rvil l  trrrlktl

lJx' (l i) vnhrc l in r:vctt t lttrtt lxlr.

Tronsformer Mllt ipliers. Orr A(l vrtlt lnctcrs only a tttnsfotlncl ntly

lx: ttstrt l tts t l vtt ltttrcttrr lnrrlt ' ipl it 'r. ' lb obt&in thc colslint (l i) for

such r Inultiplicr', rotd t voltrgc with md rvilhout thc tLtnsfot trtcr

mrrl i ipl icl in circrrit. l) ivit lc ihc rcail ing takcn without thc nrrlt i-

plicr trlnsforrrrcr irt rtsc by lhc reading rvith thc mulliplicr trans-

formcl in use to oli lain tlte (l i) (See l,. iguro 4.) To obtain the truc

voltagc rvhcrr using thc nrultiplicr with this samc volturcter, multiply

Pdse 12
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all scale readings by (K). Be sure to connect the low voltage side
of thc transformcr to thc metcr.

CURRENT READINGS

Always ttsc thc highcst crtrront scrlc availablc whcn first check-
ing an unknoln cilcttit. 'I'bctt charrgc to a morc appropriatc scalc
for l lcctttrl lr: rt ' tt l i trg.

Ammeters moy be checked for colibrotion by placilrg thc mctcr to

be chcckcd in scrics lvith a rrrotcr of known accrrracy, corrccting

arry srnll l  in'cgttLrl i l , ics lry nxru,ns of thc pivot adjustmcrrt on tltc

facc of lhc rnctor lx:itrg calibrrtcd. (Srrc l"igurc 5.)

To meosure current beyond the scole of on ommeler placc a sltunt

or lorv-vr,lue rcsistor of sulEcicrrt porvcr rating to carry thc cxccss

currelt rcross thc tcrmirrals of thc ammctcr. To firrd l (I() for this

shrrnt takc a reading of a given uuncnt rvithin thc rangc of the rneter

Pose 16
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without the shunt and anothcr rcading rvith thc shunt in placc.
(Scc ligure {i.) Divirlc thc rcading takcn witlxlrt thc shunt by thc
reading tlkcn with thc slnurt, to obtain the (K) valrrc. Whcn thc
shunt is uscd, multiply a.ll sc&lc rcadings on thc mctcr by ihis (K)
lo olrtain thc truc currctrt.

ITI'I PEDANC E IYIEASURE'IAENTS

Method one-substitution. r\n unkrx)wn irrrlxxlrncu rrl ly lxt rlctorrnined
by l irst rrurtsrrl irg thr:,\(1 voll, lr,gc rlrop l lcross it, t lrcn lcr-oss u, rron-
inductivc rr:sistor, lcl juslirrg l lu: value of thc rcsislor ult i l  thc samc
volt&gc drop is obtainctl lcross lxrth loads. 'I'hc I)C rcsistancc of
the rcsistor rn&y now bc rncasurt:tl by rrrcans of an ohrnrnctcr or a
Whcatstonc blidge. Thc v&luc of tho unknown irnpcdancc in oluns
is equal to the valuc of thc lcsistance in ohms. Sincc irnpedarrce
changes rvith frequerrcy, thc mcasurernent thus madc indicates thc

P o s 6 1 8
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impcclurcc of this inductivc or capacitive load olly at thc froqucncy

undo rvhich l,hc lcst rvls rnlrlc. (Scc l"igurtr 7.)

Method two-voltmeter reodings ond computotion. I ' lace a rcsistor i?

irr sclir:s rvilh i lo tttrknorvtr ittrpctlttrcc Z. ' l 'hcn rnakc a vollrgt:

rcrrrl irrg lrcloss tlrc nrsislot ./r i, utl l i lg this (/ 'J,) l,nrl also actoss tlt.,

urrl irro*l irrlxl lrrrrcc Z*, cll l irrg l,his (/ ' ,). (Stc lf igrrlc 8.)

Norv, lry cor r r lrtr l rrl. iort,

rrsirrir f,,rr 'rrrln. z - l l '  .,,t t rEl.

an , l  r i l * r i t , r r i rg  f . , r  ,  J . i i ,  -  l , : " .
/  i ' , r l ' c r i rs '  o , r 'u , r i , " , .  ( ; )

*The unhnown irn'pedance may be either inductiue or c&pacil'iue.
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To meosure the effective impedonce of on oulput tronsformer tn an
amplifier, for load matching purposcs orrly, conncct al orrtput rnotcr
across thc unloulccl srcontlary of thc transformcr antl rnrkt: a, nrarl-
ing in dccilrcls (tlb). 'fhcn phcc .r uon-inrluctivc loacl (resistor) across
thc output aud vary its valuc urti l  lht: output rcacling obtainul, is
6 tl lr lorvcr thln thc uulorcled ro.rding. (Scc l ' igulc 9.) ' l 'hc l)O
rcsislluttxr of l,his rcsistor, rnclrsllrf i l  with au ohrruuctcr, cquals lhc
clTcctivt: irnpctlancc of thc transforrrxrr.

Motching impedonce. A spcllkcr or'oul,lnlt krtt l shoultl hlvc l ln im-
pc(Lr,nc() or r(rsist,alrcc cqrull to ol highcl thal thr: cffr:ctivc irnptrl lrrrcc
of thc trunsforlror rvhich drivcs it. Good practicc is a mrtching
ratio of 1:2 to 1:5.

To provide o signol to drive on omplif ier for testing purposes, a
bell-ringing transforncr is suitablc if no audio oscillator is availablc.
Connect the bell-ringing trausformer so as to provide a,n AC voltage

Poco 22
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of approximatcly 10 volts on thc krw sirlc and I 1,000-ohm potcn-
titttnctcr across thc 10 vr-rlts to pclrnit al,tcnruttion of this sigral so
as to fccd thc arnplif icr rvithout ovclloading. (Scc l, ' igurc 10.)

INDUCTANCE AND CAPACITY

The methods oull ined on the preceding poges {or the delerminolion
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of impeddn€e moy olso be used os o bosis of computing the volue of on

inductonce in henrys, ond of o copocity in forods. Thc following

formulas wil l servc:

t . -  X , .  r r r d  C  -  |- 
2ol 2rIX,

where 2?r :  6.2t

/ - frcqrrcntry irr cytlcs por sccond.

1,  :  inductancc in hcrrrys.

C : ctl)ricitY il furlds

If rcsistlncc is cotrsiclcrcrl negligilr lc &nd ru:ctl not bc takcn into

accourrt, inrpcd.lncc Z in thc lormula orr page 20, rnay bo uscd as
the intluctivo rc&ctancc X, or thc capacitive reactrncc {", in tlic
forrrruhs lbovc.



INDUCTANCE AND
RESISTANCE

CAPACITY A'{O
RESISTANCE

F i g .  l l
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When rcsistance is not negligible and must bc takcn into ac-

count, squarc thc vlhtc of thc irnJx:d.rncc Z, rntl sulrt ltct thc square
of the resistancc l l. Thc figurc thus obtrincd is cqurl to thc srqrrarc
of thc rcactaucc.'I'hcrcforc, cxtract thc squarc root of tltis figuro to

find thc valuc of rcactancc -X, rtr -f" for usc irt thc forrnttllrs on
pagc 26.'I ' lxrsc vllucs rnay rls<t lxr fortttt l  glaphirl l ly by Lrying l l

lnrl Z ottl, to scrrlr, cotnplctittg tltc rcctrrttgkr, atrl trrcasuling tltc

l iuclr vrluu ol {" or X,.. (Scc |igulc 11.)

IRANSI I I ITTERS

In testing tronsmitlers, rnrrkc .r, pichup uril apptoximatcly trvo

inchcs in diarnctcr lrrrl corrsisting ol onc or t lvo turns of ct4rpcr lvtrc

conncctctl to a flrshlighi bulb. I lolt l ing this lor4r in thc l ickl of l,hc

tank or tunilg circuits rvill cousc thc bulb to light if the circuit is

oscillating. A unall loop conncctcd to thc input of a receiver will
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coNo€r{sER
.OO2 HFD. OR LARG€R

Fi9.  l2

prosidc an cxploling coil fo[ usc on thc oscil l&3or stage. The rc-
ceivcr should bc tuncd to thc frequcncy or & harmonic of the fre-
qucncy of the stage urrder test. l)o rrot, however, use the exploring
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coil and reccivcr on the highcr powcr stagcs. It is understood
that before making tcsts with rn cxploring coil, all f i lamcnt
and platc voltagcs havc bcen chcckcd and have.becn found norm&I.

S I G N A L  T R A C T N G
Signol generotor for trocing o signol, A high_Ircltroncy buzzcr, op_
cratod by r bttl.o.y, rntkcs au cllrr:t ivc signal g"n".riu. for tracilg
through r rccr:ivcr or iurrplif icr.. (Srrc l. igrrrcs l irnd lB.)

To usc the signal tlu,ccr start at thc outpui of the rcccivcr or
amplif ior, and phcc a signal on the outprrt (spccch or signal) lcarls.
Thc signal may bc obser.vcd by meaus of " "i"ot "., f.oolfirono" o.
an output metcr conncctcd to thc output leads of the set. Wi r thc
sct oper&ting, follow thc signal circuit progrcssivcly back through
the various stagcs of thc sct, placing thc s[nal o" it o outprrt "oa
thcn the input of each coupling transfouner, "orpliog .oid",l"o",
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&nd on the pl&te &nd grid of cach tube until the point is found where
thc signal is impcrlctl or fails to come tlrrough. \\rhen this point is
clctcrmincd, check cech componcnt of thnt stlge until thc dcfcct is
loctlcrl. Il.omcmlter tlurt coch stagc of amplifica,tion rvill incroasc the
signnl krvcl &1, lhc oui,pul. (Sur It igurc l i3.) Lr:ttcrcd cilclcs irrdicrte
progrcssivc points in lhc cileuit loross rvhich i,hc signal is int,r 'rxlucql.

RADIO GOIOR CODES
'[' lro color corlos which lollol urc usctl by most radio autl insttu-
mcnt tntnufaclurcls in tlxr u,iring of thoir plotlucts, and by parts

nrrnrrfactulcrs for idcntifyirrg hatl phccuurrrt or rosistor &nd con-
rlorrscr valucs, rllings, lnrl tolera,rrccs. 'flrcse htvc lrccn included
for rvhatcvcr hclp thcy may provide in idcnlifying parts and Icads
nhcn shooting troublc.
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RESfSTOR GOLOR GODES (Volues in Ohms)

Sodt Horry Y{ow[ Thruad Liqhl lv0wr Thr8ad <- Fhxibh lrpe rcaiihn,
- 

llArro,fi€ii66lovor.co.6o,

Sodt Erd Dol or Band Erd

ht Ba[d or Dol 2rd Band or Dol 3rd 8a[d or Dol End 8r[d

Color Value Color Value Color Value Color Tolerance

Black
Brown
Red
0range
Yellow
Creen
Blue
Violel
Grey
White

0
t
2
3
4
5
6
1
8
9

Black
Brown
Red
0range
Yellow
Green
Blue
Violet
Grey
White

0
I
2
3
4
5
6
7
8
9

Black
Erown
Red
0range

Green
Blue

None
0
00
000
0000
00000
000000

Gold
Salver
None

x 5,/o
t l0,/"
! 20%
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CONDENSER COLOR CODES (Volues in hlicromicrolarods)

2rd Dot 3rd Dol {li Dol

Color

BIack
Brown
Red
0range
Yellow
Green
Blue
Violet
Grey
White

Value l l  Colot

0 ll Black
I  l l  Brown
2 l l  Red

0range

Green
Elue
Violet

Value

None
0
00
000
0000

used on paper
c0n0ensets 0nlylsl Dol

Color lValue DC Work
ing VoltsColor

Brown
Red
0range
Yellow
Green
E lue
Violet
Gray
White
Gold
Copper
Silver

While
Green
Blue
Yellow
Red
None

100
200
300
400
500
600
700
800
900

1,000
1,600
2,000

Black
Brown
Red
0range
Yellow
Cfeen
B lue
Violet
Grey
White

i 2 .5

1 1 0
1 1 5
r20

over 20



POWER TRANSFORMER LEADS

+ I

I
I

I F TRANSFORITITER LEADS

Ptre t!' 
\ , 

c'""" cua.ooa"
cl P

a B*jr-L,, -",.,""
o { P

.* -=lo-S €---llrl-' 1 
',i",",:','.

Pose 35



SPEAKER AND PLUG
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Speoker leods and Plug Conneclions-continved



AUDIO TRANSFORTIIER. LEADS
(lnpu,t tn ersrdge, Ourpu,)

r-d mlmr @i

€_______s,' -""",**.
l - ' * * ' ^ '
E
\ - -  _ _ _ ! ! . " o f u c , i d .

*Found only on pushlrrll plirnary or stxrrurlLly rvirxlings.

BATTERY CABLE I.EADS

Ited A+ Whitc lJ+Jntcrmcdi&te
Black A- Brown Ci
Blue B+ Om.nge C -Intermediate
Yellow B- Green C-
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t t l
E3;EE;

j ' l

t l

e  I  - l

= 5

-:

=l6

o
.E

5

o

J i
< ;
= p  i  " ,  2
E E  3 E ; ; i
g ;  r L  r  r  r  r l
F =  . , ?  r
6 7  - :  a ,
+ ;  9 = - - :

i g  r * , : = i
r r r  6 - i  . ;

A =  r ^ ^ ^ . ,
7 =  ' !  !  i ' i  ' t
= 2  i = i = i
i J o  E i i E F

E A
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