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CHAPTER -~ 1

Review of the Previous work

© A precisg»feviéw on the phenomena related to the
propoged workvis, heréﬁy; preéented below with tne cbject to
“Qorkffurthe: and ihtfcduce new lines of investigation. Work
is prgposed to be carried out along the following lines.
A&, Electrcn Collision.loss factor in Collision
dominated plasma

‘Be Theory on the radio frequency real and imaginary
currents thrcugh -a plasma

I. Measurement of radio frequency real current_ahd
imaginary current.

1I. Radio fregquency conductivity of a maénetised plasma.

C. Low frequency self excited oscillation in a plasma.

D. Cathode phenomena in an arc,

E. Diffusion and Hall voltage in a magnetised plasma.

F, Plasma Magnetisation Coefficient and Effective Arc Cross-
Section,

A, Collisioh loss in a plasma

Energy loss in a plasma may be either due to elastic’
collisions or dve to inelastic céllisiOns. Inelastic collisions
resﬁlt in vibraticnal excitationg"rotétional excitation,
recombination, capture, attachmer;t, dissociation, 1onizétion
and collisicn of the second kind (Kleins and Rosseland). In
case bf inelastic collisions electrcns lose their kinetic

energ& resulting in a deérease in the kinetic energy of plasma



and hence potential ene:3y of plasma increases.

_ This problem of tetermining the collision loss of
.'-_:e-,l'ect;rons m3y be handle¢ with the knowledge o.f electron ene,-rgy
éisti‘fibution function axd energy transfer cross-sec'ti;m. | |
Defining Arift velocity as the ratio of flow density of
elecérons to electron cmcentration, Von Engel (1965) obtained

in the steady state,

1 |
%:(-‘2-1&)/2 (1.1)

where v, and C are drif: and random velocities and K is the
collision loss factor. 7or Maxwellian electron energy distri-

bution with small values of (E/P), Compton and Langmuir (1930)

cbtained an expressicn Zor collision loss factor for electrens

as

" K= 2,66
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Thus for electron enerw much higher than molecular energy,

~ 8me
K=7%w
| 8x9x10~ 25 .5
Thus in case of Nz-, K = ' =-4 = 5,1 x 10
3x28x1.67x10 :

when the collision is ;urely elastic,

But X for N, as measursd by Demitriades (1967) for slow

4 4

electrons lies within2,: x 10~ to 4.9 x 10 . Also in case of

H2' elastic collision loss facter is found to be



=8x9 x10 zq = 7419 x 107

3x2x1.67%10"

K

 But K for H, as experimentally measured by Bekefi and Brown

(1958) for slow electrons (0.039 eV to 1.6 eV) is found to be

K= (3.5 % .5) x 107>

Thus ?ven for slowest electrons, inelastic collision losses
in molecular gases is quite appreciable. This is because the
energy required for vibrationél excitation does not exceed

0.5 eV for majority of cases of diatomic molecules.

Bashmin and Demitriev (1976) found for reduced electric
field from 20 to 60 V/cm in plasma that 10% of the electron
energyugogs»tcwexcitatidn ofﬂrofational and translational
degrées of freedom and 50% goes to excitation of vibrational

degrees of freedom.

Since collision is elastic only when electron energy
is extremely small, so the study of slow electrcns has drawn
the attention of many investigators / Bekefiand Brown (1958),
Demitriades (1967), Brood {1925), Rusch (13925), Bruche (1927)
Bamsaauver and Kollaﬁ (1929), Normand (1930), Gilardini °
(1972)_7.

Measurement was also performed for ncon~slow or fast

electrcns by Medies (1958), Bowe (1960), Afrosimov et al

- (1972), Janaca (1967), Biberman et al (1966).



Again characteristics of slow electrons (25 eV) are
highly different from that of the fast electrcns because of
-RamSauer effect /Ramsauer (1921)_7. In this range of energy,
momentum transfer cross-section shows minimavand‘maxima
éfh%xhwell (1929)_/ and thus collis;én loss factor becomes
higﬂly dependent on electron energy. Though for higher energies
theﬁe is a steady change in the collision loss factor.

Morse (1935) obtained an qxpression for fraction of energy

lost by an electrcn in one collision

AE  2Av 2m | |
: - = —_ COSQ
= v o (1 ) (1.3)

And that lost pér sec by an electron is,

16 TNQ m62 fde
M

dw = (1.4)

for électrons-lying within an energy ¢ to € +d€ . ¢ 4is the
momeptum transfer cross-section, £ is the energy distribution
function for the electrons. Thus average collision loss factor
requires the knowledge of momentum transfer cross section

/ Houston, (1928)_/. cross-section for energy transfer was

me asured by Normard (1930), Morse et al (1935f Crompton

and Sutton (1952), Townsend and Baily (1921), Bowe {13960)

aﬁd many others.

To raise the electron temperature much above the gas

|
temperature ohmic heating was employed by Shingarkina (1972).
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He measured the actual Hall parameter and thus the actual mean
free time which is a function of electron temperature. The

inelastic loss factor is evaluatedﬁfor N2 thrcugh comparison

of results with computer calculation of electron energy balance.” .

with micro wave heéting technique Gould (1954),
Gilaraini (1957), Bekéfi and Brown (1958), Phelps et al (1957)

perfo;med their investigation.

Bekefi and Brown carried their measurement, for electron
energy from 0.03 eV to 1.6 eV, and obtained an expression
2e? g%

Te= Tq + —m8M8M8——
© 9 3mKolk

(1,5)

Where E is the r.m.s. value of electric field at the centre — .
of t?e cavity and is to be replaced by 0.758E for the average
field inside the cavity. K is the collision loss factor and

is obtained by comparisbn of results.

K= (3.5 + 0.5) x J.O.3 for hydrogen.

Demetriads (1967) also cbtained with micrc wave heating
technique, the collision loss factor of electrons for gas
temperature 1700°K to 61009Kvénd electron temperature raised

to 4127°% to 7540%K and is given by

2 4T =1 '
:}fmwz ( ZAZr >< d;)' (1.6)

R =



4

4 0 4.9 x 10”4 for N,

and they obtained K from 2.9 x 10~
plasma.

' adiabatic trap method was used by Pastukhov (1974)
for the{determibation;Of collisibn ;o§s1fa¢top.#The expression ...
is obtained on the basis Of approximate solution of Fokker-

Planck equation, which is found to yield good results.

Another method of precision analysis of the spectra of
inelastic energy losses on atomic collision was adopted by
Afrosimov et al (1972) which can be used for the determination

of collision loss factor.

Bowe (1960) obtained expressions which can cover both
-elastic collision and inelastic collision for the determination

of cpllision loss factor. They analysed the expression on the

basis of the data obtained for -He,, Ne. Ar, Xr and xe.

They' used
2m
K=2(€)— (1.7)
and AE)= o eI {1.8)

Thus knowing o<, j the collision loss factor can be calculated

for :various value of energy .

A theoretical work done by Dote and Shimodé .(1980)
.desc#ibes individual loss factor for elastié'collision,
excitation, ionisation and for mean collision loss factor and
they compared the relations on the basis of published data

for Hg, Ng and Ar and was found to yield gocd results.



Sen and Jana (1978) measured the momentum transfer
collision cross-section for slow electrons in magnetic field

from'radio-frequency;conductivity mea;urements.

Be Measufemént of Real ahd'lmégihaiy’Current
through. plasma ' '
The passage of a.c.discharge current through an ionized

medium has been considered for a long time. For low frequency

and high pressure, the current density set up by an ac electric

field is given by Langavin (1905) mobility formula. The current

fremains in phase with the impressed electric field.

On the other hand, if rf voltage, not sufficient to

- c;ﬁse~b}éakddWh fai'fﬁé“gaémbé”épﬁlied, the rf current flowing -

through the gas is given by Vandar Pol (1319)

s e’n K, > . W
Jrf = m " 1ol _1_.§Z+a)2}

(1.9)
where E = E exp. (iwt) is the applied rf field and vV is the
collision frequency of electrons with neutral atoms, e

and m are charge and mass of electrons and n is the electron

densﬁty. Thus current is represented by formula involving

characteristics of electrons and a part of the current is in

phase quadrature with the ac field.



Assuming the energy distribution to be Maxwellian

Margenau (1946) obtained for current density which has two

'~ components
4e®Ean :
ircal:: T, CoS ot ‘ (1,10)
(2mmkT) 72
. e? En Sin et
l1magimnry = Thme  twmoe (1,11)

where, ireal is in phase with applied electric field.

Everhart and Brown (1949) measured the admittance in

the micro wave region by measuring the discharge current for

appliéd nf £ield of sufficient amplitude in helium which £illed - -
the cévity of a magnetron.

; Sodha (1960) obtained an expression for the current
densi£y which has two components, one in_phase'and the other
out of phase with the applied field. He has shown that for
conséant mean free path and energy loss factor and for low'
frequency, the distribition is Druyvesteyn. The ccnductivity

obtained by sodha (1960) was obviously a compléx one.

The electrical conductivity of the conducting medium
was @etermined.hy Koritz and Keck (1264) from measurement of
Joulé losses produced ?y_alternating magnetié field in a coil
surrounding the dischagge tube. In addition, there are number
of authors, who / Tanaka and Usami (1962), Gourdin (1963),

Khvashchtevaski (1962)_/ made conductor approximation for



9

plasma which means, when an ac is imposed upon a plasma, the
plasma acts just like a resistance and ac conductivity essen-

tially becomes a dc conductivity.

L ne% $2 . ©9 g o '
A gexieral. theory regarding the variation of rf conductivity
of ionized gases and its variation with pressure and magnetic
£ield has been worked out by Gilardini (1959) who derived the
expression for the conductivity of ionized gases,

e®n 1

m 5+ 10 (1.13)

Gr f =

and in presence of magnetic field he defined two conductivities,
one fo;: right-handed polarisation and other for the left-

handed polarization,

' efn 1 _
(rt. handed G, = _ ] (1.14)
polarisation) m §t+1(w= @0p)
eZn

(1.15)

1
(left handed. = ¢ = [ : l
polarization) m o+ i(@+dy )

®,

is the electron cyclotron frequency.
and conductivity in the direction of the magnetic

field, H, is given by

:
0—H=~2_- (Gt 05 ) :
(1.16)
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The éomplex conductivity is, in general, related to plasma
parameters by the following expression of Zeald and Wharton

(1965)

‘ a2 (% d - |
R - = -—--—-—" . . : 3 .
Tp +10; - 3 ,éo Wy f Stio av Lfo(w]v dv (1.17)
[o} .

V is the electron velocity and j$(v)ié the distribution
function in the steady state, ~) is the electron atom collision
frequency and @ is the angular frequency £ the applied rf.

electric field.

Thus it is evident that a plasma, mnder the action of
impressed r.f, electric field, carried re:l current, as well
as ipaginarf current through it, Francis =nd Von :Engel (1953)
have_pointed out that the cgpacitative current is much greater
thanlthe discharge current. The current flowing thrcugh the
discharge can be estimated by loading the circuit with a
resistance or a capacity which induce the same voltage drop
as the discharge. In order to measﬁre the current, it is
necessary tc discriminate one part cf the gas discharge current
£rom the capacitative current. A differertial method is,.
therefore necessary to balance out the cepacitative current
flowing across the electrodes, Erancis azd Von Engel (1353)
con;idered the total current and no ment;cn,»however, was made
about the individual part of the discharge current. In order to
reduce the capacitative current, they cozsidered the electrode

as small as possible., The capacitative current flowing across
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the electrodes was then balanced out by a bridge method. The

bridge became unbalanced when the current was allowed to flow

throﬁgh'the gas. The unbalanced component was prOportiOnai to
the ?iséhaxée chrrept;lénd_waSﬁthen amplified, rectified.and
disp@éyed on.a'CRO Séreen; The calibration of the circuit was
madegb} repiacing the gas discharge by a known impedence and

| .
then! cbserving the displacement of the trace on the CRO screen.

Penfold and Wardexr (Jr.) (1967) reviewed a number of
methqu commonly used for the measurement of rf plasma discharge
currént. A common method of current measurement is to minitor
‘the voltage across a capacitor or an inductor element. A

__capacitor tends to suppress the harmonies, while the inductance

emphésizes them. The &oitage can be determined by the use of a

|
warder (Jr) (1967) measured the current by measuring the voltage

high voltaée probe with an oscilloscope read out. Penfold and

drop ' across & specially constructed centre tapped inductor.

Clark, Earl and New {(1970) measured the gas discharge
current separating out the capacitative components by a bridge
methéd similar in principle to thatAemployed by Francis and
von éngel (1953). They alsc measured the mainﬁenance voltage
and éhase relation between the gas discﬁarge current andl
maintenance voltage from which the discharge characteristics

and éomplex impedence were obtained.
|

| The real part of the r.f. conductivity of ionised gases

such .as air and nitrogén was measured by Sen and Ghosh (1966):;
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from:the variation of r.f. conductivity with pressure it was
poss%ble to calculate the electron density, collision frequency
and électron‘temperature.~The work was extended to.rare.géses

by Sen and Gupta (1969) and in addition to elggtrqhidensity¢¢%¢
collision frequency and electron temperatﬁre; dieleétric cdnstant
and bebye shielding distance were also measured and their-

variation with pressure was also investigated.

Ghosal, Nandi and Sen (1976) measured the azimuthal
radio frequency conductivity of an arc plasma by.measuring the
reflected resistance of a primary coil would arcund a mercury
arc fube. A linear relationship between the azimuthal conducti-

vity and discharge current has been obtained. The nonlinearity

and existance of maxima observed by the previéﬁstéGZEors in the

change of band width versus axial conductivity curve have been

expléined theoretically by considering a generalised equivalent

circuit., It has been pointed out that the conductivity measure-

ment by this method is only possible where the conductivity

of the plasma is fairly high. Radio frequency conductivity of

a magnetised plasma:

(A) Rf conductivity of an ionized gas without magnetic fields
Radio frequency conductivity as Suggested by Vandarpol

(1919) is given by

| c e n ? i @ ]



distribution and Boltzman transport equation obtained

13

n is'the electrcn concentration, v is the electron atom

 collision frequency and @ is the frequency of the impressed

fielé. The above equation shows that rf conductivity is camplex
and 1ts real part tends towards maximum when & approachesQ

£TSen and Ghosh (1966);7
| Conductivity,of ionized air was measured by child (1932)

aé 1:/MC/S, Appleton and Chapman (1932) studied the rf conducti-

vity of air plasma at 1000 MC/S. Appleton and Chapman found a

- maximum in the conductivity with pressure. Similar studies were

made by Imam and Khastgir (1937) for pressure 10 to 120 cm at

wave ' length 481 cm. Margenau (1946) considering velocity

: " ne? 2 .

: =3 7/—/————= Cos ®

; T 3 VeTmkTe (2.19)

2

| o :

‘ 0 = ne A sin ot (1.20)
1 3k Te .

Dawsbn and Obexrman (1962, 1963) calculated hf conductivity of
1onized gas and Berk (1964) showed how Dawson and Oberman model
can be extended to yield kinetic descrlptlon of the electrical
prccgss, which is uniformly valid for high and low frequency |
theo?ies. Sen and Ghosh (1966) obserVed'maximag as observed

by Aﬁpleton and Chapmaﬂ. But they found the maximum conductivity
to d%crease with decrease of discharge cu;rent. The real part

of the conductivity of the ionized air and nitrogen was measured
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for various values of pressure and discharge current. The
freqﬁency of the rf current in their measurement lies within 2
to 3, MC/S. Johnson (1967) calculested the electrioal conductivity-
for é variety of assumed electron molecule collision freqdencies.'
Nagata (1966) presented a simple technique for the measurement of7~
plasma conductivity and discharge current was within 5 to 100 mA
and yaricus gas pressures were used. Experimental value of 6

were:in.good agreement with the thecretical values of 6 ,

Ghosal,.Nagoi‘énd Sen (1976 & 1978) measured azimuthal

radio frequency éohductivity and its changé with radial distance

i

for é mercury arc¢ plasma.

-—(B) Magnetlc field effects on the- rf”conductivitv -of -an

'ionized gas:
and ‘ion distribution in a plasma, the transport properties

Since the effect of magnetic field changes the electron

obviously uhdergo'certain changes with change of magnctic field.
Conductivity of ionized gases (air,"N2 and Hz)zln a magoetic
fielh was measured by Ionescu and Mihul (1932) above a pressure,:
of'lf'(Jv"3 torr. with very intense magnetic field only electron
vibration remains and maxima in conductivity with pressure

undexrgoes changes with change in magnetic field.

An improved probe method for the measurement of
elec&rical conductivity of low temperature plasma was derived
by Khozhalev and Yasin (1966). Ciampi and Talini (1967)

measured the average plasma conductivity by a rf probe for a
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cylindrical plasma.which'is assumed radially homogeneous. They
obtained tﬁe average conductivity values from 75.to 100 mho/s
with a Q facto; measureﬁenﬁ-between 0.51;0.1.5'Mﬂz. The probe
used wés éalibrated with;electrélyte (HéSO4}fsoluﬁiOn of
standard conductivity. = - | »

vFrom a study of the.compiex conductivity of Hg wapour
at micfoane frequencies Adler (1349) has shown plots of 6,
and §} with pressure or current when the other remains unaltered.
Adler found that the theoretical and experimsntal value agree
closely and § varies linearly with discharge current.

Aleksandrov and Yalsenkce (1965) studied the complex conductivity

of neon plasma by the Q-meter methoa. The frequency range used.
was 0.5 to 25 MC/S. A theory of rf conddctivity of a magnetised
plasma was proposed by Appleton and Boohariwala (1935) who

found that the real part of rf conductivity is given by

3 (@%+ co;'+c§ 2)

Uy = X |
TH i
. m (mz+w§+az)2_ 4 o2 coﬁ | (1.21)

7’

wherecobzeH/m - - - ~ - - (1.-'2.2)

A general theory of rf conductivity as a function of magnetic
field and pressure was obtained by Gilardini (1959). The

complex conductivity is given by
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2 !
m > +1iw
in absence of magnetic field and in presence of magnetic
- field he defined two conductivities, one due to right hand

- polarization and other due to left hand polarization

S e‘n 1 |

for left hand polarization and

G- - e?'n 1
RH™ [ e>+i(w+cob)] (1.25)

for right hand polarisation.

And rf conductivity in the direction of the field is given

by

. |
Ta=7 (Uut %au) (1.26)

Hence real part of the rf conductivity of a magnetised plasma

is given by
oy e*n [ ’ + 1 | aan
rH = : le
| m S (- (0 +@p)? ’
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which 'on simplification reduces to the expression obtained by
Appleton and Boohariwala. This relétion was experimentally

- studied by Gupta énd.Mandai (1967) for air and carbon dioxide
withuﬁagﬁetic fieia‘ﬁpté'éso Gauss. They found that maximum
cqﬁdu&tivity decreasesAand corresponding pressufe at which
éonéucti?ity attained thevﬁéximum value, gradually shifted

towards higher pressure with the increase of magnetic field.

Sen and Gupta (1369) measured rf conductivity with and
without magnetic f£ield for Ne, He and Ar and found to follow

the relation approximately

‘rn _ _Pmax (1.28)
e Pumaxs o e
Blackmen (1959), Wu (1965), Oberman and Shure (1963),
Nedospasov and Shipuk (1966), Schweitzir and Milchner (1967),
Green:et al (1365), Pradhan and Das Gupta (1967), Maiti and
Basu k1968), Gupta, Mandal and Sen (1368) studied rf conducti-
vity gnd its variation with pressure, current and magnetic

field.

Ram, Chandra and Sarkar (1972) studied rf conductivity
of a magnetized plasma both for transverse and longitudinal
magnetic fields. They found large variation of 6}H in case of

| )

longitudinal magnetic field while variation of 6ry in case

of transverse magnetic field was considerably small in their

experiment.
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Sen and Jana (1978) showed that

H .
— = Constant = 0 (1.29)

Pmax

' ’corréqunding to the maximum rf condnctivity»at_a pressure
Pmax; when the plasma was treated with a transverse magnétic
fielh H. They performed experiment at 2.45 MHz with Hydrogeﬁ'
and bxygen for transverse magnetic field 1150G to 1850G and

obtained excellent agreement with theory and experiment.

C. 0$cillation in a plasma, particularly in connection
with low frequency oscillation:

The oscillation in a plasma is either longitudinal

'“03ciiiation”where*no*magnettc‘fieid'comppnent"isggssocia;ed‘*—-~7—~~~~

withéthe wave generated, or “magnetohydrqdynamic“ or
‘hyd%omagnetic“ waves in which case the frequency is low and
velo%ity‘of propagation is many order less than that of light.

_ Thisflater catégory may be sub divided in two groups in which
time' varying magnetic field component is either parallel or
perp%ndicular to the static magnetic field. Though in both cases
time%varyihg magnetic field component is small compared to the
stat#c magnetic field. Hydromagnetic waves are small amplitude

plane waves,
}
The plasma oscillation was initially discovered by

i
Penning (1926) and a dgetailed theory was put forward by Langmuir
and Tonk (1929) according to which the natural frequency of

electron plasma oscillation is given by

2. 12 V.
&.:633—6—— - 8980 na° 1,30
e~ — ). e (1.30)
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where ne, e and m, are concentration, charge and mass of the

: eleotron._And the ion plasma frequency is given by

me Y,
o= Y F5)"? A

m is the mass of the ions. The oscillatjon of larger wave
lendths are similar to sound and its velocity of propagation

approaches a value giveh by

kle
mp

(1.32)

v=(~

Theffrequency 300 to 1000 MC/s agrees well with the predicted
:frequency of electron oscillation in a plasma. Another observed N
frequency of 50 to 60 MQ/S may correspond to the beam electrons,
whi%e the frequency 1.5 MC/S and below may be attributed to

+ Ve ion oscillation. Penning (1926) cbserved the radio

freéuency oscillation in a low pressure Hg vapour under same
condition as those lead to electron scattering / Langmuir

(1926)_7. The frequency of the corresponding plane wave associa-

S
ted with the electron plasma oscillation is given by

¥ De® o — (1.33)
T Mme A

wbere C is the velocity of the wave and A is the wave length.

The frequency of the ion plasma oscillation is given by

nee2 , Yo
e |

Ne €2 mpAZ (1.34)
PR
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The efficiency of power conversion to the oscillatory power
may hardly attain a value more than one percent for a well-
designed experlmental set upe. This was observed by Emeleus and

_his co-workers 1n their work (1949, 1951).

I
i

; HOwever, in this review of the previous wrrks on
osc1llatlon in a plasma, we shall’ conflne our discussion
in general to the plasma oscillations and waves whose frequency

is said to be low.

Wehner (1950) described a plasma oscillator where he
succeeded in producing an uniform parallel beam of electrcns
which reflected to and fro several times between the grid
~and-the repeller, and oscillation of 1-4000 MC/S could be
picked up at the repeller, and the frequency could be regulated
by the anode current or voltage and it was claimed by author
thatithe frequency of oscillation was stable. This is procbably

the post successful plasma oscillator of practical importance.

Gabor (1951) gave a new mathematical formalism for
oscillation in a plasma irrotational stream and showed that
if the electrons are originated outside the mageetic_field'or
if chey issued from a cathode where there was no normal compo--
" nent of magnetic field, the curl of the total or Schwarzschild -

momentum would be zero every where.
: Rohner (1955) described an experimental tube for
!

studying the plasma oscillation and discussed them in terms

of Tonk-Langmuir (1929) formula for ion oscillation.
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Konyukov (1957) worked on low frequency'oscillation
insi@eJa plasma formed of electronegative gases, where elect:qns,
pdsifive ions and nega£i§¢ ions were assumed to exiSt_as‘diff—
eren% iﬁdividual components of the’éiasma. Two puggﬁéé_bﬁllow

frequency oscillation were established~whoée freqtency;was

founa to depend on respective concentration in different ways.

Stix (1957) considered the natural mode of oscillation
of afcylindrical plasma of finite density at zero pressure in
presénce of longitudinal magnetic field. They found the lower
limit of frequency of the hydromagnetic wave td be close to the

freduenéy of ion cyclotrcn frequencye.

i 'Bernstéin'and‘Kulsrud-(1960) derived a-dispersion
relation for electrostatic osc1llation in a magnetic field
on the basis of Boltzman eqnatlon for arbitrary velocity
dlstributlon and for propagation in an arbitrary direction for
fivé specified boundary conditions. The growth rate and fre-

quencies of this oscillation are also determined and ion wave

instabilities are discussed.

Fried and Gould (1961) exploréd the properties of ion

plaéma oscillation using Vlasov's equation for Te = Ti and

it Qas found that,thére were discrete sequences of ion-plasma
oscillation but all were strongly damped, i.e., -Jﬁravhb7w 2;
O.S:and hence were likely not to be observed. The ratio

o EVR «(0 can be made zerc either by increasing T /T or by

produc1ng current through the plasma. In the later case Im.GD
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can even be made positive, The current flow required 1is smaller
the greater is the ratio T /Ti This growing wave is seen to

be an unstable oscillation.

., D'Angelo and Motley (1963) dbserved low frequency

osciﬁlatlon in an inhomogeneous plasma. These oscillation

seemg to propagate across the magnetic field with the same velocity
~as tpe pressure gradient drift. And that his oscillation shoulé
follow from the macroscopic equation of collisionless plasma

was ﬁoted by D'Angelo (1963). In addition to the experiment

of D'2Angele and Motley (1963), the experiment of Lashinsky

(1964) and Buchelnikova (1964) have established that the

exc1tation of low frequency osc1llation in a low pressure

olasma depends in an important way on effects at the boundaries
perpendicular to the magnetic field. The primary evicdence for

|
this' is the fact that oscillation ordinarily develops when

plasma is positively charged with respect to the end electrodes.

Chen (1964) studied the propagation of low frequency
electrostatic oscillation through a low density fully ionised
plas#a in a strong magnetic field B. Two sets of waves were
obtained by him. The wave either trafelsAaloog B or transverse
to B. They travel at the electron or ion diamagnetic drift

f velocities; Chen (1965) showed that when there is an electron
sheath at the ends, the drift oscillation is short circuited
‘and Fhe instability leading to oscillation cannot develop. But
an ioq sheath in contrast particularly insulates the plasma

. from the connecting end plates and permits the growth of
oscillation with wave lengths appreciably longer than the

system.
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In this connection one must mention that Langmuir and
Motﬁ-smith (1924) divided the discharge space into “sheaths"®

éndi“plasmas“.'The sheath is a thin layer of charge surrounding

'_f~£h§§é1ectrodes or probes or wall with strong gradient of

electrostatic potential,

éA Vladiminov (1965) showed that the acceleration of ions
~4in éheir escape to the ends may also lead to the excitation
of low frequency oscillation which is said to be longitudinal

ambipolar sound by the author.

Tanaka (1966, 1969), Kato et al (1967), Shut'ko (1968),
Noon et al (1970), Tauth et al (1970), Duncan (1970),Krolikowsky

(1969), .Basannikov (1979), Agashi (1983), Penkratov (1971)

and many others have investigatednilow frequency oscillations

in ﬁlasmas under different conditions.

Rosa et al (1969) investigated low frequency uniform
oscillation of the positive column of a low pressure arc.
Theéoscillation is found not to be determined by the discharge
circﬁit impedence and are not generated at either the cathode
or.the anode tegion. Both the electron density and electron
température were found to be coherently oscillating. This
phenf_omenon was i_n;t,észreted as the ion-accoustic resonance

mode of the plasma column oscillation.

Pasechnik and P0povi¢h (1970) showed that the condition

|
!
of oscillation and the frequency of oscillation is critically

dependent on the potential difference between the plasma and
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the end of the electrodes. They studied the excitation of low
frequency oscillation in a bounded plasma under controlled
zvarration of conditions at the ends and cbtained an expre551on

. for;frequency

:'» §= p ./ _2e bY | (1.35)
| TL M

where p is the mocde of longitudinal socillation, L is the

leng%h of the discharge, M is the mass of an ion, e is the
charbe of an ion and AU is . the ambipolar diffusion potential
betwéenrthe end plates and plasma column. The intensity of
osc1llation increases rapldly as the potentlal U of the end plates
w1th respect to the plasma is decreased gelow -10 volts. The 7
freqpency of oscillation is about 10 to 20 KHz. The oscillation
does;not occur below 10-2 torr. The oscillation is found to be

practically independent of magnetic field, gas pressure and

plasha density but is strongly dependent on U.

'~ Gabovich et al (1973) studied the excitation of ion
.Langﬁuir oscillation by a fast ion beam and typical spectra
by excited oscillation is shown in good agreement with the
theoretical prediction. It was also found that the oscillation
growth rate decreased with increasing magnetic field. Thus
incréase of magnetic field lead to the reduction of amplitude
of oScillation'and hence suppression of insyabilitiesAleading

to oscillation. The oscillation propagated nearly right angle

to the beam,
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. Zver .eva et al (1977) investigated the radial distri-
bution of intensity of the spontaneous low frequency oscillation

4 5

and noise in the frequen¢y range of 10° to 2 x 10

Hz in a
meréury vapour discharge under a pressure_betwgen 0.18:;0‘7
1.2 'torr. The conformity of the axial and radial distribution,
of %he intensity was shown. The velocity of ion—SQﬁha wave
(1.7 x 105 cm/sec) and lower bound frequency (21 KHz) were-
caléulated using the results of measurement of the radial
distribution of intensity and phase. A comparison with theory
was Egiven and the resonance character of the radial modes of
oscillation excited by the electron stream was pointed out.

In case of a discharge tube operating in its negative
resiétanCé region of its VI characteristic$L the negative --
gloﬁ~as pointed out by Sandﬁloviciu (1968) is a source of self
excited oscillation. The frequency of oscillation may be
repéesented with L,R,C where'L is the discharge inductance, R
is Qhe resistance between anode and the wall of the negative
gloﬁ region and C is the capacitance of this region including
the ;wall with respect to the surroundings. The LRC of the
cirduit representiﬁg>oscillat10n in a discharge tube differ
witﬁ LRC in an ordinary circuit. Because in case of ordinary
ciréuit LRC is independent of current flowing through—the
cirduit but in case of discharge tube LRC and hence the frequency
of gscillation is strongly dependent on discharge current
/Sandulovicin (1971)_7.

Mitra (1975) explained the 1n¢rease in frequeﬁcf of

oscillation with decrease in discharge current on the basis of

an inequality obtained by him by applying the observation of
Sanduloviciu (13968, 1969, 1971).
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D. Cathode phenomena in an arc

) in spite of extensive research the cathode ‘phenomena
in an arc is poorly understooc because -of formidable complexi-
ties: prevalling in this reglon. ‘I‘he most useful factor to know

l

regardmg the cathode of an arc is the mechanism underlying

the emission of current from the cathcde.

The expression for thermal current density first

obtained by Richardson (1912) and latter modified by Dushman

(1923, 1930) is represented as

Jo = ATC2 e~P/Tc | (1.36)

where j_ is the current density, 'fc is the surface temperature

and z:\, b are constants.

But this equaticn, in general, cax;mot _cope ,with the
requlrement of current density in an arc. This is particularly
true: for all low melting point cathode materials operating -
in the vapour mode. But in case of refractory materials like
C, w,f rare earth metals, the current dansity experimentally
measﬁred by Froom (1948, 1949), Somerville {(1952), Voﬁ Engel
(1965}) was found to be in reasonable agreement with the value
of cﬁrrent density calculated -from Richardson-Dushman:equatiOn
with-fcathode temperature not more than the 'boilding point of

BN |
the cathode material.
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f Seeliger and Schmick (1927), Cobine and Gallegher f1948),
Wroe (1958), Newman (1936), Ruthstein (1948), Arnold and Vvon
Engel (1961), Holmes (1976} found that the Lransitlon of
thermionic.arc mode of the-xefractory metals to vapour mode
take; place when pressﬁrelis brought down below a criticéir
pres%ure at a constant current; they also observed that when'A
‘currént>is raised above a critical current for a particular
valué of presssutre similar transition is observed, Though no
such' transition was ever obsérved in case of low melting point
vapoﬁr mode dathodes, for any pressure and current. The current
dehsity on the cathode of a vapour mode arc was found to be
of tﬁe-order oflOGA/cm2 and hence too high to be explained
on- tﬁé basis of “theérmionic emission. Richardson equation was -

modified~by Schottky (1923) on the assumption of electrostatic

image force on the cathode, thus
1

2 E1/2
|

o= AT ¢P/Te exp.[
kTcV4mey

(1.37)

whér? Jc and T, have ;he'same significance as before, and e,
E an§ €, are respectively electronic charge,electric field
and be:mittivity of the emitting space.

| ‘Jones and Nicholas (1961) experimentally studied this
rela#ion for field ranging from 103VVCm to 106V/cm for two
temperatures 197°K and 298°K and found the relation to hold
goodfonly for high field in termms ©of the nature of curve

expected from the equation. And out of the three unknown
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consiants, vide, emitting area, work function and field
intehsification factor, if any two correSpbnd to any set of
realﬁétic values, the third one is,&efiﬁitely unrealistic. So
such facts faisé’ser;ous:quesﬁions::egardinggthe applicability
Aof.éhermionic §mission'theory to the cathode of an arc. It

is t%ue, the energy.releaSed by the +§e ions maintains the
higﬁ temperature of the cathode. If these iéns come from +Ve
coluﬁn, the ions must land on g large area of the cathode
reducing current density on the cathode to a low value. So

it is usually presumed that the +Ve ions are produced in the
catﬁode fall region. In this case, high electron current
density relative tc the +Ve ion current density:will.be required
to #roduce sufficient +Ve ions essential f§;“haintéining the
higﬂ temperature of the cathode / Cobine (1958)_/. and due to
higﬁ velocity of electrons, there will be only +Ve space charge
in the cathode fall region. The fraction of ~ = +Ve ion current
to‘ﬁhe éathode may be obtained from the work of Shih and
Pfe&der (1970). From the energy balance at the cathode fall
spaée including heat lost by radiation, conduction and convec~

tion, they obtained

i? P,

|

(1.38)
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where i, and i are the ion current and total current density.
q%,fVé, Vie Tpe € and k are respectively the work function,
cathode fall, ionisaﬁion potential, ion temperature, ionic

charge and Boltzman constant.

This gives an ion current density at the catho&gvof’an arc
ranQing from 15 to 50% of the total current density. COmptoh
froﬁ_heat balance at the cathode of an arc obtained.

ip . Pe

ic Vot V3-8

(1. 39)

Von:Engel and steenbeck estimated for a carbon arc in air;
taka.ng Vo= Vy = 15.8 Vol’c and gfé = 4.5 eV and obtained[ip/ﬁeﬂp)]
1/7. Thus ion current was 15% of the total current. Also
Daalder.(1978) found ion current fraction at the cathode of an

arc to be within 10 to 20%.
v :

In a refined model Lee and Greenwood (1963) and Lee
et al. (1964) were able to calculate the fraction of ion current
over the entire thickness of the cathode fall space and cathode
transition space and found for a 200A carbon arc that this
fraction varies from 15% at the cathode surface to zero at.

thé colum end.

This increase in the ion current density tcwards the
caﬁhode of an arc is consistant with the formation of net +Ve
spéce charge fcrming the cathode sheath close to the cathode

surface. The existence of +Ve space charge close to the cathode
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surface can produce an electric field /Malter (1936) 7 strong
enough 'to produce enhanced current emission from the cathode.
;?Due tofhigh velocity of electrons than that of the ions, only
:+Ve spéee charge zrhsu and Pfender (1983)_7 ﬁej be considered
;>in the cathode fall region and the space charge equation of
Child (1911) gives '
3/2

. 1 2e V¢ .
_ : : (1.40)
Ip=—g7 mp dz2

where j_, e, mp. Vo and dc are respectively the ion current

: density, ionic charge, ionic mass, cathode fall voltage and

- -span og»fhe cathode fall space.

f Von Engel and Steenbeck (1934) obtained the expression
for field E, at the cathode from the space charge equation

and is given by,

- . 2/3
c~ Biale (1.42)
3 \/ ze/mp < _ 4
which give E_ = 2% [/ Cobine (1958) 7 (1.42)
| c 3dg |

de for low 1ntehsity arcs, V, is of the order of
ionizétion potential and 4, is of the order of a mean free

path near the cathode. So the field at the cathode for a

| :
nitrogen arc between refractory electrode is of the order

of 3.5 x 105V/bm and may be of the order of IOGV/Cm fer
Cu-arc where dense cathode wvapour may reduce the mean free

path resulting in increase in the field.

)
i
I
|
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The hich field at the cathode led many investigators
to favour the theory of field emission and investigation wés
done. by Compton (1923), Langmuir (1923), Dyke and Trolesd
;f(i9$35,lnoucet (1960), Von Engel and Steenbeck (1234),
| Baué:~ﬁ1961, 1966), Rakhovskii (1965), Guozdetskii (1970),

Porotnikov et al (1976), Litvinov (1982).

Another expression for electric field Ec at the
cathode is obtained by Mackeown (1929) in which the effect
of both +Ve ion current density and electrcn current density

at the cathode is concidered , where

2z 5.V T Y2 -
EZ = 157x10%y. "2 [J’p(1845Wp) e ] (1.43)
where Jgr 3, amd W, are respectively the electronic

current density, ionic current density and ionic mass.

Now taking Vé to be 10 volts for low intensity arcs,
Jé + jp = 400 amp/bmz, the equation gives,
' 5 .
E.> 5 x 107v/cm for jp = 0,05 je
: 6 - .
and Ec> 1,3 x 10°v/cm for jp = 0.30 Je .
Thus it appears that such fields-may lead to field emission.
| Fowler-Nordheim's (1928) theory of field emission, which
was later modified by Murphy and Good (1956) was applied to

!

the emission from an arc cathode,

Ve
€ TkT/4 axiabY2
1242 F : 6-8X106 _
I.= 385X10 " SE . el £ 8%10P |
¢ | O (e P)pY2 sin(mkl/d) = {' Eo. J(1.44)
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I, iséthe cathode current, S is the emitting area and Ec is

the f£ield at the cathode. The equation may be written as

S wk1/d

j(T)= J~(0) - itv“: JC(O)K (1.45)
e YC an(WkT/d) - !
oo | Jc (T4) _ X, = Le(Ty) | (1.46)
E '.jc (TZ) ' KTZ .IC (‘IZ) |

Jones and Nicholas (1961) dbtained experimental verification
of this relation, though absolute value of emission current

-6 -7

is of the order of 10™° to 10

amp/cm2 which is far lower
than %he actual current density on the cathoce of any arc.
_Since. lbgarithmic of field current is experimentally a
decr;a31ng function of the reciprocal of the field strength,
the field current increases extremely as the field strength
is 1nc:eased beyond the minimum £ield required to produce
the ﬁirst perceptible current / Eyring et al (1928)_ /. The
presénce'of low work function impurity would greatly increase
the current density in the local region of the cathode. any
poinﬁ of increased emission will result in increase in the
field strength at the cathode and henée further increase in
currént and hence a cumulative process will set in. And such
impuéities are believed to be necessary for the cold"?athode
tunggten'arc observed by Newman (1932), In the experiment
of EQring et al (1928), Chamber (1934) and Beams (1933)

measurable emission begins at fields of the order of 105v/cm

for pure surfaces and 105V7bm for impure surfaces.
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If current density from an arc cathode is plotted
against pressure for constant discharge current as done by
seeliger and schmick (1927), thereéis a sudden ihcreaSe in
currébt'density with ‘lowering of pressure at about 10 cm of~HQE;: ,
for aépure carbon arc in air. The transition is believed by ;'
the aﬁthor to Be due to change of thermionic mode to vapouf :
mode of emission. Similar transition is also observed by
Beckmén and Somermeyer (1936) and Cobine et al (1939) under
conti#uous arcing condition. The transition observed by
Seeliéer and Schmick and others for pure carbon and tungsten
in air is a sudden transition of wondering arc spot to fixed
aarc.spot, with the rise of pressure, showing also a sudden

rise ?n arc burning voltage with the transition::while
wonde%ing cathode spot is an inevitable criteria of field type
cold iow beciling point cathodes only. Also during lowering

of préssure at the point of transition from thermionic to
vapou‘r'Spot on the cathode, arc spots contradt and start
moviné violently and arc burning voltage drops with the
appeafance of vapour mode anq;the whole proceSs is reversed on
reversing the mode of change of pressure, which indicates

.. that the whole nature of‘change is reveisible. The transition
pressure is lowered for higher discharge cufrent. Moreover

it waé found by Arnold and vVon Engel (1961) ﬁhat the transition
pressure depends on electrode separation.. The appearance of

luminious intensity, violent motion of the spot, low arc burning

voltage for carbon in air corresponds in every way to the spot



j? 34
on c0pper. Also it was noticed by Arncld and; Von Engel (1961)
that the wall of the arc container which remains clear during:
thermionic arc mode starts becoming black onétransition to
Avapbur mode, indicating absence and presenceéof carbon vapour
in the thern.nion'ic mode and vapour mode respéetively. The lower
arc drop in the vapour mode suggests that smaller energy is
consumed in the vapour mode spot than in the thexmionic mode

Spoto .

The excitation theory of arcs with evaporating low
boiling point cathodes assumes the emission of electrons
from the excited vapour atoms evaporated from the cathode

of an arc / Von Engel and Robson (1957)_7;

Also the work ¢f Kimblin (1971) is worth mentioning
whe?e he found, assuming single ionization, 55% of the vapour

lea&ing the cathode fall space went through ionization.

Beilis (1988), Mentel (1977) and Blackburn (1978)
also cbserved the effect of vapourization on the mechanism

of emission in an arc.

From the theory of stepwise abletion Von Engel and
Arnold (1960) found the excited vapour atoms to vapourise
cathode material by transferring their energy to the individual
ato@s rather than heating the lattice as a w%ole. Thus in this

condition simultanecus emission of electrons and vapour are
possSible without a high lattice temperature.! since the area
of & spot is small, this is possible that the true heat influx

to the lattice is small and hence lattice at;ains only a
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moderate temperature / Somerville (1952)_/ and most of the
energy is spent against emission of vapour and electron. To_
maihtain»the téﬁperature Qf_the OVerail‘ca;hpde; the kinetic
energy- is brought by the;ba@k séattered[éﬁd'féétLpeutralgatoms
resulting from the cha:gémtransfer-and.thus the temperature

of the overall cathode is maintained.

Leycuras (1975), instead of considering emission of
eléctrons from metal surface to vacuum, assumes the electrons
to be emitted from metal surface to a dense wvapour space which
is usually formed around a vapour spot and finds that the
work function is greatly lowered. Hence, as soon as, current
~dens;ty in- the needles. grown on the cathode surface érhlpert
-(1967), Jomaschke and Alper (1967_7and Mitterauer et al
(1973)_7 exceeds a critical value, heatAgenerated becomes
sufficient to raise the temperature of the needles above the
boliling point of the cathode material and dense vapour is
formed around fhe needles. And thus due to reduction of work
funciion in presence of vapour, there is a tremendous increase
in current density, leycuras also obtained ;he vapour density
in case of Hg and other eight metals, the results show consis-

tency with the experiment madg by Kimblin (1973).

It has also been observed by Seeliger and Smick (1927)
that carbon arc in argon and neon has highly mobile cathode
spot over a wide range of pressure. Thus neon and argon
apparently support vapour mode with carbon electrodes while

the same in molecular gases like nitrogen and air supports
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botb vapour mode and thermicnic mode depending on the
pressure, discharge current and cathode geometry and electrode
separation. '

| It has also been' observed by VonTﬁngél-ana,Arnold
th%t during thermionic»eﬁissibn, ﬁhe céthode éépgars dull
red while it becomes black as soon as stationery spot ;s

trénsformed to vapour spot.

In case of addition of impurity gas to a carbon arc
operating in the vapour mode, either the arc extinguishes or
is ‘transformed to a thermionic arc. In case of addition of
nitrogen as impurity, this conversion is due to quenching

~ of texcited-carbon atog}(c*}-by nitrogen»moecqleMZFVonfEngei_u_“m
éné Arnold (1961) and Holmes (1976)_/. Holmes found that the
tr%nsition from thermionic to vapour arc is initiated by
exéessive particle loss from the arc spot, whereas the
reverse transition to the thermionic arc is caused by thé

, ’ *
nitrogen molecule quencing of excited carbon C atoms.

' The way in which C*'is quenched by N, is described
by Arnold and Von Engel (1361). The energy‘level diagrém of
Nzishows that the first triplet state is about 6.2 eV
/ Hertzberg (1953)_7 above ground state giving risé to Vegard-
Kaplan bands, while C* has about 6,5 eV excitation (resonénce)
en%:gy. Thus the triplet levels are very close for the C*
to. loose its excitation energy to a N, molecule / Mitchell

and Zemansky (1934)_7. Hence quenching cross~-section in this

case is very high because of nearness of complete energy
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i x
resonance. But C cannot be quenched by N, atoms whose lowest

resonance level is about 16.5 eV / Von Engel and Arnold (1962)_/°
Another fact obtained by Zhu and Von Engel (1981) is

thétjﬁhé qathode'fall of Cu im: air is the same as that in
éféénir;hdicating that the Cu—fapour atmosphere arcund .
catﬁodé"Sﬁdt is the dominant medium. Though thexmionic mode
cathode fall sharply depends on the working fluid in the
arc container. The éas condition, however, has an important
rcle towards the nature of cathode surface due to adsorbed
' gases which can éxist as an impurity on the cathode surface
resulting in decrease in work function as is done by the
preéence of oxygen Zfbﬁits et al (1938), Cobine (1938), Doan

T i_..‘_et""él‘"'(‘1932)_2"a3' an "adsorbed gas on the cathoce-surface... .- .

, Due to continuous arcing such adsorbed gases are

i
graéually removed with increase in work function of the
catﬁode surface, This explains why duration of field phase
‘is éradually reduced when the arc operates ét a current close
to the critical transition current and transforms the arc
to éfthermionic arc after certain time of operation / Beckmen
et al (1936) and Cobine et al (1939)_7. So at the on set of
thefmionic emission, cathéde consumption will rise and hence -
thefe shoulcé be a riée in arc burning voltage., Cwing to
low:current density'obtained from Fowler-Nordheim theory and
itsgpérticular failure to cold cathoce emission, Rieder (1967)
obtained an éxpression for £field emission cathode current

density from cold cathodes, which is valid for low cathode

temperature and high field.>’107v/bm
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'v E 6-83 X10 (e¢ )3/2 3 ?9E 5) |

C - O’ C C

. ex I x10 ]

Je —4 ]_%544 » p E. f( ed, (1.47)

'where JC’ EC' QE etc have same significance as before,

| From the relation of Mackeown (1929) and Rieder (1967),
it follows that the field emission is possible only when
jcj;107v/bm2, even if unrealistically low work function is

assumed,

A modification of field emission theory was suggested
by Druyvesteyn (1936) on the basis of observation of
Guntherschulze and Frick (1933), where they presumed the
fiéid;to beﬁproducedfin~an extremely thin layer of -high = _ _
res#stance material with +Ve ions on the outer surface.

Sucﬁ layers may be due to oxide coating. Rambérg (1932)

fougd that the cathodes of Ca, C, W, Mg are thermionic in

nature and that of Cu, Ag, Auvand Hg are field emission type.

But cathOdes of Pt, sSn, Pb, Ni, Zn, Al, Fe, Cd lie truly in
neither of the above grcups and for metals with high boiling
~point‘.in this'gréup may combine the effect of thermionic and
field emission and such emission is commonly known as TF~emission

Z-Lee (1857), lee (1958), lee (1959), Ecker (1961), Bauer (1966)

and Hantzsche (1982);7

‘Finally another work must be mentioned; Thomson
and Loebs believe that the current of all arcs arises due to
thermionic emission for which they'pfesented the following
arguments. If the cufrent density at the cathode of an Cu arc

is taken to be 3000 amp/'cm2 and 3.33% of this is carried by
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+Ve ions, the +Ve ion cufrent entering per square cm pf
cathéde will De 100,amp/¢m2. If the cafhoée fall is of the .
orde£ 20 volt, which is usuallf‘the qrder‘ofﬁéathode félliqg;f:
an aéc éfSen et al (1988);7; the power éonéumed“per sq; cm'>‘
on t%e_cathode surface will be 2000 jul; or 480 cal/sec. If
the épecific heat of Cu is taken to be 0,10, 1 §mrof~Cu will
undefgo a rise of temperature of 4800°C in one sec. If the
heatfflow is low and such'high temperature can exist onvthe
cathode surface, the temperature of a layer of 500 atoms

5 cm) and-1 sq. cm area should undergo a

thicﬁness (sbout 10~
rise:of temperature of 4000°C in only 7.5 x 10™° sec. So even
*%}cmfa ldﬁ*boilipg point metal suiface, the necessary emission
of electrons will be possible. And such & high rate of change

of témperature can explain the experiment of Stclt (1924) where
he méved an arc cathode at a high speed over-a metal surface

and found no trace leaving on the metal surface. Holmes (1976)
p;ésénted a theoretical comparison between the thermionic

and %apour mode arcs, which illustrates the essential similarity
of tﬁe‘fwo arcs. Using carbon arc in nitrogen, the arc spot

paraxﬁeters are derived for both arc modes and are in good

agreement with the theoretical predictions.
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E. Diffusion.phenomena in a magnetised plasma and Hall
‘effect.

Owing to the highly mobile nature of electfons, and
'c0mparatively smaller veloc;.ty of ions there develops an.
'elecﬁ;on concevcration gradlent in a direction transverse to‘

electric field which sets up a potential difference in a
direction perpendicular to the applied electric field
resulting in a change in ionic velocity in those directions.
Thig results in the formation of space charge in the positive
column of the plasmé. Nature of the f£luid, its pressure,
thermal state and other factors like'energy loss etc come

intqiplay for the final equilibrium toc be established.

When in addition to electric field in a discharge
pla%ma,vthére is a magnetic field in a direction either
péréliel or perpendicular tc the electric field, there is
again redistribution in the velocity space of plasma due
to Lorentz force which acts on the random motion and drift
motipn of the charged particles and the plasma beéomes

anisotropic in many respects.

Townsend (1912) obtained a theoretical expression
for diffusion co-efficient under the actibn of transverse

magnetic field, given by

= 1,48
B
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wherg'os is the gyrofrequency and T is the mean time of
collision,’ln‘an.attempt to forﬁulate a quantitative theory
':of'diffusioﬁ;;ﬁ?pfésepce'of magnetic field, Tonk and Langmuir
(192§)<ﬁsed theéfetiqal'reSults of Townsend (1912). These
reéuﬁts were latter éénfirmed by Baily (1930) in experiments
withéelectron swarm for ph&to electric currents and was found
to hﬁld for larger currents when allowance was made for space
charée. Davis (1953) used a spectroscopic method to investigate
the jnfluehce of magnetic field on electron temperature which

was latter shown to be connected to diffusion voltage by

the relation derived by Sen, Ghosh and Ghosh (1983)

KT CB _ vR:B

€ bog[Jo(Z_-405 Y/R) €XP. (- GB)] (1. 49)

where Voo 1is the diffusion voltage and T_, is the electron

temperature both in presence of transverse magnetic field

’applied to a cylindrical plasma column.

Davis (1953) observed small increase in the electron
température which is in accordance with the observation of
Sadh}a and Sen (1980) where the} verified the relation
deri?ed by Sen, Das and Gupta (1972)

2
B Vo -
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Tonkf(1941) found for uniform longitudinal magnetic field

that the Boltzman equation is to be replaced by

- R egp_‘(._' ev/kTe) (1:51)
o : «Dg—~ M4 D
where, g 2L Dp To (1.52)
, ' <><.De+/u- £ -e . '
Tp

rtls the ratioc of radlal drift velocity of electrons and
ions,' and he found that for longltudlnal magnetic field,

‘De = DeB and Dp = DpB

' Diffuéion process of a plasma column in_ a'longitu51nal

magnetlc field was studied by Hoh and Lehnert (1960) which
confirmed the earlier results of Lehnert (1958). Experlment

. with ée, Ne, Ar, Kr, 2, H2 are descrlbed. In the case of He
good‘egreement was obtained between the collision diffusion

theory and experiment upto a certain critical magnetic field., For
stronger magnetic field potential drop across the column indicated
a much higher diffusion rate across the magnetic field than
expected by binary collision theory. He also observed that

for tu:be length more than fifty times the radius of the

columﬁ, the transition from normal to abnormal diffusion does

" not deEpend on the tube length and magnetic field length.

' The positive column in a longitudinal magnetic field

was studied by Bickerton and Von Zngel (1356). They concluded
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that in a zero magnetic field the Langmuir theory of free fall

of 1ons describes best the prqperties of discharge plasma

- whereas in a magnetic field of sufficient strength Schottky

=theory of ambipolar diffu31on works well in .the discharge
_plasma. They also coacluded that when the gas becomes highly
1oniged, the partial pressure of electron gas may become

S0 effective that longitudinal component of eiectric field
and électrbn temperature should become independent of magnetic
field. Their previous observation on low preésure positive
column in Cesium at high curfent density was cited as an

evidence behind their conclusion.

'
'

co-efficient in a magnetised plasma accordlng to which the
!

transverse diffusionAco-efficient is givén by

1
D) =5 @ ¥px (1.53)
4 (n-1,)s
where = oav (1.54)
. T 1%?

is the mean Squafe deviation of densityAfluctuaﬁion and Ty
is.the Larmour radius of electrons and Wy is the mean thermal
veldcity. Bohm (1949) alsc gave new expreésion for.ambipolarA
diffhsion'co—efficient in a’direétion tranSvérsg ﬁo magnetic

fieid according to which

= 2D V (1. 55)

Dy -1

in place of D, = 2D, - (1.56)




44

and-obtained large discripancy in the theory and experiment

and suggested this to be owing to plasma oscillation.

‘ _Late;78;mon (1955) pointed out that due to highly
-éni§otro?1§ Eégaqcﬁivity of a magnetised.piasma, the amp;polar
diffusioﬁ no ioége;-eéists, and ions and electrons diffuse
écréss'the magnééié-field at their own intrinéig rate and
space charge nautralization is maintained by slight adjustment
of éurrent in the direction of magnetic field, Their results

were confirmed by Goswami (1357). Langmuir and Rosenbluth

. (1956) investigated like and unlike particle collision in

a magnetised plasma where they found that the unlike particle

col;ision diffusion predominated over that due to like particle

:éoliiéion;'Kéufhan‘figgé) éxfénded Ehe theory of diffﬁsion
‘to include the efféct of transverse temperature gradient

in g'magnetised plasma and a closed set of equations is
deri?ed by an expansion in two small parameters "a" (radius of
gyraition) and vn/'n {characteristic macroscopic distance), It
is found that to the first order ofoC[: Q,/(V'n/'n)], .the V'J'.ons
and electrons diffuse at.fhe same velocity but_to the higher
orde; in X, , the diffusion velocity are different and charge
sepa?ation may occur 1in a magnetised plasma. Thus Hall éffect
folléwing the charge'éeparatibn may arise. In their paper the
relevant transport co-efficieht like electrical resistivity,

therﬁa1~conductivity and thermo-electric co—efficientbare

derived. -

S
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. But Simon (1955) and Langmuir and Rosenbluth (1956)

b

assumed no charge separation could occur as a result of ion-
r _ ' )

ion,éqllision becaﬁse of charge neutralization by electroﬁ
£low along the magnetic lines of force. It was found that
the ratio of flux from ion-ion collision to that due to ion~

4elec£ron collision is of the order of

m; /2 i 2
(B) (5+)

where Ri is the ionic radius of gyration and D is the

charécteristicbdiStance of the density variation.

~ But spitzer (1956) and Chapman and Cowling (1953)
and 1;<auf¥nan (1958) found that a low density fully ionized
plaséa confined by a strcng magnetic fieié diffused across
the ﬁagnetic field primarily by ion-electron collision,
the flux being proporticnal tc the density gradient and
Kaufman (1958) showed that the effect like particle collision
on density gradien£ cannot be enough considerable because the

ratio of flux due to like-like collision and like unlike

() |

instead of that stated by Langmuir and Rosenbluth (1956).

collision is only

‘And the ratio (Re/b)z.is negligibly small,
. simon (1955) also showed that diffusion rate across

a magnetic field did not obey Fick's low, i.e., the diffusion

is proportional to H 2, instead it was stated that the diffusion
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was proportional to the inverse fourth power of magnetic

. fi€ld strength and diffusion rate due to like particle

L@ , _
collision was usually smaller than that due to unlike particle

coilision but may some time dominate.
E' Now there exists two theories to account fo:_di{fusion
of%a §ia§ma across a-magnetic field B, The first theory is
eséentially based on the Boltzman equation with collision
terms and can be dérived by Chapman=-Enskog method. This theory

is?known as classical diffusion theory or 1/B2 diffusion

theory and was extensively investigated and put to confirmation

by D'aAngelo and Rynn (1961), -Simon (1958), Langmuir and

Rosenbluth (1956), Demlrkhanov (1961) and others. According to

the theory,
1
transverse diffusions co-eff. I{Lz-s &Ci z

* - 1
" and parallel diffusion co-eff. Dll‘ 3 5% 1 = 1h=0

' wheie A is the m.f.p. and- dé is the electrcn-ion collision

frequency and ¥p is the Larmor radius of electromns at the

meah thermal velocity w,given by

i

1 2_ 3 . ,
- mo“= 5 kle  (1.87)

And another theory is the Bohm's 1/B diffusion theory which

‘was:later_derivéd by spitzer (1960) and also by Petschek

(1960) by entirely different assumptions. This 1/B diffusiocn
was, experimentally confirmmed by Hoh and Lehnert (1960), Bonnal

et al (1961), Chenand Bingham (1961) and Yoshikawa and Rose

(1962).
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Takayana et al (1954) used probe technique to measure
Hall voltage in a hot cathoae discharge plasma. They obtained
Hall voltage in argon upto 400 mV at a pressure of one torr for?.
: magnetic_freldxvarying uptc 14 Gauss.
| £'>Sandulov1cio and Toma {1970) investigated Hall voltage
in plasma and caotioned about superficial processes by the
'fast;electrohs in a dc glow discharge when working with Hall
probes. They alsc studied the optimum working condition when
working with Hall probes in a dc glow discharge.
’- Kunkel (1981) described a simple experimental arrange-
ment’for the measurement of Hall voltage in a low density

plasma column. And they obtained an expression for Hall voltage,

E ' S;Ln-lT—:Ez
Vum T2 H e TX, | (1.58)
: sSin —ET

EH is the Hall field. This expression shows if X9 and X, are
' selected at equal distance from L/2, the last term in the
expression for Hall voltage wvanishes, giving

1 : .
Vy=7 (X7 %Xy Ey (1.59)

This shows that the Hall voltage between the Opposite s;des
of such a positive column measures only half _of that expected
ideally in a conductor with the same carrier density. They

supposed the reduction was caused by the ambipolar diffusion
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of the carrier whose density distribution is distorted in the
presence of transverse‘magnetic field. They studied Hall
vol;égé acréss a helium discharge column as a function of
magpétiéifigl@,‘discharge current and gas pressure.

. I Sentﬁnd Ghosh (1985) deduced an expression for Hall

fielq given by

iH

' (1.60)
_ BZ . _ 1, 9}
noe[l+ilog(1+01-;z) /ZJ/2

Ey=

= 2Te (1.61)
" Théyéréborted fég;lts ‘‘‘‘‘ N
carry;ing a current of 3 amp and placed in a £ransverse
magnétic field ranging from 64G to 526G and the results were
in excellent agreement with that theoretically predicied.
utilizing the expression'given by Sen, Ghosh and
Ghosh (1983); the open circuited diffusion voltage in an are
plasﬁa {(arc current varying from 2 tc S5A and for three back=-
grouﬂd pressures of .075, O.1 and 0.13 torr) has been measured
by Sen, Gantait and Acharyya (1989). Utilizing the radial-:
distribution function of conductivity as introduced by Ghosal,
Nand# and Sen (1978),3& analytical expressioﬁ for diffusion

voltage has been calculated which can satisfactorily explain

the dbServed results.



49

. The diffusion voltage in a mercury arc plasma has

been measured_for arc currents from 2.5 to 5A in tramnsverse and
.-v-akialfmagnetic field from 380 tc 1.1 KG by Sen:et zl (1990).
."ifAssumlng the radial distribution of charged particles proposed .
py Qhesal et al (1978) and utilizing the method of Sen et al
(1983i the ratio of electron temperature with and without a
magnetic field has been evaluated. It becomes a maximum

in an;axial magnetic f£ield and then decreases whereas it
showsga minimum in a transverse field and then increases.

An exéressiou for the ratio of electron temperature with and
without a fielcd has been deduced that explains the results.

Quantitative agreement between experiment and theory is

quite satisfactory.-

. sen, Acharyya and Gantait (1981) measured the diffusion

curreﬂt and the corresponding diffusion voltage in an arc plasma
(arc current 2 to 5A and three pressures 0.075, 0.1, 0,13

torr) 'and utilizing the radial distribution function ef

conductivity as introduced by Ghosal et al (1983) the values

of diffuslon coefficient of mercury vapour have been evaluated.

' The ‘diffusion coefflcient of electrons in mercury vapour has

3 cm /sec which increases

been found to be of the order of 10
with the increase of arc current and decreases with the
increase of pressure. A gualitative explanation of the observed

results has been presented.
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SCOPE AND OBJECT OF THE PRESENT WORK

Though a large amount of work has been carried out
fega#&ing the bfeakdown,of gases égd consequent_prQQﬁqﬁion of
gripléséa, measurement of plasma paramétefs; w_aves?:anndA‘o’SCiiiations_:.~
in afplasma and other~allied—p:ob;ems,stiil the naturé;oﬁ_SOme of
the ﬁhysical processes occurring in a plasma during the period
of i#s formation and maintenance have nét been adeguately
investigated. The physical processes dccurring in the initiationA
and maintenance of an arc plasma are still not properly
understood. Further it is évident that the cathode phenomena
in an arc discharge needs thorough investigation. The process
. of ppgsg transition from glow 'to arc should be‘inves;iggted
" in oqdér“éo deveiQp a theoretical basis for the occurrance of an
arc ﬁlasma. Hence it is proposed to t;ke ﬁp investigations

in the following lines in the present work.
A, Energy loss mechan_ism in a collision dominated plasma

In case of collision dominated plasma, an eléctron
suffe;rs energy loss on account of its various interactions with
uother? charged and uncharged particles. Such interactions are |
knownl. as collision which, in turn, falls in two categories,
‘vide, :elast;c cbllision and inelastic collision. & collision
is sa:fld to be elastic when the total kinetic'energy and momen tum
for the particles undergcing collision remains conserved but
one of the particles with higher kinetic energy transfers a

part of its kinetic energy to the other one during the collision.
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Such a loss of kinetic energy, in case of plasma, frequently
occurs Qith electrons whose kinetic energy is usually much

higher fhap_that of other constituent particles of the plasma,?
To acécugﬁffér,the fraction of energy lost in one collision, .

a facéof; kﬁéén”aé average collision loss factor has been
associatgd.Qifhifhe electron. An expression for such a factor.
(K) associated only with elastic collision has been given by
Compton Snd Langmuir (1930), which was expected tc be vaiid

for low &alues of E/P, But experimental measurements for slow
electrons undertaken by Bekfi and Brown (1958), Demitriades (1967),
Brood (1525), Rusch (1925), Bruche (1927), Ramsauer and Kollah
(1929), Normand<(1930), Gilardini (1957, 1972), Bushmin and
Demitriev (1976) show that even for very low values of -E/P, the
value ofEK was fcund to be much higher than the theoretically
expected%value of K for elastic collision. Thus even the slowest
electrong do not suffer pure elastic collision, More0ver.the value
of K was found to depend on E/P and the characteristic of the-
working fluid and also on other factors like gas temperature,
externalgmagnetic field etc. An inela;tic collision loss may arise
due to either of the processes like vibratibnal eXCitatiah,
recombinétion, attachment, dissociation, ionization and collision
of the 2nd kind. For fast;électrons, when inelastic collision
haS'freq;ent occurrance, the collision loss factor has been
measu:ediby>shingarkina and Vasilev (1972), Bowe (1960), Medis
(1958), Afrosinov et al (1972), Janca (1967), Biberman et al

(1966).
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All the above measurements were performed either for
different range of E/P or for different range of electron

ene#gy,;~.

| éﬁt:é-general theory for the mechanism of collision
losé of'enérgy of the electrons was still to be deve loped.

Such a theory is expected to relate the collision loss factor
_with reduced electric field, electron temperature and a
constant which bears the characteristic of the working fluid.
Alsp it was expected that the Joule heating in a discharge
plaéma is dve to the collision loss of energy of the electrons
which has almost the sole contribution to the discharge current.
Sﬁ,{a relation betwegn:the>d;schargg>cﬁ;;en;(and the collision
lds? factor which depénds on the said parameters, was naturally.
expécted. Collision loss factor is a function of the ratio

‘of drift and random velocities (Von Engel 1965); and discharge
cufreht, collision loss factor and electron temperature -

ali depéend on E/p, so0 such a theory was expected to have
considerasble impact on the understanding of the subject of
diécharge plasma. So it is proposed to undertake a detailed
theoretical investigation regarding the energy loss in a
collision dominated plasmé and also provide experimental data
togverify‘the theoretibal'results in case of low density |

discharge plasma with hydrcgen, air and nitrogen as working

fluid.
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(B) Radio frequency ccnductivity of Icnised Gases

Vandarpol(1919) obtained an expression for rf current
through a dlscharge plasma, which is found to be . the compositlon
of real and imaglnary parts ‘of the gas dlscharge current.»~
Appleton and Chapman (1932), Margenau (1946), Adler (1949),

Sen and Ghosh (1966), Gilardini (1959), Sen and Jana (1978) and
many;others showed that the rf conductivity through a gas
discﬁarge plasma is a complex guantity which points out that the

current through a gas discharge plasma is a complex current.

Francis ana von Engel (1953) measured the real cuirent
by separating out the capacitative current by'balancing a bridge.
'Penf;eld"ahd‘Warder"(Jr.) (1967) méasured the r.f. real current
by measuring the voltage drcp across a specially constructed
centﬁe tapped inductor. Clark, Earl and New (1370) measured
the gas discharge rf current by separating out the capacitative
component of the current by a bridge method similar in principle
to the method employed by Francis and Von Engel.(1§53). V
| Thus it is evident that to separate out the real and
imagjnary‘barts cf the gas discharge rf current by the bridge .
balancing~method is a difficult task. A lot of adjustment and
screening is necessary thrcughout the measurement at different
ranges cf applied voltage. So it was felt that a convenlent
method might be developed in this respect. Thus we propose a
reson@nce method following a theoretical support which will
enable one to measure the real as well as the imaginary parts
of the gas discharge rf current with the help of only two rf

I
current meters connected in the circuit.
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(C) Radio frequency conductivity in presence of transverse
magnetic field
"Radio frequency conductivity of a gas'disqharge’plasma
was found tOjbeAa-cbmpléx QuéﬁtitfiéfVandaipoi:§1919), Margenau
(1946). Berk (1964), Sen agg Ghosh'kigss);'Ciampiiana Talini
(1967), Adler (1949)_/, Adle; (194?) has shown pisté.for 6+
and'6£with pressure and current when the other parsmeters

remain constant.

| The rf conductivity in presence of transverse magnetic

field was calculated by Gilardini (1959) which was found to be
a complex conductivity. Later Sen and Ghosh (1966) modified this
theory to explain the experimental results of the rf conductivity
measurement in presence of transverse magﬁetié field. Gupta
and Mandal (1967), Sen and Gupta (1969), Sen and Jana (1978)
measured the rf conductivit& of a gas discharge plasma in
presence of transverse magnetic field. Ram, Chandra and Sarkar
(1972) measured the rf ccnductivity in presence of both
transverse as well as longitudinal magnetic field, |

But almost all of the measurement is related to the
measurement of real bart of the rf conductivitf of the gas
discharge plasma. But it is pressumed thast the imaginary part
of the rf conductivity in presence of transverse magnetic '
field still requires some attention for the.clear insight
of éhe'physical process occurring in a r.f. discharge through
gas discharge plasma, so ;he theoretical analysis regarding

the r.f. conductivity of ionised gas {its imaginary part) in a
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transverse magnetic field has thus been undertaken. It will be
of interest to see how the r.f, conductivity varies with the

variation of magnetic field.

- D, Plasma Parameters diagnostic

Though there are a number of methods for the determination
of plasma parameters such as single and double probe method,
Radio frequency'conductivity method, Microwave transmission
and reflection method, spectroscopic method and Laser diagnostic
technique, still a simple and alternative method has been
proposed to be developed which can act as a 'supéplementary
method to the above. A microwave beam of variable frequency is

ﬁwpropesed-to be sent through a rectangular wave guide filled —
with plasma and with the help of a microwave interferometer the
attenuation and phase change can be measured ({and (3 whered
is tﬁe attenuation per unit length and P is the phase constant
per unit length). The cut off frequency for the wave guide
when filled with air and also when filled with plasma can be
experimentally measured. A detailed mathematical analysis has
been carried out where 0; the conductivity (real part) and 6;
the conductivity (imaginary part), é' the dielectric cqnstant
(real part) and é” the dielectric constant {imaginary part)
can be related with the experimentally measured quantities,
oL ﬁ , We ,lepwhere and Wep a;:e the cut off frequeneies of
the wave guide without and with the plasma reSpectively. From
these relations it has Been shown how the electrcn deneity and

~collision frequencies can be evaluated.
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E., Effect of magnetic field on the cut off frequency of

Microwaves in a plasma

‘rhé_microwave reflection method is a well known plasma
diagonistic meﬁhod'for,deﬁermiping the-e;écﬁibn density in a
blasma. Tt utilizes ﬁbexsamé,pfincipleiés iS’uséd in determining
electron andlion'densit}»ih the Ionosphere. Bﬁt the essential
griteria for the successful operation of a thermonuclear
reactor is that ﬁagnetic field is used for the confinemept of
the plasma and in wave propégation in the ionosphe;e the effect
6f earth's magnetic field has to be taken into consideration.
Hence it has been thought worthwhile to consider the effect of
magnetic field on the value of cut off frequency'when a micro-
Qave beam~is<propagated threugh the_p;asma»cplumn. A detgiied |
hathematical analysis has begn presented and variation of cut
%ff frequency with magnetic field has been inVestigated.-The
éalculations are useful when determining the electrcn and ion
density in é magnetically confined plasma as in a fhermo

nuclear reactor.

F., Investigation of low dehsity plasma in a magnetic field'

In presence of transverse magnetic field, the diffusion
inside a discharge plasma undergoes certain changes resulting
in change in diffusion voltage. But due to Lorentz force there

appears a Hall voltage too. Many investigators measured diffusion

b
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‘voltage in presence of transverse magnetic field.lThe work of
’Sen and Ghosh (1983), Tonk (1941), Bohm (1949), Simon (1955),
EGoswami (1957), Langmuir and Rosenbluth (1356), Kéufmaﬂ'(lQS&).
-_féhavépitZer (1956) may be mentioned. Many investigators have

‘meaSpfed the diffusion voltage in a transverse magnetic field.

Some of the investigators like Sanduloviciu and Toma
{1970), Kunkel (1981), Sen and Ghosh (1385) measured Hall

'voltage in case of a plasma.

But Hall voltage .and diffusion voltage appear in thesame
blasma space so it is difficult to measure these two voltages
separately. Thus if was felt necessary to have a detailed '

mjtheoreticaliinvesﬁigationuto-calculate the«combinat;gn of the-
hiffusioﬁ and that of Hall effect separately which will enéble
us to find a theoretical expression for the total voltage
developed. SO we have proposed a theory which gives an
expression for the composition of two voltages, vide, diffusion
voltage and Hall voltage; Experimental results for such a
measurement as obtained here in case of a low density plasma
shows excellent agreement for moderately transverse magnetic
field. Ih the low field intensity region, there is, however,
certain discrepancy. Separation of‘the two effects:will enable
one tb find the reiaﬁive importance of each effectéin the

different regions of the applied magnetic field.



G. Cathode Phenomena in an arc plasma

From the early part of the 20th century, the physical
_.processes occurring on the surface and neighbourhood ofv |
¢éthode of ‘an arc have drawn attention of many inyestigators
fbeCause of its high current density, high current and low

cathode fall unlike the cathode of a glow discharge.

The early attempt to explain the cathode phenomena was
on the basis of thermionic emission and later field emissiocn
was also considered by many investigators and then in some cases
it was thought that both thermionic and field emission have
simultaneous'role on the emission mechanism from.the cathode of
. ‘an arc¢. Thus cathode of Cu, Ag, Au et¢. fall in one category
where field emission plays the dominant role, while,-C, W, rare
earth metals fall in another category where-thermionic emission
ls prominent. But the latter shows field emissidn below certain
pressure in certain gases. Again Fe, Zn, Al etc are found to
have combined effect of thermionic and field emission. Thus no
general theory and origin of cathode phenomena of an arc has

been prcoposed.

In this present investigation we undertake the problem
to put forward a general theory which can cover all category
pf above saia cathodes and thereby reducing the complexcities
prevaili_ng towards the understanding of .the cathoce phenomena

of an arc.
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rIn the present work we have proposed: a general theory
with adequate mathematical background and selected three
different electrode materials in such a way, which were earlier
observed tc fall into three different categories, vide,
thermionic emissiocn cétegory, field emission category and
TF emission category, for consideration of testing the theory
proposed by us. The experimental results with the said
electrodes show excellent agreement with t@e present theory.
As the occurrance and maintenance of a high current arc.is not
. yet properly understood the proposed work-may help in providing
a generalised theory'specially with regard to cathode érocesses

in the arc.

. He Low frequency oscillation in an arc plasma

A-plasma_?an.support oscillations under different
conditions all of which are longitudinal beca;seAthe.eleétri;~~
field and line of oscillation are parallel to the direction
of propagation of oscillation. In one category of oscillation,
there is no component of magnetic field associated with the
cscillation while in scme other cases small time varying
magnetic field may be associated either along the direction
or'transverse to the direction of propagation of oscillation.
Thése lafe} oécillatibns are assocciated with the wave known as
“mégﬁétéhydrodynamicé or hydromagnetic wave which prcopagates
with velOcitiés'muﬁh lower than the geloéity of light and the

frequency, too, in this case, is many order less than in the-



' adjusted with the help of L and C. Though in our Hg arc, dv
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case of electron plasma oscillation and may even be smaller
than ion plasma oscillation.

But all of these processes usually transform power
into the oscillation, which is no more than a little percentage

of the total power asscociated with the discharge. But in the

" early time gasidischarge tube with negative resistance

characteristics were used for the generation of radio waves

which had muchAhigher percentage of total power conversion
to the oscillation, as in the case of dynatron oscillator.

In case of mercury arc which has a negative resistance

' characteristics and whose design is simple and inexpensive,

a negative resistance oscillator may be designed which can

. handle and produce larger oscillatory power. A sihple theory
. for such an oscillator was proposed by Cobine (1358). Thus we
~undertake thiSjwbrk with the aim-of designing a high power -

| oscillator whosé_design‘is simple and frequency will be easily

. éi
is negative for the portion of the v=i characteristics ,we have

“utilised,-the oscillation is never 1like dynatron'oscillation

- whose frequency depends entirely on the tank circuit parameters.

., In the present case frequency and amplitude of oscillation

'i detected is entirely controlled by the inner characteristics -

of arc. These low frequency oscillationé depend 6n-the properties

' of mercury arc tube. we havé:inVéStigated the mechanism of.
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generation of such oscillations and advanced an aﬁalytical~
theory showing their variation with pressure, arc current

and magnetic field. The experimental re;ults are in conformity
with the theoretical derivation. The scurce of these low |

frequency oscillations has also been suggested.
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