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rtly nlon ~ th ~ 1! ; th r 

1 ent!on or tube (the -~~111 rJ tub j ~ of 1 ngth 

·bo~t 1 1 , 1n tb a.1r tr • 

rnftln, one nd beln .. enl 
' 

tube 1 ftl e· with 

n· tb oth~r Join d 

onto th , e~n . ctlng ev1c • ,.lie 1 tter 1 1 11 r :t 

con truc~tlm1 to th on ua .. d by ldh1! ! . · lonr 

tl V pent 1n tt pt'ng to op "" t t sC r ula tor . 

t1.t~ctor11y , bu 1th on11 rtl 1 t uuce c . 

three 1n r R ont for th1 rt 11 ... t · l"~lc : 

) 1t 1 • tt~r or t11ttloultr to Yolu1 1r 

00 1 ttl ¥ . h n f1"l1n. th tub-e . 1 1 ":ltl 1 , 

t' 1 e the r~ etr to preu J• wtll ff~ t t!. C 

ro t tur • 

b) th T'ft ·a ato d¥ r1n• 1n ro t pe tur ov r 

lorw, t!rlo or tlntJ, nd tht noul OT117 fer 1 

to 1 e~ 1n tJ·te r~ . A1J t h tub€ unton n 

l n 'ftre tt .ten. n tl led 1 } p1to .. • but t hi 

not e e· the- f ult . The onlJ' other 0 8 1bl & Ul"''C 

1n the t pt o~ ~~~ contnc,1ng d vlco . AJth~~ th w 

h N tn Gt1ou1ous1y roun • ther p eAred to 

1 

' . 



( ~ ., 
. J 

t~ d~ney for the ta·s to loj~en 1n th&tr •rr•ln. n~ 

thle ::.. BlatG t oom:t l&t lJ ovetno by holdinL~ th t · 1n 

l c vl 'th Nbtcr b3.ntl • 

c) the gr , te · t tY-t>ub, e wo clue t.o t!:w r. at th t , n 

r an ~ntere,t the Y"O..., • the t ; er tuNt ro · o .. ~0c .. 

h~ cau or tht 1 knnwn : 0 r.·r; n 6nter . th 

l"t'l • tli 

e ba.t . · r:oar1ln·-t;y • the r tfln 1n th au•t 11 r.v tube 

contr ·cto ~ . ~~ the ?&rof~ln tn th m 1n \ul 1 b stod 

n~ exp n , until th total volume of ~ tfin 1e 

the f'l o 1r he \ eoul{ be obt tned 1n t o 1 

\) rt 

11 ) rndtatton of h t trnra the ~ r~on ln u~e TQt)(Q . 

In th ldesl oo. , the. be ~ ra 1rftt>d by the or·aon 

C: UG ~ 8Uffic1 nt O:lpiU'l \on , · n t'l thEJ temptlr tur Of th 

roo doftG not lt r . !h1• aon11t1on 1 no rl1 ru1r111 · 1n 

t.h ~lttdh\11 O .... t TO"': ~ .ere the t !> f't'ltut£ r1136C fc. .. 

e br•1 f' f ·T'\oA 1 On c2 then t ll 0 ll ' GOOn iJ GUf(lotent 

rr -"ltin\ heat. h.lle bt-~.n br~rbc·1 . tr. ot tc· ~ _ rore . 1n t.b 

.1 

ceteot oou'l e , ,!"ooobly b r (Ucd ~~1r1o lly t a . • by 

t r.rt!n ~ t:h tub · .u1 t blr)., but :-,ul ~ o1 :Vlounl y bo a 

len t~y ~rooe. • 

Glei!htll t. ~ ·entlonetl thGt ec-ntr"l ot' t ·er tur , 

w1 tt~out th tu 111 thQ nlr . tre ,.. , 1 uo··a t1 1' ctorl 

bee··u · C>f the :ln n ' 1t1Y\t of th 1ttr·{;(. ot 



, 
' ) 

llU" f't1n to rcpt • ®ang s 1n t 

F'xpert rtce \d th th r eulator 1n th o'l" c- t reo 

~as h~vn th t 1r bubbl~ tend to r~~ tn tb pftr rrtn; 

1~o the el"cury tn the eontaetor t n · to f'oul t-ter' 

he. tn 1to or th · UQ or tt.e 1onlo r 1 ¥ · 

~13 n ce tt~tQ a1 ntllng r.nd r .t1111ns tb~ r gulatcr. 

v rr tr~ubl~ 

-rcl. tliroU«b th litereture 

d1 clo ~ the root th t th&l"' 1 mothor th d ct 

t ~tore co.tro!. de}endin on a \otf113 1!fer nt 

prlne\yl • vtz . , th vnr1at1on of r. l t tonc ltb 

teaperaturo. B1 ua1n~ .n el ctronlc olr~~lt# th1 

effect c~n bo u 4 to c ntrol he t!ng curtcnt, ~ • 

de erU: ~ b lo • t.. r •ln., llD b n bu1l t on th1 .r1ne1t: l ~ 

but th~ rcgul tor described above bn 

· ori1 t1on~ to c't as ,.~nt!bJ . 

n 1 tt 1n 

under t n~ tb n~1ne1r.l or ope~ t1on of ~ 

novl dge r-f the ob rnctc:r1 ·t1oe ilf tht: tlcyratr~n 

1 ea entlal . In norMnl ~1~c ron tutee, t~ fJJ n 1ty 

1 • lo .. tbr.t the nro bt11 t1 cr e 111 ten or lt:ctron . 

ltb 1on o.re 

res nt . In 1t . l !"1 t t cr,, tbe •thJt.'~lton" 1e 

trt ~ ~~th comparatively h1gh ga. den lty ~ 1n ~1ch t e 



f • 

,ro btltty or 1on1 \n ~ coll1 ton of l otrorH~ ·1tt 

~ra ent tn tb · .,..,. ... 
• !1e r..h t .cter1 t1o·· or i.'llol" • t u 

ttfffr v r·k .j11 f'r 1ct thoa ut tf e nor t tt10d(! { 
' . t1ch ¥i \} • . ~ . .. 

tr on ~t l"t ... ·1th ,r i d. 0 tent1 1 con l rlcr bly 

l'lt"' n ttYtt 1; ... b t.h cut-oft •· 1 L~c , \1 llJ 

r uce th1 c t1v 1 , tt 1 · round th·t . ftt t 

o1nt li' r ~ ··1 at curront ' uld Juet t · tt to flo· lt 

t~ t.ube con in .. no 

jU'!! tro 'ero l-o v t\ l':1 h v lu ; th1 ~ ~ll 

ehe th tul ! rt1on o f .t h ctt\ l d ttl, no .. 

volt e la l <!'; to · ~ . tt r tl: tlG ot 1 t 

" .uch 

n ttv tb ~ eut-orr without lt tt 1 t 

.UT'r nt o to · tb-.; curx ent, one 

t r@du~e the .1 t c volt ~ .. (; to V'"lu juc t oolo th 

tonl ln · ot nt1 ot tt· g tn th tub • 

. c r~ u1t 1 

~r~ct1~1 u ~ • It t ott 111 no en rg,y nt 

... t~ r for 1" c ::--ntr-ol i "" J"' .e utr ft • 

( Of f' l • . .a. L 



PLATE 
VOLTAGE 

GRID 

VOLTAG-E 

GRID 

VOLTAG-E 

GR ID 

VOLT AGE 

VOLTAGE TO 

FIRE TUBE 

\ 

~I G: II OPER ATION OF THYRATRON 

(A) 
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(8,;ij 

(8.3.> 



) 

whl e! re ·u1re 11 0 1t1V b1 iJ to 1nttl t 

th · "1 ·charg _ n 

w\tb bnt n t 1 t 11 1 

tube .11 n uot on U 
0 a ~ut ~t · •!. th 

th 1 te YO ~~ th t be 111 not con u~t at 1 . 

( 1·r. ( t . "} '. lrtt7 an cu~rent bet~ n t • t l-.""0 

lt 1t 

the ..,,t 
n "'' t in d 7 Ju t1!'t; tl phaa or 

p ··11 d to t. . . . , 1t th~ volt 

1. 

tt 

r xi t. ly -~ e .. c1 H"l • ( $ ,).. 

11" A. r . 1 • t to!l rl 

1th t 

t er ture 1c lncr aed , the out'?ut voltf: o ot 
0 

br!~r;• 11:111 un r a 1 8~;; J. :r O·U]I.·, ........ . 

~ thro~h t l nee. lt thl ... volt ~ 1e 

"'lt.tt•d• nnd ap ·11 t4 to th .;rtrJ of tfle ttl~ r~t t on .. 

h T!h 1ft n 0 ~d th.<tt th tu 111 cond.ue 

t nth te ~ r ture 1 t to· tbe • l:ne ' .or tu~ ~ , 

'but 11l not e¢n"'uet • t10v th1 :• tv cr nturt: . 

Uyr·t t ')t'l e1rr nt a. n h ueo to cp r te r 1 y ot 

tb !:"unvio t.n.+ , nl c~cl 1n th "1::..t lo ·; thtc, 1n 

t ct., 1c tl· . r1nc1p1e ot th relaJ 1n u ~ . 



p ) 

etrcutt. a ,c~1b.~ b¥ turt v nt (, ). ln b1 c1roult, 

1 r er thyr tron 1 ll' ~ 1 tt e oun ,nt rr·o h1oll 

1 e!.l t f'0\.1 ~ th 

control .1 ~ . ett•Y d l)' A ln 

- 0 out of h~ e . to tbe br1 ~out ut. ~t 

th brt . ~~t ~t 1n ~e~ • ~ ~ ther~for , th a 

dltr reno~ bet¥ en 1d n pl t 1e 0 • • 
l rl • !o out of b 1 nco~ the phn e 1tt~r n "1 q 

1 '· ... t17 1 e or p;r(;at t th 

• 't t1 . over 

th t!~ rmo t t hrmt r varl aecord1 . • 
tl r! ~ etn eunn ct•~ co tbrt ~hen th ~ ·!~~turf 

t 1"" .. not~ 1~ot.~ r 1 . d 11v..:• ii . !t"•itJ Jre of' contro1 

tu ·u ~1~~ to the •cn·~tr• contr1l or tt no 1 

r- gulll -r : n -u\111lr1um t 

1n th• c. e of tb fora J' _. in t~ . of o c1ll t1otJ bout 

eun t• -~ ture, 1n th e e of the 1 tt t • fh 

thad 1 not QUi t bl to't Y£ tn t1fi · tb e- t 

\be current wtie flo ~ 1n th~ ro h t ru . 

o~ end ua11t): 1 fl!tl t rc 1 n olut l.r con t r,t 

ove lon"' t.•rt(Jd of tl o. A ahantt c1 '-.i . 1 n Atl.Y 
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l!f:~Jd~D9.t. ( ;:t) tfl one wt~1~h t.aa a hig-h tc ""E~rnt .tre 

oo•rrt~1ttf't of reetatttno~; tmr.-,rt~:.matel:J ~ thi i. 1o a 

p.-.a ert.r bt.'lt;nf~t~ to the goo1 o~nductara (e. :,, . 

(\.t"\ ,...,~ . tt11Yor) . 11,e~e ts. ho ·ev~r. an al'toy or 

1c el an~ Iron. ~n~110n •• •r· t co• * 1ii>1ch h .:: a 

oot-ff1e1ent ot fx 1.,- .;r.er d<Jg?"e~ (eoual to tt t or 

. CGJ>Ptt A l, but, u.r:~tortut-. te17, none of ihl~ \( u 

avR!.1 b!e. ·Cor; e~~ Yll"$ ~ s P.'Vctltual ty ctec~m . ":' o 

lt 1a re ·dily obtn1nr.blo 1n the foTill or. thin 

tn u1~t(}d in. 

Q}uaa 1n e·1c11 nrm of tht: br1dte; the "~' 1ue doea not 

&:!pponr ·to b., f r"lttoal# ~-ut 1t "&• deo1ded to tollov. 

h1t:i e~~·~p1e , It ts ti.'!\prl'.ct1o 1 to Ut ~ v1~e ... "'ith 

re 1~Jt ~nee nf' J'!Ore t!s'ln ~ f>"Jl'f ~r fo"t" e 1 t ~ul~ ~ 

t.o~l del.1Mte to ba.nd1e. \ rfllt la'tt\ttCe ot 2J,l t~!'Uit,.., 

· 4e ot 2 o~ .. M-ne,.....f~t wtr-t\ . re~~u1ree A lcngtl"l t'f 

. 4 ).~ rt, ~n<t the t~utk of r1n~1nJ( thi s 1nt.o A r~.t ~tP.nqG 

1 o~n~1 to t~d by tl't~ tn.et th t 1 t uttt be uon- 1n 1uet.t VOi 

tl.l. CtJO b6 clone tn S'lVet"t\l tm!{l! { ~Qti Hag\te ( ? )) . 



th n nt the rt1eu1 r t :pe ture of 8fll' on JJ01nt;. 

1t - neeeo r)' to ·Jntt tbe 1r on a tlenbl 

tol"!a r, yt:toh could ~lrol t h roc • at r1 1 

e.o n forth t ~ r w • 

• .. 
o~d quo 1ty ~~p - or 

Th 11tf1oultJ nt 

b\ftJ r t<t1nd1n· or th1n 

1n 1 r&nt; 1t 

howev r, oc~~.l\e~. 

<'.c- ar 1 re doubled. n1 th t"1n thread 

woun~ o~to th ron .• ~1th ~ 
,· • et •en ~dJnoent at~ nd • , ~ 

4! of 

It 1 

Jn thta ty ~ or w1nd1n , :ort o1 l'Ci.l1 t b t w ~ 

ajolntn" tbrendo c n ahort out n a, r otebl~ t 

of th r~a1 t nee. For thl n r on, lt •I d a1ded 

1r , n t 

d~1tton, upon e~e 1 t1on, the l" c1~tf-rtoo wa ~atf~ 

1 th . shell ~c t., on ur th t t,h~ thr d ·oul 6 r ~a1n 1n 

··l ce. 

tr> e't ttV,fJ tn 1r t.e nercture: thcr t or· 1t not 

e~ tr ble tn l ce any ·t ot 1t tn th s1r ' tt'" ' 

( c th o~ ·o 1;"\th the tube of th pn.rotrto 

.... ~gu' tor} . As nn ~~rt \ s 1n th 11' ·tt-~, 1.t ts 

ent1a'l thct th reo1CJtr .. ·Hu~ ehouJ ~· nat. be h t {,,y 



• 
'\ ... -- --

·~ •. ( 

I .. • 



r d.· tlon . 

r fl ot1n 1 yer of '1 tnlu . . int . 

run l th ln . oo1tlnn 

r- tot nc 

lt 1 

·"'ub J et d to 

ectton 1on tt2 

ur.t, of' r dl nt h t . ( -~ 

t 11 ttt be B1 ~ rn 1, bov 

t ' brt· ln l t I !)~ 0 tto-: t E1 to 

1t ~~r .1 t ~tna thr ~ r 1at ~o 

of" thn br1 !'OXl t ty r , ohl nd a Ju ~t. 

b .,.. 1n1n U"rc brta r a1ator r 

nnrr ~tn v-1r , 1eb ~ r/ uti~lly 1\ tO t 

co ft1c1ent ot 1' 1..t nQ • 'ib. t € .f.l c66. t. 

! 1 t nee of l"OXl t 1 l ... c toot , nd 

bout 15 ft . \.'1ll"C r .. tJ1 .:d ror OG o'h s . c • 

r ev1 tor 1 ,. . un, non-1nduct1vcla n rl b vnlt 

t.rl t th ~ "3 f of '1\Ch r fjr'OOV 6 

1n o 1tlon. To l):rott'lot the r r 1 t ne~. t:t 

tl .. y • cr e·tJ ·ted · ·tt. rfff ln ·. , .... 

trcu.,.... s ' t . .L• 

th ··1r 

hu 1~1t~ , 

• .::s t hyrn r'1:l v 11 l , 6...., 6a, tloe net r qu1r . 

pn . 1ttv~ bl tn on tb• t-.-r·ta w 1ntt1 t thl.i , 1 oh r·; • 

. Jn th contrary . v1 th ·'r.o •• lied to tl,t; ··1 te, it 

to r nt Uo 

n. tl t, t t h• ~ul11bt1u 
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FIG.ill<B) RELAY POWER SUPPLY 
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PLATE ill 



t r.r: ture • th brl ... 111 • not bo MC f1 but 

111 b ju t n~ft1c1ently off l ,anea to rov1d 

rt bl nene TY to r v~nt th d1 oh • 

~t rr tht , tb l tb ry l . oo ·11 t 

by the t:re e"'co ot • c . 1 cr:-u { froc tube: h t 

ete . ) , d t t ot th t th 

ot . u:r v1nc ve. 01" ih r ~n , · 1t .. 

' nl btl e o\rcu1t . t b oontro1 ~ not .1a :r 1., 

t'l-n-~rr• .. tlc. 1 l;r 1 1 1 .r et1~ 1; 

1t w o ~ o~t1al t obt ln tl nee 

b \to<"> d. • 'h e11 cu1 t rtn 111 t~lO n 1 

(.' 1 • 1 l nr.t ·1 1; llJ.) . 

The 'trr1<1 #o r it t d 1r. t.h cctton 

of tl'; t,h wttr y o,ll' nd t 

, ttter" ··nd f' nht ) d rr o1thet 1 lv n1·u 

1ro t . ·1• ;t tb t. au1t bl 1ttnn for th 

brl,.. c. tt n bl the ~lttt r t.o P t 

JC't U!!l ~1 t no fro t'h t.rM1 ror" et u 1n 

l 0 m bl h ro t per- tur to 

r1 d , 1o t' ·1·t n.c• ot nt1 t r~ 4 ( ) , 

1 p1 I'J tn r1e w1tl. ... ... Con den er c J l a lnclud c.\ 

t o b 1 .n.c• out tl.c . tl"ll.1 ¢ p c1t1 to rth 1. l h€ 

1ndtn of Ft .n.d th tr eforc:cr- . it valu :tal be 



( ) 

toun" by ualnr! a va 1. bl cont'i«-.n er. nn 

1 , ~~- ? nd ._1 rc <! 1 ned 

to tv 0 ' •en t < :l I?Ut C r phil ~ 1 ti t.h br 1 ~ . 

ln· tlte tut·t vr nt ctr-cu1 t 1 t 1 t to 

ttn lt\Vl,,l; 1f fl>t tO"l f r . 1t t;l• " "On-r,fL 

ntr-o1 » • l ~ u en in the !;.'t . fm'C roo •• 

( f e f 1 • !1 I nft · t J. I 

To ch l "''" th 

l:e etpt t 

0 

ok { 1c t. convontion 1 ) 1 fltt d ~1th 

tr otl-1n • In th or 1g1n 1 oh 

found tt> t there 

1nto tlH~ • • 

tno ttM Ot' r . 

.n eet t 1n a . uta 

ma1l .... . 

!r! er :-&ter1 1 , at me ~1£'t nee fro:: the tran ftn~er . 

1 t . tht a dea\ft"l . --a • ·• ~~ulll be ~ ttte d tn t.l. 

UACd to rar l en b tter-1c ~ 1 .. 

hl .h a tn , 11fler.. '~ . < .. . ~ tctup fr~ the v 1~ 

y be 1tt1ot ~, by _ 1v1n~ tt.~ ,. ll po 1.t1v 

'b! n tlt re t!el to th cath .. -,d • Tr 1 1 don Pl 

na of the ot nt1 et.er r r,· gt: --nt ~ ? , t:. e 

.o~1t1v~ b1nu ,e1n at . roxl tel~ lO volt c . 
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FIG: Til RELAY AMPLIFIER AND THYRATRON 



r~;.tv .• tv: •. ' .. 'r!1W..T!~· 

- 1 nr {!lh A• ct 0 · 1 /A- ~ 

1 , • ~ 

F~ - 0 oh Dt 0 - r~o P- • - - 11 ... 

p.) - . 1 <lOY. ohra ; ca - 0 . /"~,.« ·: - -- ro o oh s; c - o.' p J ; 4 - -
p, ... - 1 oh • % - P p • - • - , 

- 761 ohms; cs - .n P . c - - • 
~7 - >r o o; ~ - 5u p • - - , 

P.8 - '>"K" oh % - 5) -· • p. t • ~ -- :} 0 OhftUI ; - - coupling tr n for, - r 
1 - 10 e . , 
:p c ~el~ he t r · 

" 
12~ 1 ) ~lt , 10 tt. • 

• • • • • • • • • • • • • • • • • • • • 4 • ••• • •• 4 • • • • 



( 5J 

l ec • I nd l t 111 . • 

,, n!'l ~ . ro t· ,.e "· .. 1 I rt~r 1t' r, 

ov r "'! _rt<i volt e 

1 1 I 
~n~ 1 ~ o! t ln by th 

ot t1 1 ? J 

volt e f.r ·tn ~ r~. a1 tur- net r·· ~ · 1 d .lEI(l: 

t .. . . t f\,()V v~1te J • Jh Qt u ·~ 

r-e 1 t ,.. e t o l.l1 (~f 

n' ..... v~,t for 1J, .. ·nd 1 1 ~ V·"""lt f:.)t v . 
-, f..,t et'ln n ... er , nA ,,., . ere 1n.t ll " 

b c ~ e t h y nOO t<\ v 11 ci h 'l. 

not tr1ct1y nee ey . h 0 t o vlcu 

t ;y f e u ltn.~ to u . t nth . ut ut or the 

1 l n4 t h tflyr tron 1 .. 1 t .co 

elt)' eo. 1 '"' - t~·1. ln d ttr t . lt •• 
. ft l~y bn on~ becu r ly · ld not 

oft ·,..,ar 1 .. :~ bu.t t 0 to r II l t e ' t\ f: 

t. tor rtnal, ,. 1 pr cl tt ~' i 1~ not 

t rtt t1v ti n ! 1t 

hJ:;: .n e't e:v , t h It tl . ro h 

"· t .. H~ '\ ine vclt ,'\ r~ 11. 1 5 ; e·~nv .. t:n 

t e t ·t f>!' .. o ~ orr, th tnc vo~t gl r1 0 b .. 
r-. nB '""U nt1 y ,. - n t e he t r 0 ,. f ~ th 1 

rt tn H. ,.. Thi n o 1t1ve · 1c t o t~c 

"t't "r ~ ~·tch 1 11f1 tc lvc: UOh 1 !' r 



(" r $ 0 ~' 

n tlv 

f'ill tu f . PO 1ttvc_ 1on -w1l1 t. 

n t.ha.J foTo rtt'! eul"'rt;!'!'t ~llt flo· unt11 t . 

ou lin ccnd na r h ~ .n 1t1v on w. lc l 

1 1'\ (I • nut \·t 

11 ~ tt r # 

' th ,. rt .r v 

r ill)' w11l :t (Hl 

t'"r off' 't ., :'l~e , 

n t 

n 1. <l .. ... h 3 t h latter· .. 
bCJ f' ll1~ t o 1tlv. 1'-t 

• 1ch 11 t rtro 1t 

r.~ ·-·n unt.lJ th bt-1.., 1 a 

t.t t tt cou• ll :·i , <-~"1t: n .f' 1 

t!r tn th . t ... 
~- . 

!'f ct a n b u l n. t T' n f~1 r 

CrJU 11. ~ 

c nA n ..... f· l a ~ n * .lc 
,, 

t tJ, 

3 r· ~ 1c t~ 11 ell~ "f:" t-f t h t . r tron 

t~ri~ con t d ar bl ... ~ rt r or t.. t. n ror t 

i s tun ·l t -c . l c;;c1 I rtl.v to V(;llt un.- \r r! 

rtl.Y t ... ot.t ln a · l t e lov.4 cr 
1 nn ..... v ! t lO 1 

' . ., t " l' np. 1 r 1 tor 8 • .1 tL •. oou i L ~ 

1 1 l lncluctc~ to 11 \t 

th . rr t t ·nt 

t ()nd ~~Y of t tc '"'ebatt r f!l · 

1 otrol. t1 · conde.-; 4r, 

C .. , cr-o t h tt:'f ~f tL _ nwlc 't" 1 y . 1 

blt~ t 'h . c ntro cur t. <lt of tl c r 1. 
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t 1 be l!ju t d to td tabl valu • 

ln 11 t. r 11 tb tnr .old. yr c uti~n , bcolute 

o not obt 1n.4 ; th(l n e t 

r-.o c • Yer¥ r 1d ub ,. cur• tnt la th 

vlcl n t\y ot tb equll1br.l-u t , a ture. 'rh1 1H, 

h ev ! , un1. 

r.f tb ~nv!e 

OJ.'i~I" t 1nP.t 

• ..... ~ ... : A t! 

rt 'lt 1n th en or L~t lr l" 

t ,n. • 'llC t t n ny cu • do n()t 

u 1 • 

b- e chan e ft o t 1· of • 1 

! 6. ~. t h ph e l n- ntro • 

ontl.~n• ny , .. tur t .. v nt , h • b en o:;:1tt • ) • 

taa 

7 en !T~rn t he f~l -~in • tl con truotton 

1 , 1nvol v ~;.cunt. cf 

·ot' • It 1 . f 1 t • h:-n v 1 , t r.,..., t the r"'auJ to \."t-bta1n d 

h v Ju~ttfl A thia . Ir ~u 

. 
1 'by p ro : T1att cttlnt! f t he t brt;;c- : fo: t 

n to 

tnl 

·ttch} , t h ! 'OY. t tto·:·er tt.:r& dootJ. n t v r~ b., mor<: 

t h n ' • .°C ~ , 'l!f.l'' l$lt:rt . .lm ... c 

In t ecen ·Jac~ , one th~ brl dg nd t 

• r Ju t "t h vc . n . et ' 'th '1 

:nretlt"Jtt a1. l) b.,.• wltch ln '" on the er to 

· ·! t chbo. r· 11 :1d .u1lcw1n · tl v t.oo· to run. rar a 

f v lourc tore eh e u111t:rr1u= . It 1 ~ ~bvt~u tnt 
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th1~ etho~ r t .er~tu~e cont~ol t ~ frr r 

C-!tur·f.lt6 , r:mA .mucb ..., r t ON'1Vet:.tE:nt t han t he old 

C)r'\e . 

1n ~h ~ t o. ··· , nd the Sun•le r l 1 

ol~ct l1ght , rc ount d on thl~. ~d~n.bo rd. 

!ch t --eourc·d to tb at 1 l Ju t n v t h 

ce ol b ( re 1 t I) • 
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( ~·1 • v ( .) ) 

Th re le.tor trcd ty G1 o: )11 ~ · c pro~ d 

t1 t ot -ry , n t u ed ... ere .. t w1t Nl' 

::'t 1 -:t.-t ~dt.f'1c tlon : 1n ~r~ r t< lnc:n·e o ~ th~ 

n ttl'f'! ty ~t tl1• tn, trument , loC' ly , 
ftne e . , ,., -pl e ci. !r\ th to1uon bul b . 

( ~ .1 . Y'{A )) 

t:i1f1cc. to 

Cu.nv1~ rel y .. l 1.cl· re utrc much 

lnr r cont-ro cur- nt tl an tb truth r .... t:un~ 

re1 1 , ·l" 1 (. t' he u li . • c !'1 y thi ourr :ot> 

th ... .... ro 1 c-od t:.r a .') :_T) L fl { V.-., I , 
~-

b 

t.Etr d • h .tent! 1 Ctt lh cr tl r-1~. 

!01 t\ve to -ct. o thode, l k :t n r·ls cone t-nt 

• y th ot ttt 'l . etor • l'II n eo•nt A t'u:rtb r 

differ nee 1 tb• t 

.~rt tb he tcr cur nt ·• en th6 e ntrr>l c:ur.- nt 

r~~ ~: 1t \ . n ec ry t r· th f unvle to 

c r 1~1 l ount .A bov . · tl~c t! e 

untcd b nc tb tb~ c-t to ,. 



F. •••• 

there 1 11ttl e deuet. t~..at tb 01 ~btll bx·1~~· 

1 ... ea ·ablt~ of' ~ pf" e l atnn \Jf o. Jl • lt i tf , 

ho .. e• r . -. "e11a te t fl.~ to ~lance 1t to tb1e 

ecurae1 . h tate~ betor • 1n aecl~nln the 

t~ ~ or ~1 ul tt n tl n to 1 ·~ov1n thQ 

.,. c:l t~n of' me .. l'Ut·c. ·:nt • ln tl (l flr~Zt ,,J ce. al r 

tch \ a 1 e t1 r1n ,. to th obo r ver • f ur thet'' 1 <1 ~ 

nn 4tt .t b 0 b<~n ~tae to 1~rov• thu _ur1tJ ot 

t~e 'Y f orm at tb oce11 'l tot ntl th 11 ! 1 

n 1t1vltJ cr t lv br1 • 

It 1B n en~y ttcr to \ 1 ~nco t~ • ll .• tr t hfJ 

tr!t!.l'~ 1$ ena1t1vo to nm llflt · etA.nnge-~; . _ 

he br1. "£; , t.:h1dl t r. .( t •1tl e, anr1 tf tJ t'-!0 

tberao t t t bl 'f. ~~cu .. y thE obol e "f th tJOuth v 11 

{to. " l te IlL 'i'o ~eco o t th'~ o e!llo oo • th 

a v l ln.l ... ,..-. _. lt ..... a nade · • ,ee-:·. To :r e a.ll t rtStoo ~ 

·-'1 t b t n c ey ret:~ch of the obncr v _,,.. the h~ 1 .... ht c: 



r:n ) 

r tr1ct~d to ' . . n oe of ' X t 

1 "1 thi'i c ntr nt \J'>e \Jrt ~ for- th 1 

lS 1 tt 

of th 

1~ - ol rr· d ('D 

br1 c . • 

t. o cc1 1 o e · e 1 l·ou d ln tb o ntr·e er ·th 

b!' 1· .. , a t h t ~ t or 
0 1t1tl."'l ., th or n 1 

Y't .t 

ov tl Mo""r . .t:n thl• 

11¥ tly ~lo ye- 1 v ~ . 

to be tho opt\ u 

n~ 17 X , 0• X 2 w; tho ertr hc1 ht Of t b 1att•r 

! tn '1ov to rre~ o1rcu1 tion or 1r, , a the 

tt • Tbe · .ncn 1 

1 ~ 00 t1on of the T~ 1n1n tr , tt' II. h a ~11r1cu 1 houa"d ln t.t.¥. left 41lc ' 

'tl.h1ch • ~ 11~· X .., • · ' , the oac1l iutor 1 

1n tb t ·1 ht. 1 .. !l1o1 1.; cr til e 1 .e . • 
1 m~ CC. ( ..!t-~ X 1 " X ··~ ... ) tr, t lett of tl. 

r. 

II n tl.l rc "i .ct o 

n4 cand~n •r or tbe m ~Jur1n~ ·rm~ •~oopt t 

,-,t. ceced • :hl 111 co-nt 1nP-d 1n t.l uce 

(1 · ., ·7 • x ..., . J l Y • n:t to the ri bt or th 

.. oe 

1. U GCd. for tl.tt 



tb the 11t1e" na a o11la1.ol' un1tG r 

,un·orted on borda attach d to thel} re :~etlv. tr-ont 

n 1 : tt~ bo t~s c n a11~v 1nto n~ o~t ot the 

th y 

tr·! tt ~ rt:red to t t• tr me or, . . 11 tnt rccn. ect1r 

1 ro t -;uc.h a lc )tn, \h t tl~ 

·tttdr ·;n r·~ · 1ncll • cna tho 1 6 t b n ~1 c nncoteC. 

the unltft tar r 1r ·cr • . 

'b\lld~DC· 

'the n rd !()r () I] ro of: el ctr~ en tto Ghteldln • 

to nrcv nt 1nt r etton b .. t n o c111 to1 ~n1 

~11t1er, io ~ tu nt . C"JC , .l•t a. 1ele1n J 1o, 

. o "vcr, Yery d1ftl~u,t to ch1ev • on~ 1t 1 tier fl'lf' 

1o~ortont to k i~ the tnauetnnoe ln tho o clll tor 

t~lroutt -'om t"' llt n1rn • Jon~4" and Joec bs {1 i 

teun1 tl ere ¥aa o '1 1c1of' blo coup11n .. bet c~n tb 11 

o c111 tor nA ?11ft r ftbe o o1ll~tor c~nta\nGd 

in<!uet lnoe 11\ thu r noo nt el;,· cut t, anu the b1 1 

ecllp 1 eft t () the .-1 1!1 r ty o nu cr 
tr.Bnsf'ome:r) . Thy th t'efore . cp 1 ted the o·c1ll tor 

tt' u~~ 1n br 1db(; nos ... bli by 1·)'. t u{i t (1\l) 

1 ~o d\t tl1 , 1 thou~ be din not u e n olltput 

tt n for et • It 1o ~ N l"~nt th t he ~,.ou'!.d not ha.-.~ 



filer!hlll ( ~. j . 
tl1e 1 Tee r t1on,., e: unn e ,· ~ry . In th 

f'tr .. nt 'brtd· •fJ , th t un 1 t ., n. c l' tt-d b.Y 

QDlz. r•. hleh h rovett to ur.r1etont, 

~ ~llo· d 11 controls to be d · 111 aeec a1bl • 

. c. t~"'.u·. r.·nd to eli 1nat b nd 

c c1 ty effer:t•, 1 ctro t t1 a al.1 ldlng 1 '- entl 1 . 

Th .rbteldlnr- 1 c lete 1r the un1t , to b ul"l.t.ldcd , 

t ll1c bo~, leh 1o 1nt lne t 

'1.xel ... ·ct nt~ 1 (usunl1y · rth) . fh b4.. t t 1 l 

I, a U'••ply of hcet CO per Md 1 U \n1U 

oth. v r ~ U!" ~ tor th1 ~;l.ar .~.c . oh brt·t 

1 rt ent 1-~ c~pl(t<1ly lino ; b t e n ny t o 

djec ot n r rt nta tl.er •r• thun t wo 1 yer• ot 

t I . 111 t11etdltH,. 1. • ther~ror • 1 o t c t'\~lnl,J 

coor·.1ot .. 
-the ~Mt 1 ahe ttl ~· re out o~ e.•hnt 1:!'1., r t.~ tf;;.(o 

com, rt ont whlch \b y 'Mer t o 11n~ .. ll'l~ r bu~t 

OY&!' t th f'.-on t ann 1 ek . 1:1 tt.1 'If 1 . 1 ctr1e 1 

oontt!et 1 en ur(d b t¥ n all ah1el1.1~.t, 1nolud1nQ 

tt~ t wh\eh 1 
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i 1 

1 • Vl 4l. 

n tbnt d er1v~d 

bJ 1 db\1,~ ~oept tor one or two 1nor lt r .tl~n • 

) th t•7 tub<. or pl cod 'bN 6.J?(\3J , ~ich l.,a 

1 t 1 r·. e't ('C\r-lonl ch· act r1 tlc • but. run.. off 

h ter volt e t : . ~ . 

b) 1 A.J. oon n er. t.....> , fro • r ~ut~ t.- !t. ~ . to rtl • 

~ n-11 
.. • -u. c.on~(Jn or- 11 ~.~4 • fro th . cr en grld l')f th 

6 7 t th ...... ntrol gt·1d~ re lntroduc c t · r-

. 3 a tcnder.QY for h ~~ - r p ck to o c1~ · t • 

c) t r· · u1 t d E . 1·. ct c!l t·:) tl o tho6t ot 

the e J? throu~h . • goh. r 1at~r . , $ tor ··tv . 
follo~!.n· ... r· G<"n: ~1 thout th1 r 1at nee.. · h n the 

v .1ue o tl1 unr ul t d H. 'f. ·.rJro oh .d th v lu 

cf tl.o l" ulntetl E. T,, th our cnt t·h-rour,h th 

6 'J? :id n on bul. \1m " Vf':t7 • 11 • n' t \iit tor 

t J'tn ~to· .tO!; o-,nduct1~; . ·1th r;~ ltt p1 c~., the 

11 cuprent, blob ~1o through tho noon bulb 

~ tb6 1! . • 1 tn . • 1c uf1lt 1er1t to 1nt=t1n th 

4\.c arge . Tht t prove th r ul t1on t 1~ v la a 

or tht: unr ~ulnt~d H. ~. teo c11 1 ator 1 dwG1sn to 

run off ~'\v ~ . ; by c. ~Ju · tln.~ the • r1~ bl t'} r 1 t "1C6 , 

~,., , tbe r gulat d '· . 'f. o· n be · t to thl lu • 
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f 1t ~ l 

he ol r 1 tto .. con ect 1 n • r r tt, - r 1 t t nee 

!f:l) ~r oe11 ~ 1~ o. tn -t1 b)' plot tin· t. VII r - l/ 

d1ere t :: fT"e a nc.Y of o •e tton, n~ xtr ol ttn · 

to r-l/~ : l ( u t d ty Jon{; ttnti 

er1 .oe 1tb th l~dhill bt11ge h 

t~ bt 1 tl ~taet~r1 xtr o! tlnn# t J ct ~ 

fr.~ uenc1 e ~e 1t• bl e . lh i should be ctlo n 

__ tl'-At th t1ve · o1rtt of th - ftcove ~ b r ced 

qu 11)" lMW the -~1 • 

~ • • • {f\+l. }-11-~- (fnl-11' :: (tr.)-1/'- (rn- ) - 1/ -{A . 

t tre u ney 1 u o e ••• 

ulf! .not -re tl 

. ' the ~§1t1•tty or th e r t 11 orr 

n lt~Tn te m ne or d t ct1on) . 

· 1th ttc.e t\:"0 111t~. the tiv tr u ncl~ 

c ttttrytn iA) r 

•):). ~.") ' sa # l • ) It ~i;J •. • J . ,, 

lt 1 ouob r tc dJ; t t}'.(. () clll tor tre uencl 

to •· ot ht ot th~ 1nc ( ec 1 to.r) , nd the 

1'1n. t rre uttno1 1t01' ~ u on er 

""~ ., 6"0. ~ ,, 1 :'} I :} ;) .. 
'!b o o111 tor 1 r tl t nd r-t r .1 t~ne 
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0 ctty e ~ 1tt t;rpe 1 11 II ctovn 1. 

• 'VI n!l VII . ~ o n111 tor· .r \ hi d tgn 

t c b"!e of gtvitlf" 'fer~ ;.UX or t lrlJ 

t l)l tr \'\0)' . tt ·r-. .:n 

n trnctl n. ~ obt 1:'1 tll 

y 1'< r ,. lh(j r f!b<:! 

Ju t . utt1cient to 

11 1 Jon in t ., 

f J & flx ~ eo r 
clroutt 

! ) r1i"b 
otrcu1t • 

1nt 

• ,. 

bl.& car 1 t n ln 1t 

r h d purity or 

Ju.., ~· \ c 

ir: t b1 c . clll t1on . 

nt , bullt into e~ r 

nt, bullt into 1;h c.athcd: 
.t 11 r~ u net • 

dJu t ent ( J conat e ~r a pot ntio t r 

nu•..,~~'~!lt 1n t t 1 1 ~r the on nt c1rcu1t 

t ... e t ·. • I 1} . 

1 t.h tot l v 1ue t ecr1 oln\.:J tm 

re c · t N"O or1:1cn 1 to ih r. tto : o. .It 

~ roun1 th t,. vlth tb r eanant c1roult~ o(·nt · et . 

111 t.h ftt) 1 f cl.ton • l I ) • tl2e o.nount ot 

tL ener t:\on re utr d to e:tv r-ur . Vfl torm v t-1 .. d 

t'ly vtt.h rr qu ncy , b 'n lo t:t t the h i :t · t 

rr ou ncy . Ju t nt or t.h 1" tt. ~0 . 0 ~ e&rt1 d • 

out to1lo ~ . tho o etP iltor set to . ., l e . p • .. •• 
n.,. - ~jU! 'tcR unt11 1t t• just oce1ll t1n . • Tho 

set t tn:~ or R..: . a then lett untouehed, 0 the tlo 

0 . r! ltu~t, fer 1.· blt: o· o11 l tlon t t h otla r • 

4 fr A'ucnet , "' . 1s w • ~on t..v trlo.J nt\ t' or • If 
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t e brl"! 0 uoh 1 f' ~ opcrr t · • .:> ne~ c4 e . ·dJu te~ -
on ~ 1nt' ... o ent !y ( .. r; •• h n tu.'"' ot r u r1 tlc 

h ve-e ne;.!l . ue tn c ~ ete . } • 

• }u tMent (b) l tb v r1 b c l" 1 t~r ( f. ) 

ln t h eatho o or tll 6 , :J? ( v, ) • p r-1nelp l ot 

~er ttcn t- b~t fly 1 to 11m : 

to 

ndon • 3 t c or n 11 .tbl ,'l no t.o A. c., 

·111 bo \ th -ot tl 1 cr .o1nt .1. t .. 

t ·. t r\ .. 

• • o 9 r1 t!an nf 

ln 

cntltl ltb r 

111 not a~f ct t 

t-y u. v 1 tlti of . 

but !l .... ·rat nt1 r t gr1 1th 

··lll b ~ . o tL tab· ourr nt 

·· n t tion 1 

l t l v.a1ue o r 

Th rrequ 1'\~Y at o!'"e11'cttl n 1 glv n b 

r : [ 11 CF r ~ + .. 1 / F·>1 ~ J ... 
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ct 

\ . ~ 

ln 
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.. ere p 1 : • --... = • • r a 1. r.c 
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tot r- tY l'lO 1 o Mf o1 e r rr . 1 • v" l ) • 

round t t to u1. l ) t onl~ 

nt to the . ~tr a fr u nc1 .~ 

t . • 

.tf ...... 

t rl 1 n r n· , In or4*'r to d.jl.t . t th rre u n<>1 

ecu tr'ty. 

ltu.~ A! in 

the 

n ctll 

1 

ch r oon nt c1reult . Th<l dju ent to 

ncy 1 done 1 t. 1d "'-t th 

lou. r r~ • 

} eye e 11 lt .e 1 11 ~tot! X· l·t • and 

th ·ell~ tor cut~ut te th Y 1 t ~1. 

'!'h 6 J tube: v ) 1 1nc u-~ t butt '1 t ... H>t:, 

to :.1.f• v nt ln ln 

blltty or o ul l tt n. 1id.n ,. t' t 

1\tu r o oil I t\"'!n r"t c.; Yolt '· lt t net 

! Clv nt 11" the l1tu t ~ d er· <! aen 1., b $ , 

'· . • lt ti 6 1 t. - ,.n • 'll tlon r ctor cf l , 

t n -r .. . ec~rdtr. ·1 • tt.1"': tut conn c\ d u a 

n.:J f'~'lb· t, 'l ~ \ • to'' t th r tr: 1ne 
e v ry ,(,'\!1 out u't 1. e nr.. ttb Viti y t 1 ·}. L ut 

th1 , .. r n ~nt , n t.ut t 

P vnlt 1 

V<"t1t s nuld bo 1n til neighbourhood ~r '· vclto ,. 1'\d 

dio lr.1 , tr nstor r ·, 
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fttpe ~-,. .... ~-) , \c eon~cot.eit t c ott;~ dovn t. 

~lt -~~ t{' .... Yo'lt • Th1~ 1~ la ot1the··1. t.~ tt..e 1 

~l u , ""r ce~ure or ct .;ln u.-; th vo1 t nc to · ~ 

{ • · • l ut! r f 1 ) ~ G ( tU'l t 11 t a) , '>ut 1 t 

., nt 

ttJ~ r'1 't"1 t .mln 1 of tr n o til' 1 1 n b.r I 

- .t'l ·~1n - n • ~ out 

t e<re n = r•tlo r nua r r tar: n. or nr1 ry tc 

econd r:t 

~ out :: nee cro tl con· ry) . 

·hen the volt ~o l a te p r' ~~ "'· 
n - ... nA "1n : '16 .. ~ out - , 

b n t~ volt 1 t D r! ~· , 

n ... t nd 11n :: 1 ., out . - * - /Hi 

i .... d. nee c~n be .ea ur d 1 tl:.aut ov -rlo d1 .. , th 

• . 1 t n ot 

1 ~ oh , lt 1n o~. 1blo to .ly pur ~:ro.v~ fo 

ot l volt R. • • tt' t.h brld· • 

1·btln tlztJ vo1 t e e, u 11 d to th· tr n ·romtil , 

tak'~ rrq thf. e thode or th u J ~ tnrou~ 

'fht s 

t·r1 T"1 1n rl. 

vc ~ora r aultc~ . 

bJ connectln·. u~f.; t n rot er 

lth th~ outlo~o r· 1~tor . 



PLATE Til 



,., n '! t" ' .,.A ~ -
•J' • _. 111 H 11 • • '4, ••" ~ • 

.:>t 1.be net ork 

In tlle tw oxtr e 

ettlngs ot t~ g ng d ~otontlom t ~ . the pb a 

eh ngu or the out ,~t volt •e r + s~~ nd - 01°. 

Th 1 o ot the !eY1c wtll be e 1 1~ d 1 ter • 

• !'Qbon~l f".gnol;tJAA$bl.n . 

'rhe (.)· e1.11Qti'H" n~ ·owot' OU' ly t'e W11t Otl tb 

c :alo ( e .,:tnt IV) . In o rd r to e . c. 
... ,e u t 1n1 1 , t o pover p ly l c le!d 

t-r.,., the t or th olroult wlth u ~e ~~ 

1n j to tho 1 rt ~ number of 

t tn t~t rc en nt ¢lrcult nd tb n ce glty 

ro~ lng t~ tr1 ~r e e117 ace~s1ble, all tbeo 

Ctl on~nt er~ bullt \~to 

bene tt1 lte "'lllln eh c 1 • Th1o tyr e ot eon t:r®tton 

ctre\ll t • ~-h al. arttt of tr u ncy 1s t.oereb,J ov"lds~ . 

11 eontro1 e r·e brou .,t out 6nto th(. f'r-ont. n 1 : 

the 11o;e · .. rltch ~ · 1tt p ilot l1£h,t ; the ~.tll: to .us;pl 

vo1 t ~~ control, .,. l'h Yolt &t r; t:t~€ ret,jerl<;r t1on 

contro1, F~; the ~utput ccnt~o1 , ,; tho tre.ucnoy 

_ 1 nt(')T 

~Ju t nt€ C nt~ ~ bt. C ct. C dt~ C ot . 



\tl J 

lt ol 1 fr r dfn 111 
• brl • t.h t o~ti ot.t (;t·ob\ et tf1o\ot l l ~ltlnS tb 

•Stt •1t1 of lenoe 1• t 

btel4 ~ ~ t of t · trl 

.. c. 

• • 

··1(: u t 

tb kntt -

tel: • • <1ft t ' tr ·\ t 17 ronO"Wto <1 

nn 'h lo t ~o cr~l 11 1 en 

• 

t 

leottvtt1 or · 

- tl to u1Hl n 

~ l1f1t:l" ~ 

11ft r 

cy·t tJt 

. otet en, f'r:o o. • • 

1 ol"t n\ cl c• t tlc or tll o1r cutt let t 

· \c of th 7 \ • t t tt 1 t n ~~ 1 u 

e th p11t1cr t th t r u neJ 

tth~l •· en t.1o.n; t ctll · tr 

1n • iJ e hl$ . 

!n ltc tnt~l~ t ro ~ thl) ttl t coa let 

a lltt ,. M • 1'e 

t 1~ ~ Ot 

clt n t rk , 

'-l i triA1t hic.h 

1 e.t ~c to nul 

t th\ 

t o rrc:t ··Jttt ,.,. ou\ ~t to t t ut ,. 

t 



(42) 

th atrcu1t 1 ttrr41l ~e4 eo tN-t tl . .. •olt ge t 11 

e throtl,!b th de ~ener· t1 v n t orlt 1a ~~;lied 

ta th¥ ~~~ollt1er 1apu:t t.t1 tll uOb [t phn ~ r 1 t1onah1p 

1th r ~ect tc th or t 1 1n ut volt e# th t a 

r ,.atf.: ~e ~ - tn or !1 
., 

A· 
~ 1 ven y 

1 • I 1 + = " . ' 
er = nor 1 · ln ~f pllt 1 r· 

: rr otton ot th out~t volt c r · 

to th 1n··ut .. 

1~ or tbo r~ n ~ t l }J. 

turt\l1.Y, the t th1a r~ductton 111 

nd nerction c1rou1t~ ( A and ! rc ect1Yel,), 

'Ut it. lit11'l r•Hu'llty be a 4:':n Ul'!t~ lt' tho d-a n r tlo 

n t vork 1 nc .a to t r ply 1 ct 4 

r 10n ~ c n be obtalned *. 

" h n th ~11t1er, uoed ln 'ele~tlve •1 t or 
+bt a t ,-p • t~ ~ " rol t.l•ell" l'l · •aount or ~aln, 

~ t1at ~ory o-p~r tton cnn b~ obt tn~d 1 \how.t, 11n1 

rt1ca1 r d1tf1eult1~ • ~1nce, bo ~v r, tte 

lmoet d1reotl1 1th t u 

n~ it 1 rr ~ ... u~nt 7 ~eetr ~le tf~ ~ ~ a r lnt,1vc1)' 

h1 h .:l~ee or . -'J.\flc t1cn, obvtou 17 th~ n t 



nd de 4mer t1 Ye y ttr.:l ust t f! udt t.hQt :r genet t1on 

.. "1·* e~r. .:!\ler.t o··ct11~t1on rtJ .-.nt r·rot1uced. Wt\h 

the· ,.\ :-r-1 r c\r(}utt • tb ~ot oor.t!o-'l£'h'l Qour-ce or tr()t.ablo 

1 r~rtener t!on ettb r ·t t.:h :high ~r lov n of the 

fr .uf:tlOJ r .n~e <!u to p ae h1tta t in ··1 oe 

the•eo1v • Fo,.. tct, 

re .aon ~ \he p11f1~r hnuld b d ut ned to h v • 

1r1!!Ul= or 1.. • oo11.'t over n r n .c s mt:vhat. •xc dln: 

t h 111 

ua d , or 

Je t e t 111 r twin-~ net o~l . 

1nt1 ceaunt 

enerral tlutor.r 

M bc...-n nrx tl out bJ .. t~nton (l :) 1. 1bt£ theorJ 

nl•(\·1~tf tlutt bsl Moe C':)ul d ·'"t111 b • obt 1nttd 1n ;lte 

.of' r·Y1.qtlon f~Jl lt1tnl v lu 1 nr·ov1rl ~ d nn• CO!S onent 

e tl 

t!·e ef!leot~?1t1 ~t ~n on;':llflef' of g~t.1n 1c6 , tut\ed 

· 1n t~:L, ~, , " ce1 oul tc- • It lUU! foun 1 'to bo far 

e t~"r thnr. th t e .. 1re ~ bu\ it D rc 11 ca tnut 

t~he elect1v'1t1 coulct bo reauct.d 1r nbt.o .: ry • 

' 

. l1t1er . the 



t te-r • tcu.n~ to oGc111otc , ~lltn.· tu nhP..t't cllBnt.:t 

te tn·~ T#lrcu; '" 11. l~t }.1gh t""t"ertuenol G. · ~l<H'l O vtace 

:\o n;t'""'~ "'"n~· ::mt!'1e1ont to er;.u.#• ~J and 

t tn. 

eott (loo. ot t . l ':ild not n , t· tn hl\'Y thts 

;Ut'f'1ou1t1. 'fhf dil"eot- oo.ur,fttJ ._ •. llf1cr- l.let. h 

U 4 WOUlti! e11·'""1nrt•J J~v. but t\'}t hi UJ. 1 tr.c tUUl01 

r w· dan~ on this 

. t~pe or ~11t1er , Whleh 1a . 1n any c e . d1tf1cult 

t.o eonetruet. 'Jn (~~n&u!tlns thf: l1t r-~ tur { . g . 

cte n (16 } )~ tt " a found tt. t vcrJ gr·et~t c re ls 

requ1r d tn th~ c n t.:-uctton or .n p1 tt1er tr (;1 of 

th<.> c r ~ . ~ ehs.ng • 

t tb aantt t1 ~ . :a.ccu.r t. 

oon t nt t l~frru.tur-o , of th r ~1 tr..rw av 11 ble h<w 

1n ., hout'e . ThtR 

In ft t!efttecntct" . · rH: e<m\ii ·ttb par rrJn &X . 

c-ertain 1 rov nt art r th1a, 

hut tl'! re. :~.lt . we" tnoonelu 1ve. Th&J eerYed to 

nho ., bnwev-·t · thttt. '"f'qtf·ct1on :•1.:\ t ). 1<'1ty li! 

fit tter of co e d1ff.1oul t:r . tt h e £: nttul t.ar 

tht• )", t'l 



F IG:Wf CIRCUIT OF 

iSov. 
--~-----------------L-~~+ 

S.t 
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-1 ~ '') \ OhrJ;; f't • o· .)f:. ,.u t .. 1 - .. ., , 
P..., -GOO obms: c - e J..A- ~· - - . 

lt -n.s ~ ohno: rt Ill 0 • )G ;U J.'+ - • 3 "' . II 
-.../' 

.... 
~ 

.,. Ql e; c4 • ~ ,.<..<. F • - ,. 
' 

F~e, • 1 · 0 f" ol' e; % • ,). )6 t<A V • II 

H5 ;:)!) ~t ... EJ; cs • q p.. P .. 
• 

~ - ).5 chi . f.? a .)• 6 p. f" • ., - t iJ 

t:l - e X oi c· Ca - n A:· 'A - • 
' • 

ffp = )..~ ol-~ ... 
lt c. : } • ())(} fc. f" .. , 

Fl1 - 3 · - ~ .:tit tr: ct , • p. F - .. • 
- o .. 1. oh 'tt: r,_l - :9 p i" • 1.1 - li 

$1 - .. 
oh.,~: e12 • .. '·1 ~ r .. 

14': - ry .. 
1 .... 10 henri ea; cl:J • (}. (t .5 fA ~ .. 
''! - .. 

r = 1{J henr1eo; . 
~ 

c - pF • L. • - ~)) ;f - • - • • 
,. - t"; .. ~l.") ... .. ~· " 5:1' pf .. ... - ~ .. 

- "' 1~00 ~~ co.• - "'~()' pf 0 - . - ... 
~ "' 

Cf! - H3 ~ 

~"·· C"l' - 1400 pF - .. - " • ' 
Ce - ., )j p F ce• - ~50 nF - • .. .. 

' 
• • • • ~ • • • • • • ~ « ~ ~ • • • r, • • • • • 



""'cT th "'6 T . oon , fu,-th~,.. r Ge : ct C~ll e n I t1 Vc.t 

tun\n""" td3 bnnt1one • Th r• 1 llttt · doubt~ bo Ycr,. 

t. • t 1 tr l)Ut into o~ l"' tton uc etH·tully ~ th1a t1re 

r,f tuntng ou1d l; Vfr'¥· t.tffletent . 

tn tho b~ ne~ o-r t\ b~tt r 1'·-,l" of tun1n . ~ thr 

ta ~ 1tr1· r ,. 'ltl th~. tlr t t t es tun u. 
bu1lt; th tuntn . t .qone th nn nt 

~~treult in t h t;l t. to dr; (e . Fi .. VI!t) . ltho 

tl"'!. 00 r"il')t ,tv t dca1r d a ' ct1Y1 J t)· * t't 1 / 
C"~n \ deT bl '- ~ r-o-v ·nt ov t an trf!tuned llltl r . 

lt h Hu· f<'l1lo 1 3 . 
• 

} th r 1 rM"l • •• 0~' 1n· th . 1 t to d . \h r for 

tll l""t 1. ~ tull • • ot nt1a· . c~n uent1 1 . 

l ) 

f airly low . • 'f. u:mly (1 0 • ) llnJ t; ploJ 

11ln t ., t} l arg-e ••• ~c 1 tntoe ~r tl 

nnnt clrGt.tt.t ., t n ·4'ec. ~ o"'· l : o .ZD),. a h i gh 

~·· ht ~ r· :Jt•·J., 1! obt lrtnblc. 

nl a ')ft on. r v 1 uo f ot e.ch r onn~'t clrc 11 . 

vere obt 1n . ty 1n rt1n5 Vl'\rt n't-1 Clnn~ ~ er int 

tho \l! ,.cut t * . 1 .. 1f\ 

lot .. . 
1 

n 1Ju. t1n .,. hr1 t:'1nf' n ert for- .1~u out··ut . here 

! tJ h vy :-'f'oou·. 11n ln n oh ll'ltf, o1 rou1 t tc prev nt 

r tt't 12 c~ r~ o out put o 1 n"ut throu._cm th .~. • • lit, .. 

11ft r 1 ~t off · tt~~l~ ! .. . .. 
r·\ekur ~ nd t o vold 1nter et1on bt:t et:n tl o \!111 tor 



.... 
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{40) 

ncl 'm 11 f'1r:r thl'·nugh. th A.c. \luc·· ly . t h tu 

t~l!lt-er-.a '.'t· nftr 18 i1 lf - volt te :1 ·cw. 1 t or, 

1el t . ('J\~n; .,( • .n r·e,u1r d . ... ~;ll'ltcm ln tl: f . r_. 

i\1" r:ly 1 ,.nr enc.bl~· th • p, t ttolt to b~ vltcl d 

f'f1'f urln,. th tntet'V lc bet¥e t r cUt\ , so fttfeo~tng 

eon tt!~r!Jhl ., vtn ~ or tb ttcr·te ; t't. eut·t ·nt 

u~:rou b th he .t~'!" 1e l ft Qr\ 'l:!Jt·1~ thfl ·0 1C.tt..~r'V', l . ~ 

n tht. .meb1 th l .ltt r tc 't 't~ro\lS}lt 1t1to 

t1on 1 tety . 

w t r tna.l 

wcu .ht to tl"e trttn ..... n 1 _. U. t tJJe H . ~ · ~ott 

a b el.•ek ~ w\t teut v1n to rcnaov . . the pl1t1er 

untt rr~m th brt c . phone- Jack ts con tJct d to 

tl out¥ut r tb m~1tfl r , tor u ln the Y t or 

the oec1llo oo-r" ;)1 ""ut ot oro r . or ll . • 

oper tteotn C>f tl: ~ br1dg ., t rn1aa1 , r-ker1 " lvo• 

n Qonn ctc.:d t., th~ e plttter lnf.i~.tt . 1s ¥lao 1nt~htti d . 

t ..... , 
nd 

lt 

1f1ct 1 bullt on J ch 

rtieulnr e .ro t · bt-u;n p 1 to 

'!) . <! t•'O chrn 11- "ln t~e to 

11 ldln ~ . ( e 

n nt c1r~utt ) 

r ocmlot Jy r1e'l•1~<' 1 . •• the thre st~<.ie r 

l\leld. t1 from 1:\00 ruth r .. In ' 1tlon~ 11 1ntc:r­

,onn cttnu le. 4& bet re~n nt g~ re .h1Gld d . 



J'n;les. 1~~al 0 an• Jud {16} t v r~un(! thnt the 

t'tr .. t tube nt t.l ;L ~ 1n tnilltte:r often n.ot 

trll'f1 d ty th 1 ter t 

ot 1e vic ~r • unttn th 

d ar 

of the l•l1tier. Th 

11f1cr on l r - r 

ub. b t ~n r~uc4 to r due th1 

nolnea eon 1~ r b1J . 

o tn tb en o r U1 o· ell tctot unl t ~ at 1 control 

" ~rought "'Ut to t c rron t f):\ 1. 

, 
\tc~ 

• 
' 

bon J 

Tbt !?Jl~i~\C&Qt. 

e iletect ot U!!e4 ln th br1~g 1 

~ 1 nro : h t r 

catl.;>do r y 

~nt). Its use 1n th1a 

'1) (;l phon~ 

f 11) ,at vnn~ t r < e1ther • ' • c:.r wl t~ r-cc~itlc t1oz:t , ~'· • ) 

(111) -1~¢tr-<:>n1c V1eua1 ln~1Cr'tora • 

. h oat co on or th e 1a, un~ouotedl7, typ~ (1) , 

the t~l h n£ • due to th lr to~ eo~t ~nd relattvel¥ 

~tgh enstt1v1t; . 7~~~ r~ ulr; ~ .1ct onv•ron ,n 

j 
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RESISTIVE UNBALANCE COMBINED UNBALANCE 
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• 

(4 1} 

1nnpurnttYe for 00n·1dor~tlc tt=n. 

~~ ch1et advent g or the o ,c1.11ocoejie 1 tfi 1n 

1t dtaort tn tlcm bet~ e n th .ro~lntlv_ nc reaet1-a 

'\e~tn ot th voltag • Tb! 1c oc p1 1ah d 1n. 

tbe to lovln . . 1ft~· • .!.... • ~tll'CG 1, foj to th • 

l t " 1n CO."' ct :>h! ~ ., nd the volt ftoa tre 

{wtt t:ly i 1~1e.) de:tectot ti:n~ln 
,. 1o t d to '"~~ ... 

Y "''lat e , t.l en • t bel r"~L , th H'J '1.ll be a ho:rt.r..on\ 

11n on tb .ere en . A a11{;t t un 1 nc in t .• 

rf'i lattve oo=pon nt 111 t11t tb1 line U.Ou Jl 

pco1t1v or ncs 

crrQt \n b::.lan() • ·.n €!"tor· 1n r o\.iv-c bol TJ\,o. w1ll 

OOllV tt t 11n~ 1oto •u ~11lpa • ( o pl t ll . 

c~~onent e~n be obt 1ncd lthout the trcuo1~ ~! 

QU lly :rcete ba no or the r ct1Yo o pen nt • 

. r~n· • '1 c l ~ . nd rur {16) b 'It; IJ .. ·l1cc t.lJ. e u th~:'i 

~t · tcet!on to "rfJc1 "ion e~nf1uet nee brl1 ·c w1th 

f~t • i } • 

1 

'nH~ ol·ctrtc 1 clrcult of the bt1 e l a e•ontilly 

th .e t t ~p1 o~oi! t ~· G1 tth\ ll , e-·~c~t tor · 

o1 1r:ltt t r-rerence t.n tho 

· · e ~~ ~ 1h\i tty or c nneot1n• tl c am .11fler tc t.1e 

·~rt'!igc by oe nc cor trrm~ror-mer s C()tl 1<161 ca 



"''etflo!'l i"}f o'bv1 tln ; th nee =. 1 tr -to balanc t. 

· .gt")et' ~rth acc\.lrl'.tC~l • lfht a b d be n w"'.»e tod 

by liledhll! (lnc . c1t • .;,. R;) uv··r , lt w ·, t:old d 

!)0 lt 1 

1o· 1 

to tc· tnel baltmce, 

tr&:on to 

s•na1t1•tt1 or 

ured 1 

tncrfta e~ . (' u :- f1 ·) • ent1on tbl rr ct). 

th dot·eto.r 

t T. l G t1t v rs 

~ 1n 1t 1 to t1 f otory ettl~ 

1nf( a ntrn1 . e ~nf ct c n 

hl'i>h 1 -;. ~ ne tr tL for 1 • but th\ , 

lt \11 1ncr a t .• o A •• 

·'1C u~· od .1 o the 1 t~ l!h od. or !nt~r ctltm b t n 

l1f1flr { . 

ltern ttve t 

1t'1 ,. n<! Jnn a (1 ). 

It · . t 1t tlot th ttl tlon 1 troub't 1rwol w :d in 

th e .... n tl"Uct1on ot .. uoh Cln 11tl t- t~ not rt At(:6 

try th 1 !l .ttton C•'nV ! f.i'lcc cbt ·ln 6 . F~>r th 0 

r aon-:-, tb e· t·· t tt,mtn l o 1 :ne thod be n 

r~ to. 

{. t}~l~: tr t.~ r 1.:. inter ~tt~n bot . n ~l. cre1 . 'l tor ' d 

n , 1 rt r . .loh ·~ro uo 11 •.tc 6 V (G), 
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~ = .o 01: 9': (!J - 340 ( lt. ): -' 1. • 
·p!) - , J . (') . e: c4 = "1 () p f . } ; -

- ~. eu~1 ng · arc .. - ,.')() pF' ( x. >: - -
( r.JO'J( " fi!Bt at .n~e t, i , '! 11 . ohffl >: 

'F.5 - , .o "h . f'l ~ r,6 - 1· l v {. ... . } . - • -
F : cl * 

6 , 

? 
... s o'h e ( ~ . ); -

"" - 1 ') ( x. l ; -
F. - l Qt.') o. . - • -- ' .:t"ll o. a; 1-) 

•.. •.. •..... . . ·-· .... . 



{51) 

~•:ro volt ~g o n ~t111 be nb tn d t·y 1ta'ble 

~Ju~t~ nt of the br1 ~ ( o th t t e out~ut 

•~lt o lu t bn1 no th tntefi ctl n Yolt 

! . e . tt 1 qu to ~V(ISOo+0). Th ,1 1n 

eon t nt . Th r to~ • lt 9 p r t t~r in 1 1 

1 • 
v \1 :.. till 

!1 erroT 1 \ntro uc 

1 to •A 1 . • ~~ br1 1t lf 

111 b a cur.at 11 1 ne ~ C 1 • ) .. b l'!"' 

· 11\tr uee~ 1f n rc not 't .et nt! 1 ... , 

t pOt n 1al in ny o .n tt 

6 V , lt l n c,lt 1 I • 

it 4 tr nz-tor t c· ap11 : , l·(') v r, ... A 

\11 00 

1}1 10 

r te 

It 

1 to ~ ·. ilP.ll') • B>Jf 

o~u· tel) b lane .• 

in 1 1 noln .. 1 

th t tl brt 

• 

to oht tn kntfe 

c~n et lth d1 t no 

d d t.~y • e hll l l. ~co:r:di 1~. t 001. n 

•o n ex• :.ntto 'tv1.tcheA t'8 ~rt!er ~ tb 

1 c~nt ct t" nv• trn tt tr 'I'll 

1 th n 'y t"l'lettin onto th b! 

81' 

a ot 

• ec t• ~trl , ~ .d. U::e Join to n u.re 

co~ leetrlcal contoot . o ar a anrl cant ot 

th n rlY tted onto ~bonltc boae at u~t' bl. d1 t nc 

p rt . In tt 1 , the dou ·1 -~ le ' "Ub -tl ro , nd 



l 1 - ~1o ~ubl - t h de. t 

( 

, () 1nlr.~1, ey t .. 1b111t,- or 
1 ndl 

y ot bcn1t • rh r1vttt l ol i 

t . th front n 1 of the br1 'e, tl 1 

nn b ntt Bher: • t~ p.r v nt any- 1 

ur-t ec ('f th n 1 . 

r f1x d 

ntef! 

lt. - necr :· "'r1 ( "O 'lat •r) to c ... natr'uet c \' n 

do 1bl e- 'thr-o lr.:1lt'e a ltcl\ for th l ) • )\ 

d c • In te ~ ot nnt ctur1n . the c 1~ . th 

nd e~nt ct. •ar~ r1v~tte to 

bor.ite, X 1 .. ("' ~ i • 

Vt d lot ,,r 1 bour. n 1 

f.l2li:.t In d ~1LJ11M t 

~ to .1 ~e all · .nl 

leh 111 

·wt tch•!h n t th ~u't r 

n 1 t ,J" . 

t the br\A. . • ltt itc-J1t tan. ;her·c thor or~· CO!ll" <; :id. 

f't.-)f.J ntlJu t t-"nt Cot r· ·1rt no• or c1t3 J on e o 1 . 

tl.e • v. . rr 
c!ju$;t ent lt! ne rcr th cuter 

1tb thlJJ rr tn a rt 

t 

o.-,n f "er· b"' ~ ~~ t not1 rror.ttho kn1te a ·t tches, o eutt10{J 

( o~..m l'l nd c9.p ct ty ef'fuct · gr .. tl.Y .) 
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._......... - -- - -

Th ·~ gnllr -..rtl. panel {f oEt pl \.« Vl' J cmn. 1oto o t' 

rs. doub'l•-;;o1 e dout11 fl-thro a·rr1 toh, f!;,. tor r v l"e1n 

n A • . • - .~.: . •• 1 tch ·tel. det r1:11n .. 

' 
coaro 

~ ~1u t oot ~ Cr; end c~) ; t o Cl't .. \f)NJ1nfll (nerk 4 

• ~t1ttcn 1 ea city~) t~~ oonncot1ng ad~1ti~nel 

le 

1 ft . 

eo -r o r~o1 t ne .1u. t ,nt { ·t; p 

t 1!}01 0 ~~ot~ntl·· ot r ( ~ the ee:ttro t .. r 

.. 'lieh 1 th cQrtth:.:d .J.nt (t th nrth • • tbu 

l '1" 1. t nett. d ju t .nt itt v t1· bl 

f F'?) : tho fin~ adJuJJt nt WC!.\0 1nt 'lt ad ~' W: ?. 0 

v r1 bl • tL'lf0rtuMt l.J , tn1• tJ_pe r r. 1st nc 1a 
' 

tt x 1\ t 1 ·t nc or lC .o J ol o. ( F. ) od a D Ohtl 

v rlab'lo ( r.· ) v!:'10h re ctu•m oot d 2 n PGt"1C{~1 n~ ar 1n 

f' 11 l . ,Sth 
Yl• 

( o tine dJunt nt 1 C B!l r.t1 l 

b c· u u or tl nece 1ty to oct 'th~: nner · rth vlti· 

'th tm ccur ey Er-1 ~ i . 

f'!llt' c:\tJ fJd ju t ent l o :)~') ' v·r1abte· ~o 1 c p • • 

11" con n er ( .5 i . . ; . tb~ ttn t ct th~ ~ t· e nil 
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or i'!t xt c t: l\e1t~ 10\1 r • P . ( li . } • .t>th ar e ~uir.· d 
•' 

:1tt'l low ot1 n dr1vc, t 

e1lc te. 

ItHUV1~1 h1~ll:ilt'Jf; ttt• th 

1 unn o s ry , t t bf)1n; th 

to t 1 nee out tra7 en· c1t1$ • 

n n .. 1 

r e 

r ST1 ott~ 1y . In acoor- c 11t h th cend1t1Qn 1 14 

~own by rh~~1ov .. y (•:!, 11. tlle .,.. 1 tflne . roe unt a 

t R tnt 

ctn...... rov d to b t: suf'ttclcnt , t'.Y ~ ot 1 

t b 6tt ct ~r ncr n c~· city nth 

r~ 1 t no negl t 1~ 1 o _, . 'or tb! ... r eon • 1 1.1 t~ e eado 

Ut the 

£1 c. .Se ( vh1ol' 1 ~ conn ct ~~. in a · tJeia 1 ,..- -

11 t"'J deaat! <'1-):" ~ l.lD.t d on oub i dl:u·-y ? 1 ce nf 

l.J-WO d, !tu \ 6 3 • b~Jh1nd t.t trent ~ ... .n l . ·xn t.h1e 

· oe tt ton, tl• l'f' 1 ' · !'lee· re ovur : '~ fro l the h1 1<.1n · 

t eb d tt') t! fr-ont n 1 . In orcter to brln • the 

oont-r"" nob to tb rront n 1 . tbo 1n~1o t:>t t he 

dea c era 'f.tt~nd d vltL tpeol 1 6bon1t~ r. d~ ord red 

=- : .. - -- -
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. trn the GEneral 1~(\\o uovpanJ . {ti&c pl t• VlXJ.} . 

on r,1r1cal ~rounds , 

rocn 'ena•d th t the d1st nc botwe n t:o blndlng ont , 

Clll"rJ!ng bet\11$6!1 tbe 

1~ t o. o ~i cr. . n l't. bl 1 ln order t 

At. 

1n1 11 

rror ilu al th urr oc~ ct 1 to 

tn th d!e ~ctrlo, c p o1t1ve unt b~ c U 

to tt J~ne ~n Jo rormul • but. the 

tn!mut l\-t no~ bntv n ~nt ot ror 

'O n ·~lu: ~te ~ Vl.)rl' out, at be.ut l . :3 c . m • 1'hl 5 

tt1erefo1"~ .. d1t1 d 1n tM 
e " ' 

<S ct.oo by 1 Ot hlll ( 3) .t D th tho!i h tt .roY 

v ry tt r('l et·-'!"1 tn \1 o. . tj . !" l u. or t.be w1tc1t 

e tncTe" 6. te 9 c . ·~ th 8tud. e 

-:=• 1' tlt ~bon1 t~P-, ntJ tbe r ~1nt no 1 e 

ount d . { o · 1 t Vll.LH . 

round h 

etr1c.nl17 

C. )cu1a.t1on by the !~>neo nd J(t c1-hQ tnraul Dho~ 'thct 

tb . 04nteot stu a or fl\t'ltQ,.. for tJ..e <! cad vlth 1 ~. 

chould b~ t \ t ~ Cl:l . 1 rt, no, 1r thor 

, r·te r 1 t ~ce, n tera1na1 , cro 

13 .• • 

-n.rt . • retnry to! • built to th.~ ~1 no1on • 

'.¢. er t1 ) de tgn. d , 
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n1~e ev1\0h6u; all th~ ateps. nQt ~e61rud tQr 

p rt1ou1 r r din~, nJ"(l 1cft O!Jt or the clreu 1\ M plet.el y . 

be. n ro lc· d . 

il evtounly 1nd1c~"t d, th k"u1te v1teh 

unted on 

t 

th n8o olt.J tor t?A tl1l. .:~ tile lood ( .. 1oh oonneet 

. i,b restatanc a t --o th~ oontiict 1 «~~ntt lly tht. u .. h 

tb h 1.,-c tn tb l~d tnl a wy . "!1 

t 

A 

t dl t ne crt fi • behtn t..~ front nQl • 

cti.on <Jf tt:<.,. 1 tter { ~· 1 I! ), 1 

front cr th~ ~~ d 1 ann be o.en don hi 

11 o th<' n1 te slit tcl" o t~ be op~r< t c 1 r 

1 t 1.1 1n 

: this 

.t te ll} . 

th~ p·rrc;>.-1. t~ e tt1na of thtc c d h s c. en 

ln clo~cd . 

t ) 

C{\ftd naern or x1 c1t1. -' 0 p . 
,. nn 1 5 f. .. -• ' 

t" . p e<"t1 vel,y. Th~ ftn 1 :lt 1 1 de w1\h .. 
th 11 et· oond near. ONt \.\0 it1Y1t.1 f':l 1 ~o t)bta1n 

lt."t th 1t. !here 1 ~ · li 1r or s>l --1n po1nta for the 

~dd1t1on ~r fix d cond n er. 1n tha ea urln ro tt 

th. ct :;act t7 or ~ le aot curr:tcle.nt; the '·' 1 tton 1 

non!!ence re of .ood £'!U i 1 ty D1C tJp .. 

d 
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or g 1Yf nle c!l 1ron, - el'. 

be1Cl ·aare ed on"to un bontte ~ a~ .tc1i 

1ald1n, c. • ( 

ncl . 

ll j • 

tte 

• bl 1 tt. r:;.1 thfl o.on4 n ,.c:rs ro 4'ocu.,~. ct d to the 

~t \v1n ~ oh rto, tt ls d e1rab1. t- t th a ~ ln luted 

rr) t. lo ntlon t rlVt ., o 

en , e1t~ ff ct-J . 

th~ h rt~ ~tth 1 

t n 1one b .rt.vndl 

Th c 11 .rnt1on .... , the oon(lr.n'l r u r·r 1 d out 

ell 

d\ ge nn'f>ot ~ , rJnd th ~ell 

. dlo nlD J r~B1 tpr 

ocmntt at d to ~ · onu •l 

nh, • non-ln~uct1v l . 

s pl o d 1n -- r 11 l 

1t lane d for v er·1 u ~ 

tt1ng our1ng 1., 
~ · 

.ln 

li \ttort t c p o\tir.~ re placf:d ln pc·:r ll. 1 1tb c .., 
( t to : • 

h1 r;nv tl v h.. o .. tl~c · e u < G:'l r:· . --s• o,::~n~ n r 

1n tl:. c 11 tom ( .• ) · e th- n r·eoonn ct ec;) , th., st nt t d 

v T"l 'bl oonaen 

tor " rtou • ttl .. · or c ... . 

lt ·.r t ~ . 

lrt tht . y , c 
4 

'ht t ~d ~f o~11brat1cn 11 lnrt·~ ny erro~ 
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due to ntr y e c1t1e .. 1n. tt.a ··1r1n ..• ett'! . 

e) 3l:!.~ , :: llO ,6.J:s!A. l.t 1 cl m~r tho. t th.. ratl.., ., r1il 

1 b s!ii 1 ~ d el o!!ely , rov1Cf·f th~)" t•e e.htcld d 

GJ~ titrio·llJ. ~ lght ine ua11t1en i n the t•n dane 

r a .re c~ ena t~· tor 01 tb 1ncluo1on or 
r.l . ~ · '· 

ch of 

the &1'1.t , : 1,nnit RC,. 1 1 ~ 0 ) ot..m • the r •1 tor& 

~in .. of' th, r;enor- 1 - dto t pe . Q:)J. 'fb e r 

• 

ou~ '1~ c1oGe-t1tttn • ·lv '1 d lron ~- d1Tld 1 

1nto tm halve , ~hlcb al"e 1'11 lded fro on notber • 

. ' 

1to~ . (~ 

.ountec en the t~ont n 1 . ro th o 11 sel otot· 

wtteh 1 • nd ttw nwttch t 3 vhleh~o •• 1t!v;tr the 

uur1n" J or r t1o arm ~nr hn1 nc g 1nst t~e 

rie " J :o.r-t .. 

' x1 tiU& re.-tat.anc to be m-.r t·ured on thu brld0 

1 n~ oh !~ : t.ue ceura.oi a1 e(1 t ls ) • . ,1/ .• Aocor,un 1 . 

to ntt 1n tht· aecur401 t the 1nau1 t1~n nt o~1onent 

ln the ce:t1 nrl 6 c;ur\n'l' nr ms ehJUld b 1n e.xa NS ot 
., 01 oh c . 

eon~ neer 1 k ~tho 1.,. tor m ur· nt of hlgb 

~es1at nee1 -1 !~ the mn~t ~cnven1Bnt tor a .. ur1n: ;; 

tnou, t1on . Glttd! 111 (:l) , t tat'! th.Q.t thta m tbcd h 1 t h 
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~t n .,. · 1 t or 6. , ) n aon.a .. 

1 () rH oc •· t:t r~~ ue'h lo 0 

\.« tn th r ot tl\ t li u ed. .Btnr.c r confl !'u::er, 

the ti e, t, r utr l t r 

re --
r let ;1e; u.:vJer l. · e 1. f;). r : t t 

a11 t' c.n6 n er .. or oo··· c1ty· 

b d th tn~uJ t1on t1 o to b~ out o n 

I ln · it 

or t e ~B11~t aa-nctt1 u 1 . 1t 

·~t nt t ~ of only o .?~ v lt 

t un t. t a 

r.urrtc1 nt to tvo 

I. ~u, tJ~r. t t ver e rt1 ~ out on tl fo lc ln 

b~ tn ~• bl c 

'etc- en t ·nni!o }. ~r<.' - th r • 1'l.~ obt 1.11 .. lt 

ch c t.l 'nltdlty ~r th Jone -

1t nerou in e r • 

lt s Ut n e t:.1 t li .t U:t 1.n!lu1 tlon b t. en t o 

t t• 1n -1~ or t!u~ nt.'h 1t1.-,n 1 c .. , 1t1 pl4i 1n t. _ 



FlGX(A) SIMPLIFIED BRIDGE CIRCUIT 

FIG:X(8) EQUIVALENT CIRCUIT 
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1ece 

or·~ o1 t" the o.h1 cHar, .or t .t 

f'--·::mt ·· nel. It !c.; cl t· that -ch :y l, vo 

t>\rtn wJli b bnl no4!d 

:"lit ·m ~ l '!.unetn th raener ! rth. lt 1a 1 0 

unnae<' ry t..f) t t t... tn ul t!on of th 111eldeo · 1r 
' 

s il!\ ten "by Ol.,ahtlt , e th len. ·s wPl · 1n e 

t 1 e d out by tl ne~r :..Arth . 

1 t 1 u gen•r•'ll.y uced tt t. thn equ1Y 1 nt elrcuit 

ot c~n~uottvlty o•lt C'"'t\ b r~r en ted b)' 

r t no {th tru r 11 t nc ct the c 11 J .auld 

0 c1ty , c , 1n cerl wlth 1t. on this eu t1cn , 

t. e etreult ~r th ~be t ton n t 1 ~Ae 0 1n F1 • 

cr· e g ner 1 c nt!tt1 n tor 1 no 1c 
~, : . 

Wiler .. = 1np rlt::.'\ 0 tn cb - ..:.:! m ... 
!) •• 

In elif'e, z flY b VY'1tton 
., :: ,.. .a. J ' ere r - r- ttl a ne ... 

X = f' •et noe. 

1 oo. - l' 1 - •2 

~er fl\r t l nee .... = •• 3 4 · 

It 1c o~touo fr th t1r,ur., tb t th xvrr- 1on for 



{ ~1 i 

v11.l t1£· t'l r • ther e· .. , 1 tcnt(i'' or~ ·• , herf• 1;·_. ~o· c~ ... r * 
tmp<c;.(ClfH. e. Zlf. /¢ COI\£151"' D( Cll\ irn. ~~dctl\ c.. e 

. thotl ~f ~t• ·ttfyt~ th -olut1<-;.."l f 1ru-g1n 1\ 

·~. ttl OA "'401 t.J 'i4 c -,nnooted tn · ':rl.r · 1 f:l nft 

· 1 . t l .r1J, t ·· .11~ -:~ to O'lflCl~t t'Ft n.."l 1 e~ttcc Z;;s ' 

1 th f' un.-nao1 ty .£t ln ""!. r f' 11 o1 . It cql at onc\t oo 

oe n tl ~ t· . ..,..~ • nd • • ;;;111 bG A uhovn. tn t be ·ccont1 

rt 1UY·~. • -,; • 

' = 1 ' c -.._....,."r. ,rr~ 

4 

u-turt1onD th t J • = ~,.' , nd tlmt. th 

tt3tr t 11."n wl1l ·tvt th J eon 'ltlon tor 

t .et of' .. _. ... c 4 
#: ~ 

1 - ....!...... "" J - ... -. * ~ .., .. 
• . .. 7. t 

. • r ' 
"' 

• 
• • = n:.~ . l ....... ~,.....,..-. ' 'f ... c.~ ·ft 

... . I : 

' - 114 .l I t . = r..; • + J • - ~ 4 

• • .... 
!';4 Md ' :: - ·t /p • • r - ... 

• 
ut tn~ h • - ' • .. . ... 

4 

- -- ... 

1 utlon or t! 1 

• 

• 



1 . -. = 
;~ 

It 1 ti')\n\e t t h ., lu of t: t u "' 11,~ r .. u1.r ti_. 

" c~. th t . 11 00 t•ett 
. 
1tb unit$ . 

u tn th 1 0 1 l theor tr ot1on • nd 

1gn r!n \OV t" or c R 
•"i 

11 h th th fir t~ 

tv ~ 

!1 - ) - \ j 

. . -
• 

• • c 

• ' # 
;J 

t 

= ( ~· . 

tln : r· ct.tv, co n !lta) 

.... -1..... 
- ~ 

) 

) - ( ) 

( ) Of, !B) , th · ~. r· th con.1t1,n tor b. 1 e or 
tho brt c:e. ru1rt 11 d t lt 

1 e o nd1t1on f .. r ea l" , t tcn, 

~" = f!~ (1 • c F3•:· ) 

} 
- .. . - r 

.- -· l' 
c : -c4 ,. - c n -· .~ ) .} • 

~ - ~ J) 3 
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ork1ng on low eln or th o~etllo cope, tbe 

• 1 uee or f ~ .. .Jt~'¥"! n·, r-. r" ;1 t anc ) n c; 
3 3 

f .e ."oott"l t-". c ... rh1tm .. r) ar rl Ju ted until th 

h~r1r.ont 1 t 1 .t lln : 

tel;v 

~1t1o 1 es e1t1es 

1 t en t~ro n oftr• 'to • tlo -l 
~ 

• • 
~d the 

t tn g1ve 

et rtb r 1 t nee -n 

~oxt at ~ 1 nc , 

.nt.a 

1tlo 1 

o ~ c1~y 1r nee 

! · ~ n~ • ft~d C . 
3 3 

t~ 11.1 v 't 1 nov. 
a. H ro xi fll o.l-e bQ.Ic. "c e 

} !ht 
is re Pta.l-ed. tud·i/ Ql(\ 

1l t . r n(" t ~ t '! net 1\ 1 obt ln ~here tr 1 1 

11t <l on a 1 tot 1 , ) O 1t1on 'to t 

other . 

, it 1 nee e ry to oJust tht p sit 

1 · thro~. ov r to ntto t.roe , na r 

ne 1n the r oi at1ve e· :;on nt obt 1ne b)l 

c , tt1n cr t.h co re r 1 tor of tbc 

r\()Y ·,~rth . t 1 . 111 1: \& e tl hor-1 ont 1 1 tl to 

t\ t. 'l .. 
" 

in .Il9!"1ftl , lt tl!e ph .aln. c"ntro"'~ 1 

!n~or e~tly e .. the 1 ge vq l ·t1l.tr. • 

t.n ~ l tr-n't t · dJur.t~l1 e,o t t th 1- e o 11 

to t,.lt .t 11n • -h~ co r·sl~ r cl tor 1 t~en return 

to ttt o 1 t too 1o<! ~r., th: 1 \ on co nor bt.cc~ 

h~ri~nt .l tr t ht .. Inn . 

s 

d 



• • . ct tor· aeh 

(U.) lt l o qult to zc lt the tt1n or tho 

r· 1 ttv 111 ool 8J> or o n th 

e 11 e , G ·lt r1n th lo ot 1ta 

Chftng 11111 :teo alt~r th alo~ ot tn 1. ce .. 

in ltt obt in ~ l n tl 

on 1te1 \n f) tra ona .. o 1t1on t th othet . v1ouely 
3 

,, f1ne . Ju.t ~t 

) 

tn tll~ tv ~o "1 tione of t 

_ v tct~ . 

1le 111 ~:;1ve tour rfm.tUn ·IJ. for. tt. fr- utncy of 

0-::l r tinn •. n"" t hC! , rlth ~ctlc e nor tb v lu of' 

· (C -t .. ) lkl found. 
~ 3 
} he floe UMC.Y se:t ctor 

r . at<~ . ~hls 1 ~one r~r the rr u n(!1c 

tot: .. l ot t enty re ln t~l 

n) ··~ cbt ln th tr·ue v lu of t.~1• rG ... l t .cu._ ~ , 
4 

tl ~ r- oJ t nc v lu ·~ t er:cl~ ot th tr '1Uene1 :: { J 
-1/'J 

atn t ;, ln rl 
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xtl" o, too t~ tnr1n1to • lue or th. fr- ~tutnc~ \ 1n 

~~~or·~nnc 1tb the J ... n -'~hr1att n ( ) ••thod J • 

. n c t ver1 eon• 1 nt to d n 

~rov d to b#. ver t1at etory . lt h· bo n _tab11 b•d 

t r,,.. e1wlcn of i . , >~ 7. 1. ally ttaln .ul • 

~ : 'fh ~Yttr 11 g in or t ~ l1t1 r 1 t , ·l<M 

1nol 'Jit~s tlK• 'lOt\ tY"\Jat 1 fl!1a011t"1et n."' th Y 1 t 

11 11 tt ~r of h~ Q oil ). . ., aop • ., rov ·d. to be r t' ter 

tl 1"1" l"'!'.lUll"'#d. It n f~ ~ f1rr lc: to 41 dt. 

one ··~ge ot t.a (: nr;'truet tl l11tt r; ecr.·d1 ;/" 

o ~nnd tue h e b ~n "! 1r.dn t ~ . l vin 

n ·'! 1t'ter .. 

t (.- t J 



I ,., 1 t.t . 

t 1" eb1e colour ch ng · und t one by colt.itlon 

~ 1u .1t heel b~eo e rc&nt t n c rly " t 

In ··ttJon, 1t Ju d b ~ n ta 11 t t tl':t;:NJ ~mr~ 

con ld robl nount ~r. clfl ln tb s ;ol ut1an 

{ .. . ('r .. r f "'1 ) ' • , n th t 1f eolut.\o·o. . f th 

eban . d ov-er to gr ~ , th 

in o1ut•on. urthe or: e 1 t baa be n not~d ( . ·~ .. 

~ner 

c ro 1c ~1to h •e eon1uct1v1t1 

r th Ylolet cnlt~ . 

r n 

. u~h 'to·. :r than tho .. 

'n'!e U!lU U&l 'nnturo Of tbe!!C alt a of ehr-oot 

1n n1rcd a 

br1 r r •1 of' th~ fit y vor"'k don l~1c tl n 1 ven ~ 

tk 1 n en u o., 1 e t t · 3 } • 

• 

r~cour o rt'1ed out n ~ tene1vt. un1ec of #=JX tirlmcntl'l 

on 

bo111r • Ot-' u11or. ar viol t chr 1c cu1 • h t; c n ., 

over to one r sr~~ 
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r, ~ I . . , ) 
; .•. n., ' "'4 3 { 

th r'u:1t of t'Tflf. ctd 1 etn equ 1 to -~ t th tot 1 
ll'l 

td h t .re ent. ~1 on orv t1· n \ffi. 1 \er eont'l d 

· ' y ·~.1tne. (fJ-1j wlo o Tr 1ed out oonr!ilcto etrlo ti ration 

on ohro 1e o1at1on· 1th ~ - ( ) . 
p 

e nt' d 1n1 

tota't au 

-l!chl!r*' ~ n~ n.n t ( ~5) ca-:-x·1 a ·out d1B1Ja1s 

,- !'1!!1ent on Y1o et ll~ revn chto 1~ eul h t nd 

foun th t , · ~r o the vlol 

uneb n ed, 1n th grt n~ th r atlo cr/ 14 l!1 1n1 • d 1n 

e.n c;,b .ev·1t t1on f vour1n. th Yl.,w th t tlte c n rro 

ltl1 tho r t1on 

r rr e c1.d nd 1u\ 1& "t o1c lt. e1 eontl 

n eolat1~n b 1n uch r·e ae1dlc) , 

vio"~ et lta ere .ept tor l ontl nt J {)~.:. , tb 

r rr ell! b•c ·~ the e e ln. both ea fl ' th o1d1\1 

be! g-r t r tt blgf1Ct' t per- tur • 

1 0 u 1 (~6) cnnttr.· ed an (': r11.1" oc~erv tlotl 

of' de o1sb "u'h: n (f-?) th t tr. 6t-.e n solution t·. 1 .. 

1 l~ t.t"r1but a. to th 
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1, Grnh 

hy-lro"'y~t,... r th V1r.'l1 .. t tJ {I r~ n e.o1uti""na t ro 

o n·ufllt nc 1re rtt t 0 !:Jt!l f'Ol.)" f l •1 5i roun 

1ncr - fHt ·1 th c!llutlml~ nd t o g r t. tn tl. 

CA e ~r t h r·r.- ... n . r;bc nl o e~ntl . the oba T'V.tl~n 

or F1c: ntd d .. 'onet ttwt the 'r1 let o.nd ·t eer: 

·'utto-na t nt1 to th e utlitrt olutt rt . 

r1n ~ thl .... x\oo 

l 1 1 .ht 

• 1 1tten 

tR_:: {'1 - or 

[~r { ~ · #') )a J .. ... 4 

3'- v1c1 t { no 1n ) 

t··r ' ] ~ ~ - (~ ( Join • ~ 2 cU )~ 

[t.t· '. 
~ J + .-( ~ )4 gree-n \ ~ F. • J ~ 

l· (f~~o l 3 ;; .. ) ( a1 t f1 . 9leol . 

The br;v r~rcul e ntfo.., ,_ .. he evi~&noil n oe. '1"1 to 

[ '> 1 tn tt l<" eon"uot1vliY :"lf t.:.~ r -.;n eolutlon ·, and h 

()\il r clp1 t.r tAb111 ty or t :..c 1 uU.ele p fro gr n'l nol utla • • 
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1 '*' into the &Olut1on, sn 1ncr 1Q.! the 

•ol t t ~ tt•t' . 

Oft t. ,e b g1 "t tl ~ ern r· t e"r1. 

c-rt tote~ the conc\ .ua1oo r .. o·;ur (loo. cit . ); 

the r~mu'! 1.1 [ · r ( ) ] . ,_. he reg r e a ! y,a;;otb tl l 

n-! t. ··ro le . f!e "l r-1··1~~d f>Ut l.;~ rol~ e1 r t. 1t 

t • ri u ecne~ntr tton , n~ 

~n~ f're t.1n :clnt I! t 1 tn' tlon , nd o.onelu.d d tl t 

t! e hs~ro1y 1" v r1~(: vtt .. tl1e 00nnent.:r---tlon or t' 

.. lut1cn • !"'r-om htn . m Cf)nclu~lcn n1l tbo of' 

~1~ d · nnett f.1oc . ott . }. ~enh. u .e·tt 

thllt th 1"o11ow1n chang~ to::1t 1 oe :>n l~ atln, U e 

vl~ t e~lutl no: 

2 r ( 04} ~ _., (•"'r ( -~>-- ] {,- >:c ( ol.y .... r1 ti :'In) 

fr'l1 "t 0 ell }\y trt1r¢lya1 ln t· o g.tra . 

[Gr 
4 

(' .... ) 
4 1 ( o,. )P. + . if2 7-/ [ f'4 (. }4)~] (· H /.]r~+ 

1ch ·r~c dn 1n r.-·1rl1 e noenttat d solut1ort u to 
l - vhll vt ~t 1 er c ncGn r tion~ turth r 4:Jth r . 

'f"ty..,ro1y 1. t w !1 ~'11.1ee .. 

[ ":-r t. :i ) J f [) 4 ) 9 ... ..t ~ • ' -/ l r 4 {. 1 ) J {!) ) .,. .. . : .,J 

b •n!! r.s'>»li {"~t) , frc-4 cr-n·luet1Y1ty m·ea.sure~f1t. s , 

5 
~et . tn ~ th h,-f\:--olJ 1 ~ O<'T!~r nt!f of v.1o1 et nnd ~.;ore· tl 
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chloride. , and or>1nted out. the uneert.otnt1 ot the 

thodo pre•1oua1J 011 toyed 1n t.h1 conn ct1o.n. 

In . 1 te ot t:"~*' f."r , "'t !JOOt ot ev1df3noe tn u 1 .. ort 

~t t-he - eroer t.t.<..ort • rltton ( 3°) etl 1 oon l<ter a 

th v1denoe to bo lnconolu~lv • • e cl 1 tb t 

gr .n cl'lrc \c 1 ut 1 n~: e<'-nt !n 'b! ote ehr~l 

'11 c 1 1 r tn tructure, nd 

conAt!tut ~ eo11o1da1 l~otrolytc 1~ ·1~h ~ho o t1ona 

re a6~-~~ ~r nbro t~ hy~~~ te n~ v ~y1n ~ unto 

c ne1"* ra th t tl r sult at ern r ·r•d ·~ub. r ( 21! J . 
""e lnonnvtnottt .. to -,.: lain th lo · oonduet1v1t1 -r . 

sm1ut1rm of t ~ ~ -n eblor1®.- nt! luo 1t br. 1 

:rr~~r.\:1.., ""'~<~1nt ~ th e ·ork r ha ..--:J tulat..,d the 

for.'"«ul [:-r c12 • 4B2) 1 t,l . I( j 1'1 
.:;. .. • O\Ole• r , t 'J 1 s .. 

tt\unrl t t , even in .id e2ti. :u tlon t c·,- 1tb 

·~ ).8.-? 
0.) 

t oc ., • ~ more then ou ""'U111 1 nt or Qhtor·1 ,e 

tll prectplt t d . 

· etnl nd no oeh (. ) atu~1 d th6 prcc1pitab1lit1 

,r tt~ C1. 
.... 

ua1n • v iou a1lver· · lts. h .¥ rounu 

th t ell ft11ver lt :pr ci tt t d t l "t 4 cr tl .. o 
-Cl , n•:t th t ei1v )~ u1ta ot ·c k c1ns lnc.r cd th• 

curl tbe re ne~ of tr()n· aold iu ~1utl.on 

d1 tnt h~,t<:l t!-i ~unt . · • H. 

(l.t nl1uetn- otr1o tt tr t1ong on tho en cl.lorld at -
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· re ')r-~c1 1t t d . t! . clnl c tt· ,t th etbod w ~ 

~upcrtor to ~ Yl etrlc an~11 lo. ddln 3 
ln bul. to ~1ut1on t nd d to pr cl it t 11 th 

chlor11 pr~ nt. 

Vtaooslty r.1~a:tur ntc c. rr1ed out b7 Pn.r·t1net~n 

nd efJ"Y (3 ) 1n· lcnted \hat t'l Y;tlu of" Ylolet 

chlo1"1d C!)lutton 41N) u.eh htgber tltl.ln tho c;t tb 

gr n 1 ut1 n•·. e)' t.h t tbBi:tl r .-~ul t 

1n c... ent t tb th totWU1 a r lgn~ b¥ aJ"l'l r ; n 

th Erttton theory th~ co111~ 1 lut1on (1 •• t. 

f!f'P. t1) cuJ d v r11ao1 ¥ ~ tte b1gher value. 1 tton 

~ 11 at~ t~ en tle oontr:~ , th r& ult e~nr1 a 
h! o~ tlcorJ; th v1 oo 1ty ~r ~t lltc OK1~e 

J.~ye!r-o 1 ·t c u 111 1tttl {ft'e t r tl n th t o.t 

• t$1" n' thtt lov vtseoott7 or th gr.(;n ec:uld .1l Yt!. 

bc'Jn .. u ·t.ro by ttt o~ · re~t~itle. .fll!eunt : ct tr · f ac1 

tn o1ut1cn • 

. ore f:'Vl~tl'nee at ni t ti~ , th'OrJ <1f Et·1 ttoo o 

~~vlde~ ~~ th ~r ~r ao~ rt nd ott r~n { 6) 

:hi"$ round thot th • tt .o\ or the vlol t ·mf! gr (Jn 

r~l to on th cr1t1cnl oe\ut.lcn t fET"ntureo or v r touo 

ldu.r.~ · tn ouoh gr·tf tur than would . \ th otwc lt 

tho dttr renoe 1n tnr 31' nnd Ylr''.at -~l utlons v re 

~ue to th reat.·!'H~6 of' oollo1~ 1 nMf' ~tf...- ln th 

tor0er. Col!o1ri • ver ~. baTe u unlly ver~ • 11 

• 



tn~lueno. on the c~ltlc 1 l ution t ~er tur • 

~·lth th rn r th ry t 

en:t . • 

It t.. now f•enct-a'l' y e.one~ et.Joo th t th rn r 

tb ory do· • ft"ord the ~t"l"C'ot p lotat· * but tt u 

be ff. ! ·cd th t hydrol1 1 1n 1ut1on o~ ltcct 

the probl con l d r bl) . o · t or th r cent o""· on 

h n ~on. by t .thor Oh \sta. rnd 1t 1 

1gni ttennt th t aueh ll #no. Jn ~k r 1 :t 

nd Cu t v n b ve c c t the th r1 . 

t,y th d • o. imt ct tJ ~ e · t1 1 ctr nlc tl' O"t'¥ r 

1 nr:1. n ~ in rt!ml''a: , b~ ~tel{ \tlck • lnter~·ret '1 rt 

.... , .~ '~ 

nd th obrO" to \on 1 ~ 
1 .; 6 "1. 

3 ' 3 Jd~-.a 
.. , 

l 

It y -r tillt b !1 t'h t 3 
hfbrl~1c tlon en ~e~ur . o thP.\ ln Gr + • • co plex 

th cc ~~In tton n~b r w\11 be 6, Jd tbe r nultlng 

O<>ntlgur tton octulledr 1 . 

enter ult or r.v1ou orlr ero tn~le t u- t the 

1. [~\" (.~. '~· ... .. 
3 -fo u1 or th-. vtolvt lt Mdt 

,.., t u u 1 ··re- a 1t '· G"r t >)4" r].a. -. h • 

t 
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ct the q 1 r11s olveu ln \ ter , byr1rol,ye18 oceur 

v1th the form~tton of tre 1 o\d d e~lublr: o1c 

- lt . 

1h .ru~oee of the pr•s .nt ~or vA• to earrT out 

conduoto~&trlo t\t~ t1ong or into solutlnn t 

Viol~t nd ~~~n ohro to aul h te 1ft ~n enu vour 

to elucld t t;he nntur of tl,~ o·,spl xe ln aolut1~n . 

In con•·uet0t11etrtc nal·,r ta. th• gr ph~ obt&lned 

ro d\ Y1.~ 1l !nto c:er1 .. f trul rht lln t' 6 Qlld the 

1.nt ~r 1nf1 et1on ot tb se 1 ln o eetgn te 1n 

. nerel , t• nd ot " epllciftc r ac.t:ton nc! th 

t rt fJf nothel". 



PLATE X 



'1 } Ilan.. ~b.timP ! l!&.· 

r th th moat· t B"Y lln ec~n cl rt1 

tro p'l teo 'lC nd ,-rz . It 1. v ry ctn11 r tt:l th.( t 

1. t b)' l dh1ll • nl thoU{ h the dt en lone \hrouc;hout 

t: • b 1nct·e 1. 

h inn r v el 

tc sup rte~ on thre bcnt.t ~ l"Ot:lo to t;·t · Vt':nt b t 

tr t rro th bcttOCt or tho th Y t . th 

.out~r • e1 t ~ f11led 1th t r n~ 1a tlrt ~ CX'n-

d"l ~t 1r1"' r , t 1 ol~ l t< ~'r1 v o by 

r .,...,. .. _ .. ,one ntor -.an\ 1 on n tron f'r e )rk. 

lato X) . o vtbrt! tlotl 1 

untd 

1n tb ut ~r Y s "'f)l !'>ft rub1 -er bond e. . 111 heu t r ; 

n 0 • t. fJ(!f'H't" ~.-nt:f'& 'fJ .e, 1U n!tU ·tE:d behind &n 

· ba:rrt e: aftel" the tc .., r tur of the t.hotiUO t 

h · c rl n to f'l'\°C • ., tr-. wntt .e UJv11 d 1 ~ eut {!. vn 

I '7 odtch1n ln vot 

untt.d baneath the e- t ro • t 

. e te~ rlo~ roughly t o •tnut~• · 

tn er:1 te or hf·vtr · t · n th ~c utlon or ount1ng 

he t" ~ul t r e lou • B ··o~at.ble tr. tbe the-r o t a t , lt 

-~ .t:\.11 f(\und tb~ n obeer-v~r n r th th C$t t 
, 

rr ct d the t~~Er ur lt .tly . 
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~t ht~ly ~l1shed u1~tn1u • 

~ tnnt-?- vec;.rut1 , \lh1ch aeeo=r odRt(. ... thf e l ~ . is 

f'1. ll~td wlth -ent r-rtn '1-0eor«:th: to tbe rcoc .... nd&t1on 

!l~ .Jon .. ~f.td ·Jo~hg. n i . '!be t' ffln l!l at1rt-ed 

1o·!.th Q.f'"JT)l"'el! ed a\r~ vb1ch t f1ru.t otrculate•l throuefl 

cop c!" tubf! 1n tho out~T.· b tl, . 'ibm··o- 1.. notb r oo1l 

tn th outff b- tf1 - 1.c.h lD u t:n to brt.n..; t~ ~ r:P ~,., .. tl'l 

1r uo~~ in ttr~ 1ng the Oilflt nt t'f tht" cel l . 'nl 

t er tun~ of tbe tb~t11('4'tat .. ~ wend on 16 - 34°' .. 

r . Nl tn the ;.,ut l" tl~; 1 t . l! been 

• · • L . ther·m,::. t~t . Mt t·· tl c 

t p•r t ay hA_, be n act to ·:a0 , " J .. t. · n -s l't:f'' • tsi.l er. 

on e ~ann ther~· t~r f~leo t era d 1n th· utcr 

batt>} ~:o R to d t r1atnc $~·wurat.ely the ctw:l varl t1on 

~~r.:r ................... l .. .. J!f.]~--"-·· · ··.·_ ~;tQr~·-- ~ 

--+---................. -. -··-·-... -ttfi-IU:III-·--- • ·--·· 0 '0 0 ·:.IW.·o·:,::.~~~ .. ~- f 
""! }.) n . m. :.c, .... 
et: ,"'1 . • 'J 

~ '"'~: 1.1 4 . ()('<."' 

1('l t "': 1 .. ! ,} 

, 1 : .1 ~ • ,.,:-.~~ 

' " : ~ ) ... . .. )0. ~ 

.. ,) 1 
f • ,)' '2 

-___ _L_··-··. _:_ __ .... 1 



PLATE 



va el v! l, prob~bl y be 1 

tbo e 11 •on le~ • 

thlm thl , nn t oot in 

!t 1s c1~ ft·. th . l1tet"ntu!' that a b1 ~ 

.t"' ,oM:ton o r tl eo1.1 e , un d 1n e .... nauctO!.II trte t: r. ~ 

Yo sutter d rt , cc~t i~ olootrle~l def eto. not blj 

tbe r·kcr- rr et. ;\(} th1 ~ h fJ rJo th :.. uaaul t 

to~ ~ : urRtf. or-k . The • u.-1:. r Eft"~;ct o y t»; d ""orlb. d 

tho t:rov1. ten of nn 1tern t1V.f} th t o the • • 

~~ 1e1 t~ t te ~1.otroct. , ~n ~ re ult ~f th l cd 

to the l ttr.r boln 1n elo p proxl 1 t1. ,-1. err ct 

t o o ~col lty pronouaoo i5 . ben th 1c d tub tJo Qf 

.. r ctal~'l o Ill (Jt~r # ontf ttl 1 et1 1 th cr~ury . Tho 

Ot! t arf et of thtc 1t t.tmt til aos urc. !! r ·1 t n·c 

of' tbo ooll 11" b.- c11.ht171o r t han tb true vr1..1 ... . 

11 l1 Vf. rcc rttJt bee.n r~c. Glr;ne!d ln \d'ilob n 

flff"()t·t h l1&on !rode t~ r !uce tht ~ rk r· ftt:t.lt b,;: 

en ~ ttn t~ 1 t1 'tubo ne much o 7·o tt'! • In 

t .e G1~~t1l CP.l1 , thin 1 eA~ w1Teo run ~cwr. t ~ 

re1 t!ve1y ff1.-'e 1 · . ... d tuh~t' , Vh1ch nre · ·11 C- · rnt d . 

~ e 1 ~ • ub~ · re t.hun nt "' t t1 trom tht~ "u t. 1~e 

lt ut~ by n 1n~u1 . t1nv c~1u n c r Glr. 



(??) 

ot Cr (Ol;')J" u1-l be ro ll dur-1n titt' t1.nfl. cell 

1noc~ratln~ the dipping t1pe el ctrodee wou1d b~ 

ref" r 'b1 • to ~fl .. t tr-r 6: De ltl cl e . ~1n t. e eel ' .. 

'fh dcol n 'ttn·lly 1ee1de.O u~'n i!J Gh ~ ln t g . XI . 

Th 1 ., tu.b 0 r:·-e • tn dl et r, n th lv d tr. 

t e l-1 tn 'f)f)l1t1o.rl t¥ e•.t 1t'L 11c 

th 1e d tu~ .... . ~n~ul".-: t t th 1 otr 4 ~e l'lel~l 

n G1 n tuto t 1rly elo" · to t' 1 ctro~ ~ . In ddlt1 l, 

r fl~ed to th 1att•r ·1th d hot!n k e 

o a mbl; 1~ very r1g1d . 

It ~ rtgtnAlty lnt ~d~~ to con~truet th c.11 

who 1y ~f y~ x gl e • an~ tb~ tn1ti 1 r1 tnt 

tub .. 

ttor t~o ~~·kn or unoucc&sQful atte t , th~ e ~ 1l 1nta 

vero ~.1 ol')ntlnuc~ ana tbc c 11 conotruoted or. o.sO<l~ ~1 a • 

oo 'lt {lno • lt gh;Ul' be olnt d out tbct,. 1n 1ib1s 

ono ; tbero -,"' n1) rc 1 !11 11V.tl0tt.llt · 1n u -:1n ~ ·o , • ~ a11 t1t tloo er to bo ccrr1ed out 

urthcnt()N# P'caten· tetn ( ) hnd t~l.lnd th-'•t "lt' ~ 1 

nQt v ry ~oh mr.ot•o re~1nt nt to Jk&l1 tt c th n 

orti1n ry o'' !','! eG. 
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An tnno., tl~n ln the eell 1s tb , L1,1on or \h 

s •tlrror· tub ~ vhtch d1r~ot• tb atr ~r tu 1 e 

y rrom th •l•etro o£~ . ltu 1t ~ G bopo( 'to obY1 t 

tl rtece s1 t7 t)f havt "' to turn otf tb· g a ~tlrr 1n 

h "' taktn, ·r~ din • Ol 4ht11 {loc. c1t . J t1on 4 

t t cb tl ·bub\ l 4 th el cti~dc tn .. 1 

t: l ~ ~ tl-t- brt~e ~c. ~, nt r-lly un lll!lc 1 . "fh 

er~ect on the ... T" • t br1d would w . t .. • nti tl o 1 

o~f t .e c c11lo eope acr ~n, GO .tn lane 

rather ~1tr1ou~t . • treotlv nea or th1 1nno \ton 

1 '1 cu tted lot r . Te t vat'e e&~tie.l ou lth 

colour d t!Olut1 na tc, •ee if th atlt·r-tn, · r 

etf1c1 mt . At a rate ,-;f 4 ... 6 oubbl s er eon • 

thoro o1 1~ ~ oeourl" d ln fe tllVt'.ond • 

.!tc a g a 1 Y s the c 11 throt&(Jl tb f) cc 

tube • rked -bur tt.~ 1 1a• . ~ , no~r.l or th 

·u t e 1 plao d oentmlll \dth1n th1a tub · o t !"" t 

tt t' 1s Junt v1cl~le ~bove tlo c~~n1t cov T . 

1t.h thl 4 vic. !t 1- poa t.bl to c.n'.iaur• t l' t he 

1 t t!~· of t1t'r r.t alw JES tal1 1i tro t. but' tt t1 ~ • 

. b re 1 t nc or t1t o 11 1 d ete. tned 1 

~ {')tt1l1 t out the electr-o4 a 1tb uro •ercury, n 

... 1'oun t bo only ~ .or, ob ; . !· v ver tho 1 M 

ftc t' e l!flt<!. e to tn c 11 l v ro 1 t a.no ot O. J. oh! , 

-t' t () .~4 ob tl u"'t be &Ut•tr ctart fr· esc r d1n 

t a en n t br1t • 



( i,'1, ; 

( 11:l , \A· 
Il u ,to r.7 tn --a ucw .tr1 rt 

t t t. c 11 r lcro- . ~ tt • 

{ ?) n~ th t 1 t 

t ,, t1 .b ~ut1 • 
t't' to tht- t etoro 

~ 1 • n1 " n. t • 1 

0 u ~1 ct! b t~ 1 .. 
t 1n Ot'l ! •• .. rt . 

( l. ur- IJ4 f)'f' (l ) Jl t y u d • r1 

ut1o:t t.l tr nt. rtcl - 1· tt a 

for d-"1 lon cO • 
, . ooll .. lt c1 to 1nv tl 

~~~~--~~~~~~~£W~~~­

cor ott.on 1 

.. .... * ~ .. to l l w o,. 1l"ut1cn,. .., . 
or 1 . of t!tt". t\t " .4 to, J , 

con ct oon uctl•l t • 

ao 1" . =- Jo " · 

0 . co til 4\" t 

_,e ~t:- t!.on • 

t o .. o f't" 

tl 

1 • .,r ool tton . 

r _, I lY 

- (1 } 

1 ton f 

- { } 

tCl 



r eottcentl" 'ion or c • • 0 1 . • r 1 ~ 

the e n uot1v1t7 l a g1VGn b)' the 
It 

b.re-~.uct l -
On er u t1"'tf"t., 

c -- f\c - r.1 
- f\~ I" c I - Us) QT - ~·"" - -:.-.,4, ) , 

It - p ee1t1c eon~uct1•1t3 t. r.; - 0 0 

- (\ , Co 3/., • 
Qo I • ) - _ .. - ......... .. - , 

1 ) 1 . 1 

·....A. ( } / P Cc 
I 

• 
0 {n l -+ y 

e ~. = 
ob 1n 

Co 3/ ' - ( j 

t an Ko bJ n oot 

= - n 

It n cl e r· ~ thel" for r tl t 1t te only 1 lbl 

to • .,1)' "'FO l"t1M ~ vol~e co~ectton 1n 

oon u~t otr1c tttr tl~ ber the ., lu 01 6 .. 

r low. . .. . con 1 t· he tl~ t1on t --c, l .• into 

.ter. vo1u at - (1 ( ot tl\ 1t1 
) 

1oy b)' uttl (1 oC • C 1 t • ) )I ult'ed to 'br:tr. ~ 

0 1 . o f !a ) 1 ... 4 th~ volu 

of - Cl . Ctl Of 1 n t.h onl 
1 , 

C(')r~ O!Ll v lu o ' l:l T' o lculated 



( 1) 

tl l' (~ .. 1) - - 4 - .• • }-- 11 1-) 

fJ. (' ') - ) . ... 
~ " - 4 - .r 

., ..;. 
X 1 J-4 tor o. Ol oolutton L<( I "':' ., • .. . --• • the rr'O'r 1ntl'"ottuee~ b1 u 1nc "-' :J tttr nt 

-'-
:'01' out t 1nn .'h11- t tbnt ~uo to th l J -

tt• nt t uch ~ • lt 1 ole r ., tb 't" tr-
' 

tht.tt t 

tr n o •u. ey "'>f l't' than ) .. 1 ·-~ la " t.t1 d , tll -t 2 ; 1 to bt: Y01d ~ . 

1. tl' t ..-r=: ~t~c ;7 1 no 1t 1s nee& · ey t t r c.; 

f 1 tlon of tl tl"l nt to the o 11 . 'o J to · the 

tt r to 1tl'l tL 

the n~t t . Th1. 1 tt, r- 1 .ort nt ln ~or on cbr-o l o 

olut1nn~ . ~c,. u %h 1 tter re "'ubJ ot to --ntlN.l{)U 

tn con4uo~ ne 1th tl ~. ll n lat r . 

'rh tero mr tt . • d e ott1 ()f · l , nd 

d to . 500, , 1 . wttl10ut n1 d1ff1o lty . Lt c 

oc ly conct~uotod tl , vb1eh for 

unU"oroltJ of t 11 vor . t1 dr~ • . tt eh d te t.e 

1 r till d e a 11 d . 

'!ncr~ ~ro.c , neounter ~ ~ur1 . the ca11h~ tion 

ot tl bur tt , 1n to t tb t col ct·r lc cld de a 

not elo 11 1 eff Cttve1y , V~n OYdT li rlod or 
\ ·~U! ~ . 

11.1l tt no1~ b ln 



th& bor-~ ge!'~tl,- wl th th1n gl,. .,s rod, &nd tben 

r1ne1ng th~~oughlJ ·1th v.~ter. 

Te to Te c r 1e4 out on Yar1ety of burette 

gr eRBes, n~ 1t ~~n toun~ that non ot t h ratA1n 4 

1t t r tct no1 P-ttff ooro th •. :"l t e tltr tto(l had 

· boen ce~rt~ out. 1hl ln lte or the rot 

t'Mt tbe bur-etto t ' b d been t1oulcu91J ground . 

~e·etteot • es. oo1ally renounced w1~ 11~ 

olut ton tt t n nt~ . In th ab ~oe or better 

8rfJ •e1 • v r1 et; roduce<! by tal 1 baua 

t he burett~ n ~ ole ~ed n~ ~c.gr eed 

~ t1trnt1()nff. 

u a. ant\ 

ttet· vEr¥ 

tfr.e bur tte , ln ·o 1t1on tot> t1tr tlon, mQ b 

, n 1n '* 1 n.te X. 

hlgbls t1s t otory 111tone bur tte 

t~• ae 'ha b~· n nut etured - thl • h d be~n ord t- c 

~: th t~r rt ent tut , gn~ortun telf, d1~ not orr1vo 

1n t t f.! l .. 

!1 v) _t.r tSt · It• 

Al, n1 ettf ua d 1n tblf! \ff:lrk \tel c aceu tel,J 

cn11brat d. 



• 1 . 
. . 

. ,.. • .. '' .• 11aul'"e, • ·c .. , \fb!) w1ll gt 1f'J n tul . ~ cr1 .tton 

f'.t 1 t tn bls .. ·o. thcc1 • { L~ l.:.t-1 t - d1 t1 let'! nt•r • 

eontalnln ~ • .,. J."r1c c1<1. to r o'Ye an1 t 1 .. o1v 

·on·~- 1 d1et11led through r ~tton tln eol~n 

1rt d- out J.ma tl , retch b d ll' vlou 1~ 

tr at nl. ~~ tl k. clo .d vttb tln-rotl 

• r . h · tcr 

. .-flry y . 

\ lu • ~t the c n uettv1t1 or tb 

l! \ ) ,, - fttt ~\\MY • )~1t"'!l\1~ • 

t r ar g1v n later . 

corc~ntrnt d solution 

or P.O l~¥t:~rt"x1t!o, cont 1n1n' ntml ·o1r;1 t:.\ CJt ol1d 

·. r r d and. 1. o d to t nd.. the 

te r~;~amtna tn olubl~ ; th cl~;at uarbon t - ttfl 

11rt.t1(' ll 1 h l '.OUt" d Ot 1r, oncd ntf ~ n uJ.t b\y 

b .o1ut~ly e1eetr . e tith 1 

ttl 1 ttt t~n Y:l8 , f!e " 1th fretthty d1et11 d oon~untl vi ty 

rot cted r~c contact w1 h tt.~ too pbere . 1ut1on 



( ) 

0 - trc• ~1f to it ~1ch rorc d the l1,u1d ou\ ot 

thln eltver1 tu • 

out ~- 1n t ttt t"J! Mdnr~ H c:·r 1. d pot • 1urn 

t~dr @n .tha1 te (tn both c a 1n 

er } • tr'h nor itJ' or thC~ dttr r nt . J 

,.. ~ utlon a ~ju t to the ~ V"11u tbro · :hoOJt . 

Acta. 

of Ct'!n t·nt bo111n . l.nt. l )'dr .chlorlc eta . lt ~ e 

r cryot 1 i 1 ¥'!. n·~ kept o'l/ r 

oJ ut1on . •Jh t l :-t er<!1a t1on 

turct d 

d ne t la· 

- e lt 

t1 • 

ov trlr'!'e onth ·r.rtco , n th nora 11ty roun to 

h v r !n " c n t~nt. 

f 1 v) 

r t,·,b~u ' . ' 1 " "' ' • .. n d 

t.h n 1n p1 tlnu eruclb'c, • d1rett 

'v) 

le u I! 1 d 1 • F en A. · . <Jl'O lu • 

I1 ~- u o e y not ,. e c r1 t 1 1 li . 



f f'!) j 

1Vl} .ll!~.~r; .. ~l.U:t!B.,;.. 

th~ n.tr· u.ced. foT< tJtlrr-tne.: thf.l oont&nto ,r thG o.eU 

"a o pa a.,ed fro .... tl· e ea~'li"'Te. :.'Ol" t~·t) tl~r~U,Jh a. lonL_\ 

trntn of' .~t't-4 11'16 t\!l~o.o ~to r t=.ov• t 2) ~ nncl tt•ttn 

tt,!"cugJ-. t·o Du1~! .. ur1o net(! bottlee fto r·or.mvu 

~~nt~ . nnd to ry th~ Blr ~nm~ hnt! . It wan then 

r· ef thl"Cufth t·l'f7 bott1 &o ooota!n1n,,. <'1 ... t111 1 ~"'t ·~r· 

t'wh1ct .. turat.,.o 1t. -~"1tr \·ester Ytlt;'(!.tU' t:t 2.4°C .. } "'1ttt'1 

th~t1 ir•to the the·mo t t ~ ·'here 1t 1a hro~ )<t to ~~0 . • 

f fort• ~1no.11.Y f"e -:'t C.f'. tn., the cell tt ofJ- tbr-ou(;h 

1"-0t .• :h l:.ulli f'11ln<i t.t!th ~t ~ tt11etl ett r r t ,.5°t.' . 1 ao 

s.? to aatut"ate 1 t tirt;1l1y \11 t.h t'f'Ater v :-our- Bt th. t 



~. _... ..... 

lt t vn11-knovn r~ot. t~ t th~ cht 1e .ulphnt€ 

~ ,t fb~th tho Yto1 t n~ r ln • r1et1e~) t nd to 

de ner- t e 1nt0 ~ Jt1 1'lf s e ; 1n t · l. t 1on , there at 

to t:o c o ~~ubt " t t e ni.t""l't'-~l' at' G.tt ... ch d ;o,t'-=t" 

ctro.,e lu~ (!'It ~oaet for tte 1n1tl1 ex-rer'1~ nt:) c 

1\ f rro t- et b1 e hydrate t ordlnat') te •· er tur • 

r~ ~1e o1v ~ tn ~ater. to g1v th nn~· 1 vlo et olutton; 

:')f1 '!x!'l,1n tl;t';q t~o1utto.n they ~r c:.mvert ( t tbe g-r on . 

he 1nlt1n1 clu tltn of thu c 11 )r · nt d sc 

~l trtcu1ty . 1\.c It ~ c conG ... t"llct, or ue~l gl. .s , n-, 
etboct lnYol 'Yln ,. the u il of l ':..'t or bo111n o atton 

' t1 tn btl .: V:" tc.'7e4, tor f& r or 0 )la . . 4 .. 

... 0 t'bl11t.f or clo.ntn th Cl'11 '1th o~r.) 1c no1d iii • 

con 1t1er ~ . 0 n ~t'! ~•.rt. t ~ 1 ~ ~ i t.. evt r ~ 

rJepr. e \~.1 tt-1 B prcc dtJJ·e :iS th'.Y nt t <Jd tl Rt 1t 

e11 tr.e ,...,. t-tr.u • 

re cventl.l 111 elc~ n ~ 1 t.i 

h& el nt _ o_ were cl ant4 

t! en 1 

d tch t1 I! the · tcr WDC ch n ,ed t ·teo . tn t11• D:l 

b1 th 



(8?) 

rter thit:J th o 11 v~a rln o4 a;_; ln vne jrn19J1'! 

~1eotTOaea, oopeet~tly tr th e ~r ol tint ea . 400 l . 

1nto th. c~ll , t he 

a bly 1 ced ln th thcr!loatet~ 1ind tile a1r ~tll t 1n.~ 

tu-rn d ~n . 

eb·tttr t!ort th~ o~11 

out nd then t111cd with d11uto H Cl t~ r ~•c nny 

}r( ei · \t t ~ c~ ! J: l3 • · ttar an hour the HCl ~ 

T 1nee~ by c~n< uetiv·ity vat r . t~fore ch tttt tloa 

the ef111 t. rt.na four tt eo 1tJ tU &tll t t r 

··n" 1 t1. e lfl tl. cmlduct1 v1 t1 tor. 

f":.ne,r 1 'nl. .,! ., 

1 . cr eon.ductlv1t ~a.ter· wot·f! · \p~tte. into t t ti 

c 11 , nd 1 ~~1 t . ree rc t'Un ... c.n""" - neE!t.. Ac th 

t r 11 ln fc c sa of 100 .. :>-i • 

.. 
J laut: ... 

tn p 1' l1o1 vltL tl ~ ee'll t $ tn:.gges t 

(! r: } ) • 11!e 1 

nr il'tftt' ln tl:u ce 1 be ln . ...: 'n~ff1o1ent to t.Ht , e tnd r.er~ !'\(H~t1J 1 r.-:t o ., f! ordin 1.1 , no\bcr 

01l p1-ett&d tntc th{" oa1 t nd thi s :.mv red t 

a." e .. t h zr . 1'-..o y r , t h e ij 1n ot' the a 11f1cr 

·r turn r l (!tit u I th~ f;t teet ')[ h i:ut lln\; c • .:.ul d 



tbfn b~ n re~u1rr~ ~ lt ~uld haYe b tn neo~·a tY t .. 

' ~1 to~! t;)fr the at.1 r1•trt·, td1 n t~ 1n f'(J· din • 

1 th tht· oo l' ratl Yel,y ra~t r-ete or .., -~\ lln 

P CJG~t 1t wa4 r.und t t th ~ tat no Qf tbe · t r 

?"'¢ (; tn I! t(.) d3 v luc 1n Ju t ov t an l' "ut , m .. 

~ nnte cnrt then th e of th~ 

ot r ~t t~r o r~r ~. P: ro~1 , t 

v 1u of tb~ oelt eort. .. 1. rat or J.1 G (1$hleh tJa, b\~ n 

rou·l,y 1 te J.ne~ bet~t· , . th pec1t1a ot)neuct1vity 

f t1 . 
_., 

6 . 3 y 1 ~ . • Th1 

ml u~ 1 r~eom ut;:.;~ r.tOr~ tH:ur~ . .tc 1.)' l. t r . 

th ~Q~~uot nee ~r 

J~n ~nt! Er ~Ghat f ')). !'h f!"lec1t1e cnaduet1v1tt 

ot th\'! JrC1 ls ·. l:J'4a9~ t 4b0 l • • r.d t.o th1.,. u t 

Ar d th s ,~c1 f"1c c.-... nt!uot1 vlt~ c ·ntr1 t d b.. the 

· tr.r .. 

her()r f\1l1n1~ e tb t ns £d;;.or•:t1on ou1cl t"'ke p l (; 

~rin tl.~ 1nt tlt!l ~•b1n 



(89 ~ 

... _ N 1 · t Cltl 0 t U C 

ct ., ,, l"hta. , and b#l nee or the- br1t ft (ea ·eo1-.1t)· \ th 

lev· f'r&quen~y end) trr-oved to be xtr ely 41ft 1oul t 

becau!e ot the htah p•t llel c .Ac1ty requtre~ . For 

thl ren on 

l'.n rod te1 7 1 3 :J ah 1 \f'a e p lfteect 1n ttr1 . 1. tl1 the ¢ell 

~nd t1 tnt l r·oo1. t ~noe Afttor 1n d; tbe Yttlue of' 

1eo ~~Bure~ . •nd hanc the eel~ r& 1Gt nee obt lned 

't~ tSUt·tr.ct1on . In ~tb d~t rtt1nr.t1ona on cotl nf 

t~e 01 o. deoa~e • u ~d to obtnln bttlAnoe, o 

tl\ftt '1.'01 er.,._....,,.. tn thin ec-11 r)Uld be CSnOell 4 or 

oth ntedt.111 f3} nd eet n toln (4) 

th rft1'<'t"f'J h t! to t-ake the , x1•rtll po lble err-or tn th 

1 _oo oh e tl tnto con 1der tton , ~ th 

re. 1 t nee nt' nd !.f~el1. exceoocd oh•s. 

'!he t1n 1 re 1atMlee re <'l:t,;'1 ~•rc t en hen li 

eon t n't -.nlu~ tmd ~~n re ohetJ: th1s ogatn too Ju :~~t 

f')'fer .n our . 1:'1 cor:reete.r\ ••lueo ?f t.llt- cell 

r~ 1 t nee, ~ nt the 41fferent rre~ue~cte , r~ r 

t tul tea e10v. 

f { <": ~- ~ ) ....... fobs ) r-

• n l' ; ~.a ·o .. · • ~"~g 

1~ 11 ·1 'i • )~ ?68 

'11 :1• 3n • )3:,33 

€ .. 1 11~·A3 • }3°•'4 

Xl 



11 to 

pprent"ble. 1n r ct.:t t nu ttn uri~ th- or' 

1t nece ~ te t l ttto te lntc ccount • 

. . grcat <'\ tt rene ln . rE 1 ti.U\Cf'~ :rood!ng at th 

t ru~t trattl the tabuln.tlon . 

~d her.oe the t~o ooll ro~iat~nee, w olott d 

tn t C''t!e 1<'1'-'1' • XII) aoc()J"(Jlc to the etho~ c1 

Jon nn ratrlnt1 n ('~;) . lt to .cl&&l' !'r~ th f1 .~..tr 

th t pol!ltrs lte on oome form or ourvo, nd it IIIJ(. ultl 

be r- tt r or mt6 dlfftcul t¥ to decide t-1 r th 

curve out tt.o X axia. If 1t 1 a ou t:d thnt tll1 

h p na t -:!: 110 ol e , it 1· ol · r tl!llt crt·or of 

llOh r 1cl n ·or.A~in ·t one rtxe.! 

tr u fle)f. fh1 1 o41~telx throw nuuF1C1f'n ooto -worlt 

m _, 'br1 rnt pl ttnm el.,ctrod are e plo1 t!. , end 

& eel 11 x tb t ~rt-Sed out t\t. onl,y ontr tr·e u cy ~t 

eperat Of! . It in ttlco nl•nr t r:t, un~ r ttl eonc!tt1ont. 

r the ,revtoua e por1o nt , the Jon~a-Ch~1at1 n tb~~ 

do a not ,, w th true r latene or the ee1l to b 

e ~utt:·· · e ~rtly . 

,h~ o t effectiVe vay o: c~ttl~~ dovn t. polrrt t1~n 

o~ ~ oell 1 to pl t1n1 '0 the el ctroaeG. Jon.' nd 

rot~ ln ~er ( 43) roun!l tha.t the flr~.t !'!1n,1l a.aount . or 
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(01) 

1 . '1. ~- . 

ln the re&et.flnc of the· cell nd tl.e ,. 

that further- ··~unta of .1 ttnu b d le A'nd 1 G err ct .. 

Th rBBctQnee ot the o 11. coult! bet re~:ueed to alnutc 

v lue 1f t~~ el~etrod o robe v11y _ 1 t\nt • but 

thte 1 1na~v1 'tle b¢0-llu r t e tt nt'nt n .rc ot 

very ., 1 :t nd 1 o · "'l&tln.1s&t1on r"F' eou1aeb 

curr nt ~r , . 1 r toft 4 lnut i . ~\t'ltJt 

t 1 t~at ent th ee11 1n 1~ ~ e~ 1n con uetlvltJ 

w t•~ tor dry . ~n~ the t•~ ~h nee~ .lo 1 11 • 

~eel' th~n tlll d 1th '•.1 • XC1 lutton. 

c 1 eat t ly 

.,.l,BT' nt tN.t the reaot nee nf th oe:ll h z}eor !! d 

a t1l1 a attey· of d1frt~.u1 tJ 

t~ b tnn~ t br1 <'l ~: on tho lo11 tn .. ueno1e bfsc u o 

or t~ larg Y. 1.uor; of a d1t1.omll c.:pao1t tloe 1e .u1r J . 

Aa befor", tl·f'!- 'lauo oh ~.lt'tane wa .. ~1~ c d 1n e r1-e6 

\tb t e a ~ 1. na ~alu & or the o~11 r 1 t nc r 

t bul t 'be1o • 

r (C . f' . _. ) B (o a) 

.) llv·93 

l30D lC•9t 

~00 11 •I· <"o 

650 llO•gf 

5'1} l1'h'3"'1 
'lilfl ...... ....,...... , ... 

• 



'l~ 1 nrover1 :nt over the pr-ev1ouc. v lu ~ l · v~r1 

~trlktn - t~e ~axJmuu v .rt~tlon 1n r• 1 t~nc t.a 

bo~n re uc~ trc 

t t on ~-

to o· · • • J.n u.ttion. th 

v .. .,.- gr h· 11 '1~1 tv w ) ., on 

atr tr,h't ltnl?, .1•1 

t tl cell. 

11 )• ' U u t.r-u 1 "~ lot nc 

i!w eonduot1v1ty cr 0· ~)1 ~m = 1· .011 ~. ond 

con iunt1v1t.x ot tb tc1 1 • . X l' - 1 

tv th oondu~t1•1ty ot tl· ~ eclut1 n 
• 

• • C 1"' con t nt : 

, 
.,U tltutt -r th1 ~ •::l ue -or c 1 c .... n tQJlt ~t.d not 

• 
reo! h ·y t h 'Y lt.1 obt tn d t(.)r t1 oond!..lctlv!ty 

... t. t ..... !'!"'! tt- .ror~r .) •l 63 ." t ·en ·at. 

oon t nt l)t' tt·· e 1·"' . 

ol ·V1ounl.Y n 1 or·ttmt factor in h1a 

t , lt a 1 old d tc u o"·ay one trc uene.J f l3 o . ·· P• • i 

In t h1 s ~r1 nt ·rcl1 \n ry t!tr tlon of 

tntc un~ll a "' '!ut1"'nc or r hrott tlt.r.t v ,.. en r'l d out . 

n ~ ~unt or Chr.ontuo ·utvRl nt to roxt t 1 
Nc.OH 

5 · 1 ·~~.. ·~ r~ ,utr <1: tbol fort' ,,. ~ J • • Chrom" lu 

· e c!1 co1v 1n ·~ a 1. J tur 



{"' ) 

. ullth:rated tor n h ut· . !1-.e t1~t1on vae rrlo!S 

out e;. ttt t 

~'~ · ~ t lott d . It 

., 1 ~ .. "<l.V) • tut not w1th Gbe<:1ut 

cert,1nty. ~·uttle~ rth (3 >. on tho "tb~l' h " • 

o~t.n1.ne tr ht lln • 

A eond t1tr tlon . ·rr16d out tn 30 ·1nuta , 11 14 

the b roro. 

tnt~ of dlttot nc l tt.: , n 

(" - u of th ut. "Or n · tl.ttt or · uttlt 11 tb 

r con 1 ~red wJth a vl to cm:.talnln tr th ~ :wter 

.{} t th t tll r otor , t. 

11~ 11 t~ be r~ ~n 1t1 ~ . the d1~r.r~no 1n clectrod 

In th~ utt 1 " -rth o 11 t!Ht 1 o~tT ode \l&re n:>t 

cl~ e t~ ... tber 

rn or!"t r- t~ 

noc~t lt'n ' .~ 

ro b1y ubje-ct 

the orrect. or ol tis t1on, 

r Ett ct on tb oeuracy of n 

out or tl.re dl.trercnt c J to . 

( ) thf.J cell u·f.'d u 

d been lr<t1n1 c I 

tt'l •(Jr-y ~ 11 ~01 rln 

to th iJ t"f; ·cot . 'ftl 

fil U.ti 0~11 • 

tlon rror • Ther 

1 ctt ode 

ubj(JC 

lltt h .. 



c. J 

11• , 1hoo,. of P r-l" r 'tt ~t, but tber· 

~ tb111ty cr doo tlon. 

b) e 11 1 11 r tn con tructlon to t~c 1 t, b~t 

unpl ttnt • 1~ c 11 o ubJ t 

to l1ti1 .d ~tlcn n~ ~r~-r rtect, b~t cl r1~t1on 

rror- Gr·o to be ~t d . 

(c) o 1 e! ll t· 1n con truetton to th&t of' uttl rth. 

!b r • 1 \ttl e J.rob blllt.r ot ad o tl_o'l~ but oon .lderabl 

1 Uc 11ho<>t1 of r l r ffect add pol r-1 c tt·on error o 

~o rt \th~ tb c 11 ccn•t nt or (b) nd tc) 

r <! tet 1~ d uatn '· Jl • 

~------~--------~-----------------·~----~ 
f'{c . • .'t I • \ 

' r,l ' ln o 
I ) { } (c) 

,l • 
, 1, 0· ~3 1 17 · 1 . 

1 .. , 1 14 · !3 10·9 -~. l 1 

.J-0 ]l.J• 38 lt <J . .... f: 12 ... • lA 

Gr">O 116·93 ! 10 · 96 1 !'3 • ?£~ l.A 

5 0 ,lA.fl ll .. Q? 1'' . • 5 

·-- --
f1r~t co1u * 1' tn IJ~ t.: t bl r 1'.1 to th 

.., 1 uCJn ~bt ln d ue1 oe1l C + be for th .1 .ctrod 

h d b n 1 tln1 d . r- 1 .. ucl1 v rl tl n 

1n t r ela~nco v lu • F ( ~ ) t an ln th v lu 

ct1 d to the roct that th 
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(ONOUC TIVITY" 

(OHM S·' X 10.4 ) 
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ELECTRODES 

UNPLATINISEO 

ELECTROOES 

VOLUME NAOH (ML.) 
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{ 5) 

el dlng onto th or tl;e 

1l't1nwa 1 d • ·Pot· t r.' r e oon, th 1 hnd be n 

urt e 

ext nt or .o1ttr-1 !\tton ( .. n etteet ;;1 !lnr to aenoa1t1n 

thin 1n.,ver ot pl t1n b1ao,;: on tb eurf .. ce; . 

Moth r "tnt Vhtob 

r nu1re t~~ obtn1n1n 

ergcd lc th t tt 

lane 1n c \1 {c) ~ v ry 

Uch 1~~ ~r tran thft V U • prev1~u-ly .countered. 

e a!1 future 1'll u:rt"' tnte v re tt' be t :1 t 

, 30' c . • • , thft. •cell c n t nt .. ot th eel ""er· 

·~rl• d out t tbt. r ........ ueney . CJnly 1:n the 0 6 (·t 

n 11 ( } o10u1 d the ttct~l t oonet .nt • err~ctlvelJ equ l 

. ~::ru:J.!'\unt u • • 

c ndu~t ~etrlo t1tt t l on .~r Ha o~ tnt~ qCl w 

r,.1t ~ rJUt uetn o eh or the tr.re oel • • 2 1 • 

nft 0 • 1 HC'~ •• e l"llr- tted into 400 

n thPrt tt.trr~te~ l th the ntan r·~ A c~ . 1':h1a htgh 

~tlutt?n ~a uoed 1n or~ r te pro~t the ertect~ cr 

~ or·tton. 1t ny . 

'vo .,, tbe gl"tll)he obt 1n ~ {(~ell ( J nf'l Cell (e}) 

r eb.o\:lr. ln Ft -; . X I I I ; the l!t' ph obt 1nt·H: w1 th c:.(!l t { . ) 



vGa t~ 1m1lor to th t obtatned lth Cel1 (~) to 

bo con't'en1ent1y lotted. on Ut aace raph. te 

end-~~lnte obt~tne~ P~r eat! H1t... AC"tJ oth r to v1~1r. 

1 rt 1:1 .t<n. it ppcf\r , th n.~~ th t6 t'llU:,ut~h tho 

1c..., r ot th r· hs or t trrt~rCtnt . 'th cnrl-t·otnt 

bt81n d re -v1rtut1ll1 ttc anmo, ·hlch 1nti1cutc..., th t : 

1) ~oor tt~n error~, tr pre~ nt. ta onl1 verx e11 ht. 

t1) 1tloW!h ... ,1,.r!tt~tton reculta 1n the 1n<"1Y1dua1. 

~c1nt tr not A· ?roc1abl7 alt re· . 

1\1lth• ' r er ~~r c\ 1n~r ~c thee p elt ~ce noe~a r.J 

tOT' f"'1C8 . 

,,~ rurtber ol.e~k .. tt tr t ton or . P. 1nto (l.t\ 

unbotle~ ~ ~ome lu solution c eor r1~d out u.!n• 

tb f uttl ~rth c lt . lt v uch or ~lftleult tc 

obt 1.n 1 no btccuac ~f th l arG value of . ,; "'.1t1on ·l 

c.t ty n eG • • ry , # nd ~'1u of t~o t a\. that the 

n\tr.rlns hs~ to 'c c~1tch.d orr t~ n taltin; r t~1n ~ . 

The .. \' 'r'!b n~t tnet! \.::: r ~S ~ nt1a1ly the at• o o th ~ 

~btn 1tH~r1 r~r~ I th Cf'fl 1 t n) • 

rf'o C!~ f'UrtheT' Cl!X, e'r1cwnto 1n 'Wblch he• to~, :)bt in d 

thi tv~~ f gr ~b . Fo Juttt.lt1 d hl ·r vloun ""Ol""k b,y 

tAt!n"' tl1 t the tyu at gr ph t.t 1n~d w o d cnflEJnt 

rm thft cctho~ "f' m.tf~cture or tl' C'hr<. ~c 1u.~) . 
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(9'1) 

~~r1ee ~f tltrPtlonG ~~ carr1~d out on unbo11 d 

on~ boll ~ ah~~•o slum ooluttons. until the time ~er 

n1 .Ul:t1t l.on hl')~ bee-n reduce a to 2Cl ... ·-r; ~lnutno . 'fbe 

u.nb'-'1 'ht1 solution. w~r~ 11a~e by d11 u'1n 1 o t . or n 

10 g • I ~1tre chro nlum eolut\on to 410 n1 . ; th 

1ut1on1t for ~t11n 1P" contnlnf!H 10 gQ . /11tre J' 

nnd vero J:-<.11ed tor 30 tnute • t' p l dl)' eool£d ... nit 

then ~ e to tbe r e;o,ulr.ed Vf\lU~ • Aa befot·t,. 10 ml .. 

of the bolle~ so1ut1on 

th t th nn't:U1"e 0f tho oolut.ton , obtttln~rl li.Y bo111ng, 

ls ~ependent on th 1nlt1n1 coneentr~t1on or th~t 
~ lut!on . Yor tb1 r et!on. the 1n1t1 1 eoncentrntlon 

cr the 9 solutions no a1~G¥8 ~nde the e . 

fl\) Eurtnn ni f ~lor (39) ohoved th t 1 ~111ng 

tcr ROJ 1o~h or tl e bet o n 10 1nut~a and S hou1o 

Aken no d1tfer€no~ to the t1nr1 ~olut1on . } 

The ty~ea of h~ ph obt lnod aay be sen 1n lgF~ . 

x r • XV, nd XV I. F el! of tntr rapho m t¥ bfl d1•1 r.led 

1nt four seet1~no : 

(i) ~n 1"1t1a1 t ·t g rl1op 1n conduct nee du • pr ~u11nbl.y, 

t n t'hfl< nt..atr-.11-,m.t\on of" the l.tron; ac\d aroduc.d by 

th• t-y rl"c1y~ \. , ~r tbtr ehro'!ltc .~u1pht!t., . :~.hts h7~:rotyo1e 

~1Ye r1 e to t h fon:l t1on of n b . le Sill t and fr(' 

H2~'"~~ . It t t! el r fro!'!t th& g rAphs t11 t t he boiled 



rt c 1n C· n~uetance durin 111 c.h the l. il'\ te 
..., 

lphnte 1D be1n. aonve~t 6 tn ~ 1c1t7 . 
3 

'1 t 1 ) $ ~lee !n c ~ductanc h•n Chro lu h1~r~x1d 

t rta t~ nr ciplt t • 

(!?) o . • 

e ~~ or t.he 1nor- ed ytlrol,ynls err cte 1n 

t • .~ v1e1nit.J ct the end- ~lnt · , it 

ditrtcu1 ty to f'lx 'tbc pod. t1C#~ ' r tl 0 tr .1 ~t 11n,oe 

CY ct1t. 'nrl s-0 th ~ o1nt or 1n•1 ct\on eou.1 ~ 11<>t 'tx .. 

ottn1n d 1th , ·t noeur3oy. 'h eftect 1 ~~eo1all1 

rono~ne d tnt e c~eb ot the t1t t u1v•l ~cc ~~1nt; 

c1G 1r. LZolu.t1on 1F' net..tt ll od ss the 

1de{• ~ Oll# the GQ\.11l1br1tL. :;.t th oo1 ut1on 1c up Eft 

n further }}y~J,-o1y 1 oceura lth tbe liter t1t')n ";r 

t t nt ~r ~t,.tn -!\A, Chol :t f2.' ) to the etteot 

t~ t~ bee~u e ~t th o1~tt~n of th( bnelc ch~ aul~~ t ~ 

the f'r ,.. et:.'t tn a1utt~n lc not t n b1dro1yt1.e e.tU111b-r1~ 

s1e !.t. 

or the tltr tlon 1t 

uttle orth {loc. e1t. ) bl· th r'ltor pr~ '' d 

thod tor dot nt1n1n • t.he trf!'{· .no1~ 1n1t1a11J pre ent 

1n olutton, ln Vh1oh lin AK 1· dr vn vlth a slope 



1u- ~ .. e Ft • • Y.IV) . The araount of tr~ 

'1n ao1ut1cn t~ then G1Yen by th po1nt or tntera etlon 

of thto 1lne ·1tb the lin BG ,. 7~r th · fre~hl,y prep rtld 

·~t~11 d ~nd bot1ert nolut1onu th ~~unt or fro c1d 

_ rk~ out oe e~utv lent to l . io\t> nd l . 6 111 . or 

the_ 
1n 

~JR re p etlv ly . (Th~ ~•thad r~o~o~ ·4 01 

.~1tno1 flo~ . ctt. ), 1n ar- t . '1 

r th t . nl1 - • 1 '1 . • 

the ~utt.le ~rtb thod 1v~s the ore 11k lY reault • 

n o'bt! rYI!t1on \'!hlc!l 1e t'.onri~a l:\7 a l!tfr rtint f.lletbod 

F:1 vr.n 'tat .,.,. ) • 

It t 1 bl\ notten~ rroo the gr.aphtt th t the "lop '' 

r ~c ttnd GD re much gr tcr in the boiled so1ut1Nl~ 

than ln the un~\ ~- T.h1s 1a ~ue to the f ct thnt~ 

ln tlH~ f{')rll.,r· e e. nst or the: A •4 gr \Upe belng. 

tt e'lro~ l.lrc 1n!'1rJ& the ch:rrna1WJ o .. 't1pl ex (wh re theJ 

c nnt e~ntr1bute to th oon~uo\lvtty nf tho co1 ut1~n}, 

and durJn:- att c • they· rr.: trtnErerlct! to th olut\ort; 

tn tl 1 t'.or en they r~ ma1n11 ol ctr~valont, end 

eo -o.ontrltut~ t~ th ~~"~n<uet11tlt)' ven betoro 'tt~cti . 

lt ·J.s c1. &AT' frt~• the nr•rh tt. t , altt.ou-..h 1.h · 

olu"t1onc O'""nta1tl the~ c:t. n. '.lU!":.t of ehl"~ 1~. th 

ot tt, boll 

e&leul tton towed tho :-:t or chro h: 
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In ~~A en_~ ef the bQtled ao1ut1~n, the 

tne st .. r·ta '\'lt1en on1;y !1\•7:.> 1 . :l!. h ~ve 

biten "~~!!~ . 

n~ther very 1nter-e :tln~ ~ o1nt 1s th4t th conuuotatlce 

or th~ boil d d unbo11 n aolutlon r 1nit1 11) ne rly 

ln orde~ t~ fttud th beh vtcur ot the solut1ono 

dur1ng t1t~t1on . e~ e of tbe~-9 n1~,~alat1on ro 

e 'f"P'1e1 out 1tb t c.11 out or tl-.... tb r ta t.?;lt . In 

the unlv111 d sohtt1on, "~r c1t~1 t --tt~n pt rent 

rter ~ 1 . [It), h d t-oen ~ .. end tl'l J.r olr~1 ut 

t th~ ~Jnd Wft ' 

\ 1 l'")' r> e 

rtn~~tl)' n1onet' •d, g1vtng tl\f!! nlutton 

~ee. In the bn11e~, pr ol ~tt tlon 

~ t :rt ~ch , at.nr { 4 1 · n >E) J nd the 

ret It t cf th ~re u uol h avp~ , el t l nou 

typ which ~t:tt1•6 out flU1cklt . 

"t"h! Vl'.U ~( st ;n tl to lnv .. t l te the 4 tat. _..,ent <;t 

41 . llr t. ( ~ ) · n{l other c th•t t.be .. r. • n nn6 vt~ 1 t 

~-1ut1~ng ev :itu lty t·or.o:. th~ s ~e a· u111h'r1UtrJ • olutton 

.n , ·~:.tru~ . 'f!L 1'J C!."ill1tTc G01ut1"'~nc • r·e , g ·d at 

4°G . ror tb rollo~1nc pcr1o~c : 

Th t1 t.t"r ttonc l"f' err11 d out ln du lto.~tfl. · r r ~~ ted 



< 1 i)l j 

• 

toe. eot 

wttb ~eh ot~er. ~ e or th graph obtatned 7 be 

e >f th 

r eul t ·~bt.., tned a en 1n th t bl bolov. {f or ol rlt,y 

in ~t • 1.V on VI$ on17 th or.oa , }n lln s tor· th 

r~eh • luttono re sbown) . 

In1t t 1 ·tr. Fin 1 .t:.nd- r-t . 
"'on"''ce 1 l

4 { 1 ( ' - ~) .. . 
... .,ro 1~ · 3) 1 • e 5 ·? 

1 ~tl\l'r 1 fi·3~ 1.4, ... . '1 

4 hour 16·3 1· 5 b · 'l) 

l d 1 ~ · 6Q , . · 7 J 

e, dny~ 18· 2 1·32 0 • '76 

3 { y 15· 94 1·19 ,; • 'IS 

L'nbo11.od ~.olutton• 

ge Initial 
J.o• C(!no•c X 

ero 1(} •06 \j . A.J u. 0 ' 

. 1 h ur 1£: •01 0 · 45 \# . J 

4 b ~urs 1 ~~ . Go t;. • a 6 · 0.2 , 
~a.Y \4·e9 l • 5) 5 ~ 9 

p da.Js 13 -7.l o·· 66 :; .. ~() 
3 f!ny 1:~ . ~ o. s 5 . 95 -



t8 

1·.2 

CONDUCTANCE 
(OHM$-1 x I0-3 ) 

FIG.XSll BOib£0 SOLUT IONS 

( I MONTH) ~ 

D 

VOLUME N"OH ~ l.) 

~0~----~----~------~----~----~------L-----~----~ 
0 4 6 8 



!h~ tn1 tilil enn~ct~ne or th• unbt/11 ~ eolut1on 

~p11 te ~11Y \rlth t1 . , but evtu'\tuf'l'ly ~tnrta t~ 

r1!1• aln. '1h t of tb t-o1!ett r1 a·* lowl)' ~ f\.t\d after 

1 ett1 t't~rt~ to t 1.1 e ; 1n. 't the tte t1ee, tl'!e 

tron act1 onrtt~nt of thr. unbo1led .~lut1ono tnor ~~e~~ 

nnd thAt or t~ boiled deer aen, ~lob be r out th 

-b erv tton or :.toh .... d:tl n<! Et'nn t {£5) . In ad11tton , 

the t1n l ~u1v.leno-e T·~o1nt1 ot' tho ~lut1on.e l'. r 

t-o b \)fJl'O oh1n _ on~ r\otber. .Lt t :l 1 ao clenr. 

fm tbe ~he toot, • s the cohat1on 

('If C nd CD 1ner-on o 1n th cf!a ot tbe unbotl~o. 

~lutton • nnd d ere e in the cr e ~f th boil ~ . 

t tl: e end of" nth ,. the. t eo 1 ut 1ons J:P at'1!td 

tton of vl~l~t hen vt d 1nto • ~urcc or 
11ght . It 1 , h~ve¥$T , cle~r tro~ the reeulta th t tl 

et~ng~o verc !'ar f'rom bo1ng co 1 t • 

4t, t1\1$ 1: ~ , tt ~ s d l'!':MJ ad.vi t\bl to ttnp't 

no r cth r •ethod ("}1' 1nveett·· .. a tlon ln o. ndeavour 

to thr w fi 11ght on the r.~ t <t.on .. 

7o tln~ out ao ethtng of tt... n:tturu ':If tbe aul !. te 

r(t ... Ucl ee ttaohe~ t tr.e ~':hrol.f.llu co~ 1 ex, t1 ti ·tt1cna 

ot O• l : e, .... tnt,o tba unbo1let1 n(l bo11~r1 80 iutlon 
' 

·ere c. rr1ed out, us1n.g th . ,.e C'1ttcentrntlona q befox-e. 



rt r ~Acb ~ ltton of t ~k. v rl d ~ r• tlJ tbat 

1l; w • 1 ~•t i ~o~ett.\ to t nk• r dln ·• ot tLe 

t· 1· t noEt . ! v1d&nt11 tht? r o'l 1 of au1 ~ te 1on.a 

tro• the c011pl ex uocet the equ111br-1um of t.h 

&ol t1on e~m l~te11: . tltin r~a l;,1l01 t (f:•3) depre te~ 

th u • of C1 to ebt1 t the ele~trov lc4\ GUlyh to 

(b.J r vl etr!o o n )• fi th y ol 1 4 th t noCe>4 

1 ~ 1n olubte th t eT•n ooort1natcly 11nk d 

grew, t1 are w1th,~nwn. 1h11· affect t: -''~Uld _ ·ro bl1 

be counter eted to a aet tahl ext n\ 1r th e •ti tlnn 

v r Otll"t<1ed out t lo t ler tur 

ty! ~(~.) . durin· t1trat1on or 
( •· don£: 

1nto ct~rc c 

cll or1~ aolut1on >~ but aa lt 4 

v tbe 1nt nt1o~ to 

tr.veetlg te tho oo1utlen3 t ·s0~ •• tb1 ~ .a not atte~ t d . 

7ha eurv obtain ,, for· botl: .r en n<' violet 

1uttonF.1 were a to11o 

ther w 

• • 

c rr~~ ondtn to tbe pr&o1p1tr. t1on ~t on u rtor or 
the u1pha~e ~r cnt , 

the sulphc•te or the- .2 .. ,. 4 betni;". s:>r-ec1p 1 t ted ); tbitr~rtor , 

the conrluot"nof! t-01'.e· 1 a shsl" ·ly to u po1nt eorr .. on 1n 

to the ;r<.etpltn.tton of all tht' ul h t t ~ tt r 

v.1,1o~ th l1n toY" exu Cl ., s o\)t 1ned . lt 
'·· 

cl e r th t th $1 nrs•e of the sr .b "'. re gr tly de;) nd nt 



('! I 

on thl! •r> "'!l or Mnri1JJU1~tion . • U1'th r t.1 t~· t1on ·: 

wore e r·t 1 ~d out, &.3d a po.u "'u e}b fli YC'tl ftur OP<th 

t•,~ttiou ()f' r~c·L"l t"" ~ c 1f t.h~ i't.t 1 t noo of th 
~ . 

. 
It felt t~ t • pH tu 1 or \he lution 

durtn" t.l'le tltr&tlon ,~tth OP. ¥CUld b v t¥ u etu1 . 

t.o~or41n tY. otentic etri.c titr tlon or t*; • a1ut1cn 

w r e r r ted out t 2 oc. bvio ly 1t 

th , ,. .IJ1tre colut1ono we~ 11ut d to .&u 1. 

(~~ulv ,ent~ therefor~, to . ,o 1 or th a ·ot) . 
Ju 

'11'< .g of' tl.e olut1on dtu•in· t1trl:1tton a toll\."~ 4 

by eaca r e n nn -pH ter. 

curv~A obtatned roY rr tat r tlnJ, ~-~eel 11 

,., lr 1n1 tta' ~ ctt~ntil (. € -1 r. .Vll) . In the Y1G1 t . 

t~ ~ i s n 1 f)'it rectt11f1\.t; t" <11: ns ln . ~ .. where • 

tr\ th gr~ nr the ob nge 1 s slrntl r to t t ll:hlch occur 

liu!:'ln t!l n -.at"rtftl.~nt1on of ta tr-cm ao1ti . In nev 

~>t thl it ~" tl<~tn nd t.bo11 t:t floc. c1 t . ) augg-eotec n 

\rl 1 otuad of ~ term1n1n the tron c1d content 

of t~e gr~~~ co1u\1on~ . Th~y tRte~ that th ourYe 1 

ldention" ·1th Urnt nbtn1n d .. y tltr tlnt; <-·lth Oh) 
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(1:;15) . 

fte'!" t. J 

thts '~1nt • a ~ eure of the 2fo4 cont nt or U1e 

rlut\or. .. 

tfor>t·ed ; n,. r: tt tr t1on 

e on olut1on t')f !!nnt 1n1n th ccrr ~t 

ount ot ~~.o~ . It 1 ~U&~•-ted th t tbe P.2._ 4 
oont nt of th& nolutton \ 11Yen t th• equ1v lenoe 

po1nt of th tett lut1on, ?<D~ not t •he o1nt bore 

the euM'e£ d1Yerg • 1'h Y l~ obta1n 6 1 •qWl" 

~o ~ - 5 1. or tht_tt NoH; 1 •• . n .~un~ of ~alphat 
l. . ) 

ecu1~1e-nt to on~ u rtttr nf th total ulphat" t e.~d 

t~ t~e Cr tOQ_l 1n tb~ t~~m ot tre o14. ~1e 

· &grn~ nt wlth th v luo obtaln d b7 tb c nduetom \r1c. 

. b11 .oo"- ( f. 13 lnter} • 

~ ttton or ~ o 1 1n tb eceo or th unbo11 d n 

• lfl Bl in t e c~•e ot the bo1le~ 8ot~tion. ~r1n - . 
or e1~1t t1on th oury- beeo Vtr1 flat t •• t ha 

11 . 

1t tc el r t t t1nal 'Pl"f.tc1.,.1tat-1on oo ur ear11 r 1n 

th en• - ~ 

1 o r spect1 vely} . 

'i'he d1rf'erenc• ln ,apr-ear llC'.tt of the pree1 ;·it te 1 

re rlt~d !n tb tscr oone~ntr t d sol ~ti on • .. 1e 

tled lutton t v• r1ae to a heavy, gel \~nou 

turqu~t~ -colour~· ~roe1p1tat Y.h1cb a ttl quickly, 



'le 'Y1~'1 e1 tu• lutton. 'fh- unbo1l lutlon 

lve n oll~~ en r c\-tt te h1eh ru tn tn 

u~ en ton tnr e v~~. 1 ~ ' • 

·p tltr t\on re .!Jl 

·-tch b l~ :n tor 1 ¥ . 9 ~· • 11nd .\J t:i 1 • 

It 1 c1 l" fr t • VII thP.t» on tlif 1n H tl v1ol ~ t 

. e l~\tl 1 pH • lue ~r the t 1ut1on , nd thelr 

~r to be p.rc chlng e u11ibr1 

v lne • tc 

rt r 1 nth' ge1ng. 

In thts, tbe 1& t 

t 4-}! 1nt , .. _ it t B otnt n f.sh ()t 

,:-
I ~~ nd CD, f e 1 • "IV) with ~t v1~, t bt tnt 

i!lfOt" t1on "bJut th •. t the d!tr r nt 

· tage durin th 6~ t1tr tt. n. l. b d end ( ;)1 ) 

h d ~ 11 ttl t!ltHl to tlrt.'l t b hytr~l ol 

eon nt .. flf vtol et nr. r n el r !\e 

,lo 



or the aolu,1ona t~~Q~1ately rt~r t~ 

t n 1 c,1Y •• 

cl· tmge 1!1 th 1 !'11 t 1 l 

o tro tn~ roll Y1ng 

. t bl : 

o\let! ? lut1cll li&Jbotl 1l !lolat1on 

~------------·~-----------·----~--------------~ 

1 () 

6 o ®"'n. 
6i'7· 3 
6 13· ? 
61 ).? 
,; ·r 
6ri6 . R 
~..-, . g 

OOJ· O 
6"lb • . 
r"f' • .... 

~ J • lO oh G 
..;:> .... . ) 
:3 3· 
t ,-.S•6U 
6 3·1 { 
6' ~- ~ ') ..,._ .• v 
G2'5 · 'l 5 
~ .., _2 ) 
63o . o 

~-~-----.......... --------... .. • -- - ·- ·~' ' ..... .,--*' 

he eCl' ln cnnductr..no 'r the unboil 41. 

~lutton \s t'Oblbly due to . • 1 etl"o• 1ent eulph te 

~oo tng eoo~dtn tely 11~~ec . A alg¥ 1nore e ln th 

con~uotanoe or the bollod uttons cauld bo ~rlbe 

to n lnor ~P 1n th• n .unt ~r 1 ctrov lent sulpt t 

tn eotutton. but th~ r p1 tner ~ ln conduct nee 

cnn only be ~ to inoreanud hyd~ly la 1n tb dllute 

lutinn, \thlab 1ncY ~ s• th<> ooneentrat1on of till 

1.n. • c to 

\n~1oQ.t t~ t tha'!e lt1 h;dro1yt1o ~ utllbrl.u 1n 

1.ut1on nA. the Y1donc.o 1a thererorv eontrux'~ \o the 

t te nt (lf Atkln B-Od Cbollet (23) to th& ettt?te\ t " t• 



(100) 

betmUne '::f C1Gtlotl Of the be i ~ ~rnU1\t! ~1 t~ the 

fr~ !lC1 ~ 1 n<;t t·n bJcl"olytte equ1llbr1U1 -- t 'th the 

!\.3<v-e ,:-ur11u.e tht 
• 

tu~y etrecttve ly, 1t ··eald 1'? ve 

been ty c of (L 1 1n htcb t h ... 

~ 1 ow ccn~uotrnca a~T enta to be t ken 1 

~r the -.toh:t nd gr~. n ut ..... h tt:· • 

It 1 t , how~v r , t t , c.c::tt· r h :ut1•e 

ul<! 



It 1 •"' on rolly r rtr c<' tl t th t..: 'V1 et nd f''t eon 

ehr 1" u1 '!-> t h v~ t"'e for- u1 

[r~r f ~~ ') )~ J +++ J -

[ . "r ( . 0) R~ 1 + ,,- • · · 0 

1n t" Ut" l t fn • lc of th 11n 

o~ ... 1n 

.tot 1 1n u l tt ttve .. re t 1th th r or ul 

1 .n e1th r f 1 t 1 11 

t~r' y..::roly 1 tat~n 11 c . tth t he J tl:-er t \01\ or 

fr•~ el .• until an e ull1br1um h· been c_t·b 1 lc~. 

t 1 e tn tbr e ;t ' • e ... 1n th -v1ol 

.,though t 

~ [t.. r{ !' ·; )b . / ] •• 

;;::! ~~r Oi..! } ( .>id .._ J ~ 
;::! t;r (!-lzO )3 L> ) -1 

tr- . U(1h ·1~ · r- rt nt than the ft.r t . 

... + ........... 

3 - ... 3 .. 

ere 1 furth l' t otor t.lch o ·,11o t~ 'th 

.. y te con a~ l' bly . t edt t el7 u t! 1ut1~n ... "~! th • 

V1 t 'Y et en ~ lt -c t"':l ce 1~ th o1ut1ona , 

nd t. 0 re c, ·1 te ~n1y -+lE-n th 11 e t4il1br1 

1ut1on b 1-e re ch d . e . ,; ... xr 11 u .. } ut = :t tt: 



(l.lO) 

1n 

lt c~o the 

eotton r: -~f the :tt. ,b in 1 J ~ . ~ ~uld b v loll 

cr l Hst :: ro . !t 1- cl(l r-~ o e'V r , tt t th1 ~ ta 

rot t 0 • 1 t t ln aolutlon 

1 

1~0 11e f'lUt'lt Of [~r ( )).J '" J.t..s.. ~1" 

[ ,.. C ? ~ >~. ~ ]'' ~ ~~ o· 1 ly botr . tt l · 1 o c1 · r 

t~ t e~oh ot t~e e lon 1 · aubj ot -o ~ -•t e 

i'l r 118~ 1 GO 1ih1a kf) the oone1dtn'f.t1cn ~1., 

Cf'l~n1l t -~ one. In the t1tr tton ot t.. vtl)l t 1utlon 

ith , OF. , :utt1c -~ !~} obt !n d "cro 1o for 

t ~ lin li~, n. 1n, t t' u 

· 7,:;r!)1y e., ell! to b v y 11 . In 1,~ r 

u tlt wort· ! ) obtain g - h ln 1ct "G 

ln \hft unt or lqcrol) d t o1 ~ .ru nt •. 

tl11 .. ) he u e te tt~ t th ~eU1o~ of 

~-.. r. r.tton ot 'thtt Ctr e lUll w B th rc ona1bl t' etor. 

lt a cl , -._II t""' ... n, .hilt UA unbo1l tt eolutl n 

ccn 1 ta 1nly ar th len [cr (R, ~)c ].t..J.~ 1th 11 et· 

unt. of on or botlJ c,t \t 1on ll-r- ( f v>a t]"'"' 
r.~ [~t { 0-' ) I ] ~ hoso t:Jdrol~oee contr1but ' 
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