CHAPTER « II

THE EXPERIMENTAL TECRNIOUES

§
i



2,1 DETERMINATION OF AZIMUTHAL RADIO-FREQUENCY
CUNDUCTIVITY AND ITS RADIAL DISTAIBUTION
YUNCTION IN AN ARG PLABMA (AEF: CRAPTERS
IIT & IV

2.1e1 Apparatus
Are tube (Fig. Fel)
D.Co ammster {(Sett and Dey, O«5 Aups,)
High currént rheostats (Bett and Dey)
A number of eleetrie fans
An electronic multimeter with high input impedance
(Philips, ¥ET input)
A double-stage robtary vacuum pump (Basynih)
Pirvani gauge
Headls valve (Hind.Hi-Vac, precision Sype)
A radic«fraquency oscillator (Haréley type., made
in the laboratory)
Stabilized p.3, Power BSuoply (made in the laboratory)
Radlo-freguency milliammater (He&tsn; thermeeoupls
tyns, 0-120wA)
& wvarlable condenser supplemented with a Vernier

gondensear

L



Digltal Counter-timer (Systronics, Model No,701)

Absorption vave meter

An TaG.R. Eri&gé (Harcony Iustrunents)

£

o1e2 Lxperimental Arrangeuents :

In ﬁEE'péasant diagnootic atudy a new radic frequency
coll probe Sechnigue has been developed %o find the azimathal
réaie ffequéncy conduetivity and its radlal dlstribntion
function of a mereury are plasme, The are has been pfg&uce&
in an are tube made of Pyrex‘gléasAfgig. 2, 1)and also(fig.
3,3 Chapter iIZ). Pesides the two tungsten electrodes at 1is
two ends, the tube also consists of tvo tungaten probes
(imnersed upto the axils of the tube) fitted in the positive
- column region with a separation of S.ﬁ&/égg; hetwean them and
a sitall eoll uf'lengﬁh'ﬁ engs, has been wonnd arcund the tube
ﬁithin this probe-to-probe gap, This coill serveg the purposs
of radlo {regquency pover 1uﬁuctién f?ém the axﬁermally wised
Puls oseillator which has been fod from & d,e. stahilized
pover supply. hﬂaiytical guality of tripple-distilled mercury
has besn used here ﬁo'preﬁuée the wmercury are., & &anﬁlewéﬁage
rotary vacuun ?ump has been uﬁilizéﬂ to m&iﬁtaiﬂ‘thé-sysﬁe@‘a
deslired vacuum mark and a needle valve has besn used in ghe :

vacuum line to control the degree of vactum, In cage auy



guantity of nmerecory é@meﬁ up énﬁ contaminates thé pump
fluid, precautiions have bhesn taken by using several glase
traps in the vacuum liﬁa,. A Pirani Gauge was ke@tf

alwvays fitted with the systen to relay the vacuus situsiion,
The érc has been oparaté& by'a high curreﬁt {iE amps,) ﬁ.e,
generator, To control the are currant several high-current
rhevstets have been used in serles vith a d.c. ammeter
(Range: O=E4). Alradiﬁ frequengy milllammeter ranging 0w
120 nh (Thermocouple type, made by Heston Instruments, Ine,
UeBehyy Hodel Eb.sos)‘&ﬁ sories vith a Vernier condenser
kept for the purpose of tunlng, have been coanected at the
two leads of the coll wound around the arc tube, These
three elemenﬁ6~ccnnaeteﬁ.in series serve the purpose of ﬁhe

secondary sank cireult 4in the present study.

It will be seen in the next chapter that vhen r.f.
power 1s induced in the coll inslde vhich the arc is produe.
cad, the eifective reslstive impedance of the coll can be

writton s, |
2.
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vhere R, = coll resistance (ohm); 0, = value of the tuning
capaclitles (Ferad)s C = Stray capacitance (Férad) formeﬂ
between the coll and the plaama'eolumnngg = axiel plaana

resistance (ohm)s Ry = azlmuthal plasma resistance (ohm)s

8



W = angnlar frequency (radian); Ln = eddy secondary
inductance (Henry); L = Coll indnetance (Henry)s 4 =
Mutual inductance (Henry) of L and Ly. The last term
expresses the reflected resistance ian the coll tue to the

addy current {lowing through the plasna,

In case of are phengmona, the ahove expression

- raduces toy

R' = R, + wm/ &,

1,8., the azimthal conductance may be given by,

!
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Gos 4 45 and i; be the tuned radlo frequency currents
through the coll before and during the discharge respectively,

the azimuthel conductance may alternatively be written as,

| l?o d‘_ I) ° ¢
o = ( where K = 1,/1,
cu;) M2

¥rom this expression the azimutlal conductivity (6 ) simply

comes out o be,

~ %
s

g =
S w*m?

(€-1)y 1L being the length of the coil.

Thus, only knowlpg the value of ' i,e, only noting

down the two tuued radio frequency currents before and during



the discharge, it is possible to caleulate the azimuthal
conductivity of an are'plasma and the sane chgervation can

be fepeateé for diflerent discharge. currents,

It vill be revealed aftorwards that the same measure-
ment of ! will lead also to find out the radial distribu-

tion fundtion for the azimuthal conductivity of an are plasma,

2+1.3 4rc Tube Yimenslons end Cireuit Constantes

Length of the are tube = 30 onms
uter dlameter of the tube = 1,0 cus
Anode « (atholds Snmeing = 20 cmg

it

Goll length

| 6 cms/4,56 em,
Coil diameter

1.9 ens

it

(]

HWire dlameter 1 @nm
Fumber of turas In the coll = 5O

Probeeto-probe separation = 6,55 cna.

.14 ELxperimental Procedurs i

As a preparation to produce Lths mercury are in the
gless tube, firstly the tube has been thoroughly washed
with dilute chronic acld ard then with snﬁiuﬁ hydroxide
(N80H) solution., Then the tube has been washed several

times with distllled water and after that with dehydrated



pure benzene and then dried thorouvghly. A suitable
gquantity of tripple-distilled mereury has then beon poured
into the tube., The tube is then connccted to a double-
itage rotary vacuum pump, Time was allowed to pass t11l the

‘ : i -
system reaches a vacunm of the order of 10 Torr,

Now the oseillator coll ia placed near the work
coil i.,e., the coll wound eround the tube and the induced
T.{, voltage ig tuned with the variable condenger which is
supplenented by a Vernier eonﬁen&e? placed in the aecondary
airauﬁt in serles with a r.f, wmilllanmeter and the work
colls Ave is then prodvced inside the tube by following the
t1iting proceas, Alter produclng the are the relative
position of the oscillator coll and the work coll is so
adjusted that the v.f. neter veading becones mopderately
high g0 as to eghieve fthe highést gensitivity in cone nand
and %o ascertaln, on the other hand, that the meter polnter
doas not cross the scale vhen the are is extinguished, A
number of fans have been used for cooling the are to obtain
a stable cén&iﬁicm. The r.f, meter reading is then noted
as ascurately ae pasaible; This current reading is il.

AL tho game‘tiﬁe the diél ré&éiﬂg bf the varieble condenser
1.0,y the vélae of the capacitance (eay C*) is noted down,
- How without disturbing any element of the experlment, the

arc is theh_swiﬁéhe& éff‘ The meter paiﬂter again shifts



from its feoregolng position, <Th@ cirenit 1s then retufned
by the variable coudenser, The tuned ewrrent aul the value
of the caepacitance (i.e. Gg) are noted, The eurraﬁt roading
18 4o, It will be ceen aftervards that the difference

4 batween (' and Gp gives the value of the abtray capacitance,
At every stage of th@ expsrinent ﬁha voltﬂge agress tha two
probes fitteﬁ in the positive column af the are tuhe has heen
' nobad withvtha help of an elect?cnic maltineter (?bilipﬁ

FLf imput) with high input 1mpeaaneei The purpese of kaening
these voltage readiu 25 1e to compare th@ values of aztmuthal
ccndua*iviﬁy found by the pros@nu yrsc@ad with %he &Xial

conﬂuetivity values measured, uaing the relation,

0‘2’ = ]2/7\’?"2-52

where K, 1s the f1eld in the pésitive column, I, is the
dischﬁrg@ current and r s the internsl radius of the tube,
The further importance of measuring the probe.touprobﬂ '
valzagevwill be found in the chapter IV, It is worthwhile“
to mention here that extrenme precamtions.have hean taken»guch
that no element of the apparatug is @isturbed Guring each set
“of observatlaﬁ&. i very‘gacd eare has also been‘taken'&uﬁing
the vhole obaerv&tieﬁa puch that no mercury droplet could |
éppéar inside the tube in the coil region, the vreseuce of
viich ehanges the Situaﬁién guite a lot. The above ezperi.

ment is repeated several timess for a glven discherge current



and oselllator frequency. The discharge current is then
varied to some other value with the help of rheostats

- connected in series with the d.c. supply and the experis
‘ment is repeated as described above, Thus Tor aifférant
discharge curreants the ratio 2* is measured for a single
frequency, How varying the frequency of the oscillator
the whole experiment is repeated for different dlscharge

curraents,

2.1,8 H.F, Oscillator circuit apnd Calibration of ite

Gondenser Dial with Pregumnéy 3

The radlo frequency osceillator nsed here is of
Hartley type and the circult diagranm is shown in the figure
{(2°2a)., It has been designed to cover a fraguency rangé of
1,45 MC/Bec to £,16 MC/Sec, The inductance U of the tank
eircuit 1s divided into two parts Lj and Lg end thelr
common polnt is connected to the Cathode terminal of the
vacuum tube €18, The end of L is conrected to the grid
through the parallel comblnation of Rg and Cgy which
provides the grid blas volbage, The end of Ip ia connected
to the plate of the oscillator valve 6L6 through the
blocking condenéer C . ZAnother variable condanser ¢ 1is
placed in parallel wiﬁh.the in&ueténca_n, thereby naking a
complete tank clreuit, The current clroulating in the

resonant circuli passes through both portions of the Indunetance



roy

and develops a voitage for the grid excitation, The connecw
tion of the plate voltage supply is known as the Shunt foed,
The dlrect éomponent of the plate current 1s snpplieﬁ freﬁ a
stabilized pover supply, through & radio frecuency ehoke.
 The blecking capacitor C 3 uhich has 2 spall reacﬁance
-compared with the load impedance, allovs a path ta~the BeCe
component, while the d4,c. from the powér supply is prevented,
The gang condenser dlal has besn cellbrated against freguency
by the help of a digltal counter<timer (Model 701, mads by
"Sysﬁrenias“,.inéia) a8 wall as cheeclked further by an absorie

tion wavemnater,

The seéonﬁary_recaiving éifcuiﬁ, as discussed earlisr,
consists of the coll wound around the aro tube, a variable
tuning condenser (supplemented by & Vernier condenser fdr
improving the tunlng acouracy) and a radlo freguency millie
ammeter, all eoaneate&vin'seria@ {Fig. 2.2bh), Thev&iala of
both the condensers in the receilver cirenit have been
galibrated in terms of capecitance with tha help of a L;G.R.
bridga, '

The dial readinga agalnst capacitance values are

shown in figs. (2.3) and (? 4).



Tebls 2.1

- Dial calibration of the variable tuning

gondenser in the recelver ciroult ¢

Dlal reading Gépaaiﬁanaé i Disl reading { Capacitence
in &agrée in pf ! in degree in pF
o0 | 187.8 &5 98,8
08 : 183.8 80 8040
10 - 178,0 68 82,8
16 . 167.2 70 74,0
20 ._ 8,0 76 6640
) ’ Y,
% | 487 80 57.0
30 140.0 -

" | 25 . 43,0
3G 131,86 |
40 125,2 30 39,8
g0 | 10840 - 100 26,2




Di&l reading

Capacitance “ lal reading Qap&citancé

in pF . in pp
10,8 13 43,2
2 10,6 14 46,3
2 11,8 15 48,8
<! 14.3 16 £2,0
4 17.3 17 G448
& 20,0 18 .5'7.2
8 23,2 19 6040
7 26,0 ' 20 62,3
'8 29,8 3 65,5
9 52,0 ‘22 67,5
10 35.0 23 70,0
11 98,0 24 72,&

i ' “op 73,8

41,0




fable 2.3

DPlal gelibration of the condenser in the osgillator

tank clrcult against frquency'(Figava;ﬁl 2

#

Dial reading | Fraquengy Dial resding Fraguency

of the - Cin Me/s of the in Mo/S

condenaer 4 copdenser
2 146 20 2,89
4 L&o 22 2,78
6 1.60 . h ' 24 3,13
) 170 26 2,44
10 n7e ff es 5,81
12 e e 4,17
14 2.02 | e 4,83
16 2,38 24 4,9
18 2.32 a6 §.16

8.1.6 Heasurements of Inﬁuctangag_ﬁu& Mo

. Two mebthods have been used hero fto measure the value

of the coll inductaence (work coil).

tne of them 4s the



o

direct measurement by 2n LR Bridge and the other by

using the formula,

o
e, aln®

b k whare ¢ = Const,

m 0,038 48 for a aingle

1 =

layer coll.

& Tradilus of the aoll in om,

Yongth of tho coil 1n on.

oo B2
it

pumber of turns

H]

Ll
and Kk = 1is e function of &%

8781 1n this casa,

i

After ealeulating the value of L, the valus of the
mutuel inductance ¥ has been estimated assuming plesma
inductance to be a secondory with turn unity and having an
average crogsesection equal to half the inner cruss-section

of the tube (Simpson, 1960, Chapter III),

P.1.7 HMeasurement of-Radié Freguency Reslstanee (Rp) of

the Secondary Tualng Cirenlt and its Theory s

The method uaedlhera Tor deternining the radio fraeguency
resistance may be called as reactence vartation method, The
gecondary tuning clircuit consists of an inductance (the coil

wound arcund the positive column), e varlable condenser end a



radio frequency milliammeter. All the components and r.f,
meter sre connected in seriea, A Vernler condenser is |
fitted in parallel to the above condenser in order to note
the capacltance value more accurately. The secondary
‘receiving gircuit ie 1oaaély coupled to the radio fragueney
osclllator, (Hartiey type), which 1s the driving aseillatér
(Fig, 2.2). The gecondary tuning elreuit is tuned to the
degired freqﬁ@n@y of the ariving'cacillatgr hy'praper
- adjustnent of the tuning condeuser.. Th&lreaen&ﬁt éurreat
I, in the r.f;:milliammeﬁef and the valus of the eapaciﬁaﬁee
of the tuning condenser ave noted, ?hen the value‘cf the.
gapacitance in the cﬁn&ense? is ck&ngéd to some other value
Gg by fmtating its dial,; so thot fhe cuvvent (I1) 1n the r.f.
metiar becomes 1//5 tites of the resouant current I, L.e,
T0.7% ¢f Ige After that the ca@aeitané@ value of the
contenser is egeln changed té Gy by retating its dial in the
appé&iﬁa'directinn, so that the eurrent in the r.f, neler
becomas agalm equal to I, The readings for Cp and Cl-are

neﬁ@ﬂ_“:

tthen the sgecondary elreult is sharply tuned to the
degired frequﬁéay, the induced voltags in the secondary

cirenit beconmes equal 0 By

iThereﬁ'Gl‘@3 :\35 = XQ X }{a E2 L (2‘1)



where B, is the redloc freqﬁeney resistance of the eireuit,
With the circult in detuned conditicn, 1f the change in
reactance value 18 Ny, the series impedance vwill be,

(8o + J Ax) corresponding to the r,f., current Iy.

This leads to,

JRE + cax)?

I" - (22 (2.‘3) '
I, .~ TR,
2 2 2
ov _—7_9__”2_—{/_ _ ¢ >;> ot @)
It R
2 _
2 2 |
0"‘ RO - <A X) . ;2——]7 LR W ) (2,‘3:)
-0 - I

The slight chenge of reactance at the upper half and lower

half of the maximum power respaectively,

AX = <QJL - / eae (2,5)
LW Co

and : A >c = <___l__-_ — C\)L) | aee (206)
. W C,

where (O = 27 £p, fp = Tesonant frequency, Combining equee
tlons (2.8) and (2,6) ve get,

c, — C,
20 C, C

ree  (2.7)

>
A
i



¥y

Putting this value of Ax 4n equmion (2.4)

{2 Cz“‘c
e (zwc Cz)(:ﬂ- 2)

C - 7 ; -
ory RU ' ‘_Z—Cj— /__2]1____5 esa (2.8)
2 C\) CI Cz Io - ] ‘ e .

/

[ 4]
1

it

Trus knowing the values of Opy U3y I, and Iy, the radlo
frequency resistence Bg of the clreult has heen calceulated

by using the emstion (2.8).

To have a check of this walue of Rpy the d,c, rasistance
of the r.f, mater has besn measured by an LCR Bridge with an
apprehension that the resistive contribution of ths other
glementa 1a the network will aot be a slgnificant amcunt (as
thelr dimensions were negliglbly smell) and also keeplog the
fact in mind that the r,f, moter resictance does mot albter
appraciably with fraguency for the frequency range indlceted
by the manmfacturer, And in fact, 1t hes been found that the
velus of the r.f, reslstance of the whéle netvork, nesaured
by the resistance variatlon method, 1s only slightly, greater
than tha d.c. reSIBtaneé value of the meter, Thie is quite

in good agreement with our expectetions,



9.2 INVESTIGATION OF THE HEAT PLOW MRCHANISH
. AGTIVE IN THE POSITIVE COLUMH OF A LM
PRESSURE MERCURY ARC (REFs CHAPTER VI)

2.2.1 Apparabtus s | - »
Specia11y~6eaignaa'are tube; Meter bridges P,0., Box:
Hareury thermometers and all the equipmente mentloned in

section 2,1.

2.2.2 Experiwental Arrangements and Progedures

The experimental arrangements for this investigation
'remain alitost the same as dlscussed in Section 1 of this
chapter except with slight modification in the design of the
mereury arc tube (Fig,6,1 of Chapter ¥I), Though the
present tube hag some aﬁhér differences in i%tes constructional
: features from the aarliér'ane, the dimensions of the main
tube have bé@n kept unaltered so that come experimental data
from the previcus works can be used heve without error, A
glass condenser of langth 20 cms, 1 £fitted aleong - the mid.
portion of tho tube with an aim to obtaln a stable are with
n wvater eaaléﬁ'wails. The temperabure of this outflowing vater
is neasured with an Qrﬁinarg mercuryAthéfmemetér fitted with
‘the condenser, Besides this, a thin glass capsule containing

a sméll platinum wire coll has been placed at the axls of the



tube, and the two leads of the coil are kept cutside the
tube, This arrangement combined with the use of a meter -
bridge and a P,0, Box served the puprpose of & pi@tinum
reslstance thermometer which measured ths temperature at
| the axis uf.tha arc tube at different discharge conditions,
Here alseo a double.probe arrangement has been used to
measure the volbage acroes ths positive column, end one of
‘these'prohes has heen employed Lo measure the elsctron
vtemperatura faliewing the standard technlque dleeussed in

the next sectlon.

The axpgyimentai procedure is quilte straight<forward,
The platinum resistance thermometer is first calibrated and
water 4s flown through the condenger, The are is then drawn
along the ﬁube, Some time is allowed Yo pass to achieve the
thermal equlilibrinm of the platinum thermometer at the axis.
The tamparaﬁuré of the platinum thernomater reads Tho Which
- 18 the temperature at the axis. The mercury thermometer
reade the temperature € of the outflowing wétar. New due
0 finlte conduetivity of gleass this @ wiil not be the
actual temperature of the plasma at the periphery, Knowing
the thickness and conductivity of glass of the tube, the |
actaal @eripheral temperature Ty 1e ealculated, The panme
experiment is repeated fur different discharge ourrents, In

each case the rate of supply of heat ég ie czleunlated by



knowing the dlscharge current and the voltage across the
‘plasma column under study, The significance of these

measurenents will be revealed in Chapter VI,

2.2.3 Rlectiron Femnerature Heasvrement by, ap
| Blectrogtatie (Imngmulr) Probe :

The method for determination of electron temperature
by'&n electrostatic probe is based ou the prolarization of
a plasia, A meﬁai prﬁba P (Vlz, tungaten) is inserited
into the plasma (Flg. 2.6) and the current to the probe is
measured as a funcﬁiﬁn-@f_the probs pet@ntial.{vmlﬁ-ampéra
eharacteristie, Fig. 2.7), In fig. 2.6, ¢ and D are two
electrodes (ancde and eathode) of the diseharge tube in which
the gas dlscharge is excifed, P s the eleatﬁie.proha, v
and A are the voltmeter and ammeter respectively which give
the volt-aupere characterlstles, In the same figure the
gource of the veltegs applied to the probe and a potsentiic.

meber arrengemsnt to vary the volisge, 1s also shown,

‘An impeortant property of plasmas emerges clearly in
the probe method : Plagmas do noﬁ obey Ohmts law, fThé bmrwenﬁ
1s determined simply by the magnitude of the charpe whiéh &=
transported by the positive potential, The current ls found
“to appfoaeh a limiting velue, called the saturation current,
vhich is independent éf potentizl and 18 deternined by the



charge vhich is transported hy the éleetﬁmns that strike the
- surface of the prodbe in their thermal moticn. This nature
of the current of helng saturated may be seen {rom the
figure of volteampers eharacterlstic (Fig, 2,7) vhere 1 1is
the current %o the probe and V is the potential relative
to the anode, The segment M represents the saturation
current, The elactron temperature can he determined with
raspect té the‘volt-ampére'aha?acterisﬁie in the repion in
which the»prabe hga a negativ@ potential relative to the
plasma,  In thi& ragian the praba repels the elestrons and
the suriace of the probe ean bhe reached by only those
eleatrons in the Boltzmanﬁ distribution vhieh have energies
suffi&iant té gvercome the potentisl alfference V « Vg,
‘vhere V 1is the probe peotentisl and Vy is the plasma potene
tlel, |

Hence,

1l = 5‘?2 V % Const,

vhers e 41s the chavge of the aleétrnng and Ty 18 the

glactron temperature in enargy uniis.

By plottiang the ocurrent 1 as a functlon of the notene
tial V on a logarithmic seale, one obtains a straight line
over a wi&é range, of the form as shown in Fig,'z,ag The
glope of ﬁhis 1line allows one to detsrmine the electron

temperature Ta.



vt

The actual values of the electron temperaturss

found 4iu the present experiment may be seen in Chapter VI,

2,53 GENERATION oF ION-ACOUSTIC WAVE IN A GLOW
DISCHARGE PLASMA BY SONIC TRANSDUCER =
A HEY NONTMUERSIVE SONIC PROBE DIAGHOSTIC
HETHED, |

Anparatus s
A discharge tube (made of Pyrax glass

dia, 6 om,)

o
=
1
{u
i
&
.
fuit
o
B

a5

Two hollow cylindrical brass almétradgs with tungateﬁ
wive fiitings, | |

Dyl powWer supply {é -~ 2 ¥V, 100 mi) made 4n the
laboratory.

Variable agtogﬁransfarmer (0 - 260V, 2 Amos.,)
Glep-up transfovmer (23034000 ¥V, 200 wmal

Sonic transduser (i) s Londspeakar (dlas 4 cm.)
Sonie tragsduger (2} : Microvhone (dia, 4 om.)
Two stage roftary vacuum puép {Bagynsh)

m1niaﬁnre HoLeod Gauge (Vacduseops: Dasynihy 1e,001
Yorre).

Headls Valve

Double bean oscllloscops (PhillpsPH3230; 010 MHz),.



I"r

Audio oacillator, beat frequeney type (?hili?s;
ol 2308). |

Solid state a;c microvoltmeter (8ystronizi type

4113 1 Hze3 MHz) used as amplifier,

Rogow ring - multilayer coll made of copper vire

~wound arcound an "QO* type laninated iron core,
Decade condenser box.

Milllammeter and wvolitnatar,

243.2 Experimentol Arrangements s

| The schematic diegram of the experimental arrangement
i5 shown in Pig. 2.8, The glovw discharge pleswme 16 generated
in a glass tube (length 1 mete¥ approx,., dlameter & cm,) by
applylog d.c. voltage to two hollow cylindrieal hrase '
eloctrodes (C and D) {electrode separatién, 4% em, ), tha
tungaten wire £ittings of vwhich are protruding from the tube
wall, The plasme forms a column of about 0 cm, long and
6.8 am.‘in diemeter (i.o, the inuer dlameter of the tube,
slnee no radial canfiﬂemeﬂﬁ has been done by utilizing longle
tudinal magnetic field), The nsées&ary d.C. DoOVer required
for the dlscharge is obtained from a self-mode solid state
unstabilized power supply withjw;type f£ilter arrangenents,
The input of the supply has been dravm from the a,¢, liue



s

~

‘through a variable auto-transformer and a step.up transe
former (230 V/4000 V). The diseharge voltage and current

maf be varied smoothly by the use of an aubto~transformer,
The power supply ripple doss not disturdb the measurement

due to the tuning arrangements which wili bhe dlscussed

later, The necessary vacwam ls obtalned with a two stage Y
rotary wvacuum pump and the air pressure may be varied, by

adjusting a leak in the wacuum line through a needle walve,

| As the excilter of acoustic waves, wve have used an
eieetrodynamic loudspeaker (A) which has been placed within
the discharge tube at one end, such that the scoustic wave
i5 excited in the direction of the longltudinal axis of the
~ discharge, &rrangements have been made so that the gonic
wave passlag through the &iscﬁarge space might be picked up
by means of the elacﬁroaynamic mierophone (B) placed at the
other end of the tube, This provision has been nade keeping
ia viev the 1ldea (suggested by sonme authors) that the effect
of reflectlion of sonle wave at the plasma neutral gas intef-
faces on ite propagatlon characteristics might lead to a >
good diagnostic technique, But our detalled tﬁéeratical
calceulationg {Chapter VIII) has enabled us to believe that
for of&inary laboratory glov discharge. plasma, the reflection
of sonic vaves af the interfacea would produce little effect
on its propagation characteristics, Heace the electro-

dynamie pickeup device, though depicted in the figure remalns



unused for thé present aiagnustic'stu&ies. As.wili be

~ diseussed in Chapter IX, the wave mode (later Getected as
ion acoustic mode), which would propagate in the medium of
icnized particles mlght produce an interfering alternating
current of the séme freqguency, .Keeping this in viev &
Rogowaecky loop or ring {(Golovin et al, 1&58, Cooper 1963 of
Chapter I) has been constractad, The ring conslets of a
'.multiylayar'coil (8000_turn3) nade of copper wire wound
around an 'Q' type laminated iron core (average dia., 14 cm.
approx. )y the plane of which belng alwaye perpendicular to
tﬁat of each loop of the coil, The rogow ring is then
placed“araund the dlscharge tube in the fors of a girdle
such that the axes of the hoth coinclde and the ring may be
oved freely along the discharge tube, The ring thus
constructed hecomes able to picklup magnetic field, at «
given cross-gection of the posiiive eolumn,Aari&ing from any
perturbation current within the plasma, The ring in offect
serves the purpose of the secondary of a ewrrent transforner,
the primary of which being the positive column carrying

B alternating perturbation current,

_ Propsr él@cﬁromagneﬁic shielding arrangenmant has been
- made by surronnding the loudspeaker by the shielding heox G,
-thereby fthe direct spurious plek up by the Rogow ring from

.the exciter is nininized,



The inductance ¢f the Rogowaskl ring has been

utllized to form a tank circult with a decade condenser

box and the ocutput le teken across the variable condenser so
that in oue hand, the greater sensitivity of the pleke.up
‘apparatus is obtalned and on the other hand, 1t bscomes
paésible to filter out the reguirsd output from the actual
discharge nolse emitted and alas fron the 811gh$ 8,Ca rippies
in the discherge current, The output thus obtained is first
amplified th,selid,statg a.c, microvoltmeter, which has a
provision for an output terminal for independent display has
been used_;/ and then fed to an input channel of a double
heam oscllloscope ¥y the other channel of which 1s fed by the
andioesignal directly from the audiososeillator (Philips s
beat Lrequency type) which excites the electrodynamie loude
speaker, The ressons for application of the aslgnal directly
to the second chennel of the 0.,R.0. are two fold, Firstly it
sets the triggering sequence 1n&ependént of the plokeup ring
outiput thus aveiding spurious triggarimg_(which pay arise due
to the emitted discharge noises) end secondly thie siguel can
be used as the reference signal se that the phase shifts may
be obtained faithfully, ‘ 4

2.3,8 Gzperimental Methed s

Using the experimental device as desceribed above

(ig.2 )y the phase valoclty of the wave mode propagating in



the medium of the charged particles hés.beenAmeasuraﬁ. The
plck«up ring has been placed avound the discharge tube for
picking up the information of the alﬁernatigg pérturbed
signal at different positlions along the positive column of
the glow aisqhargé. The volitags induced in the riﬁg; ab
different positions along the discharge tubas, arve found
mutﬁally phase shifted because of the finite pfopagatibn 
velocity of the wave,. Th@ phage shifts are caleul&%éé by

- measuring the harizontal displacement of a peait of the
sinusoidal wave-form from ité ériginal positiaﬁe. Theae
ﬁispla#emants can easily be read from the scales of the
goseilloscope sereen, These shifts in spatial units can
easily be converted into temporal uni#s since the frequency
of thﬁ'aignél is Encwn, This polint is further dlscussed in
Chapter IX, The indnced woltage in the ring ean also be
meaaufeﬁ‘with the use of ﬁhe mnlerovolinmeter used for tha
purpose of emplificetion, but this 1s not done becanse for |
the precent study the peak to peak height in spabtiasl unibs

of thalmscillescepe sérgem served our purpoese adsguately,
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