
I~ 

- 110 -

mhe block diQ1ft'"M of tho axp1erirnental arrn:ngem~nt of 

radio :trequenc:~ conductivity can b., represented by a oim:ple 

network, obovm in figure ( 2.1). 

Let Sl? bo the equi valGttt itnpedt'4..noe -ana :tor parallel 

combination 

• 

I 
R 

we/ 

R 
f I • J ' .1 . • ;t •• 

R (' - :rwcR.) 
I + W,_C.'l..R~ 

I 

R 

R 

J 
we' 

w c. R'l-

"- '1- ,_ > At.J WcR-

c• = a 

••• ( 2.1) 

••• (-2.-4) 
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FIG. 2. f. EXPERIMENTAL. METHOD F.OR DETERMINATI.ON .OF . RADIO · FRE• 
. QUENCY ·cONDUCTIVITY .. OF POLAR • DIELECTRICS . 
. (. >. CIRCUIT ARRANGE'ME.NT>" ' •. 

(b) .. EQUIVALEfi!T CIRCUIT· FOR · TH.E · • COUPLED · SECTION .. AND 
( c). EQUIVALENT · CIRCUIT . _FOR THE . PORTION . RIGHT ·OF R. F • 

. METER IN : _(b); . ' . 
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-~ . 
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Further the ;rr0eonant our.l!'Cnt with the cell in the oil!'Quit 

but without liquid 

••• ( 2. 5) 

where 1\, ia the radio flfflqtuntey reei~Jtance of the ottoon­

dary tuni.n.tt oix-cutt and is ~ven t.y 

where 1
0 

ie tbe roaonant cu~nt in the n.F~ m1Uimame'tGl:' 

and 01 and 02 are tbe oa-paoi tpoe fer reduoilltl . th~ :rego-
1 " 

nant O\mrent to n v$lue I 1 'Which io equal to J2.. ot I 0• 

Wh$ rnstbooatieal d~duo~ion of the '\'alUQ ·of mdi.o 'trttQJ10rt01 

rea.~~tance R0 bee 'bed gl.ven in the next oeotio.n of this 

obopter. 

Further the rat~onant cur~ent \d th a$ll filled w1 th 

the liquid is given by 

• o{ 

'r:J... - \ 

-.- t: 
R R/ 
. 0 + 

R 

••• 

+ j \ - 4 R~ ( c( - .\ ) 'l- W ,_c. "l-

2.. R{) (a{-') G:J'J..c. ~ 
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,_ '1-'l.-

In th$ pJ!$aent exp'lrimenta'l set· t1p 4 R o (d. - ') w c ( < I 
tben 

n. 

l a= e.-­. 5 

tvh£tlt4! e 1s the apeei:f'io ~osietnnoo, t 
~ interoleotrode a.waoing tmd •s• 
area ot the electrodes. ~iinc' e • 
ift the specifiQ oon<luctiv!ty 

l 
SR 

is th~ length 1•·"• 

te the cross- aeoticnaJ: 
I . 

K' , 

Wile. tunina; _etmtlQnf!Jer 1B a p11.ra.Uel .plate condenser qo the 

capacity o-r the t11tling comenoar 

s 

Q8 
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,;he uethod U$ed ll&l!e for datentnining 'mid:l.o freque:noy 

t.•eeistanoo WlJT be stated a.e reao1a-1nee variation method. !he 

secondary tuning eirotdt coooiste of m1 1nduotenco, a Variablfl 

main and wm6ir oondenfJer .and n. radic frequency :roilliammet•r. 

fhe 1niuott.lnoe1 ~iable main oond($noor and tha r.t. millia""" :· 

lnffl$ter ~e all· aonmct$d in serleo whsrtJaa the vernier con­

denser ie oonmeoted tn :parallel td'th the main ccu1dtn1se~. The 

verni(tr condanBer iu :fltted wi tb vellniar soQla in orde:~ to 

note p~eciaely the position ot ~he condena~~. ~b~ aocondBr.f 

tuning circuit is loomoly of3upl~d tc) the radio trequenoy 

oooillo:tor Ol~tltJY t;ypc) which i a. tbe dri v1ng oa:<:illatoxa o.f 

desired frequ~uaey shown ttl ti~~ ( 2. 2). '1:-lu~ empty tli~lectria 

cell t.s fi ttett 1n pa.ra."tlal to the tunin~ t..lO"lld.tJnl90:r. 'lh~ Geoon-

4&7 tuning cirotti t ie tu:nod to t~e desired f~eq\a.enoy of the 

dri ring oaoills'tO!." by proper. od;Jue~ent oi' tbe tuning oon­

deneere both main and velttd~r. :rh~ :JJoeo11ant currant in t'be 
' . 

re.,fJio _ tre~utlnc;y milliam~tar n.n.d t11$ oepaci te.nee o:t thG 

turt1ng eoncl~nsera a:re noted. ~ben tbe capaoi tance of the 

tunin~ aondanaer aro ad;}uated to t'l;te ·Yalue c1 Md 02 on: 

td~ tber 9ide ot 'tho :l'esonant valtto IJO that the current· in the 

rJ.f.;, met~ t 1 b~oomea ~~ timee ot the ~eoonant e~nt 
i.e, 10.1~ o£ · 10 • Zhe .reading for o2 fUild o1 are no"t'Gd. 

When tlla tuning oireu1t ia ehrtrpl,J tunad to dGoired f¥J,utue.noy, 

the irtduoE.ld voltage itt tlW~ eeoon.<lat"Y oi,roui t beoorueu equal 

to E0 • ~hurefore. E0 1;$ I 11,tc0 whtu:e il
0 

is the radio fre­

qtteney- roeiotanoe o:f the oirclrt t. Whf!n detuned, let the 
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H.T. 

.. ~·. 
c, 

• !' I 

!tltt _.,_. !''!"!''!t~ 
v1 = &U 

·. At IIi ZOKA 
c1 = o·ooljUF. 
c. • C : 0-500 P.F. 
C1 -~ 0'01 I" F; 

(I) 

< • 

R.F.METER 

Cv 

(b) 

Cv = 0-60 P. F. 
R.F.C. =RADIO FREQUENCY ·CHOKE 
'A. F.MET~R : RADIO FREQUENCY · 

MILLIAMMTER. 

fiG; z· .. z (. ). RADIO· FREQUENCY OSCILLATOR 
CIRCUIT .. ( '). HCONDARY TUNING 
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an<i hence 

E
0 

• x.,J R~ + b. x.,_ 

£0/J'R; + 6. x.,__ 
"l-

Ro + fj. X "l-

R,_ 
0 

- \ 

~ x'>-(. I~ ) 
I'l--1'1-

o I 

~he ali!ht chang~ ot ~aotanea . at the upper. half ood of the 

lower hnlf powtm" ot aaximam powf$r ~oapeotively 

GJL ••• · (2.10) 

C0L 

where W -= "'~f '> ..<. • '- ")" 

Additing (2,.10) and (2.11) 
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.... 
So knotdng the 11a1ueu of o2• o1 t ! 1 and I 0 , the r&lio 

frequency roaiatanoe R0 of the ~ireut t han bee.n. oalcul ate4 

by using the OQ.tlation ( 2.1 ~) * 

0 . . 
xne apparatus ueed for ~~e meaaur8m~nt of r.edio 

· f:r:'equenoy contruot1 vi ty are (e.) Radio ir~Q.!t'9ncy Oeoill.ntor, 

(b) Seo~.H1¢lrur.f ttin~d eili'oui t (e) l~.F. !;l11l1at'flm~t$~ (d) Stabili ~d 
~ .· . 

:pm-1ar cmpply, {e) ~erlmJ!atat {f) (lo:mmunioo:tion broadcasting 

re~ei:ver, wave meter ana n.n.c. bridge, ta) J.siquid mtrifioation 

(U'rangemant (b) :n!eleotrie celle (~t) Oetwalda•.n-Viecome.ter, 

( j) Obcmioa.1. btt~lmtlof) antl weight box (It) M~a.aurintJ cylinders, 

Bealcore 4)tc • --· ( l) 6r.rangem0nt tor eleaning of the glass 

appmm.tue. !flle daaor1ption of aoma of the important appa.l:'atus 

and their asmoo1a·ted ciroui to is si von~ 
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used bere ie of lta:r.tley type rut! the eirctd.t diasram is ehow.n 

in figure ( 2.2)., The treQ.tlency r.ange of the deoigned os«-..iiletor 

he~ been .f'ounil to be from ;;00 Etlz to 8.5 I'tUil. ~Jhe induota:rnoe 

L of the tank ci1•cu:t.t is d.iv1.eted ~lnto two :parts :r.1 and r.2 
and their common point ia eonnactrnl to the cathode terminal 

of' the vacuum tube .6!16. The en4 ot L2 is eo:nnected to the 

used 

for p~v!ding the Brid bias '\rQl tage. The ena of L2 is connec*ed 

to the plate O)'f' the oaoi'11at()r wl ve 6I46. throup)l the blocking 

oondenater Cc-. A condenser 0 is ple.ettd in parallel witt\ the 

inductance tbe!l'eby making a compl~te tank curoui t. ~be a~pli­

fied energy in the plata s~otion ia fed bnok to the ~id cir­

cuit · dt.te to inductive oouplillf~ a11d the amoun.t of ooupling 

will dapEU1d upon the nmnber of tu.ma in . 1~1 and L2 .. ·~he· 
l; ' 

direct Qa!IPOtt..e:nt o:t the plate CU.1."'rOnt i$ aupplied from a 

atabil1-Slled power supply through a radio f.Nqumt~Y ohoko. Wbe 

blocking capacitor Cc · whioh baa s. small :reactan.ee compareti 

w--lth load impede.noe, n11(')we a pn.tb to the a..c. r:Qwponent while 

the d,..c~ trorn the powar eup;ply i;o proventEtd. ~~ gang conden­

ser dial. barn been oalib1!ated against frequency by the ~~lp of 
. 1,: . ~ 

oommuniostio~ b~oruloaBtins reoeiver and alae by an ab~~rp,t1on 
- : ~- . '. ; f. 

. :··;-·. 

radio· ~equtmcy mllimnmata~ · 1$~,l ell oo~Qted ~n aeries. The 
., ··''·" ·-·. ..t 

circuit is loosely eoupled tp the Unrtle-y oscillator's tank 

oi'rcuit. /t varieble ver~ier condenser is fitted parall~l to the. 
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mat:n, contf eneer o'f th& aeeondaey· ciroui t. in ord.er to improve the 

e.ceurao;v of turd .. ng the de~ired f:requenoy. fl'he diQl of the tuning 

condeneere both nnrl.n atld vernier be.a been ealibrQted lntfifr.mtJ~ of 

oepeoitance witb the help ot R.L,.a. brtdee. !be di&l reading 

agein.at ca;vaei tnnc.e o£ both 'the main and Vttrnier eooo enae1"' are 

ahown in figtl.t'e 2., (a,) to 2~' (d) ... 

Cnlibrati.on of the dial o:f the tunin~ conuenaer (M$1n)of .. the 
.u,gg~ circuit. 

~ 

--~-~---~-------,~---------·-----D·$&1 r~a41ng ' Capac, .. tance Dial resdin« • Oap~itanoe 
'in degree t in. f r- f 1 in de{P'ee t in ffF 
~---~--~-~---~---------------~---0 490 19 1'28 

1 470 ~ '115 

2 44-7.5 21 103 ,. 4?.6 22 91.5 

4 405 2:5 81 

5 :384 ,·,,. 24 71.5 

6 '36;l 2$ 6' 
7 ,40 26 55 

a ,20 27 46 

9 299 ~s 41 .• 5 

10 280 29 :56 

11 260 30. ,, 
12 241 31 ~7 

13 222 32 2' 
14 205 33 '20 

1$ 188 :54 18 
16. ·171 '35 1"1 
17 155 
18 141 
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\ 

Calibration o~ the dial ot t.he tunins oonthn:aser ( ve.mier) 
• .to" 

60.'3 10 36 
1 58 11 ,,_.5 
2 56.5· 12 31..2 

s. 53 13 28.8 

4 so.e 14 26 .• 4 

5 49.1 15 24.~2 

6 45 .• 6 16- 22.6 .,. 

7 . 4,.2 17 ~1 4 4 ..• 

8- 40 .• 8 
18 20 .• 7 

9 38.5 

-------~-------~~-~-------------

mmeter rangtng tram 0 to 200 m~e~ ia a tha:m.oco'ltpltl typ~ 

and it ta s~eittv~ '~pto 30 mRs~ 

§.UJ1il,1.~e..l.,'Ro .. !!~ .m'm-qlzt- A stabilized polfer supply mrl. t 

has been used ·to .eup:ply power to tbe osc:illator. rthe batdo. 
. . . 

circuit o:r t.h~ atebil:tzed po"e~ ~uppl:y of the degenera:tivo 

type i$ tJhown i.n l'fiaure ( 2..4) and ac-tu@l circuit <.ti~a.wa 

shown :ln Figure ( 2. 5) .,. 
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Wbe oireui t of Figura ( 2.4) roa:v be oorn:d.t'lert-8 ne 

oonve,nti.onnl t~ansfor.mer-rect1!i,er end filtfl!r (1!.n.F.) o'!:reuit 

to ob1.;a1n d.o. wl tage from n.o. mntn eupply. ~h1e unetabil.imed 

voltage ia given to the regulate~ :v~t ooru.d.etins of $Ett1ea 

tube f 1 (i.e~ pentode power·t.ube) and an ~plifier at @lin G. 

A fi:xed :referqnce !Oltege E~. (obtai.ned f~om V.n. tube) end 

the di :tferenoe amplifier of gain G ii'J usa« to o~ntrol T1, eo 

as to afford degenerative oompGn.sstio.n for. . any change in 

cirouit conditione tho.t tena to alter the e:listini output 

voltaso. fhf! reaotnnce ot the oorutanae~ c a;t :ti:rtllle tre­

qu~ncy t'tf11 be ma<le nmall compared with rosiatsno~ in shunt 

·wi ttl 1 t. ~ie coudenae:r helps the stabil1me~ in reducing the 

ripple and 1 t iflJ :not mado lax-gt9 tor ·mvOiding undeairable : 

trnnaiQnt osoi'llsti.on in tbe out ~ut vol taae~ In oJ?der to 

obtain a. pre.otically ~ipple tree out put and almoet 

per.feet reaulation a ·two stage d •. c. e.~:plifiQa.tion ha.ve been 

in:t:roduaed in the e1ro11i t. ~e· ~a:ln sup}~ly line vol tnge it! 
. . 

220 volta, 50 e/s. SiP..tJle phase· 1$ connected to the rJl!'i.mal"i.t 

of the transformer e11d ~gulated d. e. volt~~ io obtained. 

st output of 'the oiro\lit whose ~~Jnp ie 0 to 300 v. &nd 

etir~nt 200 mA. maximum. 

A ctroui t arranse~~nt io lnaile ·3lon(S wi.th. the ateb:L­

li.med powe~ au.wply to -t -ve bias vol.t~ge ·eupplw. The n.ega­

ti ve biao suppl.J is takan from .a. sep~ate silicon r~et:Ltie:r ' 

IS95 _regulat~d b;u a. tube OA2. !he var.iable negative bias 

vol-tage .ie obtained :rrom 0 to 100V. by means of a potentia­

motor providing ~mum load ot: 5 JP.A. only. ~he ~:ipple 
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FIG. 1.4. BASIC CJRCUIT. OF-· ·THE STABILIZED· POWER 

SUPPLY OF THE - DEGENERATIVE TYPE. 

·i 

::·.~ 
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vol tBie output ie lees thtnl 3 'l!lV. in the . positive supply and 

lees tben 10 mV .. in the negati\~ supply. A voltme.te.r.o oaltbra. 

te6. fl'bm 0 to JOO volts 1a pormeeted at the outpwt term1ns1 

to ~eefi the d. o .. · outpl.tt val tage. T.h.ll! practical ci:retd t d. !e.g .... 

J:t$~1 Qf the resu.'lated powe~ sum~l.f \Ulit is .shown in Figure (.2.~). 

ll'he oomp~nents o~ po\mr supply unit are ii.ven below:. 

'~• !lf.,J\tP.t~sna•-

f!,i~t ~ffJ':·l!tts. 

~1 

.n2 

n, 
n4, n5 
Bl) 

·:S,t R8 ,. Bg 

aao 
a,, 
R12• 21'' a14 

R15 

n16 

~~ .• J!tl.PAqi $.9Z 

01 

a2. c4 
c,, c, 

0 6 
c7~ cs 

09 

c,o 

~1ni\<l.D 

' e 
1K 

470 K 

10 K 

100 K 

2.2 }4 

5X 

·to K 

1 K 

0.1 MFd 

16 MFd 

16 ~«id 

.a ln:li'd 

o.oo1 Kid 

o.o42 t<:Fa 

0.2 MFd 

[i.,tt.Qu,i;i.J!e;(,N_g,,_ k!IG~Jll\Oll 

n17 1so x 
n18 100 K 

R19 15 K 

n20 GO K 

R21 . 47 K 

H22 470 K 

H23 470 K 

R24 220 K 

R25 470 K 

n26 200 K 

112 .. 1 100 K 

· R26 1.5 K 

III ... P.9.:t.mt:1gm~tu 
P1 10K 

1?2 50 .K 

·v1 , v,, v6 
vt>, v4 

f~ 

v, 
.EOC 8' 
OA2 
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IS 95 

46 lHeinm 

6 .1 DPDT (ON/Olt'F) 

Dl?M ( 0.100V 

and < 1oo-'oov) 

1l:'tm~~JfOr.rafit!' s3 · DPD-1! (~eter 

S~lector) 

.!!. !.U~E 
Main fuse$ Vol tmoter ( 0 - ,oo V) 

1 Aropo 

u.~.FutJo 250 mA 

bett.n utili0ed to ~lldntBin tbG co~stant temperature as well au 

.fo~ tbe vm:'ia.tion ot ·tempera,turtt ot the dielectrie. cell. f:he 

diel$otr1o cell introdue~d ~n th~ thermostat can be e$en ~o~ 

outii1de by a. a;le.tl$ windou l!ituated on tho front aide ot. the 

tbGrmoatat. It 1·:! operatetl 'by 220 v, 50 C/a~ A.Oo S\JPply ana 
can be controll er1 at My dee:i:.r.ed tempel"ature, the maximum · 

range ri1:' wbioh is 1so~o. 

;e:tal,e.;."t~t.g _qgUJ, Ditferell't type~ of d:tel~2c'trio c'Jl:ts ru:J 

ohown in figure 2.6 (a) to 2.6 (c) h~ve be~\ used tllro~ghout 

the · C,Q11dueti v1 ty ·me.a£nl:tt~etlt ot. Qrgru:tio ·· , liquitla. fdainly. a. 

PYJ!OX i].M$ cell which i~ fitted with two parallel plste ctr• 

oulsr electrodGa .separated by a tixed ditr.ttaru:e· be.ve been 

utili0ad~ !h,Q. choice .o:r n~ateria1 ·used in d$eigning tbe 
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elactt~dea iw.J an importan:t factor in oarry1.ns out tlte fo'X}lerl­

montp $pscis.ll1 -.in ootulueti vi ty· ~en~ur.emon.t as ~..n eleotro .. 

ch~m:icnl ~~aotioll betv;o~ eleot>t"Qde$ ana. liqtlicte ~lY take 

place. fbe .eell used durini tlle ·radio fr$queno7 Qonduct:t.vi'ty 

meQsuremente of'· ,polalf liquids ·M well as mixt'lll!"e of polar 

and ·nonpola~ if~ 9 oylindrir.ml glaaa tube of 4i~tGl' 2.63 em. 

fitted with two oireul~ gold ·plates 1.0a om. apart. (:Figure 

2.6 (a)}. Each gGlfi plftte ie connected tdth a pls.ti:num wire 

\th:teh in mtJElded witll tbe. alasm tube wh~:re.as tn d.c. condueti­

·v:i. ty ~es~trement aeaoribe~ in cbapt~r VI.~· 'b:rass waterial b•u• 

been used. a0 eltiCJtrncl~B \d tb a · aaP. o. 22 etn. fi ttea m th 

tungsten w.il."e in oylind7tice1 €1,a~ta tt~be o£ di~t~ 2~96 em. 

(Pigure 2.6 (e) .) • l.n o~aer to f1m~ tba effect t>f MY e.leQtro-
. . 

ohemicfd 1feaot1Qns outwl!¥e.ll eleo11~od~a Q.t\d l:iqUi~'l otudiacl, the 

e~Pf)ri~ente be.ve been ~fl!pafllted a number ot timeG and in each 

case aar.~e r.esul ts hnva be on obtained. Bl".aso el ectt-odes have 

been used by ~~ wol:'kere prtWiwL\IJly and .mux-e rece:ntly b;v 

l?.:r.abhalta't'Q Rao antl Govinda. Hfi13~. (1970) and s~n Md Gboeb {1975). 

!n the other ease i~G· 'to observf! the ohange o:f. 

\tieleot~ic constant ot .Polar liquid in magnet'ie field Wlltl$8 
. ' 

experim~ntal taet up bas been tiesc'd.b"d in Sectton n of thit-4 
' 

cbaptf)r, two identical ceUa he.vt~ been UtJ$4 in tlle ~•eauretnent. 
. n . 
!a¢b cell oonsiate o£"cyl.indrtc$1 glaes ~ube of dia.aeter 2~ 75 om. 

beillg :t:ttted with fou~ cd:roula,.- parallel electJrodes :made of 

oilv~r. ~-wo alteX'Mte ·pla.t~e artt comiected in parallel w:tth a 
I 

. tunsttrtGl'l wire wbiQh 1s sealed with gla$B tube [ lfi~~ 2.6 (b)] • 
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I. PYREX GLASS. 2. CIRCULAR HIGHLY POLISH GOLD ELECTRODE. 

3. PlATINUM WIRE. 4. FILLING TUBE WITH GROUND GLASS 

STOP COCK. 

FIG.2.6CAJ.GOLD ELECTRODE CYLINDRICAL CELL. 



2 

t. PYREX GLASS. 2. CIRCULAR HIGHLY POLISH SILVER ~LECTRODE. 

3. TUNGSTEN WIRE. 4. FILLING TUBE WITH GROUND GLASS 

STOP COCCK. 

'FIG, 2. 6Cb>. SILVER ELECTRODE CYLINDRICAL CELL. 
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I. PYREX GLASS. 2. CIRCULAR . HIGHLY POLISH 

BRASS ELECTRODE. 3. TUNGSTEN. WIRE. 

4. FILLING TUBE WITH GROUND GLASS STOP 

COCK .. · 5 .. ·OUTLET TUBE WITH GROUND GLASS 

'STOP -COCK. 

FIG.2.6(c). BRASS ELE~TRODE CYLINDRICAL CELL. 
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glass oells a;~e tho'U"ougllly wnl'h~f1 with ohromic noid and care 

boo been take.n that llQ ehe-tdeal r$aeti.on.s t{>Ok plece dttrit:ag 

Ysaohil\ltt pnrtieularly for 'b~aa$ 0laotr.od.e iJlnsa cell. After 

that Ct1lls nre tborougbly wssood \rl'1::l:t ll~tOII solution and wssbed 

eev0ral timee with di$'t1lled wa.t~l'."• ~o reruove traoaa of water, 

the fi&Sbed. eellti P..rE<1 kopt ineide a ther.roostat .. "the (lr:!ed 

oolle are again wii$hec1 v .. <ith de1'lyd.re:ted pu~$ ·b~n~EUt~ e~ dried. 

Otl);e:r ilBBr:l a.rticl~Hi sU~Zlh as viaeot<!let~lr, btt.akers. 

pipet, tzJat)aurirAg oylil4llt'l!r, apee:ifio gttavi ty bottle etc. ~e 

-r-mshe~! and olenned thorou~nly in tbe ea~~~ wny ~s tlle ct'!ttlect­

l'"ie cel.l. 

E,t}l:,i}'j..sat,i~'l. .. t?.1;..,l.i,.g;y].,dJ!!. The pur1 ty of 11. quid i~ a Ve1!'1 

i~tJportaut :factor in the atut1y ·ot eleQtrienl ronduotion and 

broakd.O.lfll in di~lectrlo liquids. Ii; is not posaible to 

obtQin roprorh\.eible resultu if the liquil! is of il'lout.fieie:nt 

purity and tho e~sraotoristio propertieEJ of e. li~uid are 

often mattked by phen.om0na · a~isin.g filuQ' to p-~eaanae of' itllpu .. 

ritiem. ~r&G00 .t)f water and otho:e eleotrolytie ittmuritiea a:re 

naturall.y tile moot important. T!m ratlova1 o.f th~ae and alnell 

Ph;Jaicu. j.mpuriti~H3 such aa duat tJarti.ol.~14 is "te:r.y im;portant 

in all the pt!l!':lf:iea.tion tast~od. In oul!" prasent t~t"k, we b~v~ 

uaed '~h.~ speotro ~opic p~e 1iqu1da Qf '41ffe~e.~t reput~d 

m,>m:~u:u~iea nru~el:r. E.J:;}erck1 a~:t ·ti$b Dwg House \'B.n.~.J eto. 

All t'beae cbel'dO~ila we.~e d1:"i.et1 by d~hydratina age1..rtB mtd 

then t¥~re qiatillad by £motional d:imtilltttion. ~rho prop~ 

.:fraotio.na were {listillett several timem again 'Ullder ~eaooed 

pr,es!1Ul"$ ~a for~ us$' ~n 'th61 i rrvet.J'ti(j;a:tiO:t.ls,. 
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The noeffioi~nt of viscosity 

of the pure li·®idQ a:~tt\ t1lao _of the sol uti one has ~een measured 

with tha h$lp ot Ostwald type viaeotOOter. lf the time of toll. 

of tile O!Qerimantal liquid and· di:rrt1lled water between two 

fixed mar.ke in the viscometer which \"#00 placed 1nuide 'the ther­

mostat to maintain the constant temperatu~a are_ t 1 and t then 

'1") = "\ d, t, where ~ and rrl are tbe eoef:t:teient of 
I . I d.t I 

v·isco.aity of ,.;;he Qxperime.ntai liq;td,(la and water re~peotively 

and a1 nlld d ~c- thf!i,~ :r~s}').ao•tivt! de.ri.Fai ty et that te!'lpera-
·t: 

ture. l.fhQ value of I) ana · d . of ~t;ater are taken trom inter­

national. critical tab~e .. Tbus b~ measuring d1 ,_.the value of 
. . . 

~1 hae been oaleuiated trom 'the oboorved time1.1 o:r fall using 

the above eX}lretu.tion. ~be measured cooffioiunt ·Of vtocosi ty in 

· th~ preeent 1:nv$at:lga:tiOJl for different polar liquida ie .found 

to be 1n good agre~meht m th the ~apeoti ve va11.t.ee reported in 

li.tersture · • 

~~he ate:tic die-

laetr:t o om1atant ot. liqui.da at a ll&X"t:toulur te~rature has 

been m~saured by resonance ~etbl1tl utd.,ng thtl same ap:parntus that 

h_aa been utilized to meaaul!Q the r.f. conductivity ot different 

organic liquids (figure 2.1). ~e ob eervation has been carried 

out a.t a frequency ot 400 lmz. At any ;particulall' ten1perature 

which ia rnP.intaitled by tbemoutnt, the diolaotrio constant is 

measured by ooraparlng tne capacity of the dlelactrio oell with 

liquid aa Ciiolectrio teo tlle capacity of tho cell w.1 tb sir as 

dielcctri.o. ·The onpa.ci ty o£ tM 0mpty call baa been found. out 

from tb.a meaeure.m&nt of capacity of too cell fillod w1 th eome 

stumAl!"~d J.iquida whoee dielectric eonatant b~ been given in 

the litG=rature. It ie observed that tlla valuea o:f atat~.o 
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dielectric constant:: ao obttt~i.ned agree" well w1 th thos~ 

given in standard li tura.tu.>:-a .. 

D. 

~he block di~t\ffl of tlte. QX}1el1't~ental ~t-ang~Tf.lent 

of mea~ur!ng E: j ~ \-\ v'ih.are f. and (;_ H are t~e dielectric 

co:fts1$1!mt ot polar li~Aid. in nlJaence ana presenoo of aagnet1c 

field 'lttspeetivtlly, can be :roprtQant"'d by a eitttple netwo~k 
' 

shown in figu:te ( 2. 7) • 

:fhe rnethoti uaaa :i.n the p.l1tH~eut study is altnoet 

uimilln' to that utilifaed in niea$Ul"iug the dialeotric constant 

o'f 11.qu1dtJ by rf)sonance method •. Only the difference lies in 

the p~sent Qiroui:t, ie that inate:.td uf lbdng 3 single tlieleet­

rio oell.. two di~leotr.io e~lls Cf ruttl 0 
8 

l1ave be~ used end 

the d$tea·toll"s used a~e two valve tube voltt!lOtera which ""~ 

oorul0Qtt!ld in ,Parallel to the eel~s of and 0 g as sao,.m in 

tigurG ( 2. ?) • Om and Ov ue the main aucl vernier oondenaere. 

~he oQtn1l~d d~sori1~t:ion of thllJ cella l f:tguru 2.6 (b)] ba.ve 

be.en d¢noribod in Section C crt thi~ cba.pte,.. '&he e~e:eiment 

hee boen perf'ormed at a fraquttlcy of 800 l'ffiz. and at a tempe­

rature o~ :30<f0. 

Duril:tg the experiment- the e»ll Og ia placed in the 

tnagnetic f'1eld whtll."tlaa the cell c1 is placed outuide the 

maanettc :t1eld,. llotb the cella alr~ tilled with e:q~~riti!al)ttll 

· liquid$. Koepina the oao1ll$tO~ adjuated at tho desi~od 

::f'r-equenc;y, rE:aonrutee is 'obt4-:t:illfHl by aii_ju~ting the eapaci tm1ce 
. . 

of the S!eond~ tuning oirouit unt.iJ. the voltage ae.,-el.oped 



--': .· 

·-~ 

: ( 

·,·, . 

. . 
. ·• ~ 

·:-·. 

.. -' 
•",' 

V.T.V.M • 

c,..· · c.v 
~ :. 

''·· 
. . ' . . ·. ·,·, 

' ~ - • ' < l ':.. . -~ . ~ • • ' 

. ..P ;.. PRIMARY .. COIL. -· .. . S ~ ·SECONDA~Y COIL . 
' ' ,_ 

• • '~ • '_ • • • : • • • ••• ' '' .' • • < • ' ,, • t 

. . .. ·c,.~MAIN_ ·CONOE:N$ER •. Cv~·vER~IEA·. CONDENSER .. 

. . ':·.·,-' __ · ~~::··· ~· ~::OIELECT~ic.·_ ·:·. cE,~i..- V.T.V.M.- :VAL~~ .TUBE 

: . . :·. ·v o· L. T .M E. :r .:E IL 
• • !'- - • . • ' ;·· 

,._ ._ 

. -> :FIG: .•• 7_ ··.BLOCK . DIA~AM . FOR . MEASUREMENT- Of E I { H 

···, .·· 

;_-

,···. 

·'-' .. 

,' .. 

' • ~r < 

' -~ -' '• 



·----,-· 

- 126 -

at the v.~;.v.t1. :tn th0 ~econdary trmins oirotti.t reaches the 

maximum. L~t e.t ~, parti c:ular ~slue of ~ e.nd: Cv ( Qey' at 

r~sotulr.tCtJ) the voltage dt'lvcl~pea at c, end c
8 

2t•e v1 and 

V 2 resr.ectively. If 11 be the cnJ.t-rtltlt fl.O\fin[& thr.ough the 

eeoond~y circu.t t a.t i;his oonc1i tion th~n we have 

' wc2... 

• v 1 

= v 2 

where c1 ar:ta o2 are the capao:ltance of the ooll c1 and c
8 

respectively wben filled \"rl. th experimental liqu:ido.· Hen~ 

o.. v., 
~av 

. "'1 ll2 

:t<: = 
01/0 

E ••.• ( 2.15) 

wher.e E is the dieleatr-:tc QOnlltant of tho liquid. and 0. 

is the oopac:t:taooe of tile empty cell. 

Vihen, the magnetic field is ap},lied only to the cell 
. . I . I . 

Og let the voltage a~voloped ~re v1 and v2 noroa~ the 

two oellsGt S:lnce only the eapaot.tance in the c~ll t~8 ehtU1gt$, 

let I 2 be tll~ currffnt :t'l.owiug in the sec<mdary oi~olti t!t 

Then in tile c~1~ila:r WB"J we h.~ve 
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From oqum.tione ( 2.1:;) and ( 2. 14) 

. ' 

~hud by observing onl:r ttw V()l. tr..gos be tore a!ld. a.ftf$r appli-

cation o:t tile mngnetio fi~l<11 o.n$ can fitul tli~ect:t_y the. 

va'l.u& t)f E. j E H · 

tbough dofts not g1 ve th~ €Jb$olute v€Uue of tlw ohange ()f. die­

lectric oonste.trt: 0:£ polrar liquitl in p:reae:uce of ~ngnetio 

fie1d but it QM 'be ett!!!ily determi.nf&d f~m equtlid.Qn ( 2.15) as 

E. value ot tJUre liquia ¢an be obtained trots eny atand$1."d 

literature. On.ly t11e vol ta.ge r;ne~au.red be :fore and f.ltter e.piJli­

oatiO.tl of t1~e :magnetie fiel<l ia ~uffi>Oient for tb.e ;PUrpoae 

wh1ob is tha apeciality ot the procadu::rG that bag beEm adopted 
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here. Secondly it i.a ~fill ltno·M'i th~t t~ m~aitut'e the etntic 

dielec::tric conatant by i•tH?lOnsnoe. m0thod, it !,$ rl$quired to 
' calibrate e.ceu.rately th$ capac:t tol? of thfi seeonde;r~t tttnir:g · 

oi.rcui t. But thG ml!ltbod deao:ri'bau h(ire i·udicatE~e that the : 

·calibration or the aeoondney- tuning capae1 tpr ie not t.-t pri.uey 

factor·,. the experiment can be perfo:rn~ed at any_ convenient poai­

tion of the eeoow)ary t\ud.ng coud'(!n0t1r. 

E 
El-l 

The &PF~tua used in this exp~~1ment a~e $lmo~t the 

aam(j au tbo..t usetl in radio frequt:tl!OT conauo1liv1~y ll.lea.aur~nnant 

of dielectrlo liqu1.da except. Vo~iJ.V.h1q and E*lecrtromagnet. The 

di $l ectr1.c cella, n. F. Ol101:lla•t()r. ~JJeomlthll!'Y tuning oi rcui t, 

etabil:1.54lld por ... er f1ttpply etc-o 8.!te all dtt!~Joribed- in Section C 

Q.f this Chapter. ~he deaoription of the V .T.V .fll, and ~~ el~et­

romat.t~et nre g5. v~n below .• 

ID:l~gtr_omam~'\'. ! larso eleet:comeanet (coil <tiametar 27.5 om, 

resi$tm:u::e - 16 ohms JA&:f coil, numbe:t• of! turns - BOO p$r coil, 

difJtf:Utae e.djustable of' pol.~ p!eQ~e - 7 em,$.) baa been used 

duri:ng the expa:r1me.nt. ArJ it is cvid~nt f~om the theory that 

the e:r.teet ot r:-tagneti.o tield on the oh.oo2ge of t.U.electl:-it": 

oo~atrmt in ellllanced if th~ l:lt;rntl itS m.~.bjt1c"t~d to a ~a.graetic 

fitttld .t.~cmt all aiu.f.1s an4 in :f."a.Qt the etfeot 1$ solely dependent 
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upon th.e- e"b1.1.i tr or the appli(;ld rm!gnetio field to eompr~ss 

the lictui4 •. A simple ct~~figuration of the ma~e111o fiel.<l 

suob. an either tl:"Msve~se 01~ longi tud:inal ~fftie fielc,l. 

cannot prodttee. the de~1rf.u::l e:tfleot& tlnl.eaa the liquid is 

oompr!eoeea from all sides the effect 'rould be :negligible rut4 

hence a mpeeit.tl deaign ·eyf. th& ma~tn$tic polE! pieces lla.a been 

made in order 'to obtain rtldial tnagnetie fittld. 

Orl&illa.ll$ the poll$. pitiotrto :made o:f soft ir-'on wae 

cylindrical in nature and of d:iu:rnet(lZ" 9e3 em. From each 

· fiat f:lurfaee Q.f the oireular pol~ pisces, a portion or the 

ma.terifd -irJ out-ott :in su.oh s vm.y th~t a cy11ud:ll"iee.l cavity 

of tliatuater 2.95 em~ is fomea. if_ the pole pieces are joined 

.'toge_ther along tbe rod$ which is radially pe.r.pe.ndicul~ to the 

magr:u~'tio :l'1¢ld. During the -ex.ver1m$nt tl)Q eell o
8 

ia 1ntro­

dU4~d totally ineide tba oylindrieal a~vity and the eaP bet­

ween the two middle :point!J ot t!1e ourvatu~e is :;.o em. The 

:rer;lainin8 flat surface of' tho J;Jole piecoa W&$ covered with 

thtn miea shoet. ThitJ :psrtioul;;Ar geov.aett•y oi' tloai.gn llrodncee 

a nu~gnetio field 't!ih:ich oa·n eompreao th~ liquid from all aideEJ. 

'rhe $!!C'ti.tmal. view t>f such a Y:nagnetie fiol(l fll!l'."}IDgerftent ia 

shown ifl :tl~.u.•t~ (2.8). 'lhfli :field inmide the ca.vi ty· baf'J be~n 
' -

fll(iH\tsured by a flux metel!." .&na iflt found t() have !!l1t0d.mum vnlue 

at tho centre .of the oa.vi ty tmd ~~ually <liminisbea outward a. 

Tb$ main point ie to eomp~eaa the liquid from al1 eidea $nd 

beuoG s slignt c1@vist1Gn fran uniform .field haa. been ·tolerated. 

Thuil an ave~SS$ · vslu~ of magu"·t.ic filtld has been use£1' during 

tb~ Qalouiation~ The ~aglte~ic .field fo:r tlifferer1t currents 
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btlo be<1fl me~.£ltared by a tlausQ ·meter. Hall probe typ~, modt&l 

t~o. GR 667 supplied hy n.o.:r.L.,, Byd~re.bad. A cnl .. :t.bration 

Otll'W 43lmwn of thft ~agnatic f'ielu. agai:turt cu'.t':r.ent in the 

COil .Of tbe. ~lectromag.net 1a ehmm 1n :f1gUl"4 (2.9). keep .. 

:tng the pole :pitroes BSJ it ia after takitlg away tbe oell 

trom cyl;il'ld~icd ce.v1 ty of tb.e pole pieces. 

Cur:t"ant in amp$ro through 

tbe oo.il Qf the :m~net<t 

1 Av~~oge value ot 

' rnagn~tiQ field in Geue$. 
t 

&*41Q'""""'' .......... ,.....ur;. .. _...,.....,~ ..... ...., .-o ................................ ~--~ 

2 1500 

3 2050 

4 2550 

5 3090 

6.1 ~450 

----------------~-------------
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FIG. 2. 9. CALIBRATICIN 

IN 'AMPERE 

OF MAGNET! C FIELD. 
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