G.B.Todd,RMlc.,
Fourth Week.

VOLTAIC TLECTRICITY, PRIMARY CZLLS, STCRAGE BATTIRIES,
CART AND MATNTTNANGE. !
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“UTSTION #1, Yhat iz electromobive force?

AN3WER %1, Ve kave two bodien s
& velifaic cell, ana the differs
tetusen them 1a due current £l
exterzal circuit. The grestar thie dif
petential the grester the current, or
currant rroduced,
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ANSWIR  #3. The following subsbar
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thig tsble, any substance is proesitive to any sub=
atance which follows it znd ne oaLLVQ to any precedi
ing Lt. Fer instance, Iron is pomitive t¢ Copper
while Copper is poSltlve to Platinum; Silver is
egative to lead, while lead is negatlve to Tin.
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"UTSTIGN #4. What is meant by electrolysis? Give some examples.

ANSWER  #4. The rate st which the negstive plate of a cell, waste
away, or is consuned, is en*lrplj dependent on the
amOuﬂt cf current the cell is suprlying. Were no ecur
rent being supllied, GHL;“’lDU that *ﬂe metals were
pure, all chemical sction woeuld cessz2, and no materd
ial would he consumed.

The ravarce of the sbove process ig 1led slectroly=- |
sis, wnere the liguid is hroken up azﬁ the metal
decozited, The rate ¢f consumption of s substance

( when ore ampere is drawr from a cell, and the amount
of metal dzposited per hour by electrolysis, is
termed the Electrochemical ZTguivslent <f the substan
ce. A table followss

BLECTROCHEMICAL B VALENTS CF ZLENMENTS. '
- AN s a’{dMS BOS S iy SR A=H
SLEMINT :QfMBVL SRTSRUUR L DI GRAN
Alunin@ieee @ AL, 0.3369 : 2,969
COPP2Teaeeee ¢ Tu . 14180 : (.843
Goldeessewe : Au . 3,677 t $.27820
Hydrogereee ¢+ H . 0,03759 ¢ 26460
IrOﬁoooooec . ?e . Q.b:}: : L 4"“’ . 4
N ¢ le042 : Qe.95¢
Legdsceecee . Pb | Z,838 : 0.85%2
Hickeleeoeo . MNi : 1,094 . Je2la
Yitrozenee. . N ¢ 0.261 . 3,028
CRYERT veo e . o : 902983 H 5@552
D‘ilvereceoo M Ag : 4"_'2‘5 4 ‘}.2'.4:85
ZinCececcoe . an ; le219 : 24820

3y means of this table, it ig pogsible to determine
the amount of metal neceusary to produce a given
current for a given time,

Cne example of electrolyais is electroplatirige Advane
tage is tsken of the fact that if s currsnt is pass-
ed throuzh g sclution contalining the sait «f 3 metal
the metal will ue depusited on the upgat1VP plate,

Another exsmplp is the destruetion ¢f metal wstermain
stee., due to nlec irvir‘l?, or the electrelytic acti
Per instaﬂee, s electric railway uses the ftrack fo
the return circuite Ths rails ars not insulated and
therafore sllow the current to leak into the ground,
This stray current will follow the pzth ¢f least re
istance, such as a watermaln or a zzsmain back to
Lhe geueratur, which is als¢ groundede. There is no

( harm done wnere the current enters the pipe, but

) at the place wherz the ~urrent leaves the pipe, the

. goil around the pipe is uzually wmcist snd salty,the
galt acts ss an 2lzctrelyte and chemical action is
set up betwean the pire asnd the salt water, and the
metal ¢f ths pips is consumed by the mslt and carr-

- ied to 2cme other sutstance that iz acting as the

i negative plate at the momente. The only mathod of

preventinz the latter ies to proviae a nath of lowe
er resistance fthan watearmeins or gasmains, such as
welding all lengths of the rails togsther, or using
8 gsecend trolley for s returme.
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"UZSTICN 75. %xplsin the chemicallacticn of & zine-copper cell
using diluts sulyhuric =2¢id for the electrolyte.

ANSWTR #54 A zinc-copper cell conziats of: A jsr containing a
ailute sciction of sulphuric scia into which are
inmersed the twe disgisilar plates, one c¢f zine
and the other of covper. The chemical symbols ares
H23(04, dilute culphurie secid; 7n, zincy Cu, copper,
Jpon ccmpleu;bg L w1rcmt by ~ernrmeching a wire to
both piastez, extarnglly, the elechtroiyte comxences
to atbacsk the ziinc. The 504 part of the nliectrolyte
has a string affinity tor the zine, snd combines
with the Zn to form ZnSO4 {zirne ”ulphate}. For every
804 rart of the solution tha'! combines with the zincJ

here are two psrts of bhydrogen (H2) liberated. The
Mcmﬂno that the H2 ig liberated from the compourd of
H25C4, it possesses unuswal rzadiness unite with
other moleculess As bth2re sre many moere compoundsg of
H2SC4 iwn the =clution, the Tirast HE unites with the
SC4 of the newt molecule, sand the resulting HZ which
is liberated wnnites with the 504 of the next, and so
¢n scercss the cell, until the 9opwer slectrode .is
reached, where the jast H2 rises to the surfacee.

Therefore, as long as ths zircult is complzted, %his

chemical action takes place, and currsnt iw qupplied
to the ezterral circuit, hut at the cost ¢f the zine
2lectrodey ana the solution. The uine graduslly was-
tes away and the solutlon bocomes weaksr.

“UTITION #6,. Txplain loesl sction in s crimsry ceil.

ANSWER  #6, dWere the mstals of the twe elsetredes in a primary cell
purzs there woulc be no chemical sction urcen breaking
the xternal 2ireuit, but it is nearly impossible to
obtain such pure metsl therefore they cortain many

impurities, such asg mall partlale iron, tin,
l=ad, carbven, 2te,, #hich substances, asccording to
the tadble of ﬁ’evt“ “aewicOI series, would act as
the negzative plate or piates, when the rod ot zine
wa3 immersed in the solubtione These numerous suall
particles of disgimilar metal g2t up nwumerous smsll
independent cells, the ehewmicsl sncticn of which is
similar te the ac n the larze 2211, therstore,
evern theugh the exterua“ cireuit be broken, the zinc
in 8 zinc=-coprer ce?_, will ’IJGMSLly waste sway due
to the action of smailer loesl 2811se This is
ca?lpd loesl set It i3 usualliy vrevarnted by amals
zamstion,s The :zirc iz SYhorcughly ~l2aned with ssnd-
raper, imrerzed in dilote sulphuris aﬁid 211a whll@
gtill wat, covered with mercury. Thic uTT“ a bright
amglgam which protectz the foreign mstarial from the
action of th2 scid, although mnct praventing the acti
of the acid upun the zince. As the zinc wastes away,
the mercury = alvaﬂ reforms, thus preventing lcecal |
action for the 1life of the 21nc electrcdes Some manu-
facgturers cast the zine electrcds with 8 small per-
centage of mercury.
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TUSSTICN #7. What is meant by pclarization? How is it prevented?

ANSVWER #7e As explained in fuesticn #5 hydrogen 1s liberat=4
from the electrolyte, duz tc the combining cf the
S04 with the zince. This hydrogen seccumulates on the
seprer plate. Cf course, if the zircuit were broken
and the cell allowed tc ztand idle for s rericd of
time, the Hyirouﬁn would escepe to tne surface, but
hnn tr2 cell iz being ufed, the hydrezan accumulat~
eg, faster than it can ba 4is ‘1p4fn%. The copper |
plate coated with hydrozen bacomes nesrly a hydrogen
( rlate. Ag hydrogen is mere positive than zine, a
vunter- abtlon similar to that between the zine
and tha copper, would b2 =32t upr between the hydrogen
and the zinﬁ wnich would opryposs the maln current.
This action would weazen the cell, cause it to d2li-
ver less currvent to the sxternal circuit. The coat-
ing of the negative plate inm a ceil is t=rmed polari
zation. This activm 1a prevanted by neaua of a de-
polarizer, which is ancther :?emlcal which has a
strong effinity for ydrezsn, snd which will combine
with tha fvd“u\ﬁ*, rrevemtiwg it freom ac *umulatlng
on the nagzabtive plat Thia chemical may b2 eithker
s liquid ur a solld. mhe dlfferenc# in the various
rrlmary cells now manufactured, is mainly in the
2thod by Whloh fhpy accomplish the depolarization.
uome awe two fiuids: th2 zlectrolyte and the depolar
izer, some ule m2chanical means, =uch &8 rough sure-
facing ths A%’aulve rlatu g Yhat the nydrozsn will
not elirnz to 1t bubt will rise fto the sarfsce, or
such as rotatinz the negsative plate, but nc mpohan~
ical method will entirely prevent polarization, so
the most of the cells utilize s rhemical.

“UISTION #8. Zxplain the chemicsl sction of a Daniell cell.

ANSWZR  7Be The Daniell cell ig made in zmsny forms, but they all
conzists exzentialiy of a2 zince positive plate and
a8 copser negative plate separatsd by 8 porous parti-
thL. Cn the zine zide is pute dilute =sulphuric acid|
the copper =ide is rut sulphste of copper dissol=-
ved in water togelther with some ulphate of coprer
crystals to kesep the solution of ccprer sulphate
saturafed. Upon z2losing the circuit, the 3C4 of the
H25(4 combines with the zinc, forming IZIrnS04 (zine
sulphate, zud liberating twoe atoems of hydrozen (HE)
which pa=s throuzh the poerous partitione If the solus
( tion of copper sulphate were not thers, the hydrooen
wonld s2¢cumulizte on the copyper plate tut as it is
there, the HZ meets with the 0uS(4 (ceprar sulphate)
and ag 1t has a greater affinity for the 304 than
“he Cu, it combines to make HZ23C4., This combination
liverates CU, which forms ¢on the cop'2r prlate. When
the Cu is libersted from the Cu304 the scvlution is
deprived of some of the Uopper aud wuuld in time
logse its etreorgth t¢ the extent of being unadble to
rrevent polarizatien. But the copper erystals keep
the Copper sulrhate solution ¢ ﬂstantly saturated,
The Daniell is s closed=-c¢ircuit cell and will dellve;
a small but steady current at about one volt.




SURSTICN #9.

ANSWER  #9.

—iiia -

¥hat three other types of vrimsry cells sre commonly
used? ‘

Three cther typzs of primsry c=2lls conmonly used are

the Leclsizhe, the Jeston Staundard, and the Dry cell

The Lecianel 1s a winzgle zeolution-open cirecuit cell
utilizing 8 sclid depolarizer z=urrounding the nega-
tive plate ¢f carbon, the TQ:;u‘V* selement veing

zince The electrclﬂte iz a stromg solubtion ¢f smmone

ium chlorides, ¢ mmon1J known a8 #al=ammoniac,. The
avlid depolar1~er ig composed of small picc2g of

caroon and manzancsse dioxide, which will take care
ot th2 limited amceunt of hpdroegen produced when
the cell is on closed circuit bat if the enll Is
allowed Lo vemsin oun clossd clreuit for any langth
of Lime, pulsrizabticu ooouree The zine i consumed
only on clywed cirenit and as the cell is used for
oren circuit worxk such as bell ringing, etc., it
iz econcziczl and reguires very llt le attention,

The TMF ig sbout 1.4 volte =nd the insernsl resise
tance ig «bouu 4 ohus,

The Waston Standard e«2ll is wsed as the bass for com=
puting the value ¢f a sStandard volt, or2 standard
vU.t veing 1/1.0182 of the voltsge of =
durd c¢ell under stsudard conditicns. This fizure is
unaed bacsuss tha cell will oreduce 1.318? valts at

20° Centigrade. The Waston iz chonen ag Standard be-

cause it will maintain s ﬂonst*” TR for a long

time on cpzn circuite It usen uwercury as the rositiv

plate sni an eomwalzam of 128% csdmlum ac the negative,

with arn olectreolyte of cadumium Qulphat “he surrent

deliverad is very ¢msll, but appropriat e for fhe
use the cell isg put to, s& for drop measurzments a
high resistance ig used with it s¢ that the current
taken from it will be minute.

The varicus forms eof Dry cell ars the most common of
the primsry cells, bzius uvsed for zen "al ignition,
The electrolyte in this csse is combined with scme

absorbent, makinz the baittery =acily gortable anothd

21 reason for its common uses L1 Lhe usnal type of
dry cell, the rositive element {zine) iz used as
a conbainer in ¢ylinder form which holds fthe negat-

eston Stan-

1

c
ive element (easrbon) snd the dzvrclsrizer (manzarnese
dioxide} snd the elsciruiyte. The aTectr’lyte is
comwposed of: cxides ¢f zmiuve, 1 part; sale-ammoniasc, 1
part: chioricsz of zine, 1 psrt; water, 2 parbeg by
irhie The chamicsl action in thia cell is identic-
the Lecleziche cell, the culy differance be-
2l 2nt maberial, which permits the sase
abil ney are very luzfficient, though,
e mall, and thelir 2lectrodes and
1yt repilaced withoeut =xceszive
& ly discharzed dry czell aay be
1y 1y renswad by wunohing holes
eas ing the cell in a galine solu=-
eir e iz vary sncrt, howaver.
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"UTSTICN #10. What is a storsze cell? what doss it

n

tore? W

cengisting |
n electrolyte
3 : fter delivering
tarnal ecircuit fer s pericd of
d t¢ their wrig;ral aevidition

ANSWEIR . 510, A storage 221l iv siumply a2 velta
of two dl@&lmllar mebals Lnandi
hut which have Laern chi
s gurssut Lo ‘
tiue, mey be

e

P>
by passing a it trzrough them i1 an oprogite
direction, IL e mwost 2cmmon of etorags celles, the
iead ecell, the materials snd tze cleetrolyle have
heewn cheesern §o that psssinz a current thrcough the
( 2ell will charnge Lhe2 platzz to dizeimilsr xotals

and brne sclution He & liguid which will sttack “he
,*atih, tiiss ccenvsriing the elsctrical nncwgy into

eirical 20ETIY. UPOT 2losivig the sxternal circuit
*L, eleastroiyte attacks Ths plates arnd changes the
vatnrlal ir fact, maiz identical, thus re-

v the liffarsuncs in isl to zere, £0 that

TR srrevt oaun ¥ tas cocured iv is
ﬁ%«*ﬁﬁary tce agzsin fores a current through the cell
in an opposite directionrn to rastore “he Jdissimilar<
ity of the matﬁrialv aiid thz strength of the elec-
trclytes Two or moers shersge 221l2 conrectsd elec-
trizaelly ig czslled a sterage vattery,

A storage cell du=2s snot atore sleclrizitye It stores
chemical eneray (le?lPIlSlity of 2lectro’2s and
strength of *le trolyte} that xay he coenveritied into
2lectrical energy by cicaing tie 2xtoerral circuit.

TUBSPTCH £11. Jhat are the scuive materisls of a lesd scid cell?

Cf s 3discon c¢=2117 '

ANSAER  71le 7he sctive material of a 123d o2ll consiste of a neg-
ative plate of syvongy lead (2b) and a pomitive
plate ¢? l2ad percxide (PbC2}.

The schive material «f an Tdisen cell consistes of a
negative plate of purse iron {Fe) and s poesitive
plate of rzieckle oxide (HiZ207). The nickle wuvxide
wag at first niczle hydrate dut on the initisl
charz2 was chapnged ‘t;’x nickle oxide snd never retur
tc nizkie 1 & Tisec rara, it chanzes only to
a lcwme by a2 owide, while “he unegative
plate r chonged tu iron oxide,

UZSTICN #12. ixplain the :zhemical action that tskes olace in a

(. ANIATR F12, Jowmpositicn of s i=ad oo
- “1°cgrglyue.«...gxl
Regab ive platzeeln 0Ly
csitive plate.elea:

chemical syrbols:
Lphuric acid,.eH2504

csetotcoo.oo.an
idaocesweccoQOPbog

¢rr dischsrge, the sulyhuric acid byoaie up into poSie
t#ively charzed HZ icns and negatively charzed S04
ions. The 304 ions unite with ths lead rlate form=
ing laad eu phate (bS04} giving up their negative
charze te the lesd plate. The hydrsgen ions (H2)
csrry their ypositive charges tc the lead peroxide
- rlate ziving them up to the plate and uniting with

the oxygen ot the lead paroxide ot the plate and :
torming water(H2C). The_hydrogen ions getually

R - e



ANSWER #12. Continued,

get elecbtrons from the lsad peroxide., This ig equia
valent to giving the leed peroxide a positive chare
ges The sulphuric zcid in contact with the peroxide
vlate i& alec vroken up into iceng of HE and S04.
These E2 ions unite with the oxyzen < the lead per
oxXide snd form more water, The 5S04 ion:g instead of
going over te the negative plate unite with the
lead,.;b) of the J?ad reroxide (PbCZ) plate and
form lead sulphate (PbSC4) on the pogitive plate,

( 7hus both plabes are beinrz reducsd to izad sulphate

The c¢ell continues to deliver currsit ;auil the
plates are 2rtirely vacdus2d to lead suliphate, when
ot course, sll scticn will cease, sincse fhere would
be but one kind c¢f matarial 1 V\,At and a hattery
requires twe kindse The practical 11m1t 3P dise-
sharge, however, is resched toug before hoth plates
sra cnmﬁlately redugced Lo the pare material. in

discharze, the :lactrolyte is cunstantly srowing
weaﬁer, resulting in a lowar EMF, and the active

materiala, lead and lead reroxide, sre bteing re-

rlsced LJ lzad sulphste, »
redlst TS o

~

nichk has a guch hizher

{n charge, both nlates are lead sulphate. 4An cutside
current flowing throuzh ths battery in sn opposite
cdirsetion breaks up ths water which has heen formed
during discharge into noaitivaly charzed wydroven
ions (HS) and negstively charzed oxy2om ions (0.
Fart of the pozitively chargad ¢ Jdr” ‘en ions are
now 3ttracted to the nezgative plate ard Uﬁlte with
the 5G4 of the lead sulphate, “crv*ﬂv sulrhuric
acid fH SL&) and lesviug pure #ponzy l2ad at the
negative plate, The ﬁevaulvm1y crarged oxyvp ions
(u) flowing against the current ars attractad to
the POoltlve nlate. Here they unite wnith ibe 1ead
(Pb) of +he lead sulphate (PbS04) rlsts and ferm
lead paroxzide (Pb(2)., The 304 psrt of “h2 positive
plate is finally unitasd to the rast of the hydrogen
ions liverated when the zlectric current hroke up
the wmatsr H2C inte HL and . T ig setion forms stil!
more sulvhuric sci ' i vt lead
reroxide, ihen a2ll heern chan=
ged ovar to lead 1 the hatt-

ery is restored to Lhe astate it wse in bhefore it
wae dizscharged, svia 1o now r2sdy to furnish current
( , azaine, The scid grows denser during charge sc, a3
- the ZHF deperas in part on the strength of the
alectrolyte, the EMFP increacsed on charge,
The ¢hnemicsl Q“EStIOhh far charge s1:d discharge:
DISCHARGE
FhC2 plus Pb plus 2 HES 64 agusls IZFbSC4 nius 2 HRO
Chargee.

. . . || Al i i St iU
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"UBSTICN #13. “xplain the chemical action that takes place in

an Tdison cell.,

ANSWBR  #13, The Tdisen cell coris ats of a2 ja
. sheet steel co %1L1u£ an alec

£l

rlate congiste at first ¢f rnickel hydrsz
ard the nesstive plate congists of iror

The chemical actions which
ly unaerstood hut the
he a;rrux1ﬂate satiicng:
anen tha gell ie first charged,
Ni{{02)2 is ohangzed o nizke
irornn oxide FeC is reduced % i
nickel oxide Ni(2 =oorn drocompuses tou g
Kigd3.
Un dlzcharge,the ni. TLO8 abs
to ingar cwide
Titzrated which 1
Lo the iron plate,
and nnitez with the
Ta({0HYE, 2 alaebr
which 27 iz opre
The alegt te, re
breken uan d 3esm
ar carris
{n chsrge ron hydreoxide We(CH)EL ia
s T v g las
g rra

DISCHARGT

>
>

1 tiym M Osx TIOM e T aem T A TN oy e e
e JORRY I HigUB3e Lo 2HEQ DLEE LeU ey \'BLiuﬁl»::\
4

CHARGAE

TUBSTICN #14, What voltage should s fully chsrzasd lesd

r of zjcklpoplated
trolyte {21% potash
in ovre ﬂlStlLl°& water; intoe wiich are immeras
the pozitive and negative pistes. The poesitive
ste (Ni(QH)2)

take place sre act glegre
r(_luw1u~ are surroeasd to be

¢, “be nickel hydrate
1 oxide Ni02 and thue
¢ metallie 1ru1, "a . The

TN 3

).Ul&, 3 not
o 4+
a catalyzer

D

1 oxide (?eUJ

lLower oxide

s
m

Ny D
i oD

acid cell

have when on th: charzing clircult #ith normsl charg-
ing

gurrent, flowing thru?

hNEndtfan) ¥ 1
OWTR of a fully charged 1
when the charzin

TUR3PION 11y charged 3dis
S =8 In “ueztion

o
R R 15
PLUCRST T'.LJ -

fully »JET&Bi =
nna charging currs

"UTSTICN #16. Describe the elzment of s 12ad acid cell
the connections within the cell and the
vlates.

telling of
colors of the

N
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ANSWIR ¥16. The moat common ferm of lead e=21ll uses the Taure or
raated type of plete, in which ths tive materile
S

urporh the
of vertical
locked in
are gitazgerad
e

ad ﬂn;um Yy gride wn

c
in paste form is spresad on the surfasce of the plat
cr plazed in the apertures of thz zrid, The paste
masses used in practice vwtilize tha cementing ac=-
tion which results from the feormstion of lesd sul-
prhate to hardern the paste. L.*y form of zrid for
lceking the zsterials have bpeen develop:24; the
consiste ¢f artimony-lead castings ¢f various pate
terns, such ss the shelf snd diamond tyree.
ativs plates
5
<8

C
, Suc

In the EBxide ¢21l *tie pogsitive and ne
g by}
e A

W

-
S - PR ]

in the form of & @

3

2

1
tvrax the zrid nars
ZOY
d

C:g
B Gaw ™o

b L e 00
® .
4

o
[
)

ntal surface ribs

in O“COqlte si.vsﬁ Af‘ r %he zrids are

ara ;aqted with ;Ylde. of 12 e iv
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in dr*iﬁg. Tha plat
rrocess wanich

va ints brown
zative into zray
conrected toze=
1 by means of
s connected

gp2oial couwpositi which

- 4¢] Uur;ueh &ﬂ e?acfru
gentvarts the metarlal of th°
peroxide of lead and that of the
spongy lead, The pogitives are all 2l
ther in one zrouy Lo 8 commoen termina
g lead strap, snd the negstive =wlabss

o] (fi i
s
in
o
b (O

in s gimpilar zroup, ths two sats of 22 beling
interlesved with each cther, so tha poeitive
nlate has a3 negative rlate adjacent nd facing
it on eitner side. This requires ons nezative
plate iw 2sch cell tham positives, “hen the positive
and nezative zroups are assembled topaiher, the ad-
jacent rlates, heing of orpozite pol 7, must be
zept =e parated and insulsted from 2s sther, as
electrical ccatact Between the tro ; pa at any
point will short-circuit thre sntire celle Tor this
reazon saparatmrﬁ'are rrsoced between the plates to

1

prevent convacet haetween them snd thess separstors
are now almcest uwaniversslily made of woode The posi-
tive and negstive gzroups, together with the sspara-
tors, sra collactively called the elem2nt, The ele=
ment i1s usually sat varnically in 5 uandsining jar
ef hord ravber or zlaass, ¢r in g lead-linsd wood
tanke. The positive niate iz brown pe oxide of lead
and the negative plate is zray srongy 13ad,

®
3]
0

TUASTICH F17. Deseribe the 2izment of sn Tdison c¢ell t21linz of the
comnections within the cell,

ALISWES 717« The adiscn, or l-ircn type of 2211, cousists of
pogitive plat igh arz wmade up of perforated
ghaet n2tal tubes inte which is tamwpaed 4the active
mubarial conzistinzg of alternate layers of nickel
hydroxide euwd flaks nickel, the tubes L2ing mounted
iy steel frames, The reasulve plates are steel frame
2g with thin “=ct“wgu’ar vockates ¢f perforated sheet
ateel which kold the sciive material, iron cxide
snd matallic iron. The frames, tubes, snd pockets

*
are nickel plateds The powitivse and ncgative plates
dre sssembled together, with ons wmore negative p%gte
than positive, so that +hs maximum curface of t%e

4
Pg%;?;g;rFL ates may be util’zed, ®ithard rubber

[y



"UESTION #18. State how scid =lsctrolyte is prepsrzd for use. What
is mesnt by specific zravity?

ANSWER  #18e The elecirolyte in s lead cell iz s definite mixture
¢f chemically ypure :ulghw*io acid end distilled
watere The proper amount nf distilled water, accord
inzg to the table shown Laln should be placed in
8 2lsus or earthenware \porcelain) Jar, large eno=-
ugh to hold the whole ¢f the mixturse. The proper
amount of acid, ﬁccordimg tc table, shoald be place
ed in a‘simila; jar or pitceher. The ACID I3 PCURED
INTC PHE WATEZR (Never watsr into acid) very slowly
and ths ‘1qure ig eonstantly stirred to dissipate
the hest which is generatad. The table of solution

follows:
ol noIIo PANLS LiollLLLD :
cGRAVITY WaTlR 20 L TART ACID:
¢ 1300 2,87 ;
o 1.5D0 FefD .
v 1e220 ZeH4 ¢
16800 4 ¢33 :

As sulphuric acid is hreavier than water, ths 2lectro=-
1yte will alsc b2 heavier thsn waborT, Wy "zpecifie
gravity" we mesan ithe ratlo vetwsen the density of
s becdy snd the density of an 2gual v Iume of wmater,
Water is cenziderad t@ have g specific gravity of
1.000. When we speak of the syzeific gravity of a
hattery, we mean She ratic of the denzity of s cubic
ineh of =lectrolyte to the deonsity of a cubic inch
ot water. The specifie gravity of the slectrelyte
varies with the W ffarent ramufacturerz, and in
certain cases i¢ as high gs 1,300, Counercial bhat-
teries are gernsrally ratad st L.Z82 fully cherged,

Navy standard storage batteries arzs so tgesizned fthat
when they ars fully crarged they will zive hydro-
seter readings ;hp>01“ic *rqviuj‘ of batwsen 1.210
and 1,220 at a % % Pe and vt 1,130
at 30° P, when £ Rsvy ugses bat-
teries eswta;vx" > 1ow :p*ﬂzL-c 2rave
ity, becauses by w0 » ¢f the battary is
prolougzed, yn* i furni"had Por
°Tl ““rpoh : i

7L g :

The wieyli;c ity 3 datarmlu>& hy
gy runsbtrunent oall r" zhich iz ime-
asrzed in Lz a2lect aromeber aonsists
ot a lonz glast rod bulb =2t cne 22d losded
xith znot or mersuar) tke other 2nd carries
printed on it & ges’ ted =0 that a direct
gpeoif 5 i r bz tazen, When the
nydron :lactroiyte, 16 will
gl inz on %he weight of
bl ] hrdronster gcale at
he su . : meagure of the
znacific *rGVL,y of - tgquide Specific zravity is
sffected by ,mperature~ an inecresse in tre temp
Lure ¢f the nlec'r oly“e cansan it fio expand ag
show a lower specific gravity, aithouzh the 8

- - . o et e e e i S S 1 - - —— et i
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ANSHIEIR #21. Continued,

"UBETICH

WMINTR

“ o
Po UK EIE] BAFPRY

B>
ri:a4.
#220

aue
mixture is Spl,*%d a1 ig brought back
te normal by Lhe sddi 1led wuter,

When the specific zravi 15C the solutiorn
naeds r°ﬁeﬁing. 7o du 3 firat
cherge the h”ttary, s 2 golution
sawish the remaindsr s faw times
te break ;case any se then rour
it cut and £1ill the ¢ ater and
sgain Shorcughly char the water

rady
+

”
i

gpecific gravity nart of the

Q 63

gang tha cell s v Qulwtxcn. islmsys
e careful Lo use tron furrel spd sn sarih
rware pivcher tu pour the solution. aver 2 tin

or ar enasel f“*v Te

3O Ly B

[
éq.l
0
[&]
N

s whould b2 tsken sreund the battery
1 r2gard to ventilstion snd oren lights

comparhtment

er Tlsmes?

Adequate ventilisticn zust bs grovided in 2 hatiery
“omv“rf:e;t to carry off sil of the hydrozen zas
winlch is :mmnmfactured in charging gternzzs hatteries
This hydrozen :as s very explosive zo 2xtrzme care
muat e itakenr naver Lo auposs naked flame in a

bhattery compariment,
That gsses sre liveratsd from
chesrzinge.? Whst does fThis indi

Hydrogsx zas 1g liberstad from storaze batteries when
they are on churge, The nydrogen zas 13 caused by
the decompogition of wster FEC 1n the solution by
the electric current flowinz threush the battery
after the cell is fully chargede The wuter is brok-
er. up into HZ snd . These com2 t¢ iLiha surface in
form of budbhlese The hydrogen sas i o2xyrlosive,

A uniform hubhling, cor zassing, or liberation of hy-
drogen iy a1l e¢sllse is an indicstion that the bat-
tery is zither beirg charzed a8t $o00 nigh a rate or
that the battary i: fully oherged. ‘

What four instrunsnts sre nzesssary for the proper
care of hstieries? “Kw‘sin the uge c¢f 2sc¢h,

The four instrussats vesecsssry for the pruper care
¢t bstteries, are: An ammeter, & veltmetar, s hydro
meter, srd a thermometar,

The aumater is used to messure the amount of current
being used to charze s wattsry. The voltmeter 1is
aged to dstermine the ztata of chsrge ¢r discharge
of & batiery. The Lydrgmeter i used %0 messure the
apecific zravi ty ¢f 2 bsttery and the thermometer
is u:@u to check the tenmperature of he battery so
as not to exceed the limit of L1b°F., snd to apply
the curractlon Lo the zpecific rravity described in

the answer to guestion #18,

*U,‘_{p %
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TURSTICN %25. What is the minimum allowsble voltaze of s lead seid
¢211? Cf an Tdison ¢ell? what is the minimum sliow-
able specific zravity?

ANSATTR "2h, The minimum alliowshle t2rumins] voltazge of a8 lead scigd
cell 13 175 velts. The mirimure sliowsble terminal
velbagze of an sdiscy c2ll 12 from o9 t¢ 140 voltse.

The mivimum zllewable ;;=c1’ ¢ ”r“V‘+v «¥ a Navy leagq
e21l is 1l.14%0G. ke ze;lf ravity of an Tdizon
gell, crmally dees nol G grsrze or dische-
srze, thuuzh tre sula‘ib. will arop =sftaer teingz
i uze & long tice, sod ghould he raneved when it

"UTSTICN fZ0. Upon whal dusa the cspacity of s e211l depend?

ARSWER 1466 The caraclity of & cell of tte
active ssaterisl imme gwice hatween
the ylstes, and vpon * 18 alaCe
trolyteysnd uron the rlates,and
the rats of dizoharoo,

CURITICN #E27. Shat ie the most common sources of iniury to a ¢ell?

ANSH ST 427, The must i gource of injury to & leaa zoid 0eoll
ig overdischarge which pvy:u@es s omre2as of lesd
sulphate in the desper zrevieer of the plates, which
La very hoard Lo romove, and may orceasion buckling of
the pletas or frsciur2. Zuckled ylatze cshould he
straisaterned oub az goonl ag ohzerved. Do not let the
patisry etand in & discharzed conditicn,.

rate?
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scherze Lo carried on more rapi “y then this, the
ampsra-hour capazity of the 2211 is lowered som2-
whate It iz bto b undersztceod thset ths eignht-<hour
rate ie mzraly that rate for the ] 1ife and
the greatest efficiercys 0o zrest hs iz doue, how
ever, i¥ rizher chargzings ratss ars w crovidad
the eurrent 1m auperss st no tins iz atar Lhsn
the navbher ¢f smpers houre which can '11 be put
into the Lubtterye Fur iustance, if & | zmpere=hou
nsttary is cumplet~ly discharged, “ha ;zsrging rate
misht sbtort st 100 zsmpersse.e But vwhen £5 ampere hour
had veen put insto the c=2ll, “he charg current
should nct exceed 75 ampares, the sur t continual
ly descreasing a8 the hattery »2comes charged. When
nizher rates sr2 ussad, a2 chem”ca sction is vio= i
ient, excesoive gassing occures, “he temperature risa-
2z rapidly, and the active 2lemsnte sre not proper-
ly derusitsd c¢n th2 plates znd are liksly to form
8 depﬁsxt i the bottom of Lhe jsr, which may even-
tually rise high enougsh to reach the plates and
short-circult tnem, if it is not removede.
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GUBSTICN #29., Drsw s disgram of the SB 3602 Lhar ring unit, ﬂowM:::A
the resistsnces conneched in t} is circult? What
would be the offect if two of Lthem burned out? If
four burnsed cut?

= 1, .
B 75 ohms

29, iiﬁ Ve BC

75 E

okns
aasch

ther
in
one
tari

Ths

-3

B—f onms .

HI

" e
I% i f
9/11 o
vE

rt
H
o or

Cr ct > ot

Gy

I3

8 of Lhe wank would ‘{
thie zurrent would he fure

75 = 135 chums, total resistance, which would pass
7 7 a current ¢f 11.2 smyerss st 120V,
If the single 7h-ohy ra3sistor in zeries with the Platy
hattaries, burned out the lire would be cpen snd
no current woula flow, Ths singls 75-ohm resistor
Will psss & currswt of L and 3,5 smps st 1280Ve.



TUTSTICN #30. How would you connsct s ten volt storsge battery to
s 110 volt line (DC) to sand s curreant of five
amperes through it, using incandescent lamps? Drsw
5 diszrsm of the circuit ziving the numbar of lamps
uz=2d and their size or ratinge '

| e

iooo bt intelaal reegletanee of the hattery
vrsistance of the linsgs, ths 10 velt batter
(e 110 volt supply weuld be the ssme as
't drop in potentisl scross the hstitery.
must lLsve s ocurrent of 5 amper2:z flowing
w2 battery, we must have = rezistsrice, in
R  with th2 baottary, which will csuez & drop in
pebentisl cgual Lo Y2 diffsrsice betweern the charg
iny voltsge of Lh2 ovattery, 10 velts, snd the T.M.
112 velits, which ig 150 volbe. Zo find this resise-
taneey .
inJ )

To owvbain thiz
w2 must ohtain ¢
of 500 watts on
since incandes
is necessary b
the :"e r23is
rerature coaff~

1t line wowlt draw D.5 amgeres,

mormula: P = :L = 5.5 x 11C = 05 wattz,
e e Ismops which would
: line, sre: 8-60w,
‘e

TSTICN #31.
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Care and upkeep of Lead cells.

The attention that should be given to storage batteries is summed’*
up under the following general heads: .
l, Add distilled water often enough to replace evaporation,
keeping plates covered at all times,
2. Keep all connections tight and covered with a light film
of vaseline,
3e Keep the filling plugs tight and the battery dry and clear
4, Take hydrometer readings at regular stasted periods accord-
to the duty being performed by the batterye.
5 When the battery is to be idle for any great length of
time ﬁlace it in storage. :
The batteries should be charged at regular intervals, They should .
be charged at the normsl 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 dischars-
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 circuitinge.

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 Jjar of electrolyte,
then draw off the electrolyte from the container from which the ‘
plates were removed plscing this electrolyte in an earthenware ves
gsel., Remove dlment from .the bottom of the container and wash out%
container w1th distilled water, Next replace plates and original |
electrolyte and complete £illing of all cells with new electrolyte.
If, atter cleaning the battery the specific gravity is found to be
low, the bsttery should be brought up to standard by adding the ;
electrolyte instead ot water when replacing loss from evaporationg

If any of the following symptoms are noted in a cell compared with
surrounding cells, the cell in question shculd be examined for a
short circuit: '

l, Palling off in specific gravitye.

2, Lack or deficiency of gassing on regular charge,

3e Color of plates markedly lighter or darker,

4, ©xcessive temperature,

5, Lower voltage,

Individual cell voltages should be taken when the battery is dig-
charglng at the 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 slthough fully discharged will regain almost it{

full voltage on open circuit, Manufacturers instructions are usual.
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 mind in T
the management of a lead storage batterye. A
Always use pure electrolyte,
Never allow the surface of the electrolyte to fall below

upper edge of the plates, e
Always keep the electrolyte as furnishead by the st

NI e ks s A B L i
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TWgualizing charge. 1

(s) Charze the hattery at the finishirz rate for the rormal charge,
cr at sbeout ocne-third or one-fourth the normal cnarzase Continue
cherzing uatil aLVp hudromet r ra&diﬁgs tagken on each cell at 156~
minube intervale show no incresse In zpecific zrovity; thet is, ob
tain fiva ldeuuical hydrometer red“ingﬁ, taken st 15-uminute intere
vals, oun 258c¢h ¢21l. Jd&dlh§~ ghounld b2 1l¢gzed. T2mperature reading
_hou?d b2 taken st the ssme time bhat the aspescific zravity reading

s5T3 takel.

(b) The azizity of the elechtrolyte wust be corrscted to HS0* P,, as
the Pydromet r readings may romain conztant while “he tampersture
i3 risinge Tnis condivtion indieastes that trz srecific sruvity is

neressing
Aan eg uallzing charze iz ziven to insure thast g1l “he sulvhate is
driven frocm the n*af s and to reCtoxq p 2alia of s %a+u,rv to
normel carpscity wihen the ’"ttary 281 110 > hrousht to nchel AP eCe
‘'ic zrsvity mlth & TeTINAl LhE8TS2e

v

e
H

Phe battery shoula b2 fully charzed oo rar instructicinse The nlateg
should b2 removed sud the wood saperators dlwcardeds Llso discard
the old electrolytes Soak thz positive sid negative rlates im cold
digtilled water #or st leset 15 minutes, Tositive vlstes 23n Lhen
be lsid acide to drye. The nzgntive riates will probsbly hoat wnen
removad frow She Jsivr, and thery should hHe radirred until they cool
cffe The partes 2an row ve stored in a dry rlacze, care heirz taken
rot to tet the yesitive ang vegavive rlstes come in conbtacte

The fcllowing dats table is very useful in usceriaining the condi-
ticen of & battery in its various stz2zes from a tully chsrzed to a

fully dizehsraed cunditione Data sre ziven for both the lesa-acid

bettery snd the ddison or nickel-iron nsthery:

. . AT
M 2 Y Y YT - ~ JCAFIC
. VS URAFIEC ) ¢ NTyeeTm
. . J;uxv..‘.Y
Balss BENN G L«‘ e _‘)-\—‘1 \ .
BN .__l - EFFESURAL Su] v ~ ey -y
o * *L3AD ZDI~:LEAD ¢ DI
Cumm T e
CDaariesln $E40T s SCON
: , - £
sall fully chsrged zsaziag CleD [1eND1L210:1.210
i b 5% o Bo) s 4 A L o R - . -
fully Mhirged &it%f ahbandi ¢ Zel T1.46 11.210:1.210
-3 $ ea T - Lo « 4 T by 3 Y
R 1 Jischarzi rste c Led “Lab :l.f, 3:1.,210
ivehsrsl rote 0 T.7RI1.0 11.175:1.810
AT e 7 © e - T
Looney Q sodinry (1) feeaall.175:1.810
:
-y " b J T im e -~ - 3
raeove 1y charzad coltage; drops ime
1,75 1% cloaad,
v P ] \ Ik ~ - a
U UPLELY o7 ZLISCN STCRAGT ZATTIRINS.
T ~ v R $ vy e 3 -
under rroper troatvas fuvrove with uss. 4 new
. it e 3 b P 3 4 4, - e 3 o
call will courbinue ity for = reriod of st least
£ -y 2 £ <y .p 5. . — e P4
20 eyeclez of charazs new bstitery or onre which
b/ o . v L s P o e ~ - sy ~ 3
hag bzen sianding 1 parshas scmewhst Tiuggishl
vge 1% a8 much as p casionogl discharges, and i
will scen vieck ur § the cavseity of ths Late
I 1 5 S 4 .
_ K c ~ ¥ 2 + o . ~
2ry falle off, it : :abion “hat the alactrolyte
In g . .
neade tg he charzed, ola °ln~trolJte and refill with new ]




yare

10
its
keep

var put

fd
W

and

h

St

3
a
=

garti
alt depo
% IR

!

and
g
Yehafetris

al
the
-

12

fane

n2l. Keer
ir

1

=)

iroen

~
-

Y

1&ackK

to use a b
n or enamsl fur

care
1

2
2r use t

takin

ion,
in

ner, Nev

¥

to
that col

pi
cell top

solut

——— — 1 G ) N e 1t HM oo
I (3] e N ot g © O~ 0w I g0 ogdgoh
H ! SHo0o0H5o0o0@w LW P OO0 O A O MO Oy @O S
H O o 45 PO In NP mn O dHO WSO HH B o ¢4 d.o0 w— T
oI — e BTN oo+ n o H mez o o e, il K e) S08 S med
ekl 4 (o) ~ [y SO0 0w ono w4 LS 5 eed AL
Qoo q s X W M @A B Y D P RSN I . o O D 40 O o O
2P O i £ og D sl G @ an o] AN i ~HoE8Boove oo O
—~No S o L oo T 3 m o o0 . D 63 - & SIS I DR o 02
“q Qe O ™ 4 o oo 8 LB ) SR B e ] S B~ o O T SO N
P3O my [ = 3 n a4y T 4L 02 ed [ S| @] et D DG Y vt ) Y et
A o 2y el A 0 Ui e D ) 3 £ hi) (1A = 3 i a
O By @ ot FERPSIRS D4 M &y 0o D BRIl SR Wi o Q L < I I
[o1H I S SN 5] e A2 3T A Y Moy Ry - N0 am e HBRO O |
S @ @G &~ 0 L hlad S us S I B B DD 8o
LoEd (5] Ot 242 1 42 iy o o L D 4 e o 40 Qo3
[ B S A o B i (=5 [ ot AR A O d o o Q iSO
T3y N4 S~ G .~ PRI, B T =S I 1 4 07 g byl
T et B i (¢ VRO SO I ) i A ST RG> a0 Do - Py 3a
[0 EPMIETS I I3 < EE ! Ty U2 N o
n] 0 vl +2 DU 6 42 4D e ] 40 YD ) Ry oeed L) ) [eh I b
D Ty S~ - — "0 [ FE AT e O AY e S ) KSIVE P
o H 0 o o 53 — M e Q . - Lo v Al D 4D
N Qe ] o O @ 2 T M PO o q L
o e N @ K% Leh) i3 e A e - 0 0 an D 2D
Ui %4 By Y = A B BRAFIEA ) B g Y G Ty Lo 4D [0} [a))
Pl & w0 O Heoy
L7} 73 & (0} i )] R IR
o a e s A P D 3
ot AR IS [ BET IR o4 — = oo
e 0 3 @ U1 /- [ I -
N — H 4 =y et 242 MM
) i AL B S e B o Moo
[ ) o200 e . 1O n pa Rl A
[} N 3 R PE) el P I A e e « [A]
. o T M 47 () | T S BTN B S D B o S o I (3]
] R ¢ ~ S e s - o T My eA (SIS}
% o] L E @ o e ] i 2ot ot ~y Gt oG Ly
<O o - R ) e~ D . « ) DM eSS 0 a3
— - 5y L 3 Mot ) o~ .. = o O .
e8] [T 9] )~ . Lo Ji SEPIN o [
(& (o)) (] ()] RS B —~ D00 D &)
™ [ O} < wd (o] LRI IR +3
A 4 .4 [} pe ISRE P IS — . e} 7k :
e e A > A —{ 3 om bl
O3 "y oy ~ ) 43 B - [14) 333 De in
9] 2 c = | LM 4
410 |28} & O e o [ BRG] o
> Lo K G @l S @ pie el O e o
2x o ogpad 8y i oed o0 — 9}
=1 [} IR a o W T b L
£ e [T B SO T
=) - Ty S @y e (]
<d o] RS o & ST P DG 4
X o ol [ SRS T TR L) D o e o~ -
) = o GO0 R GO0 D w e (@) oo
/)] [l w gt S R a w8 PP oy
43 4D ;@ 44 = (& BEw IR ()
a ) PO 1 e B G TS| [ IS Rt ) SR ] "m0 4
" IS I I ~“ 0o, 44
@ ~ [} F+ & T O [}
® D A : oed
0w ) T4 ee > ) ¢ ©
- —~ O 147} o I - & &)
—i ~4 T oE e N povt | ST RIS I, DO D v 0 i
0 D S 0B @k o S O g, g X,y
(] ) 24 4,03 (g D) 3 QORI M 4D T FEA L0 D 2oy

acid






