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�U�STION #1. �hat is electromoti ve force? 

) . 

I '" TI1-.,-:J 
.n. .• :J ��) �4' ::... 1.. � #<L. :je have t·�,�· bodie. :-sL?i�d t.·:; differ�::r,t ' ·  1,is.ls in 

s vcltaic cell, a.ue1 tu +:J.J.e differen,Je ·�f potential 
tetw,�en ��hem is due the •::u.r:rr::nt f1 ':wi rg hrough the 
exterrBl circuit. The greater thi e differe�ce of 
pct'?::r,tisl the greater tl:.e curront, c·r efi'�ct of the 
aurrnnt rroauced. 

l':Jt�ntial l:s the force which t::1oves electr�:-:it;::r through 
the c�irc:Jit .. l1hus, the L':<t�:- :orce reqnir.::C:. to cause 
'· �\HT·3•Jt t.; f1ow tt:.rc·'lgh t:1e ·�ircuit. iFJ cnlled 
t'·s ··1ectrcnctive force. 

A :1iff·;r3 .. Je3 :_( l\·t��r-.Lial -�::(ir.�ti.Jtg :tetjv�e��-) t tv\fo 
poiPts iL s ci.rcuit �.�i>J:.d C'JLiS? �.b3 C')rTt;!:t to flow 
�U�3t 1H�tweer th'32e t·;.o roints, tLerefr:-re: 

·�lect.ro .. ;;otiV:) .force i::: t"h·':! t..:t�l differ•Jr'.ce cf poten­

tial t,h:st is ::::aintaired in any ci rcuit. 

"SSS�ICN f:2. Cn what doe.:s tl':.e �!.LH' of n cell d�pend? 

A!IS\VER fl. r, � 
;r'-'• .t1 cell ccnsists, e::;���::.Ltlally of tv•:o dissir:lilar metals 

.L!llil1C.r21d itt a ::;elution ?.!hioh wil!. att�1ck cne of 
tile r:lstes. ·rr1ese t·\·110 r<L.ntes :nust 
Vie the degre:3 �·f ilrteJJsit�· t. f � 

" ... . . "1 
oe ul83l�l ar so 

c�e�ic8l action 
C!l o:c.e rlute \Vi1.1 :� .. : :�:;.:•eDtr;r· t>7-:�Yt. C.L.·.: t.Jl-:·3 ·;�·t.'here 

"'�i1e Jt� of a cell depe�::L:, �;bqr,d':H',:;, ··n 7;. aifferenc 
ill iri·r�er:.�?i..t;l of �11e cl1.�u:i(�o1 ac·tion. ·'·nd o:n tl1e solu 
tion u.sed fur ·:?lec",r.:;.i;yte. ":h'3 ziz,:; cr ar·3s and the 
"'l·,,r .... ,,. . .. � 1··et''·e""r·· '�·,.., I··}''�·e:: d•1"'"' '1"""" .. ... f""·"'f +·'lr1e EMF · u \,d ,..F<.:1 ... . o..�., t; ;,. .., ,. '-/ � ,� . ,. . .., -' ,a I.J i_. ,, '.J .<>. i\ .. v u Q �L . . · ... v �' :J.l. • 

�n'i'c.�11Tt·,N ::Lr; 
· r tJ � •�i -l -6. \..; ,t �� • �hat substances are known ss tha electro-cha�ical ser­

ies? Give �h�ir nolariti�s when immerced in a d i lute 
solution of E2Sc4. 

ANSW�R 

�'"""'�'·� ' 

#3. The following substances are own as the electro-ahem. 
ical u8ries. Their polarity i� a dilute s o l ution of 
sulpLuric acid d�pends 0r.: +;he :: ub s t a nce chosen for 
the or:p·._,;:.1 i te p1 ate. �heir J:i)�-1 i tion i n  the se ries de­
pend�:; on the i:nLeusit,y tf:a .. , '1 dilute ::wlntion of sui. 
phuric acid will act QfC tte�: .1� . 
��· �[ • ,., ,':.). !'l t :: n tc-'", ("'-'· .r ,;; "1 ,..., li _il>s, • • 'l·�..,... "") I ;;y "h ,":\ ..,.� j-/1. O "\ • : .... Dl��"'''····" "' ' ... t. .• re;,t t,,_._vu,�·"·· ex:t .. ,rx.al ,,lrCl .. :tt • .  

C E 
J 2HJC IRca; J:IH l.2!AD Cui'?'b SI:;.;T2iR :::·L..11'INUM CARBON G 
I A 
T Dir�ction of c�rretrt through 80lution. T 
I I 
1 v 
� E 
I;1 ':;his table, a:1y snbstanc·e is pceitive to any sub-, 

stance which follows it and negative to any preoed; 
ing it. For instance . Iron is p o sit i ve to Coppe�. 
while Copper i s  p os itive to l;latinum; Silver is 
negati.ve to lead, while lead is negative to Tin. 

��-"�...<.,Jl.,: .. ,.�,"��,;.;....,'!l�'lil�w"';�. � - < ""'��·· 
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--�sTION //=4. What is meant by electrolysis? Give some examples. 

ANSW'i.:R #4. The rate at which the negative plate of a cell, waste 
awa y , or is constal:ed, is en t ire ly cia pendent on the 
amount of current the .:;ell is supplying. Were no cu 
rent being supllied., 3Uppos ing that the metals were 
pure, all chemical action woclct cea3c, and no m ater 
ia 1 would be consume a. .. 

The reverse of the above process iJ Gslled electroly­
sis, where the liquid is broken up and the metal 
depo::i ted. '�he rate l;f consumption of n sub stance 
when or:e ampe re is o.rawE frcm n cell, and the amoun 
of �:�eta 1 deposited per hour by e lee trolysi s, is 
termed the Electrochemical �quivalent of the substa 
ce. A table fo:lows& 

:T.LECTHOCHEMICAL EQUIV.AL�NTS 

�LE!.lENT ! SY1.t3CL: 

A 1 Ul�J i n um • • • : Al . 0.3369 . 
Copper • • • • • . �u . l.l8G 
Gold • • • • • • • 

. . 

. .:\ t.� . 3.677 
Hydrogen.«. 

. . 

. H . 0.03759 . . 
Iron ........ . Fe . 0.695 . . 

. . 1.042 
Lead ......... 

. 
I'' 

. 
3.858 . .0 . 

:J l e lte } __ • • • • • 

. 
Ni 

. 
1.094 : . 

.i:itrogeJ:t. .... N 
. 

0.261 : . 
cxyge:!] • • • • •  

I' . 
0.2983 . v . 

::3i lver . . .. . .  
. 

Ag 
. 

4.025 ; ! 
Zinc • • • • • • •  . in . 1.�?19 

2.969 
0.843 
G.2720 

�? 6. 60 
1.4�3 
0.959 
0 .. 26S:2 
0.914 
3.828 
3.352 
O.f-:485 
0.820 

By means of this table, it is possible to determine 
the amount of met al necessary to prt,duce a given 
current fur a given time. 

One example of elec·�roly::;is is electroplating. Advan­
tage is taken of t. he fact taa t if a current is pa sa 
r:ld through 8 solution coli.ta.l.niHg the salt c·f s meta 
the reatsl will be depcsited on the negative p la te. 

Another example is the destruetion c·f metal rJ.st;ermain 
etc., due to :;lectrols·�)is, (.•r t electrolytic acti 
Fer instance, aD electric railway uses the tr�ck fo 
the return circuit. The rail;:� are not in ::ruls ted and 
therefore allow tb:3 current to leak into the ground.l 
This stray �urrent �ill follo� the psth f least re 
istance, ;'nwh as a wat:;rr::m.in ;...r H s'c.ain back to 
the g8ncrat,)r, which is also grounded. There is no 
harm do:::.e where the ourrent er:ters the pipe, but 
at the place where the �urrent leaves the pipe, the 
soil around the pipe is usua:.ly moist and sa lty, the 
salt acts as an electrolyte and chemic a l  action is 
set up between the pipe snd the salt water. and the 
metal of the pipe is f�o:asumed by the salt and c arr­
ied to ::;erne other ;_>i.l'bstance t.!:at is .acti��g as the 
n�g::Jtive plate at the r::wment. The only Fl'3thod of 

preventing the latter ie to provide a path of low­

er resistance than vmtermains or gasmains, suoh as 
welding all lengths of the rails together ,  or using 
a second trolley :for o return. 



( 

( 

-uESTION #5. Explain the chemical action of a zinc-copper cell 
using dilut� sulphuric said for the electrolyte. 

Al� S 1N �-1::t j5. A zinc-copper cell con8i3ts of: A j ar containing a 
dil�te solutio� of sulphuric scia into w�ich are 
in11:1er:0ea th': tw�l r1ii'::'�i:nilar pla tes ,  o:rce cf zinc 
and the other of copper. The chemical symbols are; 
R2S04, ailute �ulphuric acid; ·�n. ;�.iuc; Cu, copper. 
Upon cc:r.p:eth!g tb::; c ircu.it ·by "!,:l;r:\ec'�Lng a w i re to 
both plates, exte:r'·tally, the electrc:l:;.·te co.:mr.ences 
to attaJk the zinc. The 304 part of the r;lectrolyte 
has a fotr�.Hg affinity fer t;he zinc, �ma combir:;es 
wi.th the Zn to form ZnS04 ( zinc sulphate } . For every 
S04 part of the solution ths� combines with the zinc 
there are two parts of hydrogen (H2) liberated. The 
moment that tbe H2 is liberated fr:;m. th<� compourd of 
H2S04, it possesses unu:.1ual r�5adiness unite with 
other molecules. As there are many mo re c::nr.pounds of 
H2S04 in the f1C l�Jt ion, tb� :: i r;;,t H2 'J.ni tes with the 
304 of the :nl3xt molecule, ,-ll�tj. the resulting 112 which 
is lib era ted nnites with the S04 of the next, and so 
on across the cell, until the coprer olectrode.is 
reached, where the last R2 rises to the 8Urfsce. 

Therefore, as long as the circ �it is comple t ed , this 
�hemical action takes ::·lace, and current i:J supplied 
to the exterr�al eircuit, 1Jut at the cost of the zinc 
0 le ctroae , ana the solution. The �inc grsdually �as­
tes a�"JDY nPd the :oh;;tL:n.t b�"·comes weaker. 

·uc;::3TION 1f6• �xplain locsl action in .'3 orimary cell. 

.Airsv·lE� }6. ·/Jere the metals of the two elec�,rodes in a primary eel 
pure there would be no uhemical action uron brea king 
the external circuit, but it i�; nearly impossible to 
obtain such pure metal, therefc·re the;).' contain many 
impurities, c;uch as sm.:�ll partic ler.-J of iron,. tin, 
leaa, csrbun, etc., �h1ch substancea, accord1ng to 
the table of Plectr0chemical aeries, wuuld set as 
the negative plate or plates, �hen the rod of zinc 
•,vas iiTJmer:sed L: tte solution. ·::hese numer;;us s:mll 
particles cf dls:s.Lmil:3r met.al s;:>.t up munerous srr.all 
independent calls. tte che�icel net Gn of which is 
si�ilar to the 9ction in the lsrg� cell, therefure, 
ever .. thc·::gh the external circuit be broken, the zinc 
in a z:r.nc-cop:per cell, V'Jill grndually waste Jway due 
to the '3ction t.;f ';he :·�mall�r local ceU_G. This is 
called loc.sl sction. It L:; usw31ly prev·�r:ted by amal 
z,amstion. ':'he :-�LPc L� �hort;ugr:ly .;1:-:anecl 7i1:ith ssnd­
paper, i:nr:··er2ed :1.�·: d.llnta st:.lphur:e acid, ::a.aa. while 

cd:l""!1 '··l·:o.t ;>r•-:rer•"•� ''·it'"l F><"r••·Jr·u. 'T1hl.<"! f'u··rro.� .,., br�crht ...... v ...... .J... I -� t '"" v I .J � u .. - .I.J .. uv v '" - tJ .a.. ..... - . ..... :.._ Q .... 0 

:Jma lgaa1 ·xhich prot ec t  2 the l'0re ig!1 rnate ria 1 from the 
a ction of th:3 acid, although :1ot prav\�Eting the acti 
of the a c id upun the zinc. A� the zinc wastes away� 
the r:.e rcury aL:la lgam reforms, thus pre·vent ing loca 1 
action for the life of the zinc elect_rcde. S ome manu 

facturers cast the zinc electrode V< ith a srr.;all per­
centage of mercury. 
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�U'sSTICN ;¥7. What is mesnt by polarization? Hmv is it prevented? 

ANS'i'r:�:a Ji7 11 • .\s explained ih ::ue�tion .¥5., hydrogo::n is liberated 
fr om the e lectrolyte., :1:1'3 tc the combi'ning of the 
S04 with the z ine. :·his hydrogen :9 cc :.n:n.tlates on the 
ccpr:er plate. Cf ,:;ourae, if the oircuit were broken 
and the cell allowed tc 2tand idle for a �eriod of 
+1'�o tho 11y�ro-�rj onc)·t•l? Og�nue to t�� 0l'r�oce but U J.Ul;.P t v �\_.. ..:.. . J :::�·..,, . . "\1'�\ . ..t.. .· •. ·l v���U'- � ,o..o,t", o ..::.J J , ....,. o ., • 
wheu tr� eell is bJing used, the hydrc6.-�H accumulat­
es., faeter thsn it can be dis8ipste1. The copper 
plate <::osted with llydro::;·;n b:?eomes .E·2srly a hydrogen 
plate. As hydrogen ia more positive than �inc, a 
counter-action similar to that b0 tween t.h•3 zinc 
and thG copper., would be set up bstween the hydrogen 
and the zinc., w hic h would oppose the �ain current. 
This action would wea�en the cell, ca u se it to deli­
ver lef:s eurrent to t.he ;:;xt-3rnal ,,�i.r,.mit. The coat­
ing ._:f the negative plate in a cell is t'-.:rmed polari 
za t ion. 2bi:s actL.,n L� prev·'nlted b;/ r:;ea:n;3 of a de­
polarizer, which is a;:.cther ::-hemical whL..:h has a 
s trong affLr:.i t�1 ·for :�l;;dro'!;3n., snd. whicr1 'Jiill combine 
with th3 !'��'dr:Ji;::en, �oreventir:::.g it f"t'Gm ac.-:;;wnulating 
on the neg:.=d;i.ve p1ate. ':!his nhe1�1h.:a1 mEl;y" b:� either 
a liquid ur a solid . The difference in the various 
primary cells n•.)W manufactured, is E!Sinly in t.;he 
method by which they acco;:nplish t1;e depolarization. 
Some ase tvvo fluids : the ::;lectrolyte and the de polar 
izer. Some 11:.::·� :r":;cl"mnioal :neani?., :C'uch as r·�':lgh sur­
facio� the negative rlate so that the h�drogen will 
not cling to it but will rise to the surface, or 
Buch as rotatiEJ the ne ga t i ve plate, but no mechan­
ics l method '.�·i 11 e1:t ire ly pre•:e�nt po la ri za t i o�. so 
the mast of thB cells util i ze s nhemicsl. 

-rr�STION 48. �xplain the chem ica l action of a Daniell cell" 

ANSW�:\ }!3. 'rhe Daniell cell is m.ade in :nany forms, l•ut they all 
consiets e;-'.�e:::ltially t)f ::1 zinc positive plate and 
a copper negative p late separat>�d by a porous parti­
tion. Cn the zinc side is pute dilute sulphuric acid 
Dn the copper f�ide is put sulphate of copper dissol­
ved in water togeth9r with som�:: ::.mlphate of copper 

crystals to keep the solution •:-f c:opper 3Ulphate 
saturated. Upon closing the circuit, the Jc4 of the 
H0QC'4 combl"'.l""'� Wl"t'n t'1"' ':7.1."" fP,·,I'!'"l.'1"' 7..-,Q0·4· ("l·nc t:.; t....J t · v ,_-, l \J .., � . .:.v t .... '""': .. .1. c 6 ...,t.J.:.v .u .. . 1 

sulphate, anj liberating two atoms of h;dro n (H2) 
which pas:; �;hro:�zh thd rorous rsrti t;ion. If the solu 
tion of coppt3r sulphate were not there, the hydrogen 
would a ccumul.s te on the coppe r plate, b'.lt as it is 
the r.3, the H2 meets 'l.li th the C'JSG4 I copPer �-:ulphate) 
and as it hs� a greater affinity for the 304 than 
!_;he cu, it combines to n;ak.e H2S04. This combi:t�at iori 
liberates CU., which forms on the cop'er -plate. When 
the Cu is liberated from the CuS04 tbe s o l ution is 
d e p rived of some uf the ,�:opper aud 'IH;Uld in time 
lose its strergth to the ex t ent of b�ing unable to 
prevent polarization. But the nopper crystals keep 
the Copper sulphate solution constar�ly saturated. 
The Daniell is a closed-circuit cell and will delive 
a small but stea dy current at abGut one volt. 



�UESTION #9. What three othe r types of primary cells are commonly 
used? 

ANSWER 

( ' 

( 

. ,. ------ �- � ··-- . �- . .  

J}9. Thre e other typ�s of prir:1ary ,:;ells co:nmonly used are 
the Lecla:�'::he, t'he H�ston Standard, and thr:l Dry eel 

";;he LeclaH(:he in a �Jir.�;:;le :�olution-open eircuit cell 
utilizing a solid dep o la ri zer surro:�·.naing the nega­
tive plate of carboa. the pc,eLtiv,� elemc�Jlt heing 
zinc. '2he electrol;yte is a :3trong s u lut ion of ammon 
ium chloride, co:m:no11ly !cnow.n as ;;al-2P;ffi•-JLiac. The 
solid d.e_polarizer is con::._po�'!ed of small pi<"'�(::JE: of 
carbor1 snd :uangane;se dioxide. wl:.ich wiLl. take care 
of t�� li�itad emo�nt uf � drcgen produced ��en 
the oell 1:3 en oloi.:l·:.>d oi:rcuit l·1t; if 1,he 01;)ll is 
allov1e1 r.o 1•emaJ.n un ,;lo::1•:':d e.:.rcnit fur any ngth 
of tl.me, r�ul8 r lz"-lti.·�·�� (.;•::rnl:t::,' .. ·;'h8 Zt!:r:: 1::: ccm:"!tlmed 
onl:r O!l cl:Jt�ea e.i.rcuit nn1 us tl1e :�r�ll i:i used for 
open cl .. rcuit Vi:'ork such as bell :r.i:nc;i.ng, ete., it 
is econoxi0sl nnct re qui re s v3ry lit t l e attention. 
'I:he �11'1!1 is about 1.4 volts nd �he i.�-d�·:rnul ::e::ds­
tance io :1bout 4 oh::ts. 

The Weston Standard cell i� used as the base for com­
putint" the va).De of a S1:.3nctard volt, o!;.e standard 
volt being l/1.0183 of the voltage of a �eston Stan­
d:Jrd c��ll under �Jt.3r;d:'lrd c:onditiul·:s. T}1is �i,� ure is 
used be�auae th� cell will produce l.Dl83 volts at 
20° Centigrade. The �eston i3 chuoen a3 Standard be­
cause it will J:Jairltain 9 constant "TT1:.F for a lo11g 
t i:nf.� on 1:Jp::-H1 c lrcmi t. It useD :ne rcury as the posit tv 
Plate _;,n,i �n '�1na1 ::-sr1• r,f 1-;:;·y, eE:dPliUID !'ifl t)"0 ···-x?ooatl."Ve - � , ·' - """ " ...... � , '"' '"' "'� ..... ;v � .,_ � ·- '� " .;} .. , I, ·.-# r:; f 
with nn olectrolyte of :-:ad.r��lum sulphate. ".'he current 
dr�livf�red is very srr.all. l'mt aprJ'f'O-ptiate for the 
use the cell is put to, atJ for dr•YJ::• measur�J:nents a 
high resistanc�e is used ·�ilith it so that the current 
taken from it will be minute. 

The various forrn�j o:f Dry cell are the mc1St curr.mon of 
the primary cells, beius u:sed for :?!H!eral ignition. 
The e lectro lyte in this esse is combined with some 
ab�3orbent, r:l.S ki ns the b£ ttery ea 2 ily portable. anoth 
e r rea son for its ·�o:nmcn use. ln the ',,;:� 11a 1 type of 
dry cell, the rositive element (zinc) is lh3ed as 
a contsiner in c�·;rlind·::!r form whLch :b..�.1lds the negat­
ive element (csrl:h m} a:nd the rt�y:o1srizer ( manganese 
dl.·o:xide ) c�-.rl l·he �lc::ci ·r···1"'·te Tlho .<>1ect·r,.,l-,4-e l·s .&. a f ... .. !,; '<J •..; v v ,· .. ,J • .... v - .�"" _, 1,._, ·� ;,.� 
compos.�d of: oxide o� zinc, l part; 3"11-t:�lnmoniac, 1 
port ; chlurid?- cf z�nc, 1 r·::rt; w:st•3r, '-2 _part�:;; by 
weL . •  'Phe c!1amL;s.� action in t;hia cell is identic-
.- � ;·.�·h J.. 'h -·- ,:. -,· ,. - ' �=>  • �Ll th "'"-,1 rt•-r.�>er.:.-,.. b ;:> .A .�.1-v ;.lC l,,.,.CJ.S . .JC£.1� Ce. e •.• ,e v •... . y u.l..c..L .�n . .,..e e-
-in_;s the u i3orbant !rJat,�ria l, which permits t,he ease 
of portability. �hey are very inefficient, though, 
a;s p,�;i r cspt.t�;ity 1.2 u;.nsll, ::md t ir c:-lect:t>.>des and. 
�':l"'e':;rcl�·te ean ; - ., t 1:;e replaced wJthuut �;(ees;3ive 
trouhle, alth . .:;Jgh :.:< fnlly ,jischarged dry cell may be 
JlSrtLally 8�Id te rarily r,::ne"..l0d by \Het�::hing holes 
in t�e case ana in�ersing the call in a sa line solu­
ti0n. Their rGr!wed life is �ery short, however • 
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�U�STION .¥10. What is a storsge cell? ihat do�s it� store? 1 

A!·IS;tf�l{ . 
• 

;flO. �'1. storage ... �'�ll i;;: sLr.ply a vcltaic cell, co:ns:Lsti:ng \ 
of two diseimilor m?tals l�mersed in an electrolyt� 
but 'N':tich baye br�eL :::hc<i8L ':lu "'.,hat; sft,�r <:h3liV'erin 
s cmr_,�·3nt to ::rr! e ,::r:nal r�ircui i� �,:;1.· :J p•:>riod of 
tL:.,e, may b'3 rest;ored +;o their origi.r;al ;�c.noition 
by passing s cu��ent through �hem i� an opposite 
d • • t · n I ' .. h p .- . ···. ,.. t· .... ·" ,�. ,. , .,... , f ,_, t · " '' ·"" .-." 1 � t h .A l l e e  10 • L ·'"" 'J .nv;:; ... v.::U.IO�� o. ·-· ori:lc, ' �..�·v J..S. 
lead cell, the: rr;ateria::.s and ti1e r:;le(!:Ll'ol,yte have 
been c:ho�;en Bo that passir....:; a current t,h:.eough the 
cel1 ':'Jill c:han.ge d�,.;; plat::�;;; to dL;Pi:niJar m':'ltals 
and �he solution tc a liquid wtieh �ill sttack the 

�plat�3s, fj�-:.��.s .:;or:�".r�r"ti116 the electri�al energy iJJto 
::U�Ir:ieal �ncrgy. 'Upor clvsing thS: ext,:;rr: .. al circuit 
tl�lB el{3·e:�t:rol�"'te atta(�t:s ��:.·..�.e J>lat·::B 3-��·.d ··.:1xs!:.ges the 
n;aterial. JJ fact, ma�:.•3S ·;•·-.o::::J i{ir:::tiosl, t:�:us re­
d.ll·�l-·r�? tl·�e ·.1 i .ffe 1,. e r.1e �:: l!1 �pote2.·�tial t�) zero, so that 
1·�·.c. . ;..;.rre.�·{t cs_ll flov·.� • .• ·l� .. ��li tt .. .:..�� !.:.ss �ri;:�.:;u�red it is 
."\P·'"'·"··''"Sry tc· S::J'-"i'·' r"'·"" .s ··'lr,.r>�Jt ..�.brnu•.,.h the ····elll � � J ....... -' .... ..... c:·- .... . ...,. .. ..., ... ..... ...., ,_,,._ ,,;• ..... <-:: • · ..... " 

i·1 an Of,·rO.;,it,::. di·l"•"C'".'O!' tc >•,'lcd_;orP ')·:.�· Ji 0 Rimila r ·>·t··r ·,:.p t.lfl·"'�,.,�,t�.-:.�·1 . .  �-' �.�.,d· +h'�--.;�·Y·"•:·�'-'·:.··.:.r +�"' '"'l"'C .... rlJ V�i.. ;: ,.1_.. 1.!!•:.;.;1 .,• 1!> U U..,_.. V "" ,, It Ji e '.• • :..,• I ..:.. V-'· '\-I' '"" 0 4111 

trclyte. TW::l C>r mr_re ��t;craze ·::-3l.l3 l10!:r:ect:3d elec­
tri . .;ally L.: :;alled a st.orage battery. 

A storage cell Jo�s store elec�rJJity. It stores 
,.·.··.:>rnl· /•al ·""�··"'r-""�,. (di' ·",ql.· n·'l' la···l.· t'r u'f ·"'1 AC• '�"' ,'l,,q a1.,d _ ....... ...., .. '>J ·"' � ...... � Gel a..,....., ,. .. .  ..L .J __, __ ...., ,;.,.._ �..J _, ... ,.. ,.L 

stren.:::th of ::�lec�rolyte) that :nay ·be cc;.nvert,;;d ir1to 
electr�cal 8�ergy by cl�si�g tt9 ex�urnsl circuit. 

-J�STICN ]11� �hat are the active materials cf a 1.esd acid cell? 

Al�-Sli.:i:d ,;: ll. 

Of an �dison oell? 

�he sc�ive mat e rial of a leaa cell consists of a neg-
o+-�ve ·�lata ,..,.c r• ;- ·:rv lead ('::b) .... .,,d < • .  c•lt'vo Q "J .-L �·""· \., \JJ •. .;:pO .... l.t.. .. J ��- ... d.Jl.- a r.)(),':J ..... � ""' 
plate cf lead peroxide (PbC2). 

'l:he ac�ive :r1at:.;rial (,f nn '13disGn ceJ 1 r!C;!1:3ists of a 
negative plate ')f ;::-ure iron (Fe) sna a positive 
"', t· .:o ' f ,. .. k1 - . ,.; 0 ,. 7-1 • ') ·• .. ':', ) ""� 0 ) • \ 1 '. . d 
1-.:ca.�� J � .. lC .�e OX�·..�..., ... ,�.._.u, • .d1v .net:: e ·�lX� e 
vms at first uickle hydrste but on the initial 
charge was changed to nickle oxide ana nev�r retur 
to ni·:: ki e hydra tr;. en ·� ischa r;se it ,:;han.ge;: only to 
a lcwer PX:ide t:)f ·r'.L��kle r.:··�ide, whil� c;:,he negative 
plat;e ·Jf p:ue irvY:• L:; ..:: r.t;•.;d t0 jron .. :,;xide. 

-u-�STICN .;fl2. :�x plain the �;hemical n ct ion that t3kes place in a 
lead cell. 

J.:rr::r.v�R }·12. Jomposition cia l8ad :;e}l snd cherr.ica:t s:;nr-.bols : 
Elec�rc:lyte • • • • •  DilutA ,-::;ulphuric a:::id • •• H2S04 
Negative plata • •  o�gy lasd • • • • • • • • • • • •• Pb 
Iositive plate • •  Lead peroxide • •  � • • • • • • •• PbC2 

C.n �us.:;harge, th:3 ;�ulphuric s.•.:id htr�iJ!�G l�p into posi-
tively char 2;e a H2 i cr-.s a l1C;Sa t i ve 1y (:ha r.:§:':3 ct S04 
io:;:12. r2he SC4 ions unite ',lith th·s )ead rlate form-
ing 1aad sulpha�e (l"bS04) giving up thei r negative 
cha rge to the lead plate. The hydrog�n ions {H2) 
carry their positive charges to t}le lead peroxide 
plate giving them up to the plate and uniting with 
the oxygen of the lea d peroxide of the plate and. 
forming wnter(H20). The_h¥dro.g�n.i_<:>M. I.Qtwall.L_ __ . 



( ' 

( / 

.ANS'NER #12. Continued. 

get electrons from the lead peroxide. �his is equi· 
valent to giving the lead peru�ide a positive char­
ge. The sulphuric acid ir� oontact with the ,peroxide 
�late is also bro}:en ;v�P i�1to iot:s of E2 and. S04. 
'rhese E2 ions unite ¥vith the oxygen cf t;he lead per 
oxide snd form :nore water. The S04 ioES instead of 
going over to the neg�ltive p late "IH;ite with the 
lead,(?b) of the lead peroxide (Pb02) plate and 
form lead Emlpha,te (PbS04) on the pc)Sitive plate. 
-.:hus both plates are ':"iein;;; reduced to lead sulphat� 
The ce 11 continues tc. deliver curr��:Ht �.1::-�ti 1 the 
plates are er.tirely �:·"�:luo·�C. to lead s'.l1phate, when 
of c.:mr::e, all actlor: will ceane, si.uce there woulti 
be but one ld::1d of mat3::cial rre2ent, EP·:d a battery j 
requires two kiL1ds. ?he practical lirnit uf dis- 1 

char�e. however, is re ac he d lol� before both plates 
an� cur:rr;letely red14ced tc t:J.e sarr:e Ir;ate::ial. Gn 
discharge, the �lgc�rolyte is c0�stsntly zrowing 
weaker, resu]ting in a low�r EMF, a':d the active 
materials, lesd and lead peroxide, sre l)eing re­
placed by lgad sulp£:ste, d.�ich has a :::,:ch hLsher 
:re::nst,aHce. 

Cn charge, both plates are lead sulphate. An outside 
current fL)Wi '1g through th·� ha ttery in an opposite 
direction breaks up t'he water wh.ich has been formed 
during discharge into po8itively charJed �ydrogen 
ions (H2) ar;d negntively char;ged oxy�en ions (O). 
?art of the positively charged hydra:en ions are 
now attracted to the negstiv� plate 3Dd unite with 
the S04 of t.hr� lesj ::mlphate, .·c:r::,i:ng s'..ll n�\Uric 
ucid (H2S04) and leavi:1g pure 2P'·"cgy lead at the 
negative p late. The negat.riv(-')ly churged oxygen ions 
(O) flowing against the c ur re nt are 3ttractsd to 
the �oaitive plate. Here they unite �ith �be lead 
(Pb) of :.he lead sulphate (PbS04) plate ar1ct fcrm 

lead peroxide (PbC2). The S04 part of �he posit ive 
plate is finally u.nit';�d. to U:e re;jt of the hydro gen 
i om? 1 i be rate d w 11 en the �.; 1 e ·� t ric c u :n: en t b r o k e up 
the �s.tor E20 into H� a�d �. This �ct;:n forms atil 
more sulphuric acid, SJ!rd s r'! it i ve l�·ls te ('f les d 
peroxide. \Then all �;l:e }.ead �·,ulphate }lS2 been chan­
ged 0ver to lead peroxide s a pure lead, the batt-
ery i:::- r8stored tu '� Gtata it wa�: in before it 
wa0 di.C3eh�lrged, ::m.a L� r.ow ready to furnish current 
r ,-, • •·. "':"! h ' .  C1' -.. • '11t q 1""f "$"\ :"l 0 �j··� 'Vt * ��· rr .. � r. r '""e ,.. a :::, B�l."'"• � ... e Bel c;,r�· .. , l.o.8u•"'"'T '··'-"'·-'-L.;) C��a 0 �.,01 as 
the �MF depen<ls in part ot; the strez1gth of the 
electrolyte, the E};!F inereased o:r::. charge. 

?he c:he.:nicBl ,�,-ruatione for charg.� ;:,> •. d :jis:·Jharge: 
71' 

DI30H.J.RGE. 
Pb02 plus Pb plu2 2 H2S04 equals 2FbS04 plus 2 H20 

Char"'e. 
, 0 

- ---,��--,·-""-' 
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-u"SSTION ;113. :�xplain the chemical action that ta kes place in 
an :l:dison cell. 

Al�S./ljjlt /1:13. The �dison cell consists c,f' a jsr of llickle-plated 
sheet steel containing an electrolyte (21% potash 

�r·7"T�L0·11 ,'J.-14 w ... :.Jo - ;J.� :r • 

ANSW�l\ :� 1 1 it•·'±• 

in re c1istille(t water} into ·:::�_5ch are immersed 
the p sitive and negative p1.ates. The positive 

•.1 ,.. ,. "'"''"'"'· s ... · t ·f·' t ·of> ,. · k·A1 "'y··ct· •·+-e (N· (OH)2) r�.a".� v·�J.".,:l .,::? 9J ... rs 0 -�.. nlC Jj, • .1 r . .:�.v l .._ 

arrd the net;::lti�Te rlate couwistz · f iron oxi.d.e (FeO) 
The cheoical actionQ which tBke ul�ce are �0t clear-

1. y , ...,.ldors +···o�"" 1;--,··t. t},� :r·r·.11o·"''l.' 11; '"r"' �Pr.yo· '�'"·"' to be ...., �.�.. � __ �. ,_, u v �"' . ;,..t_ � 1..t ... � v -. vr �· 0 <:I v - """"" e· ;: ...,, .& ..&. 

t}lC arr:roxi:l1Bt0 ,g -�:tiCilS: 
�i'l:len t,h.-� ceil !e fir�4t charged, ':.Ie nic;k.el hydr.Bte 

Ni\0::1) 2 is ;:;hsnged to Ei;;kel !,1xide rao2 ar;_d the 
iron oxide Fee is re':i';.ced to rr:et·c:;llic iron.Fe. The 
nickel oxide NiC2 eoor dnc �sc2 to a lower oxide 
Ni2G3. 

()fl rJ i ·3�::·harge, ��.11e rti (!.,-�,el O}�,ide .,..,.i(!2 stgrtB c't!.S�tg:ing 
t a lowar 0xiae vf nickel �l2C3, sed oxy�en is 
1 i�'·2:r:Jted ·.�hlc:h is n<::! tlvei.y �h.srged m,d g, 0s ove 
t,c t,;,e irc1n plate, ;:'iYe;c:. ' it:�:.:':! tLv":' ch.<1rge, snd nr:ite ·,·;Ltl: ?;he r·Lst'3 t f•Jr:�.� iron dr'�Jxide, 
1f'tO � (\H) � rr:•,,;j ,� ·1 -·"'t"'"ol·�·r-t ... ;!) :�"'"r,_,,v:,,.:t "l ·� .-i·1.,.+A1'""' np��.l. .. l.C• :..,.1-,n. .-, - � ·,,; , """ . ...., "'"' ·�' ·�, , ,P \.,..• t-- • t1 l'.r ..., �...:· I._., i?lf a.,.,.. -�,- r_:. .,..._, -.t � _ �.{.. 11. .4- 'I:"' ...,• A.4::J: -.;::..,. 

�hioh 0pfect iG op�Gsit� to that cf th0 leBd cell. 
'rlhe ,11ee:t;.rc:lyte, potas21um hydrcx:ide KOH, is not 
broken up, 8!.\d 3�er:m tn a i;t rnerf'lly a 8 a cats lyze r 
r.1r :-nrrier. 

n!l nhnrge �hA l"T0Y) t1�"'rn�l·Q-P ���·�uln '� hr()bA�1 u� ·-- ... "'"" ·-::1 t 
U· � ..., \.i · � � U .. '�'"''· ._, -· '-' ,"_;_]. h. ,L..,.� .._,_ .._ ,-.,.. ,_,Jo J:-; 

�·J ,d �,fl:e Jl3 tiv>;ly c11.arF�ed ux�r�?er.t. 1.3a\res tl1e iron 
ylute, tr8o;::ls b;.H::: �' i:l3t �.::e ·nrr:n•t thr::.ug}·l +�he 
(��11 �r,a 'i�•ite;? 'Fitr: tl"•e l::·:'·ltive :!.ickel c::\ide, 
l: i2J3 S!:d :or:ns a i:igher 0xicte. :Ti02. 

'I'h-3 :·:e-.i�al ·:g_J.ativns :"vr char�'.:: s >::7 d1s:.:tsrE?e: 

:DI SGHARG1: 
• 

Fe pl�s lli203•1.2B20 pl ,�, 1.8 �lt::U �q al� �a(�0)9 plus 
'J 

. 
' -- " � •::· ;� l. -�l 0'll) t) ..... ... 1 - j;J. � 

GB.A:-tG.� 

::.:·hat voltage 
have ·,·:hen or1 
ing ,;,;,.ur.�nt, 

2hould s �ully charged lesd acid 
"-�h:j cb�:t;sir.,; circ;uit 'lith ::tormal 
flow L!1g 0hru? 

cell 
cbarg-

The av�ra3e voltag0 cf a 
cell, gss.::=L_g fr•:7:3l:,C', 
·�1,·_; r:·�·ia 1 is· 2. 5 �r ::·1 t��. 

�ully charged leaj acid 
n the charging curre�t is 

-uESTICTI /L3. ,/hat, vol�s�'3 should s :f1;.lly C.!harged Edison cell have 
:u;d3r the s::e cc':'d:iti·:;:rs so i1' ue2t.io11 .i-14? 

.A�J·3.NJ;]. :; 1 r.:; ·�r;.,.v • �he average vultc�e �f 
gaesirl.5 fre.c::ly. ·\�::u3.� 
iS' 1 • .'35 vo�_L::-:. 

a fully �harg�d �dison cell, 
�.(J.•'3 ·:!1Jart:;ir1? ·::urre1:t is normal 

-u�STION #16. Describe the element of a lead acid cell telling of 
the connections within t,hG C.!ell and th'CJ colors of the 
plates. 

" 
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A�r'"'·I":...,.R 4.1" .�.�;:>,,;:!. ,r o • 'J:he most commo:c form of lead cell uses the .;.t,aure or 
paste d type of rlste, in which th9 active material 
in paste form is spread on the surface of the plat 
or placed in the apertures of the grid. The paste 
rna 0::1e <3 used in practice utili ze r, h3 cementing ac ­
tion wl:ich results f:ror� the fcrmstion of lead sul ­
phate to harden the :t>aste. r.rany form c·f grid for 
locking tri·:: :.c.stcrials have bee:c. 5evelop:;d; they 
c'n:..sists cf ar.'timony-lead casti�Igs cf various pat ­

tern::, such as the shelf s.nd diamond type. 
In the Ex ide ,J::: 11 the pusi t i ve '3 nd n·� gt::J ;,. i y:; plates 

CO!)Sist�� oj� ·.le�d-a.l1itm,;:n.y �-�ridu v;<nich su:r-r1l .. :·r�; ·the 
active \l:Jt·3rial i�1 +;l:.e fcrrn ;..:f s S'H'ies of vertical 
strip::1 held b:3t't!e�n •:.£:e grid tars .nnd l.;,.H);ked in 
plac·e by ht;rizonta l 2 tlrfa ce ribs that are s tagge re 
in opp o site 8ides. After �ha grids are asst, they 
ar� p1stect >�>ith ;:,,xide:J vf l9ad .:�1ade i��to a paste of 
2paclal C?mposition �hich ee�s �n dr;ing. �he

_ �lat 
tr:e::1 go tnr·.·u�h an 8J .. ,;;ctro-cr:ernlcal J.'rocess ·N.t:lch 
convert� t�a mat��lal of the positive into brown 
peroxide of le<:d a::.1d. that of t:he r:egstive intv gray 
spo:..'lgy lead. The positives ara all connected toge­
ther in one group tn .a conim::·�l termi�1a1. l1y means of 
a · ead strap, and the negative �late2 sre connected 
in a similar group, the tvw sets cf rlate2 being 
i:aterleaved ·rv.ith each other. �-:o i.hnt each po sit ive 
plate ha� a r:.sg:::.tive r-� late ad�acent tc snd facing 
it on e ither side. This requires o�a more negative 
·plate i L each ce 11 tban posit ivee. ·:.-he�.� the p osit iv 
:.n::d Ll,3gative .::;roUJ)S Lire a:-a::<embled to�3,�i.her, the ad­
jacent plates. being of o;.::posita pola.rity, r:;mst be 
kept Gepsrated =.md i::su�_sted frcm each c:;ther, as 
electrical c o ntact l';et'<'Jeen the tc'O ;roups at an�r 
point wi 11 short-ci r.::ui t t b'3 e:.1t i :ce ce 11. "<'or this 
reazon S':�pal'td:c�rn are y::'.s�;ed bet ee11 tt;e -p lates to 
preve0t contect bet0een them and these sepa rat ors 
are nov1 almost -:J.niversally :nade c·f' wood. The posi­
tive and negative groups. together with t;he separa­
tors,. are c:ollP!c-4:;i·vel;y· ?�l:.�d t�e element� �he �le .. 

ment 1s usually set '-'•::lrtlCB.ily :JJ, s contsunr1g Jar 
of turd rubber or slsss. or in s lead-lined �ood 
tank. rhe positive plate ia bro�n peroxide of lead 
and tte nega+ive plate is �rsy spo�gy l3ad. 

-u�JTION fl?. Deecrib� the al2��nt uf an �dison �ell t3lling of the 
connecL1ons within the cell. 

Al-lSVi�R l--L7 '71h"" .;,dl. '"''""' or -.-.·.L· r>"'.,l -·1· r:··n t·rnt"' ,_.,.f' ··•:"''! 1 r�,,·,q.L� st<.:: of 
,j • • • - � ..:J "'"'""'"'"..1.1 ••. 1.. - .o..- '...l A;. V _c '"' "-· .... ·" .., ..... 

1 -..... •"" - � �-- .._., 

positive pJates �hich ara �aae u� of perforated 
sheet !L'?.tal tube.�? intr.:; 'Nti.C:l if' t;a:cred the a ct ive 
m.::�t'3rial DQ.!:sisti.n.? of 3lter:;:ate 1a;yars of nicke l 
:hydroxide sud .flak.e :.:.ickel, the tu1·;es :;eing mounted 
Lu steel frames. 1I:hl� r;egative plntee are steel fram 
38 INi th thin rectangular roc,.:ets of perforated sheet 
.steel whL:;h hold the activ(� GJaterial, iron oxide 
and rr.(�tallic iron. The frarr;es, tul1es, and pockets 
are nickel plated. �he po�itive and negative plates 
are assembled together, ·wi t'···:c o:ne more negative ,P

,
� te 

than p o sit ive, so that +.h·; rua:-:Lrmm ��urface of tbe 
positive plates ma;y be :Jtillzect. with ·:ard rubber 
separators .. 
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-uESTION #18. state how acid electrolyte is pre p a red for use. ·.vhat 
is mea nt by specific gravity? 

ANS':�ER 

' ."t .... ... 

#lB. The e lectro lyt e in a lead �ell ls a definite mixture 
of chemica l.1y pure eulphu:cic acid and distilled 
water. ·rhe prvper amou:t:.t of distilled water, accor­
ing to th� table shown below, should be placed in 
a glass or earthem•;are ( porce la i n) jar, large eno­
ugh to hold the whole of the mixture. ?he proper 
amount of aeid, �Jccordhtg to +.;able, 9hould be plac 
ed in a similar jar or pitc:her. The ACID IS POURED 
IlJTc 'filE 'NATER (Never wat·�r into acid) very s l owly 
and t;he mixture i:::! con3tsnt1.y st irred to dissipate 
the heat which in ge;1er3t�d. 'l'he table 1;f so l ation 
follows: 

� �l'lc.:CJIFIG·-- - TAR'f.;.j .,.Jl8T lLI;ID 
:G.;.-Li'fiTY :i.1T2�� :'C l IA?.T .\CID: 

?. • �-soo 
1.:::'50 
1.220 
1*201J 

2.47 
_. r. ,-, It,; .. s;;: • ..., 

.,. "·4 •#', . ·�) 
4"33 

As sulphuric acid is :r�eav ier Lb.an wa t(� r, !.]\;::� electro­
lyte will also be b� avie r tr.an 'rJatcr. By "spec i f i c  
gravitytt W!3 l.Ylean the rat io bct'Nee;; t;h;:; ctenA ity of 
a body a�d the density of an �qual volume of water • 

.Vater is con�::c i dered to l:.ave a spec�tfic grnvity of 
1.000. When we speak of the eci�1c gravity of a 
battery, we mean the r.�tl.z; t;h<; d<:�n::�ity <J:f' a cub 
inch of electrolyte tc t d�nsity of a cubic inch 
of water. The specific gravity of th� Alectrolyte 
varian with the t liffer·ent r;.a.::1uf.r.:�ct�lrer·::, !lnd in 
ce rta in cases if: as high as 1.300 .. :;mrm:ercial bat­
teries ar0 ge�eral1y rated at 1.280 fully charged. 

Navy stand.9 rd :3t.orage bs tteries are so cesigned that 
't!hen they are fully . ha rge d �he�l will ;;�i ve hydro­
"'""t"'r rPadl'-·laq t''"'l'•i"Ci�-·ic ,J·rsv:tyt \ r,f fJ("t1'\JPerl 1 210 •. .u.v . ,.,., ·.� --·�-.::;; ......._ .. � .t-" .# - ':;l ,.. , -# _, '-" ., '<.II • • 

and l.t:.2Q at: a tr:u:pe.rsture of 80° F. ::uJd. of L,l30 
at :-30� .!!'. ',i'h'3tl ful.ly ,1iech.::..rgect. ·rhe .Navy uGes bat­
teries contai:rling elec�.;rolyte of l:;'R upr:;eif.:.c grav-
l.·ty b"C"'H);:> "·• . •  ,, .-.AJ.· f··� �-·'1" 1l"f·· ·· .f' •··h"" 1'at ·.,.:>ry ; s 

t 1 .. � � '-"" ..... _ U.j . . . ·...; u .. t,; .,tt ) .... [ �' ..... <1� . �- o;,..; ,_ V, .• ...; v l;� .a.. 

r·ro·lr·••:red 17•".1. '"�'*'.f': .. �) o,··t ,·o"'"'r .; :; ·.f'·'-l'l. "",.,l,d f'or �.i .6...._ .:; f ._.r •. r V •"• U ..L � Jt <.,,• ... 'J ,,..,l .t· VW "-4' .ij.. ·�� ... t..t .JO., l. ·- + ,..,... -..;;. ..... -
all p:1rpo:::es for \'tili.:;h th·3 1:att�ry i:1 d.'3:1i d. 

':'he �;pecific ;r:::�vi.t�· of :.:. 1:.st� ·er�· Lc d3t.:.:r:niu·�ct by 
an in3trument ·:�8l.led a "l':�.ydroLI•3t::r'' 'Nhich it? im­
me:r:�ec. ill :; t�lc·��.r,)l,;rt;e. T'he 1·,;;-d.romet•3r c�o +sists 
.:.;f a l - .';ls L: rod 1-:.nvil.!s a bulb t.:CJt c·ne \3".td loaded 
�ith 2hot or wer��rs, while the 0thcr end csrries 
printed on it 8 Haele reduated 20 that a direct 
sp,3tJific �·�:Jv-ity res.ji" rn:J�� be t;a��.et;;. ·.:::-�eJ.1 tf.te 
hylru��ter i, irspped in t �l3c'rolyte, it will 
;;irik to a ::Drtn.L\: -:h�pt\, d.:pendit'g on t;h.e weight of 
t1.:.3 l i q_llid. :he r:��nd.i)��: of �;.:·'.,� :-�ydro:tr3t(�r scale at 
'.he surfaoe of t1J.� li.qtlild L'l t;he ::le£Isure t.lf t;he 
2��olfic ]ravity of the liquid. Specific gravity is 
affected by tzmpe ra ture ; art increa;3e in the te 
t ure of t.;he electrolyt;e cnnsen it to expand 

•· " . t. • ' ,_, · ,- ..., ,_ 1' 'h A �1�nw � ,,..._,..,Ar c�r,., .. ; .... , > c •t:r3Yl"': .9f.'�'·-''")d,,I., .. _ . j .: __ ,,., 4 .., i', ._ .... ;J iY . ...,� !,.,; 1:" �" ·..t- ,i.. .. . k 0 · tJ • _. 
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Ai:Ts�:IJJ"1 }18. :: 011t ilT<le d • 

�UESTICN 

;11·rs "·� ��i. 

-:;�:3?IO�T 

.t1 �·�· S �J�R 

of +;.he e1ect.rol;:;rte wU.l ":1:3 ;;•:.:.�:a .g�d. .. 1\S the 2tan­
as:�d fJ,�;.G·:l�'eru1�\1llta ra:l.:·:.s Lrl ti·��·3 Tl�:l·:,rs.i ,�.:�?vice is 
80" F., \yctr�xr:eter �·,;aoi:ng.s u.ust 1.F' cr::·rrr.;cted for 
t;1r:·1.:.erat:t1re 1�·�l SG� . .i. C\e\)��'1 � r :7.··v�r:.� ��c· o:f teir1per 
att�re atJ�· .. ·ve ;)tJQ 'F' .. . :3 ;.:1 1)�t ·.1l�

·
btfractirg �J.·OOl fe-r 

8V:Jry 3° of t•:;!:�Der:s +.u.re 1">�lov; 80' P. ·.·hen ap;:lied 
t tl1·3 l·;t-,.- � ·· �let� e r re �·1 d l :j· r:� :...� .: '···- ; �� : ... ] i J.l be t; f'1e 
true srecific gr8vity uf tte liquid. Sollie apccial 
batt9ry .hermor�t�r2 heve �r �ite the scale the 
co.rrespnr.dint; !ltu:J er, :::.c� .:'rdir g to +.he readi ; ·)f 
t :.: ... : 2 o s l e , �N 1-.:. i c 11 nru ��.rt ::<�: .i:.: :1 .. J .e d � u (; ::.· :z . :, } t r-s. .:; t e d 
fruEl the sct:;al spe(:.:.fic �r:.< •. t;y re::,diL,r .. 

//19. State how �dison alkali 8lectrolyte is ·orepa red for 

·� "i ,;··J 
.r.:... • 

j20. 

use. 

�;.F� .:>1;:.ct.'>•,�·lVtP >':"' "' "• 1�':�-iQ,">n '"'1"11 cr·(·•:'l> <::: t·"" nf. 8 21vt. ...., .1. ... . .., ...., .,�. ·�_. u J.. ,. � ·� ..... - �..o�. .1. '· ·�J ·- 4 ._ V v ··# .J... • .L ·�' • 1..- _J,.. ... Q '""' ,•v 

q ·.l�UI"i"�"' r,f '!"•·'·,�."h 1n l'oStAr ·:1:i!:f:· ·- '"'11811 J;'·'r•,.'·"''··t ;,._ \,, • )  "'"'"'� V ,i:....., <JO,'* ""' • ,Jo., • ...,tl • Y' ,J;, ...... ...._ � • .-. .J... j" •" �� •r0 ''"'" 

cf lithia. '1B de:.�::ity :: PJ; sc�.ution is 1.210 
ar1a does rtct �:! 1-�s n�e. 

?he :5-Jiscn electrclyte reed never ��e -:;-r:;r,r..r·::d 'hy :ra 
�::.adiomen, a3 the :�cl:Jtion cc.me:::: from the :r;anufactur 
er resdy r:,ixed in a r:i.::kel ste-::1 container. ;hen 
a eel� needs a new sol&tion, open the container and 
pc\::.r t�he 2olutio:n into the celJ .• takh;:::. car'� to use 
:J. 1Jlnck iron f�l';J,el llld an �;sr'henware }jit�Jher. 
I:ev,;r use a tin or at! f:;:;::a:J,el fnrt!lcl. 

Tell �hen and how you �ould durnp a lead soid cell to 
renew the electrolyte. 

·:,,:.,·, 1,1}1A A.i'' ;:;....,+rv�1··+::. : , ., .-. --·"''1 .:,:1--.;';1''·-l ·�··G> r�'·'f"\''·"" d H'�""'"''"'V"""" ,1 "-.J..W: • ..._ ., .. .., '-..1 vV 'J ·•e� '.J·�· ,, J� �.1..1. - !,..\ )�- ""t. ,;..._.... u .,.(.._.u.J: ''·"""' '·� .... �·.,,J"."' ....., .J. 
it become;:; c:oh:;ted �:ith ccr•,::;i,3 . .  ,:::t,'r·isl.J. ��r '.''ll/H�:.a 

��� ·� .c": ·...: },""��k-··p::- ·� .  � l·�• ,.;-,.� :-::.·1e:�� . .:, t·:! ...... {�:·"t 1:c., t,...'"'e C�.:,..Jo,-"""' J..-..� . ··tQ ... l ... . . :.:;-. !o...;,;(J . .tJ. �at._.. �i - � '·' '""'� ,,�\,"' . � - -<;...�. .. , .. -.····' :JO� n 
C!Ltt a·��ct repslred, (.·-r �r� ��.11e ��:;�:!.in�e!lt i:r� tf;e bot­
tom c� � cell, fil�G hiph e�oug� to Jhort circuit 
thr.:> "'latoc ,, , , t·�''"' _,,,,;) ····n'r c '"''" l'·" a· 

'i·\, ea .... h cas ...... ,., � ... t;:�,, ,.:- ... ..- 'J. '.v v· ·..J .. J...A ,,,,·:.,.. 411 • ..  :._ J-1"..,�< l.v • ..-.;.,.� "' 
the :.:.cctrclyte �:11.:::?t t.(� reEewed. 

E:efore dnmpL ti1e •:!:ectrolyte, +.he -::·Btt1ry 'u:J.st be 
fully 'R'liX�:::�ar�ed L::l c-rd'3r t;·.; drive all of �;!:.a acid. 
out Jf the plates. �hen half of ��a electrolyte is 
poured ·;nt S.1;d -t.b� •:;>tiher 1>alf i.s 8!llshed srou;td in 
·� · �:at)�er:;. :.CK �':.Lat .:,u;;::t �f '" · 3 rl:-t ao:i 2edirne:nt 
is VJS:2 d c t �.�;t�.e.:o_: t.�:!e L�t�i.�lni.�--i.:··: . . �; "�1 . . e;..;trcl�rtc is 
pour;d out. :'hen. ��h; cell .:.s i'iL,�·.i ;.ith ·lLJtilled 
·.:Gter .s u.ct .�;i�\.r,en n ''dry .;.! lln r(:e u t�:c. driv� o·u.t 't.�ha.t 
J.ittl"' r•:L�1aL i _g ac:.ct t:�:era L• i · t r:lates. This 
wster l:"J ther, duu�pect .c;;ri r.Le 8ell is r:;ady for the 

•·1e'�! ·�·olutl· ...,,.. �··'I�c,r>dl' :::• '-t. �1"'e·� ·-� 'Y'" .... . �, •. .., .! r!::? 4.� '>� • .._., VJJt J:! 'f . .r... _,. ;.::: • ;, .. v..;U,� . ...... v .... ·'1:··�...�aJ... ,_.., . 

-u�STIGN #21. T ell when snd how �ou would dumo an Edison cell to 
renew the solution • 

.. u.rs.v�:i.{ }21. Th·?) sp•3c:ific gravity cd' the solution in an Edison cell 
'Nhe:n m.9.de ia from 1.2:)0 to 1.230 and will remain'the 

same or: charge and diseharg·3 for sn indefinite 

of time. "Qut eventually the electrolyte w ill , .. Sl 



( 

( . 

J.nSWSR #21. Continued. 

specific gravity a�e to sg� or when nart of ths 
mixture is spill0d 8nd the volume is brought back 
to normal b;y· the additiou of .:n��tilled wster. 

db.en th,3 ::'!peclfie ,;rsvlty falls to l.,H1C the solutio 
w�eds re::-JeVJing. r;:to dumg th'; '�lr;,c�_;r,.;l:;;'te, fir2t 
ehsrge the ba ttery, the::..z pour cut lf tLe �ol utio 
swish the rGruair.aer around � t;b<; �.:·:�.1 ':.. f\}W times 
to l1reak 1oc,se 3:t.y z:;edi:�v3:tt L� th� :::eU, t'hen rour 
it cut and fill the oell �ith �istlllod W3ter and 
seai:n thoroughly c rg�; tl�:: eel:. �rt11ty the ;.vater 
3 d. tJ::J3 ceil L:: ready £or tt::; uev,, ;3olution. Alwsys 
<:;e carefu1 to 1..h1e a 'hlack '.r(,�r: i'UY!lU3l �:,.nd an '.VJr{:h 
enware pJ.�_.c:her tu f()Ur th' ·:::u11.:tiun. I>:;v<::t u tin 
o r  ar� erJBl;:el :f�.L���Te:�• 

-u1STICN t22. Hhat rrecautions whould b·:3 taken •'>round t11e bsttery 
comoartment in r•3gard to ventil!C'Jtion and orer� lights 
or fV:>mes? 

ANS'1iER 

:u�STICN 

Av ' ·-��" ,j.� � ,'V �� ;:{ 
"' 

j/.');;. ,r /....1 -

1/. r-- 3 ·�t '-· � • 

'1:23. ,, 

Adequate ventilaticn �u2t be provided in a bsttary 
con .. p::.:r�;n::er.t to ca rry off a:l ,_:f the 1-·yd.roi::en. gas 
which is :�la:mfact.ured in charging stor�J.?3 batteries 
This hydroer:n:: ,:s.s :". ': -:,rt;ry explosive 20 :3xtr�:ne care 
r:::ust be take�1 never to expo3e a :t.lsk·:>d fl:::n:;e in a 
1�nttery comp:-artment. 

�hat gases are liberated from stor�ge ba tt e ri e s �hen 
charr:Lnf.? 'Nhst does this indicate? 

Hydrogen gss ia libercted frJm storage b atter i es whe 
they are on 0harge. ?he hydrogen gas is caused by 
+,:::.e aec,·/mposi tion of wat,.3r FLC in the solution by 
t he electric current flowing through �be bsttery 
after the cell is fully chargea. �he wut�r is brok-
en un into H2 and C. The s e com,; t:::: L �:;;urface in 

r·m
· 

'YF •1u·o1J· 'leo;; 'T'he 1'-vdrn:,.c.al :!':a 1· � "'X''lv··Q{ve "-'• f,.. , J... -.� ...... .  � · "''•l '-c·--.L :.·::>,_.,� � . . · �  1-... · ...., .a.. • 

A uniform bubbling, or �.;;ass r;.g, or liberation of hy­
drogen in all ce1ls is au indication that the bat­
tery id <:: i the r he icg c.!1::� rg::; d at too 1lgh a rate or 
+"hat .. ,., "" ''13 t t"' r�,. .; .c ·. i 1 ·· ,. "" "" "'' ..,. ,ye d · 

v.o.t :./ � , -.:., c,- ·�:.. t/ .L' .t l; ..l,,,A..ii ·,.., .:.__.,.;: -o • 

-. U..., "' T l " '�'·T !L"4 '\that fo··r . .... ..... ... ru··· n+'"' "r6 -.-.o - :.···o·-r _..or t'·� "roner .::..,;.)_ i..J.L.� �1�c:., • .. Jt..t .L.t..t...:..·v .�l�. Jrul:::' ::::1 '-' .t.;. . ..,ut .... .:..;.....,,.l y .L }11e �: � 

... ;l'r3·N�2 

0are of !),stt·arles? �.:{-r· lain the rL:::� cf each. 

'f<-.•4 "'he fo1'r 'J-•·-·tr"···.�···lt:! ·�·"""C·"''':'!. r�' �" ·-L· 'he ... -.r··r·er c ·., re ,, t:.j • .  .:.. . l ,.L. �-� """--<44�.1.. ..... . _ � J  ...... ..... .., .... _,;J J . v v .t� -� . ... � <.:.i 

of 'batteries, are: An a·:l::Jter, s vcltm.eter, a hydro 
meter, sr:d. a therm.o::net:;r. 

•rhe a:::u::neter is used to 7r,e3 sure the am<.'Unt of current 
being uaed to c har ge a 1)att·3ry. '}'lhe v�''1.t;neter is 
�sed to Jetermine the �tate 0f c�arge ur discharge 
of D bstter;r •. The hydrometer i'! used to J.;:easure the 
specific gr.svi ty td a battery 8nd t t�1ermometer 
is used to cf>.eck t,he tenli)8r£�ture of the battery so 
as nat to exceed the limit of ll0°F., and to apply 
�he correction to the specific �rsvity described in 
the anawer to question #18. 

. .. ,, . 
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-::'U�STION #25. ':Vhat is the minimum allowable voltage of a lead acid 

.Al� s·tw��-�R }2f>. 

cell? Cf an "Sdison cell? What is the min i mum allow­

able s cific gr�vity? 

i'he r: . . inimu:n aJlowc?Jble t;:r:�linsl voltriga of a lead aci 
cell is 1.75 vnJ"t::. :?he mi;-b:um ':;11o:.;wnble terr.ainal 
v�ltaga f an �discr cnll i2 from .9 to 1.0 volts. 

'.2he mi�:i::;um allownble q�c:;c i fic gr:J•rit2 ';.f a navy lea 
cell is 1.!30. �he 3pecific �r�vity of G� �dison 
cell, � crninl��Y' nc·e-:� :·to·�.,� c1l��·\l��-� c.:� c!�::;r?e ur disch­
ar�e. t gh t�e solutio� Till arop sfter being 
L: u::::� D 
ar,:rs t.· .. 

l0r1,:� -ti�:·:.e, 
l.H>O., 

•""� ""'' ·..:..1 � ( -� ;�·:1.1 j ;:}e tt::���er,.1:;<}d 1l\l:-:.er1 it 

,.. . ..,. .-, � •: ('"'- ..._ T'T , 'I ' "'' u�::/I'IL!� :f'C:.o. upon ��"Jr1at 1r.;e2 tn.e C3J';8Clt:; uf .s c��ll a0'r�o.r1d? 

ANSWER /26. 1'he c!,J 'i�y cf �" ,;all a�_pr�' ds '-Jl' �,I·e ·Jrea of t'he 
H ct .. 5 "'r.r ;'J ·:·.ate := i a 1 i :nJ:1�'3 r �.: 8 d 3 !'j a � t !: �; (i i 0 �a;·� c e he t \7J e 
the r,lfltes, �:r4d. nr·c·;� t�' .. (:3 :���Jr�1\:.;� .... , �rit:/ f i·�.·�e �:�:ec­
trcl�:ote,�J:ld ·:1.r.or1 th".� ·�·?!'lio�., .. 3!.�l:1 \:.)f • .. ;�,: t: .... ::- ;-�,la�:es,a.n.d. 
��. 1 ... i. e 1� ·=·1 t� ·::- �..: f :-� l 2 �� � !_ s r g • 

U�.�TICN }27. Nha t i2 the most common source of i.�:jTry t.o tJ cell? 

.A(I:��'/Vl�Ii .¥27. ··�he �n.)8t ccH . .'ULu:n. scurce ,�:i'f i .�tlr�!- t s :��e�Jd. c id. (�:::; 11 
is ave rd t�-: c 1:"v3 rge v.Jl�ii ,-:: !".:. r<� .. �) �: ·nc �� s .. � ·��=�e �� n :.1 �-·"'! 1 es d 
2UlfhBt9 in the deeper �revice� Of the flates, Which 
is v0ry hnrd t:) rc;;;:Jv�, s .. d ::JS.y v:c.;usion buckling of 
t.:he .P lst'3 s .:; r frs c7; u.re. �Juc kled r·: at� c ::.l1ould 1;e 
strai�;:1t8.::ed out a::: seer. s2 o\'2EHvet'l. De not l et the 
i:l a t t ':; r y s t s 2 � d i u a d is c hs r g e d c 0 J, d it i 0 n • 

4Jfi!:S'.riOH ;f:�2. How long vwuld you c hs rge s bsttery at n o rmal chargin 
rate? 

Al\rq'I!'7R !1.<?8 "h'"' <::: t��'·:1ar·j· t.�.�'n"" -·P c"-'�r:::_o .-d" qt-o""""�'P 'll"t t-"r -ir->•.::- to J.\ ...., ·r....:..� .a. 1jloW' • .J.. 1.::; '-.:' J ..... .. .... \ " ... � . ..- �·' "" .&..L- .:::-- v ...... ..._: v J.a;:_:; ..., o .,.., ..., ...., ......, 

be used in stationary work is 8 h�urs. If charge or 
iischar�e is c�rried on more rapidly than this, the 
al'I!pere-lwur cap�::ity ,;f •Jilt: ·::!'�:�_1 is lowere:1 so::.lle-
•.v hat • I t L.J t ;;,; t; :; tUJ de r '.:.' t �· o d t. hat t i1::: e i . _ !: -hour 
rate ie ��raly that r�te for the lon�est li�e and 
the greate2t effi ie.r�cy. I;o great han� L:: cto:.-1e, how 
ever , if !::.,�her ,;har,?::i:;· rates ar3 use:!, : rovicled 
the Cl_<rrer:.t L·_: �:nnr:er:;s at n::; ti::a i: c1rester '-,ha:n 
the nx··.ber cf amper·3 hours vJhic:h c<?.n �3t i ll be put 
into the k>tt�Jry. P·�'r L;ats::.::e. if a l:JJ :::.:-;pere-hou 
h3tt3ry is 0o�plet�ly di3c�orged, tha aherging rate 
1r;i3l:ct i:'t.::.1·t at 100 sr::.rer3s. But en 25 a::1pere hour 
had beer' rut iuto th3 cell, ';h·:; .::;'harging current 
should not exceed 75 amJ:>�ree . ... Jhe �urrent continual 

ly decraasing as th� battery h9comes cbarged . When 

hi:her rates ar� used, ��� c�emical action is vio-
·�,.···t P.YQ•=>qol'Vo 08Cl0l.T·.:: ri('!C!JrQ '-hP. +JArrcc-·erature rJ.•S .... ...., ! J. t J ._. I� \.., ...... -J G .._. �- ' .:::; v - � t " ... "" ,_; ..... 1::-' 

ez ra�idly. ana the ac�ive �le�e�ts are not proper­
Lv der:,sit�d or� ",he r·lates sc.d arc� lik::;ly to form 
a"' dep; si t i1: the bot tof::i :.:;f ·u::.e Js r. which may even­
tually rise high er.uugh to reach the plntes and 
short-c i rcuit them. if it i2 not removed. 
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::JJ�STION #29. 

AJ;;s\'JT�R /;;29. 

75 
oh:ns 
�-�soh 

Draw a diagram of the SE 3602 charging unit. How 
the resistances connected in this circuit? What 

would be the effect if two of them burned out? If 
four burned cut? 
":� v 

'15 ' 
L�.J T D" 

' 'I i'\!C!" 

+. ' " " ��+ B 

!JAVY ;)J:,:,lmA3D TYI� S.<:.36:J2c.3attery Charging :tes., 

·rhere s.rs elt:3VCD 7b-c. r:;t:Llturs i.n a psrsllel ank 

in eeries 1fli.th the Filarte;Jt ba t t ,::.ries. ':'here is 

one 75-ohm r����istor in 8�::-ies with th·::: Plate bnt­
taries. 

·:h� t utsl r-:;: istD...-lCB of t 1:e ni: of eleven 75-ohm 
re;;:,istors il'J l'::rs'clel is ;r:n:sl tc f::�-e r.L:-ist8:nc:e 
of on3 divided hy the ·,u:r;;_,,,�r -:...·i· r:;,:it:+.ors: 

7 5 _ r: ';: ,, }-1 ,, .. ,... - - u- v.,. J.J..il�• 

ll 11 

I'her :.fore, tl�e banl� lw::> s ;;otal r'::2i:St3IHle of 6 a •:i/11 o�'·:·�,q 11·: ·"" e r ; ,,o '·'l.�.;tr' th·" h�+f-,:.rl·:.=.c; "'h1" q r.asl.·s .,,_. .l�._ ... .._. ..&. ; 0 .._ ,... .._ • ·'- ��.�� •v-UV -• ...; '!..._. .  ... o... v 

ta j.:2e 'JJoulC. J:'S22 s G�l .. :r8 �_: t c<f 1? .c srLt··.3r\�s 

If t\�'c of t.,.l��-�� l�<���idtors r.c/3d oc.·0 t'hn total ·ce8is-
ta:n_ce of t�I1e �Jsr1.k Vlould it1��reese ar:d tl1e cu1:rent 
1· .,., �·11"' _.,, r'"Ul"-!- '·'-'O''"ld r· . .!!! •"n'"'-·"·"' '"l•"'•�•Y':=>9q6 '=''l"'""A ��1. V <v \.1.t..-"-" • V :� I..A ..L t : - - ... • ......- •-""- .ii.. ·�, J .

.. 
,. --"'- :- ...;::1"-" I, �o..�.L-�.t.V·..J • 

tn.e � �.J_ r ·::· �:3 t1t l::.' lrlV·�r::-3�.:./ r�"J::,�'i-l:Jrtloc.gJ.. tc t.�e reB�S 
·tur!ce: 

.,- ,..... l f"• "\,-, ·�·,q t .J ...,. c-:;. V ,. .:......l.n •. ; t --
� g �" 

J�··._':ta::. re:. L �s��;��e, \�,lli-o1l \\'0111 ·1 r,sss a 
e�c. r r31 t c � i.�1 • .  :1 s l.l:�_,,:: re E=" s. t 120'1. 

If four burned cut th� :t:;:,istur:c;,:;: of ',he bBnk would 
be further in::r��nsed :J:'d �;he :nurent would be fur-' 

t:�:er �i.::oreasc�d: 
� 

75 ''" 'j .J') 
� .. � � -;:; 7 f 

c��s. total raaistance. whi�h would pass 
a (rui�re �t c·f 11.2 am·;:;er��s at l��ov. 

If the si�gle 75-ohm resistor in series �ith the Pla 
batteries, burned out the lir,e w:::uld be open a:nd 

!lO current would flow. The si1�gl3 75-ohm resistor 
'"1"11 r&''"'"' " n"rr "'''t ""f 1 ,-,rr� 7 ,'r::.J .-.,�,p,�- ,..,,.. 120'r 
iPJ 1_,; ;:,:- o u .. ,A tA. : ... ·"" v J... •_l , r ·.A •--' 1 � <J ... L. ' .::2 a L,. v • 
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�U]STION j30. How would you connect a ten volt s t ora ge battery to 
a 110 volt line (DC) to send a current of five 
amperes through it, usiw:; inoande;�cent lamps? Draw 

il!�S\V�� 

g d ia gra m of t.be c i rcuit givi1�g tb� number of lamps 
us�d and their size or rating. 

13•,). '·' 

't 
!lOV.DG. 

1 ,J .- 1.1 :u:: - )�� 'l' � • 

' 
·1•1•1•1•1•1·� _ ___j 

Disrcgardi., t: . .  ·: i;tt"; .. J<)l ::::-o2istance uf the bsttery 
and th,:; : . .:Ji:Jt:.Llce of the li�<e3. th3 10 vclt ·batter 
1mc:r..ing L ·t,e 110 volt s upply would t)("3 the ss'ne as 
s l:.J vo ·: t arop in potent is.l .aer.oss e ;,:s ttery. 

:Jir1 ·e '.':e u.1st L.ave � .;urrent of 5 a::1per.J2 flowing 
through t.hc battery, \�.·e must have ·�j re'�istnnce. in 
series with tt3 b&ttJry, �hich wil l csue3 � drop in 
pot�::lt sl equal t� t1�::�3 diff,�r�3;;.ce l)etv·Jeert t1�:e charg 
' ., ' :)' v r t. ,-, a. "' ('• .p • .,,, '"' ·;.! �· t' t ;,·, ry· ) •) 'l , ... l t � ,.. •. , d t: 'h "" ? M F .L 

�
· U JUcC '"':• ..,""·;" '� ::::.1., • .._, 

.
. �" t , ·  � 1...• :�• ,:.1�·· .. .  IJ .lv --�;.u�.t.• 

110 ve; ts-, wh1.cn ts lJO volt;J. ::o fu:::i t.�ns res�s-
tsJ:lce: 

Jlormula: 
.. --. - l� -
..._"';,._ -

li).J -· 0 "}.-, 8. 
I 

1'o o1Jt.:::in thi3 r9sis�Ai!ICe ::.siL·>? irw.snde'?<::'.n.:t lamps 
we must ·�;btain 2t�.:-h lamps �hs':. will :J!;nsur�e a total 
''· f ::;J·· r0 I!.· at ·t c. "TI '" 1 ·'!Q '•' ·. ·; t ,-, ; :r•.-·, , ., ; t ; r.:; a n·1·; o X 1 '�IQ1T) 
·�,< •-' n IJ "'-: V _. � ·' "' ·..., ....,. �- 4 ...J 1,...<1 .J.. J � � ' li.O .._- '-' ..6.- < 'I • 

3ince inco:·:aescetJt la:nps are rated at 110 volts. it 
is D ece s s ary to co uta t�e tctsl power coiJumed by 
•�� ,��e r �q4����ca 00 -�-g (d·l"arA:�rcil' , �bA tem v11v , :::-; .....;. �.! 1:.-,:: . • �v:::t .. ""' �.,1 ...J \ ... •.., _ _  .._ .. .u....,'• o.; J::.:;-..l ·-�- V .... ..., 

T'�rR�v·ure C0°f�iniAr,·t V�� rQgl'a+�n�P) • 
.J..:" -' ._ >J ...._ . .... , ... . .., _,_ --'"- _ _  ..,._. ;..,.. V ...:i ..,.,._..., .__, ._, 

2t) oJ1rn�� o:n 3 l+lQ vGlt li-(iS! VIJOtll.;� \1ra\JV 5.5 an:�peres. 
� o -r i .'ct t ';e power co.:::' :.::.::.e d: 

Formula: P = :E = 5.5 x 110 � b05 watt2. 
Crie cor:1b�;ation of ir::ca.nd.e�·ceht la�Jps ·,;:;hich would 
consun� bC5 wstt2 on a 110 vult line, are: 8-60W, 
l-75',V, f.i:-ld 1-50 .. 1 t,•)tsl G05 wstt.J. 

�u�STICN #31. Draw TW Transmitter. 

... il� �3 {V ��R. '31 n . t • f • .::ee D·3par3 e d1agram. 

,......._...-
..... �' ....... "" � . ...-....-.....,,_ .. , . ..-...,"'" ··--�·,·----------- ,.i· 
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care and upkeep of Lead cells. 

The attention that should be given to storage batteries is 
up under the following general heads: 

1. Add distilled water often enough to replace evaporation, 
keeping plates covered at all times. 

2. Keep all connections tight and covered with a lig� film 
of vaseline. 

3. Keep the filling plugs tight and the battery dry and olea� 
4. Take hydrometer readings at regular stated periods accord, 

to the duty being performed by the battery. 
· 

5. When the battery is to be idle for any great length of 
time place it in storage. 

The batteries should be charged at regular intervals. They should l 

be cha�ed at the normal rate and the charge completed. Habitual . 
undercharging is one of the causes of a battery becoming sulphated � 
A battery should never be allowed to stand in a completely discharl·· 
ged condition, as this may render it unfit for further service. In 
the course of time sediment will collect in the bottom of the cell 
this should be removed before it reaches the bottom of the plates 
to prevent short circuiting. 

To remove this sediment first provide another jar with similar el­
ectrolyte and then charge the battery fully. Lift the plates out o 
the container, placing them temporarily in the jar of electrolyte, 
then draw off the electrolyte from the conta iner from which the 
plates were removed, placing this electrolyte in an earthenware ve 
sel. :Etemove sediment from .the bottom of the container and wash out 
container with disti1led water. Next replace plates and original 
electrolyte and complete filling of all cells with new electrolyte 
If, after cleaning the battery the specific gravity is found to be 
low, the battery should be brought u� to stan�ard by adding the 
electrolyte instead of water when replacing loss from evaporation 

If any of the following symptoms are noted in a cell compared wi 
surrounding cells, the cell in question should be examin ed for a 
short circuit: 

1. Falling off in specific gravity. 
2. Lack or deficiency of gassing on regular charge. 
3. Color of plates markedly lighter or darker. 
4. Excessive temperature. 
5. Lower voltage. 

Individual cell voltages should be taken when the battery is dis­
charging at 1Jle normal rate as the open circuit voltage of a cell 
is of no value in determining the state of charge, due to the fact. 
that a normal cell although fully discharged will regain almost i 
full voltage on open circuit. Manufacturers instructions are usus 
ly available. These should be studied and carefully following in 
the care and operation of the battery. 

Management and Location and Repair of Minor Defects. 

There are a few important rules that one should bear in mibll r 
the management of a lead storage battery. 

Always use pure electrolyte. 
� Never allow the surface of the electrolyte to fall below 

upper edge of the plates. 
Always keep the electrolyte as furnished by t.he dufaoture 
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�esp al l  �he separators in place so that there is no danger 
cf tl·.e r,J.stes C:Oil�i jM]) CU!1tsct itr ... ·��o.::t� 0�_�1�.'3r 

... 8ep e:::ll2 ��\�e:_.,_l i�!2D t:�d 1���� r�lG:.;_i;" ·�.,1-(:!tL iL� t.ca_:,rc ti1at are 
�-- u ��, r o r � "3 d :. f .l. � , .:' '.� l ::.; -� c r �? • 

Irt2pJ,:;t tl:le �:.::'�_,:� occ.seio.-:�allv fer i.�3s�·:s i� �.:�.� . .  _�;o.r:t"7;:!l5!1�3r • 

.:ilViJSj,.;:1 �}1srg�3 "'�.t:; 'br:tt3r;_l s�� ��f __ ,(; 3f3 f �:3i.>;:1'.j 3f�:�·.:!r rli�::c(uarge 
���;;v·Br �.:;\"c�r::! .. . sr::;f; j1:� t·.-�r�/ 3�'e-�. t ��u }.."':� ··.! d"i :2;L:tlr·11atio11. 
�--��: 110t.J ��t..2r.��-s .r·��_gt;ls:cly ::tt 1��i6h ·c:Jt'J2 • 

. s·t,cr."� �>� t��3r;i : .. ,:2" S'�l� .. r!'inti\)' I -�.�-: it' s 2Ul l�s"te sr;·p:;ars 
tr::;st t1:r::: __ · .... stes i::inL:;dl.stcJ..;yr • 

.. /:;·v·--:;r s�l::_.·{: ,:,h3 1J s t � ·3r�,· t·') !i ··J l�'.JY,_I:·:; lP3lC'/.; 1.75 �vults rer 
cc:l, r l.l�J �t 80� l. 3��cific fT3 ity. 

�·�l·.�:s�'S ke·JI ��.}--;.� t;�1.pr:;r:.JC11r.e of L:;c lstter:/ �.\eiv���� :��10°?. 
Du 11ct �;.KJ;cE.:� {� -�,�stte;r::/ to 3�'tJre�ne t·3J!li:f-;rstu,re. 
�3stt:3ries �::(f1.ou:.d b.av� I�le:·.1t�/ �;f ·vG�.�til:�tion ss t,he�:'" ;i.ve off 

l1Jrdrog:er1 2. 
I.:al:�;d li"�·}:tts 2hould ut �,-s ·::.:srri�d i,�to '� toJm v�·1;.��I'8 2tur.sge 

1)a t t '-3 r ·L e .3 :. 1.� ::-; i.; 1J:: I' __ ;; 3d . • 

·�1l1e f�..:llt/V\i �;:: 'tr\Jn�ol�;:.: :::;.r.3 ��:·.� Irlut::· t i�.rc . .r��2" t \_._.,.�::: -'1.x . . c.v�J:lt·3r-� 
ea iD �he urarsticn uf 3 2�or��a b�ttery: 

1. �ose of v�ltn�e. 
��. Lc:as cf �srs .. :i�:;�. 
3. '�orrosicrJ �� ·3lecLl"'o-l�]d s:·1.:� s(2lr:1:�aticn. 

A 
�-r. uok.lL j •, r,_...., V\ "'J \ .. • +• ::':) (''"" 

._, ..L. � J.._.,'".J ',J �� ... .-: • 

Fi • .  :heddin£; of n.::tiv�3 1.nat·3rial. 

:.css v:f Cspaaity '1l!ci Voltage. 

When a 1' � t: 1v·· '"'ru 1· s OV·" r· .-,1-.,·� r ·, ·"' d "'· '_,., : ··1 '•·"'I'l 1 ·''" ri ·.:- u 1 r.rls:; t '" 1· q " , , r"'"' ·""� � - ..... ,_J eJ � �"'* ...., l .. -- �.: -" • •.J - "' ·�--" . ..... • ... .:.:l - •. t� ... - J .,, \.� '� �� ..... ·�;,. t 

a:·�ct �:�1-li2 G:Jl·;·,lt3t?. . .;ol�·.::ct�:: on +.f-·"3 :;::lst,32 .i11 c·· .. .)·s ��:: l �, t:hu.;:: rectucin0i 
�.}J:-3 cBJ"')tj.;:.�::�>/ 1..1:n� "f}·:_)lt'J:-����. ··r.:.3 r·�;uJed ;;r i.��: tc -��fta.l"'i?-'H th8 1)=:-Jt�:.cry .st a 
::i rste :.:J.1til .: .. �1.�:! �:�.-:t·as g;3s �fr-18l;y. ·t�t: .. 3r� r;;d·l.lc�j "i!t; l"ate to the 
rl:.J r:��a 1 ·-:: 1. .�h t-11ou1.. r.s �� 8 ·:: 11 t i.l t f'r·.?. r -� s t 8 .s t1 (-�a iLl ;r, 2. -�� ·h.e:n rf:r; c1 uce to 
(l.alf t .. 11,.3 Bl.i;l". .. t-ho�lr l�at<-.� Bl.1(; . . :;�-:-�.�.:nu.::· ::L.Lil t�}"'t·� �': .. ::t�ad :;se • .  At t}1i 
};oint pa rtly ··· i :]'; �:arB;;:� tl1c l;attel .. Jt s; � recl1ar:.�� ec li"�f re. 

3uckling uf Pl�te2. 

C�ontinua 1 exces:c:ive over..:;hsr,zi· • ,,r vio1:;;·,t dis�:�·�:n,IiEe;. heats th 
battery beyo·nct all l)OGC�i:? , ··T.a if iltCh.:;L;;;::t :._1 l�J33t:;.jly itl "nry 
.af't to i.P.jl1r;3 the 'f)lS��,:::. �v�;:t�..;h.:r;;il:.£; s 1.st�_.er.J' i.3 �12uo11�� t:ha 
reeult of fsulty ap-��·.a.ratus; �hgt i;:, :·. l1 .. -: �--:�� ;-� .::.st:!�� s�-,�c.a .,,l�llS c1Ges 

; t ·"' .. , ' -: -� t 0 � " '·\ ,-, t � . 
' . · . ... "' '"' � ·" -f' .. 

• ·, ct ; "' .. . . ; _,,. 1• " • ! , � t f 1 1 <) DO T�:.,:t_'":;.l...._d vt cO �.�l .. o .L! . .::::v·...,'-ol\.! v..l... � .·· ,.; �.: .. q, ):. �s, �./ ;·-� Ll._;·lv ll .... � am-
p��r98 l.:· tc� t,l1e 13s t ·$J8r�;. � �!·3. �:·;;'"�·Ler.::i � cr i��: ors�·;�rl�i1_..::� ::0 ���p::�res i11to 
it, gnd 1c-3,3:p.l11g It 11"�.:- l: .. :·ts sf�j�3·:�� t}�c 1)st't?.YJ X4:as :1.sd e11cul:jh. :'his 
c:s-uses bucklin� ..;f c ates. :::; ,:; :).;:c:J r,::gcc:..stor h: riz;ulatirl� oharge 
i� orrect l�r. 

Sulphat icm. 

��11e of -�1!�1;j 7.,l."·ou1:.,-!·::'�-3 7tv ·'l�<�1 ich ·i 1.:it3.:: s.1'te lia1:le ir1 +:t>; oer"'licJ of a 
uarel:3S2 o r�t�r i�7 �-3. r�.ard·�:-i .:;al18d suls;l1.s�Jiu11, ��\·: ·j i::� ·:!Bused 
1)y lsci,: 0f �:; r!ini; t·r .)y d.:t;/ s·r-3,·: st t!:e to_r:.:J of th3 ·;.-lates 
�su2�d by lsc� 0: �at�r. �ulphatic� in �lates produce2 a white ch­
slky 2'-Ab�'t.:irl':�e wl:ieh i2 a �:vnecr,ductor ·:f �lectricity. �:u1phation 
of 50 p:;rc3nt �:f tl·"e y.:lat� ar1s \'!iii cut dcwn +:[ie tteryr s power 
c:sr>acity ,:;ve11 znore t:1an" :1�J ·:��I�c8��t �J e�Ju .. 7�s �)f 4,1-:..e <:i·-9r.:;y :.,fisted in 
ovgrconli£'1-6 t1·le irlcreased. i�1t-err1al re��ist9rlJ�:; \;s�1sf�.d lJ;/" t,111s 
depcsit. �l�ays keep platea fully aov3rea with electrolyte. 

chal!:y 
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':!:qua lizing charge. 

( a ) Charge the l)attery at the fillishh!E; r.ste for the r,ormal charge. 
cr at .sbout O�le-third or u�le-fourth the n.:rmal c::iu:..rge. Ccr::tinue 

�harging until five h;,rdrometer rs:1di s �,aKen on each cell at 15-
,., . " "'.._ • ,., t ,,. ,.. ,.,1Q �· .. �\ ' -y: 1 • .. . ") p-r: .. ·:;.:":) ')y· .-..Y'"o · •: ..n ; n ·r·�"'<':""�.,;t"':• +-�·"'� t • .  

b ..J •. nL ... .�e l.J.e�""'·�"- ;;.c.L<.JW -•'-' lLt.. T.J'"·-'J .... l ·"f-''-''".l. .J.. .l.v c:, , '-' ,. .._ y, ... .. a lS, o 
tai;1 five: ide::�tical hydrometer reacting;�, t.si:en Gt 15-mirmte inter­
vals, on :;sen c';ll. :ieadings sl:.ould b:� legged. ·.::emperflt-.ure reading 
should be t:li�en st :;be s::.;r:·:e ti:r:e tr.::.t "'Jhr:: :Jp3·':i:f:i::: ,:;r�vi�y reading 
sr� tG}:en. 
( ,... ) Th·"' r';:">·.,'-ty of ·�b·"" "le -.+·ro"�rt o '"U'�t 'o"' ···�r·r·�cte·d .... ,. t::(\o 41 as u ._, ..... \. '>J 1- ·�· .L ' u J. -� �-� - � t) ..l. .;; ·J """'-' C' "'-"'* \._p ..... • \J . 1J' ..... 1 ;. ) ,_,r .J., • t 

the hy d romete r readicg;.: :m:.s r�msin c:JlL}tGnt 'Jir�i1� .·h8 ·�,3mpersture 
i2 risin?o. This eor,(i::.tion indicate2 that ti � sre:;ific :':"r�;vi.ty is 
incressiDg. 
�� n e qua 1 i 3 i �1 g c ha r ! e i 2 :: i v ·�·n 1 to ins '�� r e t. ha t a 11 '. 1: e s u 1 p ha t e is 
d:r-iven fL'Gln the y1late�3 �;nd to restor.; t.h·o ; ·:".: ,; of ::; battery to 
normal csrac!ity ·n��er: ti:e b�>ttf!ry ;:::s not!,,, '\rou._,�:r�t to nor:nal 2pec 
ific gravity v;ith s r:orn;aJ e1:art�e. 

Dry Storage. 

J:he ·::.sttery should 1v) fu1ly ·�harged .:::. .. ' fJI' i:c:Jtrncticns. ?he plate 
should 1::<� remo ve d snct t><e woo� :3��p3:rat.:rs Ji:-c:carded • .  Uso discard 
the old electro'lyte. Soak the positive �L•d uegative r l a t e s in c old 
distilled water �or st leaPt 15 miuutes. �ositive �lates cal} then 
be lnid aside to dry. The �3g�tive rlates wil.l probably hast when 
ro:,ov3ct froEl t1:e •:at;r, a:cld t'1ey s:wv.lj he reairred u�1til they coo 

off. The parts can �ow be stored in � dry rla�e, care bei�g taken 
r.'--�,� to Te·t tlle I'C3itiv:� t1r1C 'L.egs�J i'l3 rlates :�'.Jine i11 :�<:ntnct. 

The following data table i� very useful in ascertaining the condi­
ticn of a batt9ry in ita various st3�es frum a fully chsrged to a 
fully c!i�.::c)�grged cu:Idition. Da ta :Jre given for b.)th �; le.3a a-acid 
ba tt ery a;;d tr:e �di8uri or DL:kel-iron battery: 

��"� r� � -, 
\....: -�- :�� .. :: G � 

��11 fully chargea gs22iug fre�ly 
·?ully eh.�rged aft�c 8tnJ·di�l6 
'?iully charge::i by j i'3chargL;g ::ul'r:lal ra te 
·7 u 11 y d i f) e ::: c r _::� e d • d i c c 1�.-s r ?7; i 1 t�� ·, : �- r :L.s l r c t s 

• .. T, -:- ''' ' ;-.. ..,-, 
to VJ..o..-..d.'J '!, ..::..F":CIFIC 

G·:L·l."'iiTY 
.--------------·-------------

·l_.��A:U � --�::;r� ... ; .t---�D : ��:OI-
�.J��������-0�·� :�:A r:"r. ; ,3CII 
. ' ' . 

2.5 :l.Bfi;l.£10:1.210 
2.1 :1.6 :1.::_:10:1.210 
;�.o :1.:) :1.:�10:�.�10 

"'ully dL:·c:�Gr3ed GL " ' ·Jircuit. :ts :ii: : 
; _ _  . ? :S : l - 0 :J..l.,5:l.210 
' - ) 

. 

• �. ' ? - ' .., 10 \ l ! ,.,,._ '"''" =� =· : �' • 3.� . ;) � .!... • '� • 

�'1) --:- ;:-. .. ··ct /'"'},':!11(:! ��,""'!y. ·�,.:.'ll'll·.''l":..r .n "- - , .U;·11�·,., c1�:qr�.:��,3r" ·· � l+a.:J'e• d.rr�-.� 1.'m-� .J.;'•Jtl - -J' .o-, ,-,. �. • t_.. ,..i.. J .... '• c 'J •:' IJ \.,.J ,Je� .. ,, , ..,.,�> 
.0.4"� .._ �; '•" �" ...... , J ':") , V J::.·� 

i�dlate�y to 1.75 i� circuit is �losed. 

C.t\�:C� .�.:·!J U�I�-��-�r t.�-� '£t�I3011 STCl\..:\G-�� 3�\.TT�3.I:.�.=). 

Under prcper trGt1t:aErnt <:dison c��ll:�' ···111 i' rove ',?ith us�. A new 
eel!. wi 1.1 cuPtinue t·... :1creu::<e l�1 ::'.:.cs(i ty 1'cr :.:.; Terivd c,f st leas 
�30 cycl.e:: uf ehsrg:;; s�.� rtiscLsr:�e. Tf a new bsttery cr ot:e which 
has be:eJ�. St!l�ndill€ idls ::·r.Jr .a ].()'t'.L:? ti::;e C.f:·�rD;_;e:3 SGr:ler�·:h!lt 2�.uggishl 
use it as �n11c!l tJS T1\]s3:ble. ;:ivi11g it OC!CB�iionol jj_�;c!Jarges. nrlct i 
vJi 11 scc11 r�i.c ur, 1�,o rlcr:;nal a�:?J.:r:ac�itJ"• Tf -r;�he c3.rseity c� '"'"113 t,,at-
tery falls vff, J..t is usnally a;-. ir:;·�L:ution ·•:hst the ·�l:;ctrolyte 
!!e�d;• to be chunged. Zmpty ola ele.:�trolyts a�-::.a re fil l with new 

/ 
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solution. taking care to use a black iron funnel rmd earthenware 
pi teher • .Never use tin or ena mel funn3l. Keep the salt deposits 
that collect on top� of c0ll2 cle�r,;ct off �t sll times. a.nd keep 
cell top3 a:J.d cout,s .. :lers :_�:.;.st�d ·,ntn vcs:,�lLne ::oJnrvund . •  T.lever put . d . -:"1 'I • ' + + • ._,d' .. 1 ,. . rl 1 ,.. ac1, 111 ar1 �c�1son nsvuer;y ... , .d.'!' .. � 1scr1 0-��1 cs�.L rA3I!13lrJ. l·....t. ;� xor long 
;�·::l·i.ods ·;iithout ::; h.srg iL g 3! :3 .'iOt :l1Gtsin i:.';ricus ds.:nage . .. \ lvvays 
f:eep ir; s dry r;:.ac�. 1;:;v.::r bring a .s::3d flame ·. �sr aLy �}attery 
·�h�1t is Q,3.:..:Lg cr�3rg�:;d, ss I�.;7dl�o,�t3n :r;:·ld oXJ':·:�oi 3s3� .. . ; are ::iven off 
t>l�l'i will L:;nite verJ :readily. �disorl i:··atterie�:: !.>.'ill -"r:-33Ze in tem-
'.' .. ''r•;.:+,lr e� v·+' ')'J0 1l' 1·,"10"' '·''"-'rO 'I"+' c,,-,,�<>l'bl"" p·,·, '-'V"'"' t."-'''l�'"r·�·TJ're ,l&,. ...,JI - V .... - �i-.. ....... 'f 

� • "l '•· :..., l(t � •J � ... � f"'' "-J ._ "- ..,..... � ..... ,J' ..,/ ..lo• ,.,/ � !.J,.Io J 'J '-o. •.• i.A. • 
net too wurm, z,r�oul.::. ue ::.Sllltaln,�a. 

H:i T T��-lY -�c :Jir:�c�� r c.r;s. 

:Jo:::lncctiOI1S1 OU.Ch - ;: ��erie2• J.:ars1cl.el, ..:� ��!.3riE}2 f·Srs�J.el s.r.� ·the 
::��tt:.::;dz ;:'r'eraU.y us<'�J i�, i;roupi. '-�'31ls. 

s�rl�s. 

Cells are said to l1e cvnnected it! ; ,,:; rie2 v;;i·H3:t: the r:osi tiv2! t�;rmina 
Of ,.,.rl::. ·':"11 J.. '' t'O' ,,,:..·.f·.i=>v.·� + ,.., ;. , , .. ,, p::r.:t. l. " ':" 1-'"1'!''1' ''11 0 .. ·: •·r,,,, .,,..., xt c-::.11 '" V.a. -.1- .... ·�. h '-.J J ·""•.l·J V v ·� l.i V I "-.o.1-J "•··-·..:-.;:'- W V _, ,J � .�..a..;. ,_ "' 1.; -��, ..,.�,., . iJ ..Av-J 

:3.!·1�1 SO 01'le ?h�� ·ef:'3ct r�f tb.is :l�::;·upi:: .. i; i�· t·.J .: ll :D �7��· ·t:�·�(� (� hGracte r 
istica �f t cBlls; ��at is, t�� :0:s1 J��.t�:3 is t�� s�m of the 
i2�dividual 'f,:.lta ;3 •,;f :�G::;l': -::ll, �.:>� ·. ctal re:.oi2ts::,j; L' t:·�(-;) sum 
o:f t:--·:<3 ir1t':�·r:r1al r;::·: i�:.�Lol ... .. ��-��J ,)��: �jscl1 :��;: 1. ·Jells a r�� ,gl .. oup:�d in ser­
ies Nr�en th .. :; re;.'ista.Y:· .. ::� . ...;£ +J.': ,:i.::-c'!Jit is lar0:: sc ttat t.'·:e iucre as 
of i!it'jl'nsl r,;::·is�s:··�e is not :�f ... :.uch n1'..;�!'3�·,t, �,�3 i.:.:.·rdG:::ed voltage 
-r:rod·:ci:.:? ir:;r:-::as0d :.:J.rr::'Jt. '.I:he iarg,�et 1:Fhc.'.l:�t ·0f currect from 

ttie grouping 0� Phort circuit Jr closed �ircuit is tte ssme as the 
�-:�rre�l�� ()f o.� .. e et�ll. Tl1e arrar�J .. J .. ;�erTt i.2 �·.·:,·:>�a -.� .. -�-.. !31'�. �.118 v(.:ta.ge des­
i r·3 d i �: � l"�a t ·_·; r (,��a !J. ·:.: >:..�� ":.l :.} l ta �-:..� .:; :: t�� �--:3 c :� 11. 

rsrsllel. 

:;ells al--�3 ir� t.�Hral1.t3l ··:e.:.: sll '"\l1e r:.:;:.itlv�� t '1:��-li·;:·nl�� ·J:.:·e. curil1ected 

t. u v:·�·3 c ;_,�;;n.Lno:r1 ·�J '>.) ·1d 11c ::, u r s. -� d all t, 1:.�1 r10 :�:J t i \! ·3 : .. -� l'"'!ns ij ·31 s a r,.� coTll�.ec­
ted tJ Ol1'3 c:;;DJnvll C(!:idu,:::+,Gr. The effect :...:f this grouring is as fol­
lo1Ns: The total voltaga will b·":'! t:,e s>;Je as thc:l vr,ltage of one ce ll 

but t�1e total ltJtr3r.··!il r·3 i�::t:::.�-�.J-8 of ' .. 1·::.·3 �;Gttar�.� v�·ill �,e �: .. .,.:� resis-
ta��c�3 of o:·-\ .. � t:�-:;11 Jiv·ict:;d L�_., �-.. :3 �U.u .. _·.3.r !")·f e·:�lls i11 _r:arallel. ·�his 
arrc:L��J.ge:::ertt iE:� n2��j ... :; .. f.l·_· .:::u.L�l�rJ_:�t :1,:: i::.:"·:�d i�? ��reater �-12.S.tl the 
c::.:trre.'·Lt ·::-::' cY!Ie cell. 

. �e rie2 ,·' }.3 J t �� 1 • 

\Jells are co.n11ect�3d i_�: ss:.�i:�2 �,s:�d :31 ·.:·.:e11 -�·.,-J <:)T n�or�-3 C:-J]lp are 
co:n.nect,::;d irt .2:1rie2 t;.:.: :cr��. G�:� ::�1:�. ·� r, :��:3 ·L-v��iti·ve ::r[.':i; __ �_als 
of s ... �tl:r:b·��-� �--�� icte·�:ltioul ��/a :.::2 �re cc�ll�'!ected t���- :}T�e c:ol}:nJo·� .. l conduc­
tor a:.· :t t:.1� � :: .;; gs �:. �j�J tJ ·--� r .�Ji i'"':.s 1 �� .s r�.�� e :..) .:1JJe c, f� ·::: . .J t .�. a :··1 l) t f1e ·r en n:.mon con-­
d:.;.c or. J:lt.:.e ·LarJks �ll��t �.s-�l'e nq_t.?al �v:.�ltEL':�e. �� ... r ��r::1 diff.::1Te.rrlce in pot 
�r1t ia l  \�ill es·�1��e v-�1·3 �'}suk t8 c rge a.t.i}t' er �d:i!lk. ?l1e --�ff8ct of 
+nt"' :r-rou··i•'.:: is· '1'11'' "ot-1 �- 'Y' iY'''1 �·"lt•'"l..:,, i"' ;::.''\.'81 +-f"' "h, L>Um of 
: l� .L � . · r �- � �. o :_: � 1 ; �· � -l. . ·: 1 v �a ··\ _:; -� -� ·�· � ..._.� . . 

--. : v �-' c: � -�:: ·-: 1 � .... ·-: � -�� ;· � �: '-' � t�� .. :: �,, �� '"·'8 , .,.lt.::;. gv>:.. .·.1. ,,Le Lt, ,_.y •,.•.L ,,�;,.Ll;:; v·�J TI ""'""v · .. G 1.:: c:• ... T ... • .. - .:o  1 •.• '-'-"':- bank 

The tc;tal i11te1."1lnl rd is··� ::��lf;C i�: �3�·:.1al tc !;��1c r��1.n1�o.:!l" �):f cell ir1 o·ne 

bank, -�.�vided by ·,f1:'3 1:�1::.1J·::r of bank�:!, tL::ee the i::tter�:al re;:-istance 
Jf one cell. This system is .us3d for illost battery Rork, �specially 
Vib.ero;3 s hi,)i31' volta<?i� s�1d s �;reater curre:,lt thar� one ,;ell could 

give is ra;uired. 
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