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Apperatus utilised,

1+ Arc tube,

2+ DsCy ammeter.

%« High Current rhe@st@ts.

4y A mumber of electric fans.

5, 4n elegtronic multimeter with high input impedance.

64 A ﬁ9ublewstage rotaxry vaéuum PULp e

T Pivani gauge. |

8, Hesdle valve.

9. A radiaéxrequengy oascillator,

10,Stahilisea D.Qs Power supply.

11.Radic~fgéquancy milliammeter. -

12.4 veriable condenser snppleﬁentsﬁﬂwith.a vernier oondenser.
13,Digital counter-timer,

14 . Absorption wave meter.

15,An L.C.R. Bridge.

- 16,.keter Bridgo.

17240, Box,

18,S0lencid coils of an elegtrsmagnet(without polehpieaés),'

19,Gaussmeter.,
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getamimtim of azsimu%mal mﬁm—fmgumwf «mﬁuativﬂy and i‘sa

- Arvangements s
. In the présent dlagnostic study a new radio-Ifrequency

eoil probe vechnigue bas been doveluped to find the asimuthal
radiowfrequency conduebivity and its radisl ﬁiaﬁr&b@im function
3% o meycury are plesus. The arc bas been preoduced in an arc tube
(Fig.2.1) mode of Pyrsy zless. Desides the itwe tungeten electrodes
at its Ywe ondls, the tube zlso consfsia of tug tungeten probes
{innereed upte the sxis of the tube) stuck in the positive columm
rogion with a separation of 6.35 ome. between them and & small
- cold of Isaghh € cmo. hos besn wound eround the bedy of the tube
:’m $his probos=tosprobe zabe. This coil gorves tha purpose of
rodiow i’wqmms;,; power indueticn {rom the exftownaily used high
Lraguency feaa@_:t,:%muaae which hag been fed from & D.0, Hlabilized
powsy mpply. Sealytical qualidy of trlpple-distillsd mETOULY

hag boen weed here t0 pdvduce the DEFCULY 4rd. A é‘?’u&ﬁiﬁ’@ﬁ%&g@
wotary voowas paop has been utilised Yo matiutain the system
& dmpived vaovum muark and o neodle volwe bazo bedn used in the
1ine to esntrol the degres of vaouum. In oube any quondily
of mercury comes wp nndl contominabes the pump Pluidy
nis Weaps In

. precauntions bave been talkeon by miw sevepal &
the vecuun 1ine. A Pirani Couge was kepb aleaye £itted with
the syetom 10 rolay the voouws situstion. The aprc has bean
ogemated by a bigh eurrent U,C. voliage Gemsrator.
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FIG.21. DIAGRAM 'OF A MERCURY ARC TUBE.
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To control the ave eurrent several high current vheostats have
been used in series with a Dalle ammetor (Range:s O - 5&), A
radlo-freguensy millicopeter ranging 0 - 120 wA(Theruocouple
Typey ‘mﬁa by Veston Instrumeats, Ine.l.8.8: Hodel 10.308) in
sories with o microsondenser kept £o¥ the puvpose of tuning
havae been gounected ab the twp leads of the co4l wound around
the are tube, Thops "%5}333@3 ¢lonente @e:sm«:mﬁseé in peries serve
*m z;m potse Bf Lhe Ef?&ﬁﬁ%i&llf gireuit in the present sudy.

£% will be sess in the subsequent chapber that when
r+Ls powor i iudnesd in the soll iaside which the a¥e is
produgsd, the effecstive resistive impedanse of "*h@ pOil con be

writton as

. Lﬂﬂ%g A @ 0 ri 3

whers B - Goil resiplones {obm)s Oy = walue of the tuniog
capacitor {faved); © = Blray copecitsuce {(Farad) formed belwean
the poil sng the plosws columay Ky, = sxiel plesus yesistance
{chm)s By » spizmihel placen yosistence {ohm)y  w = cuguler
frequency {redian}s By » eddy peoondary infectanes {Henxy)s |
5w Goid induetance (Hewryls ¥ = Hobuel induebancs (Heneyl,

of I and Lys The lagt term expresces the reflegted resistance
in the eoll ém o the sﬂ&y curzent Ilowiug through the plosmo.

In case of are ﬁhwamwm, ‘Li:zw sbeove axprossion reduccs 1o,

¥ W
R = .‘Z‘. B w——
”w

Jw%
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1e8ss the szimutbal condustances ooy be given by,

1 By { B ]
4 R,y 3&2 g,@ -

Boy if i, oud ié- be the tuned vedie-frequenty surreats through
ths goil befove and during the distharge vespectively, the
aaimut

1 conduetance muy elicrnatively bs written: ub,

| M--a
Gﬁ"‘&* 3 gﬁﬁ%ﬁ@aﬂgﬁ

Trom #his expropsisn the azsimmnm oondwebivity { q ) simply

gomen sut €6 he,

i - {0 = %)y 1 belng the lengih of

the" coil.

Thug, only knowing ths walue of ¥ l ¢ only nebing dows the
two tuned vadio-fraquency eurrents before sud &m&*&g The
dipcherge, it fs possibis tu %1%‘%@ the ssimrthal
confunbivity of an are plasms and the soue Observabiscu m Loy
repented for different diseharge ourrenis. )

It will be revealad aftorwards thet tha sams \.aé*asswzmmm%
of *ea ' will lead alan %o fiud the radiad %Mwab‘x‘fﬁ&m Zxachion
for the antmetnal eandustivily of an are plasma.
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Length of the arc tube = 30 cms.
Outer diameter of the tube = 1.9 cms,
Anode - Cathpde Spacing = 20 cms,
Coil length = 6 cms.

Coil dlameter = 1.9 cms.

Wire diameter = 1 mm,

Numbef of turns in the Coil =.50

Probe to Probe Separation = 6,35 cms.

Egperimentél,?rocedures;

As a preparation to produoewthe mercury arc in
the glass tube, firstly the fube has been thoroughly washed with
diluﬁe chromic acid ang then with NaOH Solution, After these
chemical baths the tube hasg been washed severél times with
distilled water and after that with dehydrated pure benzene
and then dried thoroughly, Finishing these operations, trippie~
distilled mercury has been poured into the tube %o the desired
level, The tube is then comnected to a double-stage rotary
vacuum pump. Time was allowed to pass till the system reaches
& vacuum of the order of 1072 Torr,

' Now the oscillator Coil is placed near the
work Coil i.e.,the Coil wound around the tube aund the induced
r.f. voltage is tuned with the variable condenser which is

supplemented by a vernier condenser placed in the secondary

circuit in series with 2 v.f. milliammeter and the work coil.
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Arc_ié'then preduéed inside the tube by following the tilting
process. Obviously the meter indicator shifts from its-pravions -
position, The tuning conditien is once more checked by the
condenser, A number of fans have been used for cooling the are
~and maintain a stéady tem@erature. The r.fs meter reading is
then noted as far aocﬁrately as possible. This current reading
is—thennoted-as—Lfaraccurately as possible.This eurvent—reading
is i, Lt the same time the dial reading of the variable
condenser i.e.; the value of the capacitance (Say C )} is meted
down, Now without disturbing any element of the experiment, the
arq. is then switched off. The meter indicator agein shifis
from its foregoing position. Tﬁe'ﬁming tuning condition is again
checked by the variable condenser. The tuned current and the value
of the eapacitance(i.es, G ) are noted. This current reading is i,
It will be seen afterwards that the difference between C and G
gives the value of the siray capecitance (i.e,C). At every stage
of the'experiment the voltage across the two probes fitted in#he
‘positive column of the arc tube has been noted with the help
of an electronic multimeter with high input inmpedance. The purpose
of keeping these voltage readings is o cdmpare the value of
azimuthal conductivity found by the present process with the
axial condwetivity valuees meagured, uSiﬁg the relation,

Ly

qg_ = < S
z - r2E
%

where Ez is the field in the positive column, IZ is the
discharge current and r is the intermal radius of the tube.
The further importance of measuring the probe-to-probe voltage

will be found in the subsequent chapters.



70

It iz woprth while to mention here thet once the ave is

Plracead

- and the suvoondary clreuil tuned;

formed, the tube adzans
extrome precsntions hvae been takon such that ao elemust im
‘&ié‘mxba& ony more ill one o8t of observationg is over. A

vary good ¢nve bas been taked such that no meroury droplet

eould appear inside the tube in the coil region during the m
whole obswrvublon, Yhe presenss of which changss the @ditnation
guide a lo%. Ths ebovys auperiment le Topeated several Himes
magag;wg the discharge surrent and the frequency of the oseillator
in a fixed i"smﬁi&m._ The discherge eurcent iz then veried to |
gowe other value wilh the help of cheowtats coungected in peries
with the D.0. supply end the experiment is ropsatsd ap _
dosoried abovs. Jime fox difforent dlscheygs eurreuts the ratic
Wi is measuved for o single Lreguencys Yow varviang the fregususy
of he opeillaptor the whole ewperimeond s repenbed fop |
differont diseherge Wrmmw

Refefreiiinbor slpeuls and culideation of A% condenss
wAth freanoney. '

he radio f£roguency oscillator wsed bhewe L of Hariley

type and the olronid dlegram Lo shown in the 58g.(2.2a). It

hom been demizued to cover & vange of 1445 HO/Bec. to 5.16 MG/Gse.
The inductadse I of the tank oivoult. iz divided imte twe parte

Ty awd 3;2 and thoir comumon point fio connected to the Cathode
terminal of the vecwanm Tabe GEG. he ond of L, is connacted

o '%ﬁi@ grid through the parailel coxbloation of Rg snd €5
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FIG.2'2. RADIO FREOUENCY OSCILLATOR CIRCUIT - (a).
SECONDARY  TUNING  CIRCUIT - (b). .
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which provides the grid bias voltage. The end of L, is connected
to the plate of the vecillator velve 616 throush the blocking
gondenser '% » dnother varigbls condenser § is placed in
parallel with the m&izﬁaxw@ Iy thereby mmﬁg a acomplete tonk
cireuits The current circulating in the resouant civeuls

pasges through both portions of the inductancs and developes

a voltage for the égri& oxeitaty Lons Tha connasiion ofthe plato
voltage supply is kxmwn as the shunt faede %eﬂ dirnot qomponent
of the plate current is supplied from o sf‘e@%;lii%m power supply,
{hvouvgr o yadio fiaa*gm:my ahtkes fhe blocking capacitor J ““e
which hes a small veactenge compaved with the losd iupedonce,
allowe z path to ihe ms¢e somponond, wbile Bhe Q«Ge from the
@é&m& mmsly is prevented. The gang eendenser dlol "f.m&_ bean
galibrated agpinet fxoquesney by the haly of & digital countove
timor {Voded 7OV, mads by ‘Syssroniesd, India) sz wall ag
chooked further by on absorpiion wovensior. fha secomiery
r@a@i?mg eirculs, se discupsed earliew, consists of the 2oll
weund apound the gye tube, & veviable tuning cendenssyr (supple-

R L,
mented hy & vernier ocoadenpsy aé’- jmprevicg the fundng ancuraey)

and & radio freguency milliammekery all eommected in sericp
{Pige 2.5b)s The gials of both tha gaﬁﬁ@mw {n ithe yeeolver
“pireuit bove been calibested in terms OF capooitence by the
help of an L.0.R, bridzs., Yhe diesl yendingse egslust aapaoitance
values ape shown 4n Figs. (23, 2.4 and ; 2250

’
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Fig. 23 . CALIBRATION OF THE K VANABLE  TUNING CONDENSER
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N

iz degrae

Diel veading

Capaeltonce in |

by

Diel veading |

in degres

Uapacitance in

by

w0
& W=

W
o

19763
1838
175.0
167.2
15040
1487
49,0
1995
12852
15,0

480

96
9%

"g.ﬂ{% .

98.8
99:0
32,5
440
66.0

370
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Dial meading | Capaeitonge in % Plad roading { oapasitence in
. 1 by é b

$0n5 13 45.2
10,5 4 46,3
1448 R 43,5
4.3 1% 59,0
476% e 5649
80,6 " 18 57,2
2352 . 19 60,0
2545 . 20 ’ 53%
59,0 | 2z 6743
39,0 a3 ; TR0
2.0 " 7245
4% .0 25 T8

«§ O 0

N A B )
begiiedie d w5

i



74

Table (2.3)

Dind galibrabion of Lhe condemeor in the ogcillatoer

TR e F e g ; SIpIHets A, ST L A S B B W £ I 2

Diesd) romding of the cunfsnwer | Frogquency in HO/5

B 1245
4 1.50
6 1460
a | 170
19 179
42 1480
14 | 2,02
i6 2415
18 B0
26 2.58
5o | 2,75
24 313
a6 Bahd
28 | e
B(y &.57
35 4.5%
%4 | 4495
56 5:%6




Twe pethods bove beon uased hoere 4o meagure the walue
of <he eoii- induetanee (work ¢oil). One of them is ths direct
nmengurement by an LOR Bridge ond the other by uvsing the
Lorrmla,
' Q0% nf ’

L= w-#-w;ww . B where € = consh,.

= §,039 for a single layoer
ooil.

o = Radiue of the coil in om.

b = Iength of the coil in om.

n = Humber of turns end-E-ia
nd ks o funotion of S

= #8731 in this case.

After caloulating the m:mea of Ie, now the value of the
sutisl indueianes M has been estimated ossuning plasma
induetance to be g socondery with tuwn wilty and having an
average crosg~section egugl to helf ths jnuer crogo=gection of

the tube (ﬁimgwaan 19601,

nt of rodie frequeady resistunce of the seedndory
tunm;» a.trnmi'b and ita th@ary.

The method used here for determiaing the radio
fregquoncy resigtance may bs delled ag Teactance variabion

mebhod. The sacondory tuning ¢ircutt consists of an inductance
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{ the coil wound around the positive column), a variable
agnﬁenser and a redig-iregquendy millé%mete&@ A1l the

comzonents ond r.f. seter nre connected in sories. & vernieor
eondenser ls fitted in parnllel o ths ebove condenser in

order to note the capacitance value mors accurately. The
segondury receiving ¢iveuli im.leoaaiy evapled to the radic
fregusngy oscillator, {Hartoly type }s which is the driving
oseillator of desired froguency (Fig. 2.2a), The secondary
tuning ciroult is tuned to the desired freguency of the

driving oscillator by proper adjustment of the tuning condensev.
The resonant current Ia in the r,ﬁ;‘miigiﬁ%e%erana the value of
the cepacitens of the tuning condenger are ucted. Then the valug
of the capaciicnoe in the condenser ls chenged o some vther
value U, by rotating Lte dial, 8o that tho purrent in the refe
meter Iy becomes }32 times of the resonant ¢urrent I, l.e.,
76.7{ of L, « Affer the® the eopacitancs value of the condengdr
io agein changed %o @ by rotating its dlal in the opponite
direotion, ®o that the current in the ».f, weter becomss again
equal to I, » The readings for ¢, and @4 B¥° noted.

when the sesondary ecireuit is sharply tuned to the
depired freguency, the inducod voltage in the mecondnry
cirenit becomes eqgual 1o ;% .

Theveforas B, = I, « Ry | S 2
where K, is the rsdio freguency resistonce of the clreuit. Vith
%haiaixeuit'iu detunsd condition, if the chemge in reactance
volue 48 A X, the mevies impedence will be (R, + Jax)

corresponding to the ref. curcent I, . )
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Ihin loads to,

{2.2)

By got-&
#

oF 2 2 2

. or }:Q - 14 Ax..

2 2 Xf - |
fa 314 R—Q = AR ( W ) (”394)'
. ~O 1

The alighﬁ ehange of resctance at the upper half end lower half

of the maxinum power sre raspectively,

AX = 0 - ‘-—3-@ ‘ ‘ {25} -

wc*iz" ‘
(OF . 5
‘31
whepo © = @ @ £, » £, = vesonant fxequency, Combluing equations
(2u§) and (2-6) we gel,

Ay By (247)
' g2 w 51 @3
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Putting this value of Ax in @@%@i@ﬂ (2.4)

2
5 ‘f? - E}‘ B

E ;2
2 [ @ " -
i GE - z’?

@*2 éﬁi L
or R, = o prm—— (2.8)
° 2 wo, 0, V12~ 12 )

Thug knowing the velues of Gps Oy s Iy and X, 4 the radice
frequency resistance iy of the eivcuit hog beon mlﬁﬁlg.%&. b.g'
ueing the equation gz‘a). ‘

2o have a check of this value of B, » the dec. resistance of
the r.d. meter had been meaeursd by an LUR Deidge with an
apprehension that the resistive contribution of the other
‘plemonts in the network will not be n significent @mm%

{ o® their dimensions wore neglizibly swall) and alse keeping
the faet in ndnd thet the ref. mater vesisltonce does not alisy
with the frequency wbilised. And in fach, it has been found
that the value of tho reofs Peglstancs of the whole aetweris,
measured by the x@aﬁm@a vepiation metheds 1s only slightly
grenter than the d.e. resistance volue of be meter, whieh was
qui"w in good agreement with the ﬁypzae‘m‘ﬂiem

The experdumental arrangemeads sed here romaln

almost Same as the corller oues oxgopt with slight moldification
in the design of tho wmergury arc tubes Though the prosent tube
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hog some othar differences in its constructiional features from
the earlier one, the dimonpions of nma main tube heve been
kept same, 80 that sume ezperimental dala Lfyom tho previous
vorks can be used here without exrror. A g,é&;ats condenger of
lengln 20 omo. is fitved alomg the wideportion offthe tube with
an 2im bo paes waber avound vhe positive oolumn of the meroury
ayes Thy Yeppervature of this outflowing wabter hes beon measured
with an ondinery wmercury thermometeyr £itied with tﬁu condenser.
Besides this, o glase oapsule containing a small platinum
wire coil has been pisced &% the axis of the btube, and the two
leads of the eoil arve kept outaide the tube, Thio arrangoment
combined with the use of a meotor bridse nnd o P.0.Hox perved
the purpose of o plotinanm resistands thernoneteyr which moasured
the temperature at the sxis of the are tube at difierent dise
gharge conditions, Here als¢ a double-probe errangément hes
beazz. uped o measure the voliage acrops the positive column, and
ong of *Ehemé probes ban beenh snployed o maaﬁu,ve the glectron
tmpam*tuw following the gtonderd fechaique. l

The Wgerimutal p*m"ﬂﬁnre ig quile shmigm Lorward.
The platinun resistance therumemeber iz Lirst calibratéd and
" weder is flown through. the coudensere The are ls then dravn .
aleng the tube. Sowe vime is allowed to pass 10 achieve the
thermal equilibriun of the platinum thexmonefier &t e axiSy:
“he tomperatuve 6f ihe plabinum resds T 0 which iz fe temperature
ot the pxise The mexcury ° . . thermomeler reads the temperature
6 of the owbflowing wabtsr. How due to finite conduetivity of
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gloss this @ will net be the satual temperature of ths plasue

et the periphery. Knowing the thicknses and cooducotivity of glass
oy the tube, the actusl peripheral tomperature T - ig ﬂaieula%f{.
The same experiment is repeated for different discharge curvents,
In each case the ¥ate of supply of beat { is calenlated by
knswing che discharge curzenb smd the wulﬁage éerasa the placoe
coluzn un@er\sﬁuﬂyﬁ

Elsetron tompsrature messurcmest b

 Exobe.

an slectrostatic (Jancmuir)
She method for ﬁeﬁerminaﬁian.af'eléaﬁrnﬂ temperature
by an cleotropitatic probe iw basged on Fhe polerization of o
plabpma. 4 metal probe (vim., tungsten) iz inserted into the
plegma (?igqéwé) and the current 1o the probe is meamuredl as
a function of the probe potentisl (volteompre chavseteristic,
?iggeg?).lntﬁig.z.sg'ﬂ snd D ave Two electrodes (ancde and
cathode) of the dischsrge tube in which the gos discehrge is
oxeited, P isfthe elactric probe, ¥ and 4 are the voltmeter
and ammeter respestively whiech give the volt-ampore charactors
ié%ia&. Bolow €% the figure is the source of ihe voltage applied
to the probe and e potentiometer arrangement to vary the voliages.
An important property of placmas emerges clearly in the
orobe method: Plgomag do n@f obsy Chm's lowe The currest is
determined simply by Sho megaitude of the charge which ie
ﬁranspuwted,by’ﬁha positive potontiels The surrent is found to
approach s limiting velue, e¢alled the saturation current, which
is independent of pobentisl and is dstermined by ¥ho charge

which ie Yrensported by the alécﬁxamﬁ-%haﬁ strike the sunface
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FIG. 2°6. SCHEMATIC- EXPERIMENTAL ARRAN-
GEMENT FOR MEASURING  ELECTRON TEMPERATURE.




'FIG. 2'7 .. VOLT - AMPERE. C
LANGMUIR  PROBE. o
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of the probe in their thermal mobion, Thie nature of ths surfent .
of being saturaled may be seon frop bhe Sigure of volleampers
ahnracteristic (Fig, 2.? ) whore 4 in m’m currentd to the probe ami
v 4s tho gotenﬁial relative o the antde. The oegment L
ropresants the saturation current. The sia@tmn temperature gon
be dotermined with rospect o the volleappere characteristic in
the region in which the probé hap a negabive potential relaotive
to the plosma. In m:i;au yeglon the probe repels the clecirens and
 the surfece. of the probe can be resched by oxly those slectrons
in the Bolitzsann diptribution which hove energies sufficient

to overcome the potentinl difference V V, o ¥ 45 the @ruba
potentizl ang Va ig the placme pobendial, ﬁéﬂ@@g.

Ind = 2ey 4 Jonwt.,
N f

where e i8 the chorge of the ¢lectron and ‘“ﬁ iz the slectrem
temparvature in erergy unite,

By plotting the current i as a fusetion of the povential
v on a logowithumic senle, we obisin s straight line over @ wide
range {(Pig. 2,8), The slope of this line allows us Yo deternine
the tempersbure @e " ' '

The a@tmi&&!&u&a of thr alectven temperdure found in

the precent expsriment may be seen in Chapler VI.

Y _O0F SHE

GOHDUSTIVITY EFHAYOURS OR A EOV PRESSUNE MSAURY

-

@3{3 ?MSM& B:ES ?RVESEQEQT# QE‘S A w&zﬁ&@m‘t:& i S}Fii’;ﬁiﬁ ﬁ%:m
mamremm;ﬁ wore made for a merdury avce vlasps formed

within the pame arc tubs which wys ussd eariier Lor the
determinabtion of asimuthol radlo frequeney condustivity and
radial dlgtribution Zunation Through two tungston z::z‘riézheﬁs"
fithed in the pasiﬁve golumn ong the cail wound arcund the
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CFIG. 2'8 . VOLT - AMPERE _ CHARACTERISTIC OF A LANGMUIR
PROBE AS PLOTTED. ON A LOGARITHMIC  SCALE.

e



éolusne The only differance in the expsrimeninl arrangsient
from the previous one 1i@s in the Iact that here g Ilongituding)
magnetic Tield bas besan applied along the positive column., Fopr
thin zmi'pasa the two pole piecos of an elsotropamncet wors deken
out and the are tube was placed inside the two eolls witn its
‘axie parailel to that of the coils which were yested perallel
Yo epch other on the ‘ﬁagmé;g. the disvance of supavation beitwesn
the twe coile belug of the ovder of 15 - 20 cms. The power to |
the electiromagnst collo ves gupplied fxom & DeCs HOUPGEs & Dol

" armeter (O » 5 ampe) and mewﬁ%;am were kept commected in
series Yo note dpd vary the current in the eclpouits The olrenliry
correspgonding to the are tubsc vas same as befove. A schepatic
exparimentnl arrangsment has beon shown in Fig. é%& » Before
sterting tho exporiment the sagnetic £ield was first calibrated
with respect to diffovens ourvents (Fig. 2.10), YHow ab?ﬁﬁ#ﬁ 53
the éz:gaerm@m; 2 finll probe was placed zﬁexwﬁawuiar to the
eoil axzis al the cenive .o ab & poins pidway dbetwesn the
zmagnat colls. Sfter energising the colls thoe magnetic £ield was
meacured at Aifferent points on the off the axis by moving tho
ﬁéll probe first along the axis and then across the axis in all
directions. It wap observed that the msgnstic f£ield vemsined
foirly paralicl and was wniforsly oxtended wpho at lesed 10 cus
at the central posplon. Aftex belng apcoriained of the above faot
guring the expdriment the arg btube wae placed betwesn the
magnebic golls eowaxicily and the geomatzy of the whole
arrangemend was such that the ends of the are Hube could ba
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introduced into the bobbin holes and the positive column region
which was to be probed, occupied the space where the magnetic
fields were parallel and uniform,

Both the magnetizing current and arc current were
obtained through the same D.C generator and the currents could
bé veried by two different sets of rkeostats., The coil probe
currentsgxr Lk® were ncted, as was done previously, both with
arc current on and off conditions and_aléo in presence and in
absence of magnetic field. It is now worthwhile to describe the
sequence.of observations and ﬁeasurements.

(1) The solenoid coils were widely separated so that
the arc tube may be tilted freely to get it striked.

(2) As soon as the arc was on, the arc tube and the
solenoid coil assembly were replaced in the "proper position't,

(8) Rheostats were adjusted to maintain the degired
discharge current I in absence of magnetic field.

(4) Vagnetising current cireult was turned on and the
current wes adjusted by rheostats to its desired value 1, and
then turned off,

(5) The prohe ceoil was tuned and the r.f, current i,
(i.e. the coil probe current in arc-on condition and in absence
of magnetié field) was noted.

' (6) The probe-to-probe voltage E was also noted in
the above condition.

(7) Magnet was turned on/and it was observed that

the probe-to-probe voltage and discharge current decreased.
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(8) The above quéxﬁzi‘hiaﬂ { B% ‘IB} were noted nnd similisnecusly
the coil probe curvent iy {in presonce of maguetic f£icld) was

aleg noteds Foy lower dischargs current to avold extinection of

the nre afier sequence (7) the discherge currens Iy wes m«sdmﬁezy
adjusted to its previous value ¥ ian presence of magnoble ﬁém |
ani again 33. and 3“13 E’i"éx,“ga noted simulionsously.,

(3) Opemation (7) to (8) were wepeated for different magnetic
fields, '

(10) Both the mpgnew and the ore were turned off, |
(11) The ecoil probe was re-tuned and the tuned ourrent _ﬁ.ﬁ{i.@g’th@
coil probe current i sbsence of plasma) was noted.

The above sequonte was then repeated for different arc
currente (1). The seguenice (7) =~ (9) was performsd within & very
short period of time szo that the Ylave condition'' remained
unaliersd duriny these seguence of opsrations. It is now worth
while to elaborats the term '' are conditjon'', When the are is
turned on, it scon rowches an equilibrium mwelntsining a stesdy
current and positive column f£ield depending on the supply volisge,
the repigtence in gseriscs with the arve and the mik awbient sonditiong
tho later determines the temperaiurc sad bence the meroury vapour
pressure of the are, It 'ia evident that i€ thoe current is veried
by changing the reststanmee (R) in series witk the are, or by some
“other means,; the are temperatuye and mMeroury Yapour presoure
continue 1o change unbtil the are re-establishes 1ts new equilibrium
condition. We then say that the '! arc condition'' has changed
This gradual ehange of ' src condition?! is sccompanied by
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gradual change in the positive column electric ficla B {or the
probe-to-probe volinge B) 3 but if the probe - to- probe voltages
are meesured immedisdely after changing the ave currents it is
observed that the electric field pmetically remains constant
over a wide rsnge of curreut varlations (2«5 ampe), whoreas
the current=volisge charscteristices does not show this Sype
of flatness if the probs volitogas are measm?éﬁ in -eguilimw.
econditions,. ihis is wmaae the leter mossurements are in varying
't are condilfonst'e |

It hes been oObgerved by experience thot if the arc
current (2-5 amps) be veried {( < 3 amps) the ' arc condition'?
remaing practicslily unaltéred for at leset 15 secgonds from the
instant when the change of are curvent has taken place. Within
this period of tims tha @'rdbe»m—pmm voliage remaine constante

How with regardd to coile-probe modsurcments aleo, the
variation of the quantity ( « = 1 ) ( Chopter III) with are
currvent chows different behaviours depending on whether the
peasurenents aré mode in the game ' are conditiont! (fast
measuvrements) or in varying '' arc conditionst®' (slow mezsurements).
In the former cace it bas been found that ( & = 1 ) is propor=
tional) to the arc current *It. This sibuation correspomds to the
resulis disoussed in Chapiter IIL. In the next experiment (Chapter
IV), overy ‘time the svcé current wos changod, sufficiont timo was
allowed to pass feo ensure egullibrium, before any noasurements
(Band ( ¢ » 1) ) wore made, Thus in this case the mepsurements
wers made in varying are conditions and ag mey be seen (o - 1)
and I d4d not show the proportionality behaviour.
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In the former cnse singe B romning comstant for varletion
of are currenta and since ( @ = 1 ) is proportéional to I, the
guantity (o - 1) E‘% and hange the mnmrmﬁien parenoter
(equations 7.17 and 7.18) becemes independent of I. How 4£ ihe
pogaetic field is turuned on the arve surrzent changesi a};):a:e‘c
Lrom the intrinsic reasons for the change of are currelts
there wag exiraneons reasons also fop the prosent experiment,

In our expeximent both the are ang the mmﬁ aoil was energised
by the some power gupply. This when the magnet was turnsd on,
tha supply vollage deoreased due to the extra load and the arc
current foll and even if the magnetic confining effect is |
negligivle one camnot put -%’. = 2 * to arive at eguation (7.30)
provided one assumes bthat the constriction parameter is
indepeudent of curvemt. Of course this assumption may be made,
a8 diacusand previously, 4% tho veasurements ave made in the
same tave gonditiontt . Eerfﬁmmg the operations (6) « (9)
within very short paried of ft:izgxe enouras the validity of the
lagt assunpiion made in srriving ot eguntion (7.30).

The above discussions also indicnte that the operation
(8) mey be performed without questioning the velidity of the
assumption deporibed by the equation (7.29), provided the
ttare condition'® 4o not Aisturbed, It was found that if the
are eurcents wers in the lower side , the reduction of cuxrrent
due %o tho application of mugnetic field sometimes caused
extinction of the arc. 7o avold this, immediately after applying
the magentie field, the are ourvent was adjusted bto its

originel voiue (operation 8) when necessarys





