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CHAPTER VI-

EVAL DATION OF ELECTRON TEMPERATURE IN TRANSVERSE AND 

AXIAL MAGNETIC FIELD IN AN ARC P.LASMA BY.MEASUREMENT 

OF DIFFUSION VOLTAGE. 

6.1o Introduction:-

The investigation on the measurement of 

plasma parameters such as electron density, collision 

frequency of electrons with atoms and electron tempe-

rature and their variation with pressure, discharge 

current and externaJ. magnetic fields has been exten-

sively investigated by the standard plasma diagonostic 

techniques in case of glow discharge but the correspon
~r· 

ding data for arc plasma has been li~tle reported so 

far. But Sen and Das ( 1973), Gho saJ., Nandi 'and Sen 

( 1976), ( 1978) and ( 1979); Sadhya and Sen C1980), Sen, 

Ghosh and Ghosh (1983); Sen, Sadhya, Gantait and Jana 
·<· 

(1987); sen and Gantait (1987); "(1988), have investi-. 

gated systematically the properties of arc plasma for 

the last few years. The aim of their investigations is 

to develop a consistent theory for the occurance of 

arc plasma and to study the transition phase from glow 

discharge to arc plasma. Sen, Gantait and Acharyya 

(1988) have shown that the electron density and 
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electron temperature in an arc plasma can be measured by 

Langmuir single probe method. It is known that in the 

_po,sitive column of a glow discharge or in an arc plasma 

a radial electric field developes as a result of net 

charge separation due to different rates of diffusion 

of ions and electrons (~mbipolar diffusion). Taking the 

radial profile of charge distribution as Besselian, 

electron temperature in glow discharge in air (pre

ssure 1 torr). has been evaluated'by Sen, Ghosh and 

Ghosh (1983), from the measurement of diffusion vol

tage. They also measured the variation ·Of electron 

temperature in a magnetic field by placing the discharge 

tube in a t:ransverse magnetic field ranging from 0 to 

100G. The utilization of this method in case of arc 

plasma will be investigated in the present work taking ,, 
into account the radial distribution of charged particles 

in an arc plasma as has been provided by Gh9sal, Nandi 

and sen· ( 1978) .. Further the theoretical analysis carried 

out by Allis and Allen (1937), Tonks and Allis (1937) 

and HuXley (1937) show that .the behaviour of, the elect-

rons with regard to electron temperature, the radial 

distribution of electrons, the current voltage charac-

teristics and other properties will be different when 

the external magnetic field is transverse than when the 

field is axial .. The results obtained by Sen, and Das(1973) 
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i.ndica.te that the theoretical expression deduced by 

}3eckman ( 1948) and later on. simplified by Sen and 

Gupta ( 1971) regarding ·the' variation of electron den

si. t.Y and electron temperature in a transverse magnetic 

field in glow discharge is val'id in the case. of arc 

plasma as well. The voltage current characteristics 

as has been observed by Sen and Gantait (1988) undergo 

a similar chan!ge for both the alignments .of magnetic 
I 

field but the transverse magnetic field has a more do-

minant effect on the properties of arc plasma than 

that of an axial magnetic field. Hence in the present 

investigation it is proposed to evaluate the electron 

-temp era ture in an arc plasma by measuring the diffu

sion voltage and study its variation in both transverse 

and axiaJ. magnetic fields and proviq,e a theoreticaJ. 

analysis of the observed results. 

6.2. Experimental arrangement:-

In this investigation for ~~asurement of 

diffusion voltage in transverse magnetic field the arc 

tube of 41 em 'length, 26.5 em anode cathode spacing, 

2~2 em inner diameter and 2.5 em, outer diameter was 

used and in case of axial magnetic field the arc tube 

is of 9., 1 em 1 ength, 6 .2 em. anode cathode spacing, 

1386 em inner diameter and 2.16 em .. outer diam~ter. 
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Both the arc tubes are made of pyrex glass. The arc is 

excited between two mercury pool electrodes fitted with 

two tungsten wires for external electrical connection 

by a 250V d.c. source fro~ generator with a rheostat 

to control the current as recorded by an ammeter. The 

whole arc system is cooled by air coolers and two 

mercury electrodes by circulation of water. To maintain 

the pressure constant in the tube,· dry ai'r which acts 

as a buffer gas has been introduced by a variable mic

roleak of a needle valve fitted in the vacuum arrange-

ment. By a calibrated pirani gauge the pres~ure has 
-~ 

been calibrated. For measurement of parameters in 

transverse magnetic field the portion of the positive 

column of the arc has been placed between the pole 

pj_eces of an electromagnet while :f'or that ~n. longi-
.,. 

tudinal magnetic field the whole arc tube has been 

inserted between the two pol e p ± e c e s • 

The electromagnet has been run by a stabilized 

d ~c. power supply (Type EM20), and the magnetic field 

has been calibrated by a gaussmeter (Model G.:)~). After 

every sequence of measurement the electromagnet is 

suitably der:nagnetised. 
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6o2.1. Transverse magnetic field:-

For diffusion voltage measurement in trans

verse magnetic field two cylindrical probes (tungsten) 

of 0.8 em length and Oo014 em radius have been inser

ted parallel to one another one along the axis r = 0 

ana the other at a distance of 0.6 em from the axis 

in the same cross sectional plane of. the .tube. But 

these two probes in case of axial magnetic field are 

of 0.53 em. in length while other specifications are 

the same as in transverse magnetic field. In the above 

two cases the output voltage at th~ two probes has 

been measured by a VTVM having an internal impedance 

of 100M SL • A low pass filter circuit has been pro

vided at the output of the probes t~,prevent oscilla-
.,., 

ti,on generated in the arc from reaching the VTVM, which 

records the magnitude of the diffusion voltage. The 

diffusion voltage has been measured as a function of 

the magnetic field with arc current as--a parameter. 

Specifically for transverse rpagnetic field the diffu

sion voltage has been measured upto the magnetic field 

of 1000 gauss at three constant arc currents namely 

2 .. 5 A, 3.0 A and 3.5 A and in axial magnetic· field 

upto 1010 gauss at three fixed arc currents nam~ly 

3eOA, 4.0 A and 5.0 A. 
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Table 6.1 

I 

Magne-, Arc current = 

2.5 A 

Arc current = 

3.0 A 

Arc current = 
3.5 A tic 

field ,-- - - - - -1 - - - ...!. - - - , - - - -

, VRH(exp.) :vRH deduced; vRH~exp.) :vRHdeduced : vHH.cexp.),VRHdeduced 
.i.n K~G,· in ,from.eqn.(ll, m ,1romeQn.(1) m •fromeqn.(1) 

Volts m volts in ' volts in 
Volts volts volts 

0 .. 28 

o .. 45 

0.56 

0.68 

0.80 

0.90 

I .,00 

0.80 

1. 00 

1.'30 

1.50 

1.80 

2.20 

2 .. 50 

0.7075 

0.9568 

1.1807 

1. 4789 

1.8357 

2. 177 2 

2.5590 

0.65 

0~80 

1.,00 

1.20 

1.45 

1.80 

2.20 

6a3o Results and discussion 

In transverse magnetic field:-

0. 6091 

0.8134 

0.9963 

1.2413 

1.5337 

1.8137 

2~;~1265 
,. 

0.45 

0.60 

0.70 

o ... 9·o 

1 • 1 0 

1. 35 

1.65 

0.456.2 

0.6086 

0.7450 

0.9277 

1o1458 

1 • 3545 

1.5878 

The variation of di~fusion voltage,has been 

plotted in Fig. 6.1 for magnetic field varying from zero 

to 1~0 K.G. It is observed that the diffusion voltage 

i.ncreases with magnetic field for three fixed currents 

nameJ.,y- 2 .. 5 A, 3.0 A, and 3.5 A. The values of diffusion 

voltages are entered in table 6.1, for values of ma~netic 

field used in the experiment. From the nature of the curves 
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it can be assumed that an empirical relation of the 

form 

·where· VRH and \JR are the diffusion voltages 

with and without magnetic field and m' is a constant 

can represent the experimental results. we can esti

mate the value of m' by a sta:·:tis_ticaJ. method, which 

is shown for a current of 2.5 A. 

VR H ::;; VR [ 1 + m1 
H 

2 
) 

s = L [ vRH- vR- m' vR H '2] 2 

dS '[ 1 '2.] 2. drr{ =-2.c:_ VRH-VR-m VRH VRt-\ .:=0 

I , 

m = 

VR = 0.55 volts 

m' = 

VR ~ H4 

i=-1 

2 
VRH H = 6.8005 

z.H4 
6.8005- 1.928 

1.3338 

= 2.425 

= 3.652C. 
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The values of m' for arc currents of 3.0 A and 3.5 A 

can be estimated as follows: 

For 3.0 A arc current 

V R = 0 • 48 v ol t s 

~ V RH H 2.. = 5 • 6 7 61 and 

Hence m' = 5.6761 - 1.683'3 

1.164 

= 3.4'302 

And for 3.5 A arc current 

VR = 0.'36 Volts 

~VRH H
2 = 4.2'399, 

and 2H4 = 2.425 

m' = 4.2'399- 1.2625 

0.873 

= '3.41062. 

zH2 = '3. 5069 

To verify whether the assumed empirical relation for 

VRH agrees with experimental resul ta the calculated 

values of VRH are compared with experimental results 

in table 6.1 for three arc currents. It is evident from 
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this table that the resUlts are in good agreement with 

each other. Hence we can conclude that the variation of 

diffusion voltage in a transverse magnetic field can be 

represented as 

VRH = VR ( 1 + m' H2) ••• (6.1) 

' 
where the value of m' decreases. with increase of 

arc current. 

In glow discharge the radial distribution 

profile of charged partiCle density has been taken to 

be Bessel ian. It has been shown by Ghosal, et al ( 1978) 

that the radial diptribution function for the azimuthal 

conductivity for an arc plasma is of the form 

Cfr 
r ~~. n 

G""o [ 1 - ( R ) ,. ] ••• (6.2) 

where G"0 is an axial conductivity, (Jr is the 

conductivity at a distance r from the axis of the 

tube, R is the arc tube radius and n ~is a constant 

which has been shown to be 

n = [ 

where a' is an experiment·aJ.~y measured quantity tha.t 

changes with arc current. It has been shown by ~en 

et al ( 1983) that th'e diffusion voltage VR is 
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V = - 5 dne 
R ne 

KTe 
e 

••• (6.3) 

and as tb e electron density is proportional to cond uc

tivity we can write from eqn. (6.2) 

~ •• (6.4) 

Beckman (1948) has deduced· that in presence 

of transverse magnetic field the radial electron den-

sity is decreased. Sen and Gupta (1971) have shown 

that Beckman's expression can be stated as 

n eH n e exp (-a H) ••• (6.5) 

where neH and ne are the electron concentrations 

in the presence of and in absence of magnet~c field 

respectively, and 

, 
eEc,Y2 r 

d = -------------
2.KieP 

••• (6.6) 

where E is the axial voltage drop per unit length 

and 
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where L is the mean free path of the electrons at a 

pressure of 1.0 torr, K is the Boltzmann constant, Te 

is the random vel o-

city of el13ctrons and r is the distance of the second 

probe from the probe at tube axis and P is the vapour 

pressure of me~cury. 

In presence of magnetic field diffusion voltage 

is given by 

5 
dneH· 

VRH:::: -
.DeH 

KTeH 
e 

with the help of eqns. (6.4) and (6.5) it follows 

that 

--

Hence e 
K 

[ n log ( 1-

•• -.(6.7) 
( 2 n I og R + a H ) 

VR?.. -r2. 
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And when H = 0 it reduces to 

e 
K '2n log .R · 

V p_?-- r 2 

From eqns. (6.7) and (6.8) 

••• (6.8) 

Putting the value of from eqn. ( 6 .1 ) 

where X = 

and TeH 
Te 

2. n I og 

I 2 I 
1 + m H 

X 

OH· 

R 

••• (6.9) 

Therefore, with the values of m' and a/x from 

eqn. (6.9) TeH/Te can be esti~ated for different 

values of H. 

In the present investigation the value of 'a' 
., 

given in the expression (6.6) h~s been estimateu for 
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three arc currents, when arc current is 2.5 A, with 

E == 37/26.5 volts/ em, r = 0.6 em, c, = 2. o x 1 o- 6 , 

p - 0 .. 3731 torr, when arc current is 3.0 A, with 

E - 35.5/26.5, volts/ em, r = 0 .. 6 em, c, = 0.5946 X 10-6 , 

P = 0. 3731 torr; ~dmil arly for arc current 3. 5 A with 

E = 34.0/26.5 voLts/em, 

10-6 , P = 0.3731 torr 

r = 0.6 ems., C = 0 • 49 X . 1 

(values taken from an earlier 

paper (Sadhya and. sen, 1980) and T = 101~1 °K for arc e 
current 2.5 A, Te = 9573 °K for arc current 3.0A, 

and Te == 9000 °K for arc current 3.5 A, given by Sen, 

Gantait and Acharyya (1988), the values of 'a' becomes 

1.83 x 10-3 while for 3.0 A and 3.5 A arc currents it 

becomes 1.013 x 10- 3 and 0.937 x 18-3 reBpectiv~ly 

taking the corresponding values of the abov~ ·. quanti-

ties. And the values of 
~)', 

x = 2n log R 
,, 

,. 

can easily be calculated with the knoWledge of quanti-

ta-tive value of n. Some Values for n were obtained 

by Ghosal, et al (1978), but a measurem~nt of n for 

a wider range of current (2.2 A to 5.0 A) has been per

formed in this laboratory by- Gantait (1988). Some of 

these values have been taken to calculate the value of X. 

The plotting of n with arc current has been reproduced 

j_n Fig. 6.2. 



3·0 

2·5 

Z·O 

0 2·0 3·0 4·0 .... s·o 

Arc currenT 1n Amps. 

Fig. 6·2.. 



205 

Taking the values of R, the inner tube radius 

1a1 em. and r, the sep~ration between the two probes 

0. 6 em.. And with n = 1 • 71 49, 1 • 7 446 and 1 • 8158 the ,. '" 

value of X is ·found to be 0.60707, 0.61759·. and 0.64279 

for arc currents 2.5 A, 3.0 A and 3.5 A respectively. 

Therefore, putting these values in eqn. (6.9) the 

values of Ten/Te have been calculated and the results 

plot ted in Fig. 6. 3. Each curve shows a· minimum around 

200 - 300 gauss of magnetic field. 

6.3.1. Axial· magnetic _field:-

In case'of axial magnetic field it has 

been shown by Sen and Gantait (1988) that the conduc

tivity of an arc plasma can be represented by 

CIH = Uo exp r: o< H) 

where and Clo are the conductivities with 

and without magnetic field and the values of ~ have 
-

been calculated for three arc currents 3, 4 and 5 amp 

by the statistical method. Hence in case of axial 

magnetic field we can write that 

n e H = n 0 ex p ( - o< H ) 
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then 

TeH = 
2n 

T ·-e 
2n 

T eH VRH 
= 

T 
VR e 

The values of 

KTeH 

e 
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KTeH 

e 

KTeeH [ r2 n -o<H] log (1-?) ·: +.log-e 

ejK VR ~· 
,. 

R 
log v RZ.-r2. 

R 
2.n log V R'2.-r2. 

log R · 2.n +o<H 
V RZ:- r2. ••• (6.10) 

VRH in axial magnetic field as measured 

experimentally have been plotted against the correspon

ding values of the magnetic field in fig. 6.4. The 

values of o( as p·rovided by Sen and Gantait '(1988) are 

Oo2859, 0.2744 and 0.2714 respectively for three arc 

cm~rents 3 A, 4 A and 5 A. 
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The values of TeH/Te calculated from eqn. (6.10) 

have been plotted against magnetic field in fig. 6.5. A 

comparison with· the results entered in Fig. 6 .) for 

transverse magnetic field shows that whereas in case 

of transverse magnetic field a minimum is o'bserved for 

T /T for all the three arc currents a maximum in the· eH e 

value of T
9
H/Te is observed for axial magnetic field 

almost in the same region of magnetic field. After 

attaining the mini!Dum value TeH -increases almost 

linearly with the magnetic field when it is transverse 

whereas it decreases with magnet,ic field when the mag

netic field is axial. 

In a two-fluid model we may assume that · 

two distinct temp era ture s T e (for electron·) and 

Tg Qfor gas) exist. The difference b~~ween these two 

ternpe'ratures can be derived from an energy balance 

equation leading to 

Te- Tg 

Te 

7\mg. 

?.4 me 

where syrri:bols have their usual significance (Hirsh 

and Oskam, 1978). It follows that 

where C = 

T e ( T e - T g ) - G·.A ~ E ?. 

7\mg e 2 

2.4 me K 2 

••• (6.11) 
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In presence of magnetic field eqn. (6.11) can be 

modified as 

T eH ( T eH - T g)= G J.. ~ H E H2. ••• (6.12) 

. F rom e q n • ( 6 • 11 ) and ( 6 • 1 2 ) we get 

with approximation that 

TeH+ Te ~ 2Te 

It has been deduced by Sen and Gantait (1988) that in 

pre8ence of magnetic field 

and 

[:Slevin and Heydon ( 1958), Sen and Ghosh ( 1963 iJ 
where c1 is the same constant as introduced in 

,. 
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eqn. (6.6) eqn. (6.13) can further be simplified as 

TeH 
1+ (b [ 

m'-H2.+'2. mH- C1 H
2
jP2. 

J Te 1+C1H2.jp2. 

CE 2 ").2. 
e 

where 
T2. [z- ~] e 

H2 C 
1 dTeH ~[mc1 pz.-- (m 2~ p~)H-m] 

then =0 
Te d H [ 1 + C 1 H2.j p2. J 

Hence 

... (6·14) 

where negative sign before the radical has been· dis-

carded for the same reasoning as before. With sirnpli-

fication 

m 
••• (6.15) 

c,;pz H = 

In order to find whether the value of H corresponds 

to minim urn or maxim urn equation ( 6.14) has be en di ffe

rentiated again so as to yi·eld 
d 2 TeH _ -2/b [ H2. {, _l:i_ _9_t_ .2.\. _ 

Te d H 2. - HZ )3 ( 1 + C1 -pi ) '2. m Cl p2. + pZ m 'j 
( 1 +C1p2 H 

· { m c H 
2 + ( .2.L - m z ) H- m 14 C1 pz_] 

1 p'2. p'2. ) 
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Putting the value of 

H= 

+ .... ·j 

In case of axial. mae:,-netic field m = 0.295 x .10-3 

(Sen and Gantait (1988)) and c 1 = 0.125 x 1o-6 

(Sadhya and Sen, 1980) 

-6 -7 . -9 J 
2.~[ 0·08'7 X 19- 1· 358 X 10 +S·4X10 +··· 

= negative quantity~ 

In case of tranFverse magnetic field m = 5.55 x 10-3 

and c1 = 2.8. X 1o-6 (Sen and Das, 1973). 

' . d T eH 6 -6 6 -6 J --~::: zfl.,[Jo·SXlO -30·4X10 +J1·15X10 + 970'3X10 +··· 
dH2. 

= a positive quantity. 

We can thus conclude that·in case of an ax~al magnetic. 

field a maxi~um in the value . of TeH whereas in 

. case·· of transver·se magnetic field minimum in the vai ue 
. . ' 

of T
8

H is expected when the magnetic field is varied • 

.. Tne experimental results support theEe theoretical deduc-

· : tions. 
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Further· the value e of H where t~e elect-max 

ron temperature becomes a maximum in the axial magne-

tic field and the values of H . where the electron mJ.n 

temperature becomes a minimum in a transverse magnetic 

field have been calculated for three different arc cur

rente from the respective values of m and c1 and 

the results entered in Table 6.2. The corresponding 

values of mercury vapour pres~ure have been taken from 

the earlier paper by Sadhya and sen ( 1980). 

Table 6.2 

Axial Magnetic Field. 

Arc current Hmax Exp. K. G. I H min cal cu-

in amps. lated K.G. 

---- --- ---
3 0.31 0.3285 

4 0.2 0.2818 

5 0.142 0.201 

Transverse magnetic field 

2.5 0.288 0.2735 

3 0.201 0.181 

3.5 0.188 0.132 
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The quantitative agreement between the expe

rimental. and calculated values i~ not very satif:fac

tory as is to be expected d~e to some uncertainty in 

the values of c1 which is the square of the· mobil.ity 

of the electrons at a presEure of one torr. There is 

lack of experimental data in literature regarding the 

mobility of electrons in ~ercury vapour but the order 

of magnitude of c1 is of the right order as is found 

in McDanial ( 1964). However, the agreement between the 

experimental and calculated values of Hmax' or 3:min 

is of the right order of magnitude. 

Taking the expression for electron tempera

ture which is derived by considering the arc plasma 

as a two fluid system it has been pos~ible to derive 

an expression for variation of electron temperature 

with magnetic field and it is found that the theory pre

dicts that in an a1Cial field electron temperature be

comes a maximum at a certain magnetic field and then 

decreases whereas it shows a minimum and then increases 

with magnetic field when the field is transverse. The 

experimental results confirm the validity of the theory. 

Further the electron tem9erature from diffuFion vol-

tage mea~urements and assuming the radial diEOtri-

· bution of charged particles in an arc plasma as 

provided by Ghosal, Nandi and Sen (1978) give the 

"dorrect order of maghitude for electron temperature 
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thereby .providing ·the vaJ.idi ty of the proposed radial 
l 

distribution function. and the measurement of diffusion 

vo;L tage in an arc plasma can be an aJ. ternative di~go

nostic tool for meaeur~m·e~t of electron temperature. As 

has been noted by'Franklin (1976) electron temperature 

decreases with the axial magnetic field for higher 

values of magnetic field' in glow di ~charge and simi

lar resULts have also been obtained in the present 

·investigation on arc pla·sma with the exception that 

for smaller values of· magnetic field a maximum in the 

value of TeH has been found. In tranr.verse magnetic 

field the electron temperature increases with higher 

values of magnetic' field after attaining a minimum 

·for smaller values at magnetic field. 
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Evaluation of electron temperature. in transverse and axial magnetic 
fields in an arc plasma by diff"!Jsion voltage measurement 

S. N. SEN, C. ACHARYYA,t M. GANTAITt and B. BHATTA
CHARJEE,t 

The ·diffusion voltage in a mercury arc plasma has been measured for arc currents 
from 2·5 A to 5 A in transverse and axial magnetic fields from zero to 1·1 kG. 
Assuming the radial distri.bution of charged particles proposed by Ghosal er a/. 
( 1978) and utilizing the method of Sen et a/. ( 19SJ ). the ratio of electron tem
peratures with and withont a magnetic field has been evaluated. It becomes a 
maximum in an axial field and then decreases, whereas it shows a minimum in a 
transverse field and then increases. An expre;;sion for the ratio of the electron 
temperature with and without a field has been deduced that explains these results. 
Quantitative agreement between experiment and theory is fairly satisfactory. 

1. Introduction 

Extensive measurements of plasma parameters such as electron density, electron 
collision frequency with atoms, electron temperature and their variation with pres
sure, discharge current and external magnetic fields have been made by the standard 
plasma diagnostic techniques for glow discharges, but the corresponding data for an 
arc plasma has been little reported so far. For the last few years we have made a 
systematic investigation of the properties of the arc plasma (Sen and Das 1973), 
Ghosal et al. 1976, 1978, 1979), Sadhya and Sen 1980, Sen et al. 1983, Sen 1987, Sen 
and Gantait 1987, 1988. The aim of these investigations has been to develop a 
.consistent theory for the occurrence of an arc plasma and to study the transition 
phase from a glow discharge to an arc plasma. In a recent communication (Sen et al. 
1988) we have shown how the electron density and electron temperature in an arc 
plasma can be measured by a Langmuir single probe method. It is:well known that 
in the positive column of a glow discharge, or in an <Ire plasma, a radial clect1 ic field 
develops as a result of net charge separation owing to different rates of diffusion of 
ions and electrons (ambipolar diffusion). Sen et al. 1983 evaluated the electron tem
perature in a glow discharge in air (pressure 1 torr) from the measurement of diffu
sion voltage, taking the radial profile of the charge distribution to be basselian. 
They also measured the variation of electron temperature in a magnetic field by 
placing the discharge tube in a transverse magnetic field (0 to IOOG). The utilization 
of this method in the case of an arc plasma has been investigated in the present 
work employing the radial distribution function of charged particles in an arc 
plasma due to Ghosal et al. (1978). . 

The well-known theoretical analysis carried out by Allis an4 Allen (1937) and 
others shows that the behaviour of the electrons (and consequently the electron 
temperature, the electron radial distribution, the current-voltage characteristics and 
other parameters) is different for transverse and axial magnetic fields. The results 
obtained by Sen and Das (1973) indicate that the theoretical expression deduced by 
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Beckman (1948), later simplified ·by Sen and Gupta (1971), regarding the variation of 
electron density and electron temperature in a transverse magnetic field in a glow 
discharge is also valid in the case of an arc plasma. Further, it has be~n observed by 
Sen and Gantait {1988) that the voltage-current characteristics undergo a generally 
similar change for both alignments of magnetic field, but that a transverse magnetic 
field .has a stronger effect than ap axial magnetic field. In the present investigation, 
we have evaluated the electron temperature in an arc plasma by measuing the diffu
sion voltage, have studied its variation in both transverse and axial magnetic fields, 
and have made a theoretical analysis of the observed results. 

2. Experimental arrangement 

For the investigation of an arc plasma, a mercury arc was utilized. For the 
measurement of diffusion voltage in a transverse magnetic field, an arc tube of 41 em 
length, 26·5 em anode-cathode spacing, 2·2 em inner diameter and 2·5 em outer dia
meter was used. In the· case of an axial magnetic field, an arc tube is of 9·1 em 
length, 6·2 em anode-cathode spacing, 1·86 em inner diameter and 2·16 em outer 
diameter was used. Both tubes were made of pyrex. The arc was excited between 
two mercury pool electrodes (fitted with two tungsten wires for external electrical 
connection) by a 250 V DC. generator with a rheostat to control the current. The 
whole arc system was cooled by air and the two mercury pool electrodes by circu
lating water. To maintain the pressure constant in the tube, dry air which acts as a 
buffer gas was introduced by a variable microleak needle valve fitted in the vacuum 
arrangement. The pressure was measured by a calibrated pirani gauge. For mea
surement of the parameters in a transverse magnetic field, a portion of the positive 
column of the arc was placed between the pole pieces of an electromagnet while for 
that in a lo~gitudinal magnetic field the whole arc tube was inserted between the 
two pole pieces. 

The electromagnets were run by a stabilized DC power supply (Type EM20), 
and the magnetic lield calibrated by a gauss meter (Model G 14). After every 
sequence of measurements, the electromagnet was demagnetized. 

For diffusion voltage measurement in a transverse magnetic field, two cylindrical 
tungsten probes of 0·8 em length and 0·014 em radius were inserted parallel to one 
another; one along the axis r = 0 and the other at a distance of 0·6 em from the axis 

·in the same cross-sectional plane of the tube. In an axial magne.tic field, they were 
0·53 em, long, the other specifications being the same as for the transverse magnetic 
field. The diffusion voltage was measured as before (Sen eta/. 1983). 

3.1 Results and discussion 

3.1. Transverse magnetic field 

The variation of the diffusion voltage is shown in Fig. 1 for magnetic fields 
varying from zero to 1·0 kG. It may be seen that the diffusion voltage increases with 
magnetic field for three fixed currents, namely 2· 5 A, 3·0 A, and 3· 5 A. The values of 
the diffusion voltage are entered in Table 1. From the nature of the curves it can be 
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Figure I. Variation of diffusion voltage with magnetic field for different arc currents 
(transverse magnetic field). 

assumed that an empirical relation of the form VRH = VR[I + m'H 2
], where VR and 

VRH are the diffusion voltages with and without a magnetic field and m' is a constant, 
represent the experimentlll results. We can estimate the value of m' by a statistical 
method, essentially as described before by Sen and Gantait (1988). 

The value ofm' for arc currents of2·5A, 3·0A and 3·5A are 3·6526, 3·43021 and 
3·41062, respectively. To verify whether the assumed empirical relation for VRH 
agrees with experimental results the calculated .values of VRH are compared with the 
experimental results in Table l. They arc in good agreement and we can conclude 
that the variation of the diffusion voltage in a transverse magnetic field can indeed 
be represented by 

(I) 

where m' is a function of the arc current. 
We can find values of the electron temperature with ('T,11 ) and without ('T;,) a 

magnetic field from the measured values .VRH by procedures closely comparable with 

Arc current = 2 · 5 A Arc current = 3·0 A Arc current = 3·5 A 
Magnetic 

field VRH deduced VRH deduced VRH deduced 
(kg) VRH (exp.) from (1) VaH(exp.) from (1) VRtt(exp.) from (1) 

0·28 0·80 0·7075 0·65 0·6091 0-45 0·4562 
0·45 1·00 0·9568 0·80 0·8134 0·60 0·6086 
0·56 1·30 1·1807 . 1·00 0·9963 0·70 0·7450 
0·68 1·50 1·4789 1·20 1·2413 0·90 0·9277 
0·80 1·80 1·8357 1·45 1·5337 1·10 1·1458 
0·90 2·20 2·1772 1·80 1·8137 1·35 1·3545 
1·00 2·50 2·5590 2·20 2·1265 1·65 1·5878 

Table 1. 
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those used before by (Sen et al. ( 1988) via the relation 

where 

T,11 = l + m'H
2 

T, aH 
1+

x 

c = (~ . .!:)2 
1 m Vr 

and 
R 

x = 2n Jog ( 2 .. 2)112 R -r 

(2) 

The value of a was calculated from the data obtained earlier (Sadhya and Sen) 1980, 
Sen et a/. 1988), and the valtles of x from the values of n. Some values of n were 
obtained by Ghosal eta/. (1978), and measurement of n for a wider range of current 
(2·2 A to 5·0 A) have been made in this laboratory by Gantait (1988). Plots of n 
versus arc current are shown in Fig. 2. Values of T.tJT. are plotted in Fig. 3. Each 
curve shows a minimum around 200-300G. 

3.2. Axial magnetic field 

Values of VRH in an axial magnetic field are plotted against ~he corresponding 
values of magnetic field in Fig. 4. Following a procedure in essence the sainc as thal 
of§ 3.1, ,we obtain the results plotted in Fig. 5. In the two-fluid model proposed by 

3·0,-------------, 

2·5 

2·0 

'7 1·5 
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0 1·0 2·0 3·0 '1·0 5·0 
Arc current (A) 

Figure 2. Variation of 11 with arc current. 
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Figure 3. Variation of T • .JT. with magnetic field (Transverse magnetic field). 
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Figure 4. Variation of diffusion voltage with magnetic field (axial magnetic field). 

000 

Hirsh and Oskam (1978), energy balance considerations in the absence of a mag
netic field lead to the equation 

.. 
T, - 1;, _ 1Wig . ),~ e2 £ 2 

1'. - 24m. K2 T~ 

ancl when a magnetic field is present 

Putting 
EH = E(l + mH) 

(Sen and Gantait 1988) and 

(Bievin and Haydon 1958, Sen and Ghosh 1963) we get from (3) and (4) 

Hz 

· lm2 

H
2 

+ 2mH - C -j T . I p2 
cH {1 · -= 1 + Hz .. 

T. 1 + cl pz 

where 

0·6 

0-4'::-o-::o~.,--::co'::-·3---::c0'::-·5--07 0·9 1·1 

Magnetic field fkGl 

Figure· 5. Variation of T.H/Te with magnetic field (axial magnetic field). 
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Arc current Hm,. (exp.) Hm .. (calc.) 
(A) (k-G) (k-G) 

Axial 3 0·31 0·3285 
magnetic 4 0·2 0·2818 
field 5 0·142 0·201 

Hmin (expt.) H min (calc.) 
(kG) (kG) 

Transverse 2·5 0·288 0·2735 
magnetic 3 0·201 0·181 
field 3·5 0·188 0·132 

Table 2. Calculated and experimental values of Hmax and 
H min in axial and transverse magnetic fields. 

The value at which T..1JTc will either show a maximum or minimum will be H = 
m/CdP2

• 

It can be show~ that 

1 d2T..H 
--·--
7'.. dH 2 

will be negative for an axial magnetic field and positive for a transverse magnetic 
field, which explains the occurrence of the maxima and minima in the two cases. 

Further, the values of Hrnax. where the electron temperature becomes a maximum 
in the axial magnetic field and the values of Hmin where the electron temperature 
becomes a minimum in a transverse magnetic field have been calculated fOi three 
different arc currents from the respective values of m and C 1 • The results arc shown 
in Table 2. The mercury vapour pressures are taken from an earlier paper by 
Sadhya and Sen (1980). 

Quantitative agreement between the experimental and calculated values. as dis
tinct from qualitative agreement, is only moderately satisfactory as is to be expected 
owing to uncertainty in the values of C 1 . However, the· agreement "between the 
experimental and calculated values of Hmax and Hmin is' of the correct order of mag-
nitude. · 
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