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SHAPZER=LL
EXPERDMENWAL SET UP

THIORY OF MEASURDUNT OF RADIO PREQUENCY CUNDUCTIVIZY,

mﬁmutht can be
WﬁﬁaMM“Mhﬁqmmmtw.
Let z, be the equivalent impedance and for parallel combina-
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whare Ry is the redio frequency recistance of the secondary tuning

eircult, as and is given hy
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‘#here I, is the rescnant curreat in the R milllamseter and 0y
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R.F. Meter

|OSCILLATOR i

(a)

{c)

{b)

Fig-2.1 Experimental method for Determination of r.f. conductivity

of polar dielectrics

(@) Circuit arrangement
(b) Equivalent circuit for the coupled section and
(e) Equivalent circuit for the portion right of r.f. meter in(b)
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Fig-2.1 Experimental method for Determination of r.f. conductivity
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of polar dielectrics

{(a) Circuit arrangement
(b) Equivalent circuit for the coupled section and
(¢} Equivalent circuit for the portion right of r.f. meter in(b)
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The method used here for deternining the radic frequency
mmmumMumm'mc.mm
dary tuning oire.it cousists of an inductauce, a variable capgacitan- :
ce and a radio frequency milliemmctere All tho- components and the
r+f, silliammeter are connocted in seriess A veraier scale is Lfitt-
ed ia parallsl to the tmng_éam«mmzo aote the positions 4‘
of the tumaing condenser precisely. The sesondary receiving otroudt -
is loosely coupled to the radic frequencay oscillator, (iartiey type),
wiich is the ariving oscillatar of desired frequency shown in figure
(2.2)s The eapty &ielectric cell is fitted in parallel to the tuning
condenser, The secondary tuning circuit ie tuaed to the desired fre=-
queacy of the driving oscillator by proper adjustment of the tuaing
condenser. The resoamat curreat I, ia the radic frequency aillia=
mmeter and the capacitance of tusing condenser sre notods Then the
capacitance of the tuning condenser is iancreased %o & ccavenient
valus Cgy 50 that the current in the ref., meter I; becomes - times
of rescnant current 1,0, 70,77 of I,. After that the tuwning conden~
sor is changed %o a value Cp 50 that the cwreat ia the rof, meter
becomes again equal to Iy« The readings for Ug and Uy sre noted,
When the tuaing circuit is sharply tuucd to desired frequency the
induced voltage in the secondary olrcoult becomes egual €5 E, There-
fore B, = IRy, whare Ry is the radio Irequency resistsace of the
cirouit. ¥hon detuned, then the change in reactance value is AX, %
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where W=2n §p

adding (2,19) and (2,20)

e
atting value of A% in equation (2,18)

s (2
8 \:‘:u C.Czj ‘I:_ I'/

, e = Bt I
The redio frequeaqy resistance { - 2656, GV T IF {2.22)

S0 knowing valuss of Ugs a;.r,uaz,s the radie fregusaqy
resistance Ry o the olrcult has been caloulated by using the aqua=

tion (3023)»

{a) RPs00cillator, (b) a scca;ndn'j tuned circult (o) R.%,
milliameter of thermocouple type. (4) atabilized D.,U. Fower Supply
(e) Thermostat (£) Diclectric cells (g) Uommunication Arcadcasting




(a)

{b)

Fig._ 2.2,( }Radic frequency osciflator. {b) Secondary tunint circuit.

~List of components.
1 =

g]"—; sf..'ﬁ.
Rg=30kn

Cs =SS0PF.

C = 0-S00PF.

Ce=0l nF.
R.F.C.= Radio frequency choke.

R.F.Meter = Radio frequency
milli ammeter.
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Receiver and a Wave meter (h) leasuring cylindor, Deakers and Weight
bottle (1) Cheniecal balance and weight box (J) Liguid purification
arrangemont (k) Zlectromagnet (1) Ustwald Viscometer (m) Travelling
mieroscopes

Refevsgillatort The radio frequency Uscillator used here is of
fiartley type and the eireult diagranm is shown in the figure (2.2).
1% has been dosigned o cover a range of 200 Ko/Sec to 9 Mo/Secs The
induotance L of the taak circuit is divided into tuo sarts Ly and Lg
and thelr common point is connected to the cathode terminal of the
vacuuwn tube GL.G, The end of Ly is connected t0 the grid shrough
the R & verallel combination which is used for sroviding the
grid bias voltase, The end of L, is connected % the plate of the
oseillator valve GL6 through the blocking condenser Uge 4 condenser
¢ is placed in parallel with the inductance L, thereby making a com=
slete tank oirouits The current cireulating in the resonant cirouit
pasgca through both portions of the inductance and developes a Vvol=
tage for the grid exoitations The comnsction of the plate voltage
supply is inown as shunt feed. The direct compoment of the plate
gwrrent 18 suppliod from a stabilised power supply, tiocough a radio
frequency choke, The blocking ocapacitor (gs which has a sumall react-
ance compared with load impedance, allows a path to the a-¢ compo=
nenty while the d-o from the power supply is prevented. ihe geng
condenser dial hee been calibrated saainst froquoncy, by the help of
s communication broadcasting receiver and also by a absorption wave=
meter. A secondary receiving olveult, cousisting of inductance; &
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variable tuning condenser and a radio frequency milliammeter in
series is loosely coupled to the Hartley vscillator's tank circult.
A veranler condenser is fitted in parallel to the tuning condenser of
secondary eire.it in order to improve the accurscy of tuning the de-
sired frequeacye. The dial of the tuuing condenser has bean calibrated
in tera of casacitance by the help of a L.Csls bridge.

The dial readings against capacitance are shown ian figure
(2.3 & t0 2.3g).

CALIBRATION OF DIAL OF THE TUNING
— CUHDENSER OF THS RECEIVER CIRCUITZ.

- Zable (2.4)
| e e [ T
0 - a8 13 368
1 - B33 i | 341
2 ‘: 519,5 326
3 | 508 = = 309
4 — o 206
5 476 18 280
7 | 448,38 . 20 202
8 { 435 : 21 239
9 | 28 226

418.5 l |’

vontdes
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Badie freqnenqy millimmmetert The radio frequency milliameter rang-
ing from 0 to 120 milli amp. i a thermo ocouple type milliammeter and
1t 1o sensitive upto 30 Mo/Secs This instrunent has been obtained
rom feston Instruments Division, Yeston Inotrumonts, Iuoe 614, Frel-
enghuysen Avenue, Hewark, lew-Jersey, 07114 Usl.ie The model Ho. is
308,

skebilized cower suoDlY!
' Ammmmmnm=mmggmum
to the osclllator.s The basic cire.dt of the stabilized vower supoly
of the degsrative type is shown in Fig. (2,4) and aotubl circ.it dia-
gran shown 1n Pige (2.8)e

The eiroult of the fige {2.4) may de ocousidered as convention=
al transforser-rectifier and £11%er (T.R.K) cireult o obtain d.o.
voltage £rom @e0s mains supplys This unstabilised voltage is givea to
mwmmﬂmozmmmmlmmmm
m)wnmummammmm&(m
ned from VR tube) and the difference mmplifier of gain G is used to
oontrel 7Ly 80 as to alford degenerative compansation for any change
in circuit mammmgmunmemmwlu
esdoc coupling is used throughout and whore this type of coupling
uﬂnhlwwmmﬂ@amwww condenacrs, o0
thnspummﬁauemwfwummmmﬂb
eudlar, for ripple voltage. Iy a si-ple analysis of the circudt 1€ can
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be shown that any change in 5L of the T.R.F voltage E (due to change
in Mains or iond) will appear across tube TL asd mcross output and
the esount of ervor voltage that will appear acrose UL is & times the
voltage aoross output. 50 the otabilisation factor of the cireult is
2. The reactance of the condenser C, at ripple freguency may be made
small mwmtam-mummuﬁn.mwgp_
the stabiliser in redifing the riple and it is not mde large for
avoiding widesirablo transient oscillation in the output voltages In
order to obtain a practically ripple free output asd sn almost per= |
feot regulation & two stage dec. anplification have boen introduced
in the oiroulte The output voltage by is always -l. mz,.

IIII

It i9 observed that under operating conditions the stabilisation fac=
muermmmmummammuu-w
usmuomtmmummwmmwn-mm
tages.

mm:wzmwxhaammxuw Wue.
smmmamammafmmmm
lated d.o. voliagZe is obtained at output of the circult whose range
is O %o 300 V and ourrent 200mA maximum.

Acxrmewummnmmmmmm
supply to get-ve bias voltage supplys The- ve blas supply is taken
fron a separate silicon rectifisr Isd8 regidated by a tube VARs The
variable~ ve bias voltage is obtained méumvwmo:-
potentioneter providing e r saximm load of Sai onlys The ripple
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be shown that any change in 5L of the T.R.F voltage & (due to change
in Maina or lond) will mppesr across tube TL aasd acrose output and
the asount of error voltage that will appear acrose 2L is 5 times the
voltage across output. 50 the stabilisation factor of the cireuit is
3. The Teactance of the condeanser C, at ripple frequency may be made
small compared with resiestacce in shunt with ite This Mﬁp
trn-muuumru@ngmuppnmnummmam_ -
avolding undesirable transient oscillation in the omwxmin ¥
order to obtala a practically ripple free output aad en almost pers
fect regulation ;ﬁo stage d.c0. anplification have been hw _
in the eircuits The outout voltage 5y is always tinos Sp o Bhe|

ztuemuﬁnmaommmmmmm
tor is of the order 5000 sad it goes down to 500 wider extreme con- ;--4
anmuomﬁumhumwnhu&ummm
tages. = = - i.
The main supply line woltage is 220 volta 50 cyolea/wec.
3ingle phase is cannseted % the prinary of the iransformer and Fegu=
lated d.0e voltage is obtained at output of the ciroult whose rengs
18 0 o 300 V and ourrent 200mA maximume -
A eircult arrangement is made along with the stabilised power
supply to get-ve bias voltage supplye. The- ve blas supply is taken
from a separate silicon rectificr Isdb regulsted by a Sube VAZe The
variable- ve bias voltage is obtained from O to 100 V by means of &
potentiometer providing @ r maximum loasd of 5mi onlys The ripple



B

voltage output is less than JaV in the +ve supply and less than

40 mV in the= ve supplys A voltmerter salibrated from 0 to 300 wolte
is connected at the output terminal to read the decs output volié.‘
The peactical cirouit diagram of the regulated power supply unit is
shown ia she figure (2.5).

" 148% of the components of Fower Supnly Uaits

1 Zesigtane
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A thermostat has been used to naiutain the temperature arcund
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the dielectric cell to be constant and also for the variation of
tenperature.

A seo-theraostat iype do LP-Z02, MIA LUTuus, Dudapest, has
been used for the above purposes shown in Fig. (2.6)
dso-thernostat is composed of the priacipal perts:
1+ Tank .

8, leatar and gsontrol thermomaters.

is Zagk: The tank is a copper vessel of about 18 litres capacity
surrounded by sn aluminium jackets The space betweon tauk and jacket
is fitted with a heat Lnsulating material,

2¢ Lid’ 1he 1id, closed the vessel and is made of clothwbase phenol
securing adequate heat insulations It is fixed with fouwr fostering
gcrews.

3¢ The pump systen is driven by a (transformer) singleo-phase Z20V
80W VOT? 102/2 motor mownted vertically, equipped with a 7Ar capa-
citor for auxiliary phase startiag. The pump ayveten may have two
funotiona to atir the thermgstatic liquid in order % secure uniform
heat distribution, aud, increase of external tenperature regulation,
to ciroulate the ther-vatatic ligquid suction, pressure and combined
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suction and pressure circulation can be obtained.

4. The test vessel; made of copper, has a set of rings to peranit

the introduction of flanged vessels of various diameters iato the
tanize feat insulation is improved by a cloth-base phenol cover above
the ring, which has two holes for introducing the connecting wires.
O« The contact theorsmometer has a fine tungesten wire reaching into

the capillary. 7hen the wire comes into oontact with the meroury
colum, 1% makes the oireuit for the couirol device to otart opera-
tinz. mmnummnmumwmmm
oraummmmummmtmm
is fizod %o & nut which moves on a fine threaded spiadle, to be adjus-
ted with the magnet drum on the upper part of the contact thernometer,

8« The cooling tube syeten ta<es care of the dissipation of super-
fluous heat. The Tate of heat dissipation can be adjwsted by regu~
lating quantity and 5;- rate of the coolant., The cooling system
mmmmmﬁ&xmmmwwmm
$ivity of adjustment and the mw of temperature.

7+« The retura pipe pernits the use of either of the pump separatelye
8. The heaters heat and keap the thermostatio liquid at constant
tenperature, The ninimum, JOWer Of the heater is 400 watte and 1200
wattas, respectively., Heat transmiseion is improved by Sholy oylindri-
cal design. _ =

2, The control tlermometer, a precisioa lunsWranent, is Jitted into
the holder provided on the 114d.



Nep -Thermostat -
Type No.LP -202.
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connection of heaters and of earthing are mumw.m :
slate covering the 1id. The electronic coairol device receives lapul=
ses from the contact thernometer aad with a meroury switch owitches |
on or off the heating meccordinglys =
: Speeial oare is taken for the operation of the thermostat with
oil, at temperatures above 100°C. In this case, whea heating the ol
for the firet time, the temperature of the oil should be kept between
1.0?& and 150#0. (The temperature varies from one oil grads to the
other) 80 as to allow 1t %0 froth outs Frothing is caused by water
contained in the o0il. The teuperature of the oil has boen kept at a
terparature lover tha: the sterting poiat at which strong frothing
has gompletsly ceasedi then the oil is continwcusly heated.

s@aet shown in Pig. (2,7) is calitrated with the
holpcrumnﬁa The Gauss meter consists of a recianguler
coil rotated alons the axis passiag through its plane by a synochro-
aous motor of 50 cyole per second. When this rotating coil is placed
perpendicular to an uniforn magnetie field, the induced @s:os Gemefs
umaahsh-eaumanmmwmmnm-nn
meter (V.T.V.i). The output induced voltage from the gauss meter for
magnetic figld strensth of one gauss is taken mnthﬂsﬂmplm
by the manufacturer. During the measuremwmts, the current through
the electromagnet is gradually increased and the corresponding o=
duced e.mfs goneratsd in the coil for wvaricus curreats 1e moted in
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100 oL iy
-

ELECTRC MAGNET.

Field Strength _ _ _
Pole Pieces (Conical) -

Coiis---;_.;-

Resistance of the coil -
TN <« = o

Total weight . _ .

Upto 22000 gauss at |IOmms gap.
Dia 3cms length 27 Scms.

These pole pieces are made from special
Annealed soft iron

Distance adjustable up to 7ems.

Dia 27 Scms Number of turns 800

per coil.

6 ohms per coil approx.

The yoke has been made from silicon

mixedcast iron.

IS0 Kgs approx.

FG. 2.7
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VeTeVei, The magnetic field for different currents has been ﬂﬁ*
ted from supplied data. A calibration curve drawn of the magnetic

fis1d4 against cwrrent in the coil of the u.ommnm
the fig. (2,8)« Amplitude of the output @+0. voltage/sauss of the

mgstgrmgplmw mm%mmummm .
ment Go.; Canbridge, Sasey Usd.A« i3 0418 NeVe/Baun8,

Salibeation of eoleotromagnot
- 3eparation botween two pole piccos = 242 ome
Iable 2.2

Current in anpere through Jbsorved V.T.V.H Hagnetic field
the Coil of the maguet reading in volts in Gauss.

08 0.2 1111

1.0 04 2282

2.0 —1 0.85 | 4695

3.0 1.16 6452

4,0 1,53 8500

BeU 1.90 10490

843 - 2.8 14500
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Zurification of Jlauldas

The purity of a liquid is a very importast factor ia the stuldy
of electrical conduction and breakdown in dislectric liquids. It is
not at all possible to obtain reproducidble results if the liquid is
of insufficient purity, and the characteristic propertics of s liquid
“are often masked by phenomens arising due to the presence of impuri=
ties. Traces of water, and other eleotrolytic impuritiocs are aatura=
mmmm«.mm#mumx%ma-
puritios, mnmmummthmmw
tion method. Ia our mamtmk.nm mmmxwo:om.-
cals, which we have obtained from reputed ths companies;
. namely, Sellerck; Fluka and British Drug House (B.D.H). The 1iguid
mmmmmwm;mmm;ummmpe
mrmsmM&bwm

The typieal Mmmmwmnm
in Plge (2.9)s The vasour from the boiling liquid passes to the upp-
er portion of the column through a number of glass bulbs closed by
glass spheres aad inter conneoted by means of side-atmes The upper
part of the columns re=ain closed by tap K uatil equilibrium is atta-
ined and vapour has reached the upper part. Zap & is thex opened
and the lower boildiang fraction is taken off, A Declman thermometer
inserted in the upper part of the column enables vasour fractions
mhmmﬁhmmyafm&;wwq;mmu
& degres, After purification the liguids have been directly intro-

. duced into the cell under vacuum Aistillation.
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It 1s observed that the values of refractive indices of the
distilled liquids agreed well with those given in standard liters-
tura.

Jemourencnt of Viscoaity!
mmamwammmaantm.ﬂ
mmn%mmmmnﬁmm
of ustwald type of Viscometer. The viscometer shown in Fige (2.10)
was placed in a thernostat (lieo-thermostas) whose teaperature was
kept constant within:0,2°C at a cortzin touperetuwres If the time of
mummmmmewmmugmmm

mﬁuﬂm:rmtlmttmnqg‘t‘ j gshem M),

and 7| are coefficient of viscosities of the experimcatel liguide
and water respectively and ¢ and © are thelr respective demsity at
the known te=perature. The value of 7 and ¢ of water were tavea from
interaational oritical table and ¢, vas measured axd the vaiue of 1)
was then obtained from the observed times of fall, using the above
expressions The neasured ccefficiant of viscosity by mtm
ment agreed well with the literature valuoss
Zislgotris celli

fwo types of dielectrie liguid ceil have been usel for nea-
suriag the radio frequancy conduotivity of organic polar liquide.

(a) PMxed inter-clectrode spaoiang types

() M:uatablé inter-clecirode spadciag type.
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(a) Brass electrode cylmdmal cell. (1) erex glass.

" (2) Circular highly poﬁsh m-m é&ctrude R&) 'rmgs:en

V_M iﬂm mft m(ﬁ.& F;ﬂmg t:m mth

3round ~ glass stop co& (Gm tube with 4round

dlass stop cock. _t_?,-) Connecting wire.
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(¥ Pyrex glass (2,3 Highly polish brass electrode. |
(4) Tungsten “wire. (5)Connecting glass tube filled with mercury,i_
(6)Ebonite rod. (7) Connecting screw. (8) Spring. (9,10)Ebo~

pite lid. T = — =
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Type (b) fyrex glass oylindrical dielectric cell is fitted
with a fixed lower elecirsde and movable upper elscwode. The lm
ﬁmmuu-mmuwmuummummg
through, Botion of & nicrometer serews Both the elecirodes are of j
dlmenmions The diameter aad thlckness of Lho electrodes are 1.5 om
ﬂsmmnmmfamm&mmwom
grode and top surface of the upper electrode is made parallel to es
other as far as practicable showa in Fig. {2.,12). She material user
for slectrodes hns been mostly brass. In order W mmezm
eay clectrochomical reacticn betwees the brsss slectrodes and
studied specially aitrobenzene, the experiments have been reses
a number of tines with the saue sample of liguld after defiaite ine
tervals of tine and in each case same rescits have been obtained, |
Brass eloctrodes heve boen used by previous workers aud more rocenth
by ‘rabhaker Rao and Sobinda Raju (1970) ia case of nitro

iashing snd Cleaning of the dielec@rie gelds

The dieloctric glass cells are throughly washed with dilw
chromic acid, and ocdre has been taken that no chenieal reaction took
place during washing the brass electrodes of glass cells. After tha$
cells are throughly washed with NaOH solution and washod several



o

times with distilled water. To remove traces of water, the washed
cells are kept inside a therostat. The dried cells are again washed

with dehydrated pure bensene and dried. Ee——
Uther glass articles such as, Beakers, pipet, W f

My in the same way as the dielectric cells —==
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