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IMPROVED CRYSTAL 
OVENS FOR U-H-F 

' 
EQUIPM ENTS 

• ,\fte r a lapse of seYe r a l mon th s, shipment o f 

crys t;tl 0\·ens for :\fodcls :\ fAR, RDZ and TDZ 

u-h-f radio r ecei, ·ing and transm i tt ing cq u ipments 

was resum ed in Jul y, 19-17. Additi o n al improve­
m ents been in the o ve ns shipped 
since that ela te. These improvem ents include 
changes in the thermosta ts and h eate r wind ings, to 
m ake o perat io n m or e pos iti ve " ·ith less work o n 
t he part of the t h ermosta t (i.e ., an eve n tempera­

tu re is maimaincd " ·ith fc"·cr cy cles o [ o p era t ion) . 

T h e ne w 0\·cns a rc supp lied unde r Contracts 
l\Xsr-86362, 1'\0Bsr-39267, a n d NOBsr-40253, and 
have th e n avy typ e number embossed o n t he cover. 
O vens m a nufactured from D ecember , 19-15, through 
1\'ovcmber, 19-1 6 , arc d esig n a ted N avy T yp e No. 
C FT-40 H 8, and those from Jul y, throug h 
Decembe r , 19·17, a r c d esig nated CFT-401 48A . 

A com p lete resume of the color-coding o f all 
these oven s is g ive n in Table I. 

·when a T yp e CFT-4 01 48 0\·c n is used , a check 

shou ld be m ad e to de termine " -h c thcr or not it is 
h eating p roperl y. A fter a [e ,,· minutes o [ op cr<t­

t ion, t h e ove n shou ld feel ver y ho t to the ha n d. 
H i t d ocs not, t h e t h cn nos t<H can be ch ecked b y 
removing the oven fro m its socke t a nd connecting 

leads to heater p ins, \\', Y a nd z. The n th e 
oven is rcplacccL T his is show n in fi g u res 1 and 

2. :'\ex t, e it her t\\·o 12-Yolt pilo t lamps or t \\·o volt­

m e te rs arc con nected as shO\nl i 11 fig ure 3. l\' m,· 
the eq u ipment is tur ned o n. The lamp or vo lt­

mete r acr o'>s \\' a mi Z (the low side) sh o u ld 

Ft<.t Rl· 2 Cn.,frtf o;·•r'/1 onrl lr'a rls in plt{(r in .\()f"kP/. 

FIGURE !- Bottom v iew of crysta l oven sh owing tesl 
leads connected to hea ler jJins W , Y , z. 

TABLE I 

Screw Farth est 
Mon th of Manu fact ure Screw Nearest Frv111 

H eater !'ius 1-lc:ater Pins 

D ecember 1945 R ed B l u e 

January 1946 R ed Yellow 

February 19,16 R ed G reen 

i\farch 19-IG Bl ue Yellow 

Apri l 19-16 Blue Blue 

i\ fay 19-16 Brow n Brown 

June 1946 R ed R ed 

Ju l y 19·1() \Vhitc Wh ite 

August 19-1 () Black Black 

Septembe r 10-IG Ora nge Ora nge 

Octobe r 19-IG Ye l lo w Yellow 

Novembe r J9tJ(i G ray Gra y 

Decembe r 19 1G No ne 
through .J un c 19·17 shipped 

.J u ly 19-17 C rccn \ Vl 1ite 

,\ugust 19·17 R ed White 

Scptcn1be r 11) 17 Hrown W h ite 

Octobe-r 19·17 Black Hl;1 ck 

,'\ovcnliKr l!l 17 Ye llow \ Vh i tc 

Deccnd >< -r I !J-17 Bl ue W h ite 

.J an tla ry I I!) N one shipped 

February IIJI R G1 c.;en B lack 

\ larch 191 g R ed Black 

Apr il 19 18 Bro wn Black 

i\ ray 191 8 Yd lo w Bl ack 

1 une I 8 Blue Bia< k 

.J td y 19 18 G rcc-n R('d 
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FIGURE 3- Sim jJli{ied lt eateT cirwit of cTystal oven, with indicators connected to lest theTmostats. 

go out or register ze ro afte r a few minutes o( 

war ming u p . The lamp or vo ltmeter p ins 

Y and Z (the h ig h side) sh ould con ti nue to register 

for <1 few minutes a fter the low side h as cu t ofl, 
a nd the n should begin to cycle, ind icat ing th<tt th e 
t hermostat is ma in taining the oven at a n even 
temperature . 

REPLACI NG M ECHAN ICAL TELETY PE 

TI MERS 

The B ureau o ( Sh ips h<ts on h a nd a q uantity o[ 

W estern Electr ic Co mpa n y T ype KS-15206 L ist I 

E lectro n ic T im ers, as procured und er Contract 

1'\0Bsr-30097. These e lectron ic t ime rs arc to be 

used to replace simi lar m echan ica l timers used 

\\'ith l\fodcl Uf Portab le C arrie r Control System, 

and the :\ fodcls AN / FCC-I, AN / FCC-lA a nd 

AN / FCC-I B R adio te lctype T crminay Equ ipmcnts 

in those cases where the m echa n ica l time rs haYc 

rai led. 

Four ti1ncrs arc mcd in each ;\ lode! U F cqu ip­

llle lll, and on e time in each AN / FC C- I .. \ :\' j FC C:-

1 B equipme nt. The Bu rea u or Sh ips w ill supply 

add i t io n;tJ Sla lion spai"CS, if rcq UC'S tcd , in ;lll10 ll lllS 
based o n the to tal ntn n bcr of t im ers in ttsc at a 

g ive n loca t io n . These t in1crs arc av;t i lab lc for issue 

on rc<[UCs t to the Burea u o f Sh ips. Cod e !F>:ic. and 

an adeqt la tc s tock of spare tinters will be mai n­

tained by tile Bu reau a t n :l\· ;d supp ly l r is 

des ired , ho wever, th a t requests for spare t imers in ­

cl ud e a s1a te n1e n t as to the tota l n un JI JL-r of t inters 

i n use per loca t ion . Beca use ol th L· n 1gged co11-

SI ruct io n o f I hcsc t imers. a nd 1 hv lo 11g trou hlc-fn·e 

ser vi ce expec ted from them , shou ld 

in nn case ca ll for 111o1T tha n fin· )HTn·n t 

Activities sh ou ld use all of the old typ e OYe ns 
before starti no· to use t he new o nes. D efective 0\·e n s 

"' shou ld not be surveyed, bu t instead re turned to the 

Su p p ly O fficer in Com ma nd, 1SD, C learfield, 
Uw h, Attention : E lectron ics Supply O fficer, and 
marked " For disposit io n by the B u r eau o [ Ships." 

MEASURING SET AM PLIFIER 

T he \\'es te rn Electr ic Compa n y :\ lodc l 13A 

T ransm ission i\fcasttri ng Set a nd the N<lVy T yp e 
.\leasu ring- Se t , as sup­

p lied " ·i th t h e ;\'a ,·y :\ lodcls U P and U:\' Carrie r 

Control Syst<' lllS rcspcct i,·cly, for usc where portable 

appa ratus is required to rl'ce ivcd Lcstino· 
:--, 

pO\rcr , usc a type 25AG amplifie r tu be \rh ich is now 

obsolete. H r epla ceme n ts for th is tu be are n ot 

aYail a l>k fron t tHJrn l;d !>OlllTCS o l ;1 typc-

25L GG T ; C can be subst ituted. I n order to re ta in 
overa ll acn1racy \\· h e n this is d o ne. ho\\T\.lT. re­

cali hrat ion o f th e in st r umen t rt'< jll irccL Calibra­
t ion shott ld b e a 100-n -clc 

,... ' 
source accura tvly adjusted so th;tl i t ,,·ill furn ish 
;m OUlj)lll pmnT or Oil (' lllil! iwall \\' h ('JJ led in to (I 

GOO-oh n1 load . 
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WANT SOME STANDARD 
EQUIPMENT? 

ANEESA 
R eprinted [rom SIG:-;AL CoRPS i\I ESSAGE 

Al\D SIGNALEER 

• One o f the most importa nt ye t least heard o[ 
ao-encics con nected w ith the mili tary is the Army· 
"' :'\a\·y Electronic and E lectrical Standards Agency, a 

joint act ivity of the Army, th e A ir Force and the 
l\"avy, concerned \,·ith standa rdiza tion of materia ls 
a nd componen ts used in electroni c a nd commu nica­
tions equipme nt. 

It coordi nates the requirements of the armed 
forces, establishes sta ndard s, d efi nes m inimum serv­
ice life a nd qua li ty, a nd prepares specifi ca tions 
describing the standards. These latter are period i­
cal ly reviewed to keep th em abreast o f changing 
service requ irements and of developments in the 
art of electronics a nd communications, as disclosed 
by fi eld reports, industrial research, a nd laborato ry 
invest igation a nd test. 

The research and field reports arc implemented 
by qua lifi cation testi ng. The manufacturcr ·s pro­
duction is continuall y tested a nd cval uatcc\ under 
the specificat ions. Procureme nt for both govern­
menta l a mi non-governmen ta l e nd usc is d ircCLcd 
to\\·ard ~ ta nclard materiab and compo nents. Thu ~. 
th e manufacturer has an inccnt i\·c lO develop hi ~ 
protlutt, and the purch aser a warranty that the 
product is standard in size and performance. 

The benefits of the program a rc immediate and 
far reaching. Under the sta nd ardi.mtion program, 
dry battery life i in creased 25 per cent on the 
aYcrage; 22 crystal hold er types requiring 125 elec­
trica l spec ifications brink to three holder types 
and ~ i x e lectr ical specifica tions: the mu lt itudinom 
thcrmo~e tting pla~tic mo lding compounds o l widely 
varia bk types arc ~crcc ncd d0\n1 to some 130 com­
pound~ in 19 type~ : less than 900 of the 2,500 
known tube types arc used , and procurement is 
directed at some 200 preferred types: one molded 
mica c.apaci LOr replace 11; 3,7000 standard meter 
types are sufficie nt to coYer the appli ca tions for­
merly requiring some 37,000 non-s ta ndard types; 
nwre than ha ll the ex isting resistor numbers arc 
c· l iminated: protccti\"C coatings make cquipmcnts 
operatin· under tropical conditions, a nd greatly in­
crca~c th(·i r life. 

Othet exam ple~ : Fonncrly th ere were 120 diller· 
c·nt l\]J< '~ ol tclephon(' p lugs in m e. :'\ow there 
ar<" II. fel<:p ho tw ja< k'> form<' rl ~ lll ltlll>('rcd <ll>out 

400 different types, but this nu mber has been rc· 
duccd to 39. 

The first phase-simp lificat io n of types and sizes 
of ma teria ls and components o f cri t ical a pplication, 
a nd improvement of the ir p erforma nce-is largely 
accomplished. Production h as been in creased be· 
cause of fewer types a nd sizes; supply inve ntories 
have been reduced, fie ld replacement fa cilitated, 
service life increased , interch a ngeability insured, 
and savi ngs effected in strategic a nd cri t ical raw 
materials. 

ANEESA is now engaged in the second phase­
the extension o( the program to cover materials 
basic to the produ ctio n o( quality components of 
" ' icier applica t ion, greater com p lex ity, a nd unpre· 
di ctabl c performance. It is a p hase that requires 
continued evaluat ion o( industry's products to a iel 
in the further improvement of the products when 
necessary. It guides procurem ent, both govern­
menta l and non-gover nme ntal, toward standard 
ma terials a nd components by study of the appl ica· 
tio n, the publica tion of lists o f standard materials 
and components, a nd by the establishment o f pre· 
fcrrcd lists of standard com ponen ts. It keeps stand· 
ards acti ve and cur re n t, a breast o f ser vice require· 
mc nts and of deve lopments in the manufacturing 
art, by am endmen t and revision based upon Jabora· 
lOl")' investioat ion and lCSt c nuin ccr ing· a naJ )rsis of b ' ., \ 

improve ments in desig n a nd product ion techniques, 
and research a nd ana lysis. 

The fina l ph asc-i nd us trial Ill obi I it.ation- is ye t to 
come. 

Conversion from norma l production in time of · 
emergency is time-consuming a nd difficu lt. It wa its 
upon the deve lopment of milita ry standards, as 
di sti nct from normal industrial standards. I t is 
com p li cated by th e need for eva luating prod uction 
aga inst m ili tary sta ndards to determine compli· 
ancc, and to indica te where in improvements must 
be made in the prod uct in cases o f non-compli a nce. 

CC-21ACN MOTOR DYNAMO AMPLIFIER 
UNIT NAMEPLATE 

The Rureau of Ships h as been advised th at the 
:'\avy T ype CG-2 L\C i\ Iotor D ynamo Ampli fi er 
Un it of the :\fodcl SP R ad ar Equ ipme nt \,·as sup· 
plied wi th a namcphttc readi ng "CG-2 IAC I I"' in· 
stead of "CG-2 1ACN." Namepla tes bearing the 
correct type nu mber arc now a\·ai lab le for a ll 
:\fodcl SP R ad ar Equiplllcnts. 
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SP-cquipped vessels are requested to requisition 
ne" · nameplates from the E lectronics Officer at any 
of the fo llowing naval shipyards: 

Boston 

New York 

Philadelphia 

Puget Sound 

~ f a re Island 

San Francisco 

T erminal Isla ncl 

Norfolk 

The new nameplates do not bear the seria l num· 
bers of Lhe equipmcnts to which they are to be 
attached. Before each new nameplate is installed, 
therefore, the appropriate equipment seria l num· 
bcr must be stamped on it in the blank space pro· 
Yidcd. 

REPLACEMENT OF CRYSTALS 

.-\n official field change affecting a ll serial num· 
bers of the \'\Tavemctcr T est Se t AN / U PM-2 has 

. been issued. 

The chano·e involves the substitu t ion of a differ· 
"' cnt type silicon crystal. The J A type IN2 l crys· 

tals arc replaced " ·ith ·I N~5 cr ystals. This is neccs· 
sary because the h igh peak-power outputs of cer· 
.ta i;1 equipments with which the test set is used 
make fai lure of the I N2 1 cr ystals a frequent occur· 
renee. 

In anticipa tion of this field change a substantial 
q uantity of the IN25 ·crystals has been procured. 
The new cr ystals may be obta ined at the Ships 
Supply Branch, Oakland, a nd at the Electroni cs 
Suppl y Branch, Bayon ne. T lie number o f crysta ls 
to be replaced in each test set is seven : two in act ive 
usc, and ·fi ve spares conta ined in a receptacle 
fas tened to the cover. 

T he replacement is eas il y made. Further details 
\r ill appear in C.E.i\f.B. 

RETENTION OF MODEL FRC CONVERTRS 

\ Vith the advent of new models o r frequency· 
shift converters, the Model FRC Freque ncy-Shift 
Rece iver Converter Equi pment has genera ll y been 
considered to be obsolete. In this Gl~c the classi­
fi cation of "obso lete" is in name only; the equip· 
mc nt is as satisfa ctorv from a n operat ing stand-

' point as any other now instal ktl in shi p~ . 

It was recentl y brought to the au cPtion of the 
Bureau that many ships and insta lling artiY it ies 
have been rcmovi11g the F RC co 11vcrters ami re· 
placing them with FR:\ 's. T his is 11ol , in ge llcra l, 
desirable. Model FRC cotw en ers are considered 
as substi tu tes for the ll todcl FRG"s, " ·hid1 \\"Crt' 

previously authorized, and are not to be replaced 
by model FRA converters without sp ecific authori­
zation by the Bureau. 

The Bureau now h as se\·era l n ew types o f 
frequency-shift converters in the d esign stage which 
are expected materially to improve teletype com­
munications. One type is the CV-57/ U RR, \rhich 
is a sino-le channel i-f input type. Two of these 

"' units, together with a type C:\ f-J..l di,·ersity com· 
bining-unit, will comprise an Af\ / URA-6. T his 
dual unit will have the operat ing characterist ics of 
the present model FRF con verter, but will be re· 
clucecl considerably in size a nd weight. 

T he corresponding audio types are the C\ '-
60/ URR sino-Je unit and the AN / UR.-\.-8 du al unit. 

"' The latter converter merely consists of l\\"O CV-
60/ URR units and a Ci\ f-1-t/U RR combining u nit. 
The A t / UR .... \-8 wil l operate somewh at like the 
FRC in tha t it will have pro\·isions for two aud io 
inputs, thus providing the very desirable cl iYcr ity 
features. 

l\"onc o( these nc\,. cquipmcnt s will be in pro· 
cluction prio r to 1950, however . I t ca n readil y be 
seen therefore that it is most desirable to keep the 
model FRC converters in use until that t ime. 

W E HEAR THAT-

Sargravcs Electronics, Ltd., of England, is now 
set up to turn out 370,000 two-tube radio per 
year using the n ew "printed-circuit" techniques. 
~ folded forms with n-roovcs or natTO\\" chan nels 

"' [or resistors or conductors arc sprayed \\·ith rcsi · 
ti\·c o r cond uctive material: face-m ill ing mach ines 
sh ave o !T the execs coa ting-, lcaYing the resistive 
or condu ctive material intact in the grooYcs. At 
present, t\\·o-tubc regenerati ve receivers for expor t 
arc rolli ng off the lines, but the mass-prod uction 
line can be set u p to spew forth rour-tnbc ~uper· 
heterod ynes using the U :\15 "a 11-swge .. tube. T he 
two-tube receivers arc bu ilt and tcsLcd at the 
rcntarkablc rate of three a minu te. Incidentall y, 
an art icl e wi ll be l"orthcoming soon in the 
ELFCTRON describi ng the m·"· " printed-circu it .. 
techniques " ·h ich arc attracti ng ~o much lan>rall lc 
att e nti on. 

\'-h·f lll arches forward in ind mtry a~ wl' ll <I S in 
the na\·y. Bcl\recn three a nd lin- miil io n dollars 
\\"Orlh of \·-]1-f. radio telephone cqu ipnH·n t lor rai l· 
road usc " ·i ll he insta ll ed in l ~l-IR. a recent survey 
by the .\ ssociation of ,\ nlt'rica n Rai lro,tds shows. :\ s 
a 11 acce~sory to nta i n-1 inc opl'ra 1 ion. I igh 1 \\·cigh t 
" ·;tl k ic-ta lkie se ts an· planned lor product ion start · 
ing in .June. N 
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BASIC PHYSICS 

• E lectrica l c ircuits a rc qua n t itatively a na lyzed in 
terms of the electr ic cha rge, d ifference o ( po tentia l, 

cu r re nt, rc i~tance, ,,·ork, a nd power. I t has been 

sho"·n t ha t O hm's L a" · p resen ts thcs_c fa ctors in 

the sim p le rela tio n I = Ej R , \vhich is the fund a­

me nta l law o r a ll e lectri ca l c ircuits. As k now ledge 

o f e lectri ca l p heno me na increases, t he rela t io n bc­

t"·een Yo ltage a nd curre nt \v ii i be see n to be ever 
mor e com plcx. 

T his ch apter "·ill be concerned wi th the a pplica­
t ion of Ohm's L aw to sim p le e lectri cal circuits. 

Thorough maste ry of the id eas p rese n ted here in is 

es!>cntial if d anger of " bogging d mvn ·· in the fulllrc 

~tudy of com plex circuits is to be avoided . 

. lttumcy of Circuit Solution . l n the ear ly ~tud y 

of Ohm\ L a"·· a common fault is to str ive for a 

dcgTee of accuracy tar in excess o[ tha t ac tua ll y rc­

quin:d in p ractical work. 

:\ lathcma tica l solu t ions o[ cir cu its a rc IJa~cd 

upon the idea l concep t th a t for an y g iven circu it 

/ · .. f. and R arc a b~olutc con ~tants, but fron t th e 
prani ca l view po int, /~ . l , and R arc at bes t littlt­
morc tha n good a ppro x ima tio ns. 

Thc·rc are a number o f factors that j u sti fy th is 

loo~cr approach in practical work . Comitl<" r t he 

tollo \\' ing: . \ current llmving throug h a rc·\ i ~ t a n n· 

gcn t·r ate~ hc·at, and n·\ i ~tann: is knmv n to va r y with 

tempe! at u n· . Rc·\ i~ta rH e, t hen, i ~ a comta n t o rrl y 

unti l"! id eal co11ditiom. The c.m. l. d evC"lopecl acrm\ 

tlH' output tt·lllt ina l'> ol a source " ·ill vary with the 

load c tllTt·rtt lwcame of the: intcr n ;d rc'> ista trcc of 

the ~ourn·. "J he ele:tromnti\·c. force: o l t lw ~o tt i"Cl" 

j~ constant onl~ if the load cu rrrnL is consta nt. A 

• 
C i r CUI t_,.~:;.~=;:mm== 

variat io n in resistance w ill cause a var ia t io n in 

loa d cu rrent " ·hich in turn ca uses a change in elec­
tromotive force. These va r iable [a ctors m ay be 

ta ken into account whci1 solv ing a circu it, but to 

d o so increases the complex ity of so lu t io n . T he 
methods b y , ,·h ich they a r c take n in to acco u n t arc 

re fin emen ts, s tudied b est a fte r t he more fund a­

menta l pri nciples a rc mastered. 

l t w ill be fo und th at ir a cir cuit is p roperl y d e­
sig ned a nd operated , the assu m pti o n tha t .E, I , a~ld 
R ar e constan ts w ill yie ld su ffic ient accuracy lor 

the great majority o f circu i t solut io ns. \ Vhcthc r o l· 
not · th is assu m p tio n is j ustified d epe nds upo n the 

na ture o f the pro blem a nd is best judged o n the 
basis o f expe r ience. 

A lso keep th is in mind : \ !any c ir cui t so luti o ns 
' 1rc based u pon m easu remen ts m ad e with e lectr ica l 

i nstrumcn ts. "0: o clcctrica I me te r sho uld c ,-cr be 

assu med to be 1 00<~~ accu ra te. T he cost o f e k c­
tr ica l instru men ts d e pend s p r im a ril y upo n the de­

gree o r accuracy req u ired. J\ labor a tory-type yo] t­

mc tc r ca pable o f measu r ing vo ltages accura te . 10 

() I ,, · . . 1111ch as a 
· 0 llld y CO~ t te ll or t\\·enty t lnH:S aS I . 

general -ser vice inst r u me nt in " ·hi ch t he d esired 
accu racv is of the o nlc·1· <JI. +9(1" I t fo llo\l·s t hen 

' - - o · I 
t ha t mcas tt red e le:ct ri ra l val ues 111 ust be co n~idcn::< 
a~ noth ing more tha n good approx intat io ns. 

.\ t hi rd fac tor tha t mu st be considered in the 

ac cu racy of circu it so lu tion is th e ma n u ra< t u rcr"s 
" tok ra nee.·· For econon1 ic rea <;on ~, it is de~ ira l> le 
t hat the ma nufactu rer be per m itted w construc t 
< ircu it elements th a t arc ace u r a tt" o n ly " ·it h in rca­

~onable lim its. For <"Xalllp lc . i n the 111 a nt tl;tct urc 

o l rl"~ istan ce: t he man ufactt1 rc1· ma y be ;d lo"Td a 
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tole ran ce o[ + 1% . T h is means a 100-oh m re­

sista nce "·i ll be sa t isfactory if i t has a resistance 

be tween 90 and II 0 ohms. T he cost o[ such a 

r esistance is much less tha n one in \vhich specifica­

t ions d emand a r es is tance bet"·ecn 99.9 and l 00.1 

ohms, and it genera lly fo llows that the greater the 

to ler ance, the lower the cost of production. In 

p r actica l wor k tolerances as great as ±20% arc 
o f ten perm itted. Therefore a res istor marked " I 00 
ohms' ' sho uld be assumed to have a res istance o n ly 
tlppro xima te ly eq~t al to the ra ted value. 

I t shou ld be ev ident tha t, in pract ica l work, 

striv ing fo r a high d egree of mathem at ica l tl ccuracy 
is a waste of t ime a nd effort . Experience i nd icates 

tha t m athematica l accuracy to three sig n ificant fig­
ures is qui te stl tisfactor y, and strikes a happy 

m ed ium between calcula ted and measured values. 
The studen t is therefore urged to cu lt ivate the 
" three-sig nificant- figure" hab it in all c ircuit work. 

SfJecial Considerations. The c~pcrienccd eng i­
neer is incl ined to usc m<lny clcctnca l terms rather 
loosely, a practi ce tha t can be quite confusing_ t_o 

the studen t who has concentr ated u pon cxphot 

d e fi ni t io ns o f such ter ms. A standard nomenclature 
o f basic electrical te rms, ho"·ever, is ve ry desirable 

i n the early study of O hm's" L aw to insur e clar ity 

and br ev ity of exp lana t ion and to avoid possible 

111 isundcrsta nd ing. E xplan tion may be fu rther 
simp lifi ed b y mak ing ccr w in practical assumptions 
tha t w ill e l im inate some o f the r efinement s o[ solu­
t io n. L a ter it will be necessary to reconside r these 

assumptions in greater d e ta il. 

In th is cha p ter the term "d iffere nce o [ potent ia l"' 

ll" ill be used to d escribe the elect r ic force d eveloped 
across a r es ista nce by the action o f the curren t. 

The existence o [ a cli l[ercncc of po tential will t hen 

depend u po n whe ther or not a current has been 
c~ t ab l ishcd . T he ter m "electromotive force," :~b­

b rcvi a ted "c.nd. ," "· ill r efer to the electr ic force 
dcvdopcd across the o utpu t ter m ina ls of tl_Jc source . 
The inte rn al res ista nce o l the source will be as­
su med to be zero u n less it is othcnl"ise sta ted, so 
that th c. ll t. L is constant in magni tud e. On ly elec­
t rOJ IIOti ve-forces o r fi xed po larity \\"i l I be consid ered. 

. \ n c .nt. f. of const an t magnitu de and unchang ing 

po lar it y wil l c~t a bl i~h a 1/!l i-dirrclirnl~tl o_r d ir:rl 
ntlH'lll in a re~i~t i \T c irn tt t. II the CllTUit lT!>I!>t­

a nn · i ~ co m tant in nwgn itudc, the rurt"l'lll will 

ft a,·e con!>ta nt am pl itude. 1t \Viii be a~~t t ntcd that 

;il l rc~ i 5 t a nn·s arc capab le of di,~ipating hea t a~ 

rap idl y a~ it is generated b y the action of tl_t(· cur­
re nt. On th i ~ ba'>i~ the temperature ol the tT~ t ~ tatH v 

wi ll rcma i11 con!> ta n t, am i ,·ariations o r rc~ i~t a 11n· 

w ith temperawre m ay be ignored. It will also be 

assumed tha t the connecting leads are of sufficient 

size that they con tribute lit tle to the total resistan ce 

~ of the circu it. :\II resistance i n the c ircu it wi ll be 

assu med to be concent rated in the c ir cuit elements 

rather tha n d istrib m ecl through a ll parts of th e 

circu it. :\ s ins tru ction proceeds, t he studen t w ill 
learn th at the majori ty of these assumptions a re 
q ui te practical and are often taken for g ranted by 
the experienced engineer. I n some cases, as w ould 

be expected , ~hese assumpt ions do not hold, bu t 
the cases will a\rays be poin ted out to the student. 

Meaning of Circuit Soluliou . l\ fathematical solu ­

tion of c ircuit is of li ttle value u n less it tells u s 

someth ing abou t the circui t . I n gener al, a circu it 

is aid to be soh·ed when it is possible to predict 

the energy d istri bution in all parts of the circuit 

or in that part o[ the circuit in which interest cen­

ters. Such predictions arc usual ly made in terms 

of the va lues of E, I , and R but may be made as 
well in terms of Q, \\', and P . 

Ohm's L a"· describes the sta te of e lectr ical equi­
l ibrium that must ex ist in all energized electrica l 

circu its. Complete c ircu it equilibrium can ex ist 

o n ly if all parts of the circu it arc in equ il ibri um. 

Th is statemen t may be taken to mea n that a com­

p le te circuit satisfies Ohm's L <l" " on ly " ·hen all 
parts o( the circu it satis fi es the law. O n this basis, 
applying O hm's L a"· to a circu it leads tO two con­
clusions: 

1-T he I uta! current through a circuit will vary 
directly as the e.m.f. applied across the c ircu it, and 

im·erse ly as the l o la/ rc ista ncc o( the circuit. 

2-T he current through any jH1rt of a circu it Yarics 

direct ly as the difference of po ten t ia l across /!tal 

JHnl, and im·crse ly as the res istance o( !!tal jJarl . 

It ~hould be C\" id cn t that Ohm's Law ma y be 
used to d eter m ine a n u nknown cir cui t factor only 
when two factors arc k no"·n. R ma y be found if 

E ;1nd I arc knm1·n , E may be fot1ntl i( I and R arc 
kno\\·n , T ma y be fo und if E and R are kno"·n. 
Crea tc5L difficu lty often lies in the d ctcrntinat io n 

of the known factors. Keep in mi nd, "·hen "·ork­
ing with part of a c ircuit, th a t the \"aluc~ or .E, 1, 

am i R 111mt be u cd which pt'cifica ll) apply to 

ju ~t that part. 

TyfH'S of C:irc uils . Circuit~ llla) be broad!) das~i­

ficd a'> ~intp lc and compk:-. . I n general. ~implc 
<in u ih ;trl' ~oln·d b~ the ~impk rela t ion I E R. 

CompiC'x < ircuit ~ arc l c~s rcadil\' ~o l n·d hy this 
~impk relat ion . and n·c ·o1 1r~e l lltt~t he had to f,"irt !t ­

h1Jf)".l l .ml'.l. which an· logica l c·xH'Ibiom (I ] Ohm·~ 
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Law and are basic la" ·s for solving complex net­

works. 

Simple circuits are usually classified in terms of 

the arrangement of elements in the load circuit. 

An arrangement such that only o ne current path 

exists through the load is called a series circuit. 

Figure l A shows a typical series arrangement, the 

arrows indicating the d irectio n of electron move­

ment through the load . 

An arrange ment of circuit elements such that 

more than one current path exists in the load is 

ca lled a pm·allel circuit. A typical paralle l circuit 

is shO\m in figure l B. A hybrid arrangement o( 

series and paralle l circui t elements, such as th at 

sho"·n in figu re l C, Cor exa mp le, is ca lled a series­

pam/lei circu it. 
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In appl)ing O hm's La"· to simple circuir s it is 
ll ('CC~~ary to make U';(' Of Certain ax iOillS pecu liar 
to the typC' of cirruit. T hese ax ioms arc of par-

ticular importance-in extending the law o( complex 

circuits. An axiom is a seH-evident truth or- um­

versally-accepted deduction . A coro ll ary of an 

axiom is a logical deduction based upon the truth 

of the axiom. The student sho uld thoro ughly 

memorize the ax ioms of series and p<! ra lle l circuits. 

Current A x iom. In the series circuit there is 
only one current-path a nd, for electrica l equilib­
rium to exist throughout the circuit, it is essential 
tha t the number of e lectro ns passing any given 
point in the circuit be iden tical to the number 
simulta neously passing throug h a ll other points; 
?therw is~ e l ~ctrons wou ld pi le up at some point 
m the Circuit. This req uirement is described in 
the curent axiom: the curren t is the same in all 

parts of a series circuit . In figure 2, ;1
1

, /1~, A:v and 
.44 represent ammeters placed a t va rious points in 
the series circu it. No matter what e.m.f. is applied 
across the circuit, or what the tota l resistance of 
tl~e circ~1it may be, the readings of all the meters 
wil l be tdentical. If either the e.m .f or the circuit 
res istance changes, the mcrer read ings will cha nge, 
but they will a lways change in unison. It follows 
then that the current in a series circui t may be 
measured by connecting an ammeter in the circuit 
at any jJoint. 

E 

FJC IIRE 2 

A \1·ord of ca ution co nccrning- amn• ctcrs is in 
onlcr at this point. J\ 11 electrical meters must be 
considered as costl y and delicate instruments. 
.\ lcter accuracy is a fu nction of ca reful construc­
tion and delica te ba lancing of the me ter nlOvcment. 
A mechani ca l shock or momentary electrica l over­
load may completely d estroy this delicate ba lance. 
R epa ir and adj ustment of electrica l me ters usua ll y 
requires specia l tools and skill beyond the abi lity 
of the average techni cian. T he ammeter is an in­
strument designed to measure the a JJtp lit udc of 
a n electric curre nt. It has vcry low in terna l re­
sista nee, wh ich permi ts fu ll-sea lc read ings even 

. : . ' 

,_ 

when the e.m.f. applied across i ts termina ls is only 
a few thousandths of a volt. Because of this very 
low internal resistance, inserting a meter in a cir­
cuit scarcely affects the resistance of the circuit. 
For that reason, it is customary to assume that an 
ammeter has zero internal resistance. T he fact that 
an ammeter is fully energized by a few thousandths 
of a volt should not be ignored. An ammeter must 

always be cmmected in series with the ci1·cuit. This 
means tlte circuit must be opened to in sert the 
me teL 

A second important factor relating to ammeters 
is concerned with the maximum calibra ted current 
ra ting shown on the scale of any given meter. Be­
fore inserting a meter in a circuit, it is necessary 
to make certain that the maximum current ind i­
cated on the calibrated scale of the meter is at least 
equal to, or greater than, the maximum current 
to be expected in the circuit. Failure to give full 
consideration to these factors governing the use 
of ammeters will inevitably lead to reprimand, 
severe personal criticism and, most importa nt, a 
ruined instrument. 

The R esistance Axiom. The resistance axiom of 
a series circuit may be derived from the current 

. axiom. The rate at which the series circuit cur­
ren t accomplishes work in a resistance R is given 
by 

p = J2R. 

In figure 3 the rate at which work is done in R. 1 is 

P1 = UR} 

in R~ is 

P~ = l "R 2 , 

and in R 3 

Pa = l "R :t· 

+ 

(I)= 12 R3) 

F I GURE 3 

Since I is the same in all parts o( a series circuit, 
work is being accomplished simu ltaneously in a ll 
three resistances, so the tota l rate at which work 
is being accomplished in the circuit is 

P = P1 + P~ + Pa = l 2R1 + I 2 R 2 + l 2 R3 = 

12 (R 1 + R 2 + R 3) · 

It is possible to visua lize this work as being acco_m­
p lished in a single resistance instead of three re- · 

sistances. Let R e ("e" for effective) represent a · 

resistance such that the current I accomplish es 
work a t the rate P described above. 

Then 

P = f~R. = I~ (R t + R~ + R 3) . 

Dividing b y / 2, 

R c = R 1 + R~ + R a, 

wh ich indicates that the total resistance of a series 
circuit is equal to the sum of all the individua l 
resistances around the circuit. The total resistance 
of a series circuit is called the "equivalent resist­
tance," and is that value of resistance that may be 
substituted for the entire load circuit without caus­
ing any change in the circuit current. 

Th e Voltage Axiom. By Ohm's L aw the voltage 
drop across a resistance is equal to the product of 
the current and resistance. In the study of Jew­
ton's Law of Forces, it was learned that, for every 
applied force, there must be generated an equal 
and opposite force. \ .Yhen an e.m.£. is applied 
across R , it establishes a current I o£ su ch ampli­
tude that the product IR represents a force equal, 
but acting in a direction opposite to the e.m.f 

Thus 

E = IRe, 

where E is the e.m.f. appl ied across a series circuit 
having an equivalent resistance R c and I is the 
curren t established in the circuit. Since 

R c = R1+R2+ R 3 . ... , 

then 

E IR e = I (R 1 + R~ + R 3 . .. · ·) 

E IR 1 + 1R2 + JR3 . . 

which sta tes lit e sum of all the v oltage dwps 
awund n se,·ies circuit is equal to the applied 
e.m .f. 

A corollary of the voltage axiom leads to Kirch­
hoff's Voltage La\1·. 

If 

E IR1 + I R:! + IR:1 

then 

E - 1R1 - JR.~ - I R :1• = 0 

K irchhoff's Voltage Law state's: The algebraic S lllll 

of all lhe differences of fJoten tial around n closed N 
Ut 
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conducting path is equal to zero . The voltage 

drops are considered negative since they r epresent 
electrical potentials in opposition to the applied 
e.m .f. The electromotive-force applied around a 
closed path es tablishes a curren t of such m agnitude 
that all the generated voltage-drops added together 

constitute an opposing force j ust eq4al to the ap­
plied force. 

(I R 3 ) 

+ + 

1 
R3 

+ 

R2 i E V4 

l E=IR1+IR2+IR3 

R1 

+ 
~ 

(I R 1 ) 

FIG URE 4 

Figu re 4 illustrates th e voltage axiom of the 
series circuit. V 1 , V 2 , V3 , and V4 are voltmeters, 
e lectrical instruments des ig ned to m easure the d if­
ference of poten t ial between a ny two po ints. f/1 

is conncted across R 1 a nd hen ce reads the voltage 
drop IR 1. V 2 reads IR 2, a nd Tl:~ reads IRa. V4 is 
connected across the source terminals and h ence 
reads the e.m.f. generated by the source. T he sum 
of the readings of V1, V 2 , a nd V 3 will a lways be 
equ al to the read ing of v4. 

T he voltmeter is essentially a sensitive a mmeter 
with a very hig h interna l r esista nce, so that the 
curre nt through this resistance measures the volt­
age applied to the term ina ls of the m eter . T he 
most important precautio n to observe in using a 
vol tmeter is to m ake sure that the m aximum sca le 
reading of the instrument is at least equ a l to, or 
greater than the differ ence o[ poten t ial to be ex­
p ected between the two points to w hich the meter 
is connected. If this p recaut ion is not o bserved , a 
voltmeter will burn o u t just as read il y as a n am­
meter. 

Either a direct-current ammeter or a direct-cur­
r ent voltmeter m ay be u sed to d e termine the polar­
ity of a ny two points in a circu it , but the volt­
m eter is the more useful instrume nt beca use it m ay 
be connected to the cir cui t without the necessity 
of first opening the circu it. D i1·ect-cu·rren t instru­

ments m·e said to be polarized b ecause they must 

be connected in the circuit w ith due 1·egard to 
polm·ity. The positive terminal of a fJ olm·ized in-

stntment sh ould always be connected to 1 li e paint 

of highest absolute jJotential. T l1e basic nde is 

fJositi ve to fJ osit ive and negat ive to negative. If th e 
meter is incorrectly connected, it w ill te nd to read 
in the reverse direction. In gcne!'al, a n instrumen t 

will not be d am aged by being co nnected in a posi­
tio n o f reversed polarity unless the pote nti a l across 

its termina ls is in excess of tha t which produces 
full scale reading, but it is much better to connect 
it properly in the first p lace. 

In direct-current work, it is sta ndard practice to 

u se a color scheme to indicate po lar ity. Reel is the 
univer sally accepted color for indicating positiYc 
polarity. (" R eel is for ho t. ") Black is m ost o fte n 
used to indicate negative pola rity, but oth er colors 
except reel are sometimes u sed in place of b lack. In 
many cases polarity m ay be indica ted b y pl us a nd 
minus sig ns. Quite often only a sing le sig n is u sed. 
For example one termina l of a m eter may be 
m arked (+), which automatically indica tes that 
the other must be (-) _ 

So lution o f Series Circuits. The forego ing axioms 
o f the series circu it plus O hm's L aw arc the tools 
for solving series circuits. Skill in solu t io n comes 
only from practice. T h e following examples w ill 
serve to illustra te the general m ethods of solution. 
In studying the examples, con ce n trate o n the rca­
son fo r each step rather tha n th e arith met ical op­
era tio ns in volved. 

EXAMPLES 

Problem : ' 'Vhat current will be establ ished in a 
resistance of 15 ohms b y a n e.m.L o f SO volts? 

E SO Solutio11.· I = R = )5 = 5.33 a. 

Problem: ' Vhat c.m.L is required to establi sh a 
current of 12 a mperes in a resista nce o f 1.5 ohms? 

Solution: E = JR = 12 X 1.5 = IS v. 

Problem: A generator delivers _a cu rren t of 50 
amperes a t <~n c.m.f. of 660 volts. ' 'Vhat is the r e­
sista nce o f the load? 

E 660 
Rc = -- = -- = 13.2 ohms. 

I 50 
Solution: 

Note that this so lu t io n docs not ind icate the na­
ture of the load. It sim p ly ind icates the load acts 
exactly like a ser ies circuit o( 13.2 ohms equ iva len t 
res ista nce. 

Pro blem·.- A n c.m.L of 120 volts es tablis)1cs a cur­

rent of 4.5 a mperes in a soldering iron. What JS 

th e equivalcnt resis ta nce o f the soldering iron? 

E 120 
Solution : R = --= - = 26.7 ohms. 

I 4.5 
• 

Problelll: In the preceding problem at " -hat rate 
is e lectrical energy converted to hea t e nergy in the 
iron ? 

Sulution: P = EI = -1.5 X 120 = 5-:10 '"atts. 

E~ 

i'\otc also P = l~R - . 
R 

Hmrever, P = El 

requ ires the least arithmetica l " ·ork. 

F IGCRI:: 5 

Pro/J!e111: In figure 5, H 1 = G ohms, R~ = 2 ohms, 
a nd R,1 = 4 ohms. \\' hat c.nLf. is requ ired to esta b­
lish a curre nt of 2.2 amperes? 

.'-iolulirm: R c = R 1 + R~ + R:l = G + 2 + 4 = 
I 2 ohms. 

E = IRe= 2.2 X 12 = 26.·1 volts. 

Proble 111 : In figure 5, R 1 = 2.5 ohms, R~ = 3.6 
o hm s, and R ,1 = 1.2 ohms. Source c.m.L = 120 
Yolts. Determine circuit current and check results 
by YOI tage axio m. 

Solul ion: R c = R , + R~ + R a 2.5 + 3.6 + 
1.2 = 7.3 ohms. 

E 120 
I = - = -- - IG.·l a. 

R 7-3 

Clwch: F = I R 1 + IR~ + IR :t = ( IG.-1 X 2.5) 
+ ( IGA X 3.6) + ( l fi. ·l X 1.2) = ·11.0 
+ 59.0 + 19.7 - 120 \', 

Pml11e 111: ]n figure 5, R 1 = 3 ohms, R~ = ·l ohms. 
R ,1 = () ohms. H the Yoltagt: dro p across R~ is :12 
yo lt~. determine circui 1 current and e.nt. f. 

Snluti"n: I U~ = ~~-

:12 :~2 
I - - ~ <I. 

R~ ·l 

R. = R 1 + H~ + R :1 = :l + ·I + ti = I :l o luHS. 
/·:' = JR." = 8 X ] !{ = Hl·l \Oi l '>. 

P roblem : A n e.m.f. o f 4-:10 volts moYes a ch arge 
of 576 coulombs throug h a r esistance R in 8 sec­
o nds. " ' hat is the resistance o f R? 

Solut ion : I = 
Q 576 

8 

E 4-10 
R = - =­

I - ? ( _ 

~ 72 a . 

6. 11 o hm s. 

Problem: r\ current o f 5 amperes in a resista nce 
o [ JG ohms for 20 seconds ' " ill accomplish 11·h a t 
wo rk? 

Solution: P = J~R = 5~ X 16 = -100 ,,·atts. 

Tl ' = PI = ..JOO X 20 = 8000 watt-seco nds -
8000 jo u les. 

Problem: At " ·hat r ate is \\'Ork accomp lished in 
a circu it if the source su ppl ies 2.1 amperes :tt a 
pressure o f 90 volts? 

Soluliun: P = E! = 90 X 2.1 = 189 ,,·a tts. 

Pro/Jle 111: \\' hat po1rer is clcYcloped in a r esista nce 
of G ohms by a current o f 0.5 a mpere: 

Sulutio11: P = l~R. = 0.5~ X G = 0.25 X G = 
1.5 watts. 

Problem: At 100-,ratt ohm resista nce has pmrer­
dissipat ion rating o( 60 watts. \\' hat is the m ax i­
mum voltage that m ay be applied across the re­
sistance wi tho ut exceeding the ra ted poll'cr diss ipa­
tion? 

Sululion : P = 
R 

PR = E~ 

F. = y PR = y 60 X 100 = y 6000 = 77.-l volts 

Problem: r\ n ind us tria l po\1-er pia nt is des ig ned 
to suppl y 3000 a mperes at 460 volts. 1[ the overa ll 
cos t o f prod uct io n of clecu·ica l energy is 1.3 cents 
per ki lowatt-ho ur, \\· hat is the cost o r operating 
the plant a t full o u tput 8 hou rs per clay fo r 30 
days? 

Solulinn: P FI = ·I GO X 3000 = I ,380,000 

I - 8 X 30 = 2-10 hours. 

II' = Pt = I R~lO "'- 2-10 ~u 1 ,2oo 
k1r-hr. 

Cost = !B I ,200 "'- 0.0 I :l = .$·l305.fi0 

.·l n11lysi.1 of th l' Snie.1 (;ircuit. Crcatc~t in1crcs t 

in 1hc scrit·s circuit li t's in the sintpl ici ly n l circu it 
so lution a nd th e lan 1ha1 a ny two-llTl ll illa l lW I -

1\·ork 111<1)' he n ·d uccd 1o an l' (j ll il·a lent sn i('S c ircuit. 
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From the standpoint of the distr ibution of elec­
u-ical energy, the series circuit has severa l !.imita­
tions, the d isadvantage of which will be discussed 

only briefly. 

The series circuit often acts as a constant-current 
variable-voltage circuit, which m eans that in order 
to ma inta in a constant curren t in this type circuit, 
the e.m.f. must be varied each time a change is 
made in the circu it resistan ce. Of course there is 
nothing restricting the series circuit to such be­
havior, but i t often is o f th is type. A 120-volt, 50-
watt incandesce nt lamp will burn at ra ted bril­
l iancy " ·hen the vol tage applied across the lamp 
is 120 volts and the current through it is 60j l20 
or 0.5 ampere. If two su ch lamps are connected in 
series, it " ·ill be necessary to double the e.m.f to 
2-10 vo lts to obtain proper operation of each lamp. 
Each ti me a lamp is added to or removed from the 
circu it, it " ·ill be necessary to readjust the e.m.f. 

Two devices not d esigned for the same current 
will not (unction properly in series. For example, 
a 120-volt, 75-wa n lamp requires a current of 0.625 
ampere for proper operat ion. If such a lamp be 
con nected in ser ies ,,·ith a 120-volt, 60-wa n lamp 
(whi ch requires 0.5 ampere) it will be impossible 
to adjust the l ine c.m.£. so that both lamps burn 
at rated brilli ancy. If the e.m.f. is adj usted so that 
the cu rrent is 0.625 ampere; the 75-watt lamp " ·ill 
[unction properly, b ut the 60-"·att lamp will be 
overloaded. If the c.m .£ is adjusted to supply a 
current o f 0.5 ampere, the 75-"·a tt lamp wi ll not 
recci,·c suffi cien t energy. 

The eric circui t is particular ly susceptible to 
circu it faults. If one lam p in a serics·conneCLed 
grou p burns o ut, the circu it wi ll be opened , dc­
encrg iJ. ing a ll the o ther lamps. If one lamp shou ld 
~hort-c ircuit, the voltage across the other lamps 
will r ise, ca using them to be overloaded. Thus a 
short-circu it of one p iece of appara tus in a series 
circuit may endanger a ll the other cq uipmcnts m 
the circu it. 

A fina l pranical disadvantage of ser ies circuits 
is that op(·rating a large n umber of dev ices in series 
requ ires in practical ly all cases largc va lues of 
e.m.L I l igh voltages introduce serious prob lems or 
inwlation both in tlw circuit and in the source. 
In addition, the high \'Oltage reprt:st:nt a \'Cry 

EXERCISES, PART 9 

I. In a ~imp!<: ~eri<·~ (ir<uit such as figure 11\ , R 1 

~~ 15 ohm'>, R" is 27 ohm~. and R a is 10 ohms 

(a) Find the applied e.m.f. if the vo ltage drop 
across R 1 is 19 volts. 

(b) \Vhat is the• applied e.m.£. when t he cur­
rent through R 2 develops 312 watts? 

(c) \1\fhat is the voltage drop across R 1 and R~ 
when 24 vol ts is the.c.m. f. ? 

2. How much current is drawn b y a 1.35-kw elec­
tric heater when used on the I 10-volt l ine? 

3. The voltage drops across the r esistors in figure 
5 arc measured as follows: R 1 , 33 volts; R 2, I 8 
volts; and R 3, 56 volts. Calcula te circuit current 
and watts· dissipated in R 1 and R 2 i [ the power 
dissipated in R 3 is 11 2 " ·a tts. 

4. \Vh at quantity of charge is passed thro ugh a 
60-watt mazda lamp across a 1 10-volt d-e l ine in 
I .2 minutes? 

5. H ow much \\·ork is done in h eating a room 
with a 1 10-volt, 900-watt electric heater for 2 ho urs 
and ~0 minutes? 

6. H electric power is sold a t the ra tc o ( 7 ~-'2¢ per 
ki lowat t hour, what is th e cost o f hea ting in ques­
tion 5? 

7. In a series circuit, 2·1 , ,o lts is app lied across two 
resistors. R 1 is fou nd to be •1 ohms and R 2 is dis­
sipating 32 watts. \Vhat is the res ista nce of R2? 

ANSWERS TO QUESTIONS, PART 8 

I . l\ fo\'cmcnt of e lectrons. 

2. milliampere. 

3. microampere. 

-1. (a) 0. 156 ohms. 

(b) 2778 ohms. 

5. (a) 350 mv. 

(b) 45.fi ma·. 

(c) 3.768 kw. 

(d) 6270 volts_ 

(t:) 2.238 kw-hr. 

G. (a) Increase. 
(b) l ncrease. 

7. (d) is the correct sta temcnt. 

8. Fa lse:. 

9. 1.275 microamperes. 

10. (a) 4-12 jo ules. 

(b) 4 185 joules. 

(c) 369 y 10~ joules. 

(d) 716 X I 0" jo ules. 

(e) 15 X I 0" joules. 
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VACUUM TUBE RECORDS A ND SIGNAL 
GEN ERATORS 

Eleclronics O fficer, U. S. S. B ronx (A PA-236) 

This letter is written in an attempt to gain clari­

fication of a col}fusing situa tion. Various training 

units and inspecting parties h ave no t improved 
ma tters by quo"ting from letters they have seen on 

the ~ubject, but which they cannot find. 

R esponsible persons have stated tha t vacuum 

tubes are not classified "Title B" unless they cost 

fifty dol lars or more. Is this correct? Must tube 

h istory cards be ke.pt for all Title B tubes? If so, 

what is the recommended method of keeping them 

for Ti tle B tubes that have no serial numbers? 

\Ve arc ma intain ing history cards on all tubes 

costing more than five dollars. T hose without se­

rial numbers arc held as sp ares. \ Vhen we have to 

start using these tubes without seria l numbers, 

ho\\·cver, some of them will undoubtedly end up 

with the wrong history, due largely to the turn­

over of personnel aboard. \1\fiJl all future T itle B 

tubes have ser ial numbers, eliminating this 
trouble? 

Another item of concern to us is that our new 
test equipment allowance docs not list a signal gen­
erator. U nder the old allowance, this class ves el 
ra ted an LAK or similar type cquimcnt. Is this 
new allowance in error? It seems rather impractical 
for us not to rate a signal generator. 

Burea u Commenl: Article 67- 275 of Chapter 67 of 
the Burea u of Ships ·Manual ( 1944 ) classified 
vacuum tubes Yalucd at five dolla rs a nd under a. 
T itle C , and those Yalued a t more than fl\T dolla rs 

as Title B. T his separation is be ing cancelled , and 

the next revision of Chapter 67 will not m ake this 

distinction. T he Bureau no longer considers any 

tubes as being in expenditure account 12,000 (old 

Title B), b ut no\\" allows them to be handled as old 

T itle C tubes were handled . 

T he Burea u docs not require tube history cards 

to be ma inta ined aboard ship since it is Bureau pol­

icy not to usc servic: life gu aranteed tubes aboard 

ship . Th is policy is sta ted in Paragraph 6 of 

BuSh ips letter EN28j A2-11 (980b) Serial U-980-

334 da ted 16 September 1946 ,:mel pub lished as 

Item ·lG-1954 in the Navy Department Scmi­

l\ Tonthly Bulletin of 30 September 19-16 and in the 

1'\avy Depa r tment Bulle tin NAVEXOS P-4 57 of 

July-December 19-16 on Page 390. Paragraph 6 

states, " It is the Bureau's present policy not to use 

an y service life g uara nteed tubes aboard ship. H ow­

ever, many tubes origina ll y bought under old guar­

antees may still be aboard. T hese shou ld be han­

dled as nonguarantccd tubes. " 

T he recommended mel hod o f kecpi ng hi s tory 

records of a ll tubes is to enter a ll replacements on 
the E lectron ic Equi p111en t I I istory Ca rd ( TAV­
SII IPS 5:>6) o [ Lh t: cquipnten t in which the tube 

is installed. An article appearing on page 12 of the 

February, 19-18 Eu.CTIW:"\ gave the details of this 

system. 

:\II test cquil)ment a llo"·anccs arc u ndero-oino- re-t> b 

vi io n, and the nc\1" .\PA a llowances \ri l l list signal 

generators. The Bureau of Ships appreciates your 

interest in these mail ers and solicits funher qu es­
tio ns and comments. 
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Pictured above is an E 

do a job recommended 

ELECTRON, with the magazme 
' 

locked up in a safe. 

that 

shown to all con­

cerned personnel. This includes civil­

ians and enlisted men. 


