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CHAPTER III 

MEASUREMENT OF EL IDTRON TEMPERATURE AND ELECTRON DENSITY 

IN EOW DENSITY MAGNETISED PLASMA BY PROBE METHOD. 

3.1. · Introduction 

The measurement o£ electron temperature and 

radial electron density in low density plasma in molecular 

gases magnetised by either·a transverse or a longitudinal 

magnetic field'have been carried out by Langmuir probe 

method. The probe method is one of the standard methods 

of measuring plasma parameters. The theory of Langmuir 

probe in zero magnetic field rests on two assumptions: 

(a) the dimension of probe and (b) the thickness of space

charge sheath surrounding the probe is small compared to 

the mean free path of the electrons and ions. The limi ta

tions as well as the validity of these assumptions have 

been discussed by a large~ number of workers. Neverthe

less, the values of the parameters obtained by this method 

compare very :favourably with the values obtained by 9ther 

standard me~hods. 

As most of the effects of magnetic field on a 

plasma depend on the manner in which these parameters 

are affected by the field itself, an experimental study 

of the natUre of variation of these parameters by probe 

method has been reported •. This will enable us to put to a 
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direct experimental test the theoretical deductions regar~ 

ding electron temperature and electron density variation 

in both longi tuQ.inal and transverse magnetic :fields. 

A magnetic field B applied_· to the plasma 

effectively reduces the ~ree paths of the c~arged par

ticles perpendicular to B to less than the radius of 

· curvatUre · f . = m \.9- /e ~' \9- , -m and e. being 

the velocity, mass'and charge of the partic1e and hence 

for a probe collecting ~cross magnetic field assumption 

(a) becomes invalid in moderate magnetic field. For this 

purpose the magnetic fie1d used in the pre·sent experiment 

has been kept be1ow 100 G. The validity of assumption 

(b) depends upon the sheath thickness end thus on plasma 

density, type of gas and on B. In our experiment the 

plasma density ha-s been kept relatively high ( > 109/cm3) 

·and the magnetic :fiel'd below 100. G~ Moreover in the expe-. '- -

riment, molecular gases have been utilised and the elect-
'· 

ronic en~rgy in the molecular gases is suppoe!3d to be . · 

much lower than in ato~c gases_ because o:t:_ the ability 

of the molecules to absorb energy from the e.lectrons by 

vibrational and· rotational excitation· in collisions at 

low energies. Such excitation is not possib1e in mona

tomic gases. In this way the sheath thickness which is 
. I 

assumed to be of equal value to .De bye length given by the 

··expression (Krall and Trivelpiece, 1973), 

. . . \ j'l. 

'An- 4 ·9 (Te. (n~) em. (3.1) 
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where "'n e- and T e- are the. number density ( cm-3_) and 

temperature (°K) of electrons, will be much less so that 

assumption (b) holds even when a magnetic field is present. 

Under these condi tiona, the electron temperature and 

electron density can be obtained· as has been shown by 

Bohm et al (194~) and by-Kagan and Perel (1969) as in 

the case without the field. 

3.2; Experimental arrangement 

The experiment in which electron temperatuxe 

and electron density have been measured has been performed 

in two parte:(a)· when the. magnetic field i~ transv~rse, & 

(b) when the magnetic field is longitudinal, both with 

respect to the direction of the discharge current which 

is along tl~ axis of discharge tube. Measurements have 

been made in d~c. glow discharges in air, hydrogen, nitrogen 

and oxygen •. For molecular gases the excitation levels are 

widely spread o~t upto ionization potential and inelastic 

losses set up at low energies and these are so distributed 

· so as to produce. an approximate Maxwellian distribution. 

For transverse field, the lines of force were· . 
exactly perpendicular to the. axis of the discharge tube 

and the ·fiel.d was introduced in the positive column of' 

plasma.. For longi. tudinal magnetic :field~ the d:i. scha.rge 

tube was placed i~ between the pole pieces of electro

magnet, producing an uniform field without any. radial 
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component at the location of discharge tube. T.h~ probes were 

of o,ylindrical tungsten wire of 0.019 em. diameter. In case 

of transverse magnetic field it was 4.1 mm. long, hence the 

ratio { / ---rl= ~ 4 3 ( L is the length and "P~ is 

the radius of the probe) and.was placed at.a distance 2.5 em. 

away from the anode. In case of longitudinal magnetic field 

·the probe was 2.2 mm. long, L J ~~ · ~ · 2 3 and was 

placed 1.3 em. from the anode. The pressure of the gases in 

the experiment have been measured as described. in chapter II 

and entered in Table 3.1. 

Probe 'voltages were supplied by a dry battery and 

voltages were measured with respect to anode. Keeping the 

pressure constant, the magnetic field was introduced and the 

probe potential::.·· was changed from negative values with res

pect to plasma po.tential to positive values far into . electron 
I 

attraction region. O~her details of the experimental arran-

. gement have be en given in chapter II. 

TABLE 3.1 

Pressure of discharge in different gases. 

-- - -,-- - - - - - - --. -,- - -- - - -- - ~ - --
Gas , Pressure in torr in ' 

' Transverse magnetic 
' field. 

Pressure in torr in 
Longitudinal magnetic 

field. ----------- -------------------
Air 0.4. 0,6 

Hydrogen 0,7 1o0 

Oxygen 0.5 0,4 

Nitrogen. 0.5 0.6 

-----------------------~---------
The dis charge currents were varied between 9 and 12 mA. 
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~.~. ResUlts and Discussions 

3.~. t. Probe data anaJ.ysis ·and methodS of 

measurements :tcx_ of Te and 'lle. 

!~_figs. 3.1 through~.5 probe currents and 

probe voltages with respe~t to anode have been plotted 

for different gases wh~n either transvers-e- or longi tu~ 

dinal magnetiq field was present. Then the logarithM of 

probe current and probe.voltage was plotted. The charac-

te~istics have three di~inct part: the region of-positive 
' . . ( . 

ion saturation curren~, the region of partial electron 

"current known as the electron temperature regime and the 

electron saturation current regime. It is observed that 
/ 

etectran current ~e~ is never saturated. Increase in 

electron current with increasing positive potentials is 
I 

expected due to growth of effective collecting area as 

the sheath expands. I~ priJilciple the space pote~tial {or 

the Pl.asm potential) may be determined from the cha.rac

teri stic. When the· two distinct parts in the electron 

attraction region of the characteristic have a sharp 

crce sing known as lmee of the characteristic, the voltage 

corresponding to knee or break off point is the space Jllll 

· potential. In our· experi~ent a sharp knee was no_t obtained, 
' 

instea~ a round knee was ob_served. The IX)ssible reason 

may be either a deviation from 1\tiaxwell.ian di. stri bution or 

drain- dif.fusi on. ~o, two tangents hav.e been drawn to the 
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Fig. 3.1. Current~voltage .characteristic of probe with and_without_ 

transverse magnetic field for (a) nitrogen, (b) hydrogen. 
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electron temperature regime and electron saturation current 

regime on the semilogarithm plot of the characteri~tic and 

the· m.-ossing point of the two tangents represented the 

space potentia+. When space potentia~hage been dete~ned, 

the saturated ion current at the space potential is deter

mined by extrapolating the ion cur~ents graphically from 
; 

high Begative probe potentials, linearly to the space poten-

tial. Such extrapolations have been shov~n in fig. ;.6 for 

.,.-- air and oxygen in transverse magnetic field. The electron 

cu.'rrent ] e 

probe current 

against probe 

is determined by subtracting I· from the 
1., 

( eqn. 2.6). Log le,. has been finally plotted 

potential {Vp) and. the characteristics have 

been obtained. The characteristics of gases with and without 

magnetic fields have been shown in .flgs. 3.7 to 3.14. In 

figs. 3.7 to 3.10, the gases were subjected to transverse 

magnetic field· end for figs. 3.11 through 3. t4, longi tudi

nal. magnetic fields were used. 

For the analysis of the probe characteri sties, the 

domain of the probe operation is to be determined. The four 

paramete~s, probe radius ( , ~F ) , Debye length ( A--n ) , 

mean free path of electrons and ions ( 1\..e and 'A._-L ) 

effectively determines the domain. In our experiment, 

~10 = 9.5 x 10-3 em. ~.D is determined from equation 

{3.1). For typical. glow dischar'ges, Te. varies from 

1-5 eV and·· l'le.. from 108-1o10cm-3~ In determining ~ , 

we considered Te = 5 eV and Gl~ = 1010 cm-3 as i.t 

will be seen later that experimental values obtained 

from probe eha.racteri stic in general .are of these orders. 
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Current-voltage characteristic of probe in air and oxygen and 
determination of saturation ion current at space potential by 

method of linear extrapolation. 
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, thus calculated was 1.1 x 10-2 em. The mean free 

path of electrons A_~ may be estimated from values of 

collisions cross section ( g_"Y''"". ) • But collision cross 

section is a funct~on of electron energy. Huxley & Crompton 

( 1974) have shown that <::1""' l\.9-) may be replaced by an , 

effective mean value corresponding to a. ~alue of 

E/N. When the electron energy is greatly in excess of the 

~ mean energy of the gas molecules, and when inelastic colli-

sions {like vibrational and rotational excitation) are 

important 9._,; becomes a function of E/N where E 

is the electric field intensity and N is the number 

density of molecules. For a Maxwellian distribution of 

electron energy, 

* -10 . E IN 
:i"rn -:: 2 · 2 3 X I 0 ------;-~ 

W ( D/ J.J-) \}'2 

c.m.'l. (3. 2) 

where E/N is expressed in townsend, W, the drift velo

city at corresponding E/N is expressed in em/sec. and 

(D/ jV- ) , the energy corresponding to E/N is in volts. 

For the values of E/N in our experiments. for different 

gases, the values of W and (D/ _.,u.. ) e.re not available in 

literature for air, oxygen and nitrogen, so a model cal

culation for hydrogen gas for which datas are available 

(Huxley and Crompton, 1974) have been made. The cathode 

fall and anode fa.l~ for brass electrodes in hydrogen gas 
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(Francis, 1960) have been subtracted from total voltage drop 

across the disc~arge tube (1000 V). The potential thus 

obtained when ~vided by the length between the electrodes, 

gives E. E when devided by pressure of the hydrogen gas 

reduced to 20°0 (temperature of gas in the discharge tube 

was nearly 50°0), gives E/N corresponding to T = 293°K 

and taking values of W and D/ JV.- corresponding to 293°K, 

a_: ( ) a* J .. , is determined from equation 3.2 • J~· N which 

is the inverse of Ae is determined by finding N from 

pressure of the discharge reduced to ooc, and ~~ thus 
f'O"Y' 

calculated ~m hydrogen at 0.7 torr pressure was 6.3 x . 
10-2 em. 'At. has been· determined from data given by 

-+.. von-Engel (1965), corrected by Sutherland constant. Actually 

the datap given by von-Engel determines classical mean free 

path A. of hydrogen molecule in its own gas. But A ~ . 
.-j I\ l. ~ J2 A. • The factor ~ applied only when 15 ion.)) 

\9-molecule. Considering A_ = A,:_ , for hydrogen A-1.. 

has been calculated to be 2.1 X 10-2 om. for pressure O.y torr. 

So it is found for hydrogen gas that A._-m >> ~P :J . 

and ~~=> ~ ~~ /1\._"D) ( 5 • 

the smallest free path for collision between the charged and 

other particles of which plasma is composed. It is evident 

from Table 3.1 that for hydrogen, the pressures were compa

ratively larger than for other gases. So it is expected 

that for. other gases Am would be greater so that above 

condition is fulfilled. In this condition the orbital motion 
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theory of Langmuir is valid. 

The probe theory as developed by Langmuir gives 

electron cur-rent as 

(;.;) 

where 1""'("e- is the random electron current, and k is 

the Boltzmann constant 

- 8 k Te..)\1'2-
I--re -= * As lie. e ( -mTt (3.4) 

As is the effective electron collection area of the probe 

and I"\ e. is the unperturbed number density of electrons. 

From equation(;.;), electron temperature 110 correspon

ding to the assumed Maxwellian distribution is calculated 

by measuring the slope of the line in partial electron att

raction region in a semilogari thmic plot of 1~ verses 

Vp• I.,..e... corresponds to the electron current to the 

probe at space potentiaJ. which is determined from crossing 

point of the two tangents in the characteristics. The tan

gents were drawn in the following manner: 

1. The tangent in the partial electron attraction 

region was drawn through more points of highly 

negative probe potential as it is in this region' 

that the distribution is expected to be Maxwellian 

and equation (;.;) is valid for electron currents 

which are small compared to I-re (Schott, 1968). 



102 

2. The line in electron saturation current regim.tr

waa drawn in such a manner that it passes through 

maximum number of points. The electron saturation 

current regime may be divided into two parts: 

one corresponding to a linear increase of Ie 
with due to the growth of effective 

collecting area, as the sheath expands. When Vp 

is made more positive, a breakawS3f from this 

linear incr-ease is observed. In this region the 

probe becomes ver.y hot and the sheath expands so 

much that for a large potential drop across the 

sheath, the electrons can fUrther ionise in their 

way to probe and a luminous region is created 

surrounding the probe. While drawing the tangent 

the poi'nts just below the breakaway point were 

utilised so that 811 points after breakaway limit 

are above the tangent. 

Since the ratio t / ~P was very much greater 

than unity, the effective electron collection area As 

was considered to be equal to 2 n ~P l · . Thus from 

equation (3.4) number density of electrons was determined. 

The probes being always placed at right angles 

to the magnetic field, the same procedure for the measu

rement of electron temperature and electron density has 

12 en adopted in both the transverse and longitudinal 

magnetic field. In case of magnetic field following 

Uehara et al ( 1975), the effective probe area has been 

taken to be 4 "f">p E • 
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Results 

With the method of analysis of the prob_e data 

as r_eported in section ;.;.1, semilog plot of current 

voltage characteristics has be en obtained :for air, hydrogen, 

oxygen and nitrogen in transverse and longitudinal magnetic 

fields. It has been observed that the plots~~straight lines 

with two different slopes for both with and without magnetic 

field. 

From the slope of the straight lines electron 

temperature has been determined for-all the· gases and from 

the point of intersec-tion ·o:r two_ tangents I "<'e has be.en 

determined from which electron density bas be.en obtained. 
. . 

Table ;.2 shows the values of electron temperature and 

el_ectron densities thus ~btained, for- transverse magnetic 

fields. fhe values of these parameters when a longi tudinaJ. 
' 
magnetic field is present have been ent_ered i~to Table ;.;. 

/ 
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TABLE 3.2 .. 

Values of Te and I) e-. with and wi. thout 

transverse magnetic field, 

- - - ,- - - - - - - -
Mag
ne
tic 

t 
Air 

P= 0,4 torr 

Hydrogen Oxygen t Nitrogen 

p = 0,7 torr ' p = 0,5 torr ' lo=0.5 torr 

--------~-------~---T---,-------' ' . ' field' · Te2. 
(G) ' 

.ne.-xloq' Te... ne.x1o 9 , Te... ,'he.XIo'l, Te., n~xto~ 

' 
ev 

' . ' 
-3 em -3 t 

DIY\ ev eV 

--------------~---------~~---------

0 

13 

20 

·27 

40. 

60 

7.95 

8.23 

8,89 

4.87 

.2.78 

1.59 / 

0,91 

7.83 2.53 

8,16 1 .92 

9.12 0.78 

9.53 0,39 

7.90 4.52 8,03 4.19 

8,17 3.50 

8.74 2~17 8.64 2.57 

9.34 1.52 9.34 1.35 

-- -- - ------------ ------- --------

\ 



105 

TABLE 3.3 

Values of Te and Yl e.. w1 th and 'Without 

longitudinal magnetic field. 

---,- -- ·- - - - - - - - -- - - - -
' Mag- Air Hydrogen $ Oxygen Nitrogen 

ne- f 

p = 1.0 torr 
f 

r. p = 0.6 torr ' p = 0•4 torr p = 0.6 torr 
tic ' ----- ~--~------~--~----~--------' field, ' "ne.Xt6"

9 Te.. 1 
'ne.'X\09 Te. 

t 

7112.:X 10, Te... 
., 

Te.- n e2.X r6 9 
(G) 

t 

e\J . ' c-M3 e.\J -3 .e.V c:m-3 eV c.m3 ' c::.m 

- ~-- ~ c:;;;;a - ..,_ .... ------ -a---------- ~--------...._ 
0 5.26 4.7·4 6.03 2.05 4.13 4.85 6.79 2.13 

'\ 

13 5.94 2.09 6.70 2.18 

~~ 
. I 27 5.15 4.82 3.86 4.91 6.59 2.25 
-:.. 

" 
40 5.68 2.16 3.65 5e02 

54 5.14 4.97 5.50 2.25 3.42 5.14 6.28 

82 4.92 5.20 

------------- ....,.,... ~- .... _..--..,----- ... -- ..:I;IQ ..-::1--- ---
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It is evident from Table 3.2 and 3.3 that plasma 

parameters change with magnetic field. In case of trans

verse ma,gnetic field the electron temperature increases 

where as radial electron densit,y .at some region near the 

axis decreases and in case of longitudinal magnetic field, 

the electron temperature decreases .and the axial electron 

density increases. 

Discussion of the results 

rr~ 
In ~ase of longitudinal magnetic field, for 

cylindrical probe perpendicular to magnetic field, the 

electron temperature and electron density can be deter

mined from the characteristic as in the case of zero field. 

Not much distortion in the probe characteristics was obser

ved in the range of magnetic fields used. But distortion 

was present in the case of transverse magnetic field. In 

transverse field the k:newli;-: becomes more and more round 

and the space potential undefined. In case of longitudi

nal magnetic field, from experimentally measured values 

of rf conductivity, Sen and Gupta (1969) have shown ~n 

decreases with the increase of field. This is also in 
' 

accordance with equation (3·.1) as in the axial region TQ... 

decreases and lle. increases. From the stand-point of 
I 

probe measurements~ a decrease in A._t) is welcome. For 

transverse·field equation (3.1) predicts an increase of 

?\.t> in the axia.:L region. If 1\..'D increases, the 
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sheath and hence the effective probe collection area increaseso 

When 7\.T> is comparable to At. , an increase of 'A.n means 

collisions in the sheath. So when A:t> will be high, diffu

sion of particles have to be considered and the probe current 

would fall. So a rounded knee is expected in magnetic field 

.for a probe perpendicular to the magnetic field and to discharge 

current mutually as the diffusion becomes anisotropic. Never-

' theless- we have utilise<J, standard probe theory in this case 

in the anticipation that . 1\ ... :J:) ~ '"'Xe.. and we are. utilising 

the electron attraction region of the probe characteristic. 

While investigating the effect of transverse 

magnetic field on glow discharges, Beckman (1948) observed 
I 

that the longitudinal electric field increases with the 

increase of magnetic field and the radial. electron distri

bution becomes asymetric. From Beckman's ana1ysis Sen, Das 

and Gupta ( 1972) obtained that 1t electron temperature when 

a magnetic field B is present is related to the zero 

field value by the relation 

where , p is the pressure of the discharge and c1 is a 

constant for a particular gas given by-

(~ . ?:e.t )2. ' 
' - 'Yn... \.9 "(' 

<:~.6) 
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and ~~ are the charge, mass, mean free path 

at a pressure of 1 torr in 0°0 and random velocity of the 

electrons respectively. Equation (3.5) is valid for condi

tions (i) in the domain where Schottky's ambipolar diffUsion 

is valid (ii) the iontsation is II!B-inly by electron impact 

ionisation collisions of. the ground state molecules (iii) when 

'B/ p i.e. the value of reduced magnetic field is compara-

tively small. The experimental values of L (Te.~ / Te)'L- \] 
'T.2 2.. I h 'l. have been'plotted against o ~ for all the 

gas studied in fig. (3~ 15). It is observed that the curves 

are straight lines for the gases studied at low values of 'B/'p 

~ in conformity with equation (3.5). The slopes of' the curves 

are the value of c1 for the gases. Slopes are of' diff'erent 

values, so that c1 is dependent on nature of' the gas. From 

~, the slopes, the calculated values of -c1 for different 

gases have been entered in second column of Table {3.4). 

Sen and Gupta {1971) have shown that the ratio of 

the electron density at a distance ~ from the ax:i. s when 

·the transverse magnetic field is present, to the va1ue in 

the absence of the magnetic field is given by 

e.:;x P (-a "B) 

where e E ct'/'l.~ /2 kTe r 
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Fig. 3.15. Variation of ((Te:a/Te)2 _ 1 ) against B2/p2 in transverse 

magnetic field. 
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From equation { 3. 7) it is evident that there will be a 

reduction of electron density and log ( 'Y'Ie.. /'Y1ee:, ) 

will be proportional to 13/ P • From the experimen-

tally obtained electron density, log ( '11 e. / 'Y) es ) 

has been plotted with B/p for different gases in 

fig. (3.16) and straight lines have been obtained. The 

experimental results after analysis ~hus indicate that 

Beckman's theoretical expressions as further modified by 

Sen et al (1971, 1972) with regard to electron temperature 

and radial distribution of electron density are valid.for 

low values of B/p. 

For longitudinal magnetic field Sen and Gupta 

( 1969) obtained 

Te..+2e.\/L/k (3.8) 

Vt, is the ionisation potential of the molecule. Equa

tion (3.8) is also valid when Schottky's ambipolar diffu

sion theory is valid and ion pairs are created by electron 

collisions with the ground state molecules. From equation 

(3.8), it may be shown 
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Fig. 3.16. Variation of log ( n/nB ) _against transverse 

magnetic field. 
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where 

(3.10) 

From equation (3.10) 0( for different gases may be caJ.

culated if ionisation potentials are known. Ionisation 

potentials for hydrogen, o~gen and nitrogen molecules are 

~- 15.4, 12.5 and 15.8 eV respectively. Ionisation potential 

-~
·'-:7 '-

for air has been calculated from values of coefficients 

A and B defined by von-Engel (1965). These coefficients 

are defined as 

\ A=-
7\.e:l ' 

13 -

where is the value of A .e, 

1 tor.r. From equation (3.11), 

V· = "l... 
·'B -A 

at a pressure of 

values of B and A for air have been given by von-Engel 

(1965) and from these value V;_ is calculated to be 

24.33 v. For longitudinal magnetic :field,from the expe

rimentally obtained electron temperatures, ~xp.2(Te-TeB)~ 

has been plotted against ·B2/p2 in fig. (3~17). The plots 

are straight lines w:i th an intercept of unity as predicted 

by equation (3.9). From the slope of the lines c1 have been 
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'I 
I 

calculated for all the gases and results 'thus obtained have 

·been ent~~ed in the. third column of Table 3.4. 

·TABLE 3.4 

Values.of 01 calculated for differe~t 

ionised gases for transverse and lo~~ 

tudinal magnetic fields. 
( ' 

---- ·- ... -- ..... - ... ----- -·----!---a.----=----' ' " .. ;' 

Gas 

' . 
01 from ~ransvers.e 01 fro~ l~ngi tudinal. 
magnetic field mea- '. magnetic .field mea- · 
surement ' ' ' ' surement 

t ( torr2/ gauss2) · , ,(torr2/gauss2) ' 

- -~ - - - - - -- - ·-- ~ ~ ~ ~ - - - -.- - -.·.-a -:J- -.- ~ - - ~ - -

Air 3;4 x 1o-5· .4.3 X 10~5 

Hydro:gen 2.31 X 10-4 2.48 X 10-4 
} 

17 ~ 10-5 . c: 
Oxygen 12.5 X 10-"' 

Nit~ogen 5 x 1o-5 5.6 X 10-5 

I ' - - ..... --- ~ - - -- - --- - --c..~--._. ________ ._._ 
I~ i's evident 1hat the .val.u~s o{ c1 obtained, quite indepen

dently from two sets of measurements agree very well in case 

o·f hydrogen and nitrogen. In case of air and specially. in 

c;:ase of oxygen the agreement is not ·very, close and this is 

'definitely due to the faet. that' ~alculation' of . 01 in case 

' of longitudinal magnetic field involves the knowledge of an 
: ·~ 
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accurate value o:f ' Vi, ' the ionisation potential. In 

the case o:f air·, there is uncertainty in the accepted 

value o:f Vi where:=, as in case o:f oxygen, as has been 

shown by Thomson (1961) in their mass spectrographic 

measurements, there are present in an oxygen p~asma 

0-; o;, o+ and o; ions. o- and 0~ concentration 

are about equal :k in magnitude and :formed over 9o% o:r 

the ions present. So the value of V 1.- taken equal to 

that of oxygen molecular ions: introduces an element of 

uncertainty in the value of c1 • 

Sen and Jana ( 1977) have discussed that in case 

o:f molecular gases the radial distribution of electrons 

in a cylindrical discharge tube Where ~chottky's ambi

po1ar diffUsion theory is .valid, is gove~1ed by the nor

mal Bessel function. The authors have·shown that the 

radial electron density increases when the plasma is 

confined by a uniform longitudinal magnetic field and 

deduc'e d that 

Jo l; ~ 'l''2] 
Te.sJ 

(3.13) 

where ,ne. is the electron density at a dist'ance 'Yl • 

Vt, and 1\ are the ionisation frequency and diffusion 

length. The subscript B signifies a quantity when a 

magnetic field is present. The diffUsion length 1\ is 
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given by 

-!\?.. 

L and R being the distance between electrodes and radius 

of the discharge and 1 /1\ '2- = 4.067 cm-2 • Further, 
/ 

Qx p (-eVi../ kTesJ [\ -t eV1. I k TeB] 

Q.xp (-f2.V-i-/k'Te) [l + e-\J-t..f kle] 

Considering a va]Ue o:f 'f-1 , from equation ( 3 .13) the values 

may be calculated. Taking ~ = 0.2 em., 

the length of the probe, the calculated values of 'ne.s /'Y'I~ 

from eqn. (3.13) and the experimentally obtained values from 

probe data have been entered in Table 3.5. 

TABLE 3.5. 

Values of ~~~'B /-ne. in longi tudinaJ. magnetic field. 

---~-~--------~---~---------------
Mag- ' Air Hydrogen Oxygen , Nitrogen 
ne- - - - - - - - - - - - - -r - - - - - - - - - - - - - - - -- - - -
tic ' ' _, • 
field, Theo. 'Expt. Theo. , Expt. Theo. Ex.pt. Theo. Expt •. 
(G) 

13 

27 

40 

54 

82 

1.001 

1,003 

1,007 

' 
. ' 

---~----..:;;a--- ---.1--------

1,016 

1,0002 1,025 

1.004 1.047 1.0006 1.058 

1,002 1,054 1.005 1,1 

1,047 1.0034 1.097 1,011' 1,16 

1.097 

1,002 1,109 

----------.:;!-- -----~---------~------
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The agreement between the theoretical and experi

mental results fs not very satisfactory, but nevertheless 

the results do indicate that the ~ial electron density 

increases ·with· a lo~ tudinal. magnetic fieldo One of the 

reasons for quantitative disagreem$rit b~tween theoretical 

~d experimental valu~s·is the fact that whereas the_ theo-

·retical expression expresses the electron ~e:nsity at a 

point distant 'Y' from the aXis, in actual calculation 

we have taken an average m:tlue of ~ for the finite 
·, 

length of the probe because the whole are~ of probe is 

effective in collecting the electrons. 

From experimentally obtained values of _plasma 
·I 

·parameter by probe method, it is thus evident that magnetic 

field-influences a discharge col~ in~onformity with obser-
' . 

vationa of Beckman and Sen et al. In the analysis, the 

authors ~onsidered the plasma balance e~ation of the 

positive column. The magnetic field modifies the loss 

processes like ambipolar diffUsion and mobility of 

charged particles and the ~lasma·parameters chan@S in 
. ' . 

magnetic field as the ~lasma adjusts to this new situa

tion. The theoretical interpretations are in agreement 

wi tb. other models of positive colurim. used. As :fa for 

example we mention the ion fluid model discussed by , 

Franklin {1976) when a longitudinal magnetic field is 

present. In this mo.del a quantity 8 ·., which measures 



y· 

particle collision frequency of momentum transfer relative 

to ionisation frequency, is of importance. F~anklin discu-

ssed that when ionisation frequency· ( ( elastic collision 

frequency, the quantity 8;__ / 8 e.. in a longitudinal 

magnetic field is changed by the relation 

( ~~)~ 
bi_ ( 3.16) 

be.-
. 'b2. 

I --t c., 'p 'l... 

the subscripts '2.. and e. indicates ion and electron. 01 

has been already defined and it/is the square of mobility 

at a pressure of 1 torr at ooc. When 'T e- is not large 

8~ I Be.. (3.17) 

;U- is the mobility of a particle. In the range B/p ( 0.5 
-1 Tesla torr , only ~ is affected in a magnetic field 

so that, 

Equation (3.18) virtually speaks for an effective increase 

of pressure 

Equation (3.19) was utilised by Sen and Gupta (1969) in the 
. ' 

plasma balance equation of positive column to £educe equa-

tion (3.8). 
I 
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Conclusions 

The electron temperature and electron density in 

low temperature pl~s in air, hydrogen, oxygen and nitrogen 

magnetised by either a transverse or a longitudinal magnetic 

field have been measUred by probe method. Experiments have 

been performed under the condition in which assumptions of 

?-·- probe theory are valid. The alignment of magnetic field with 

respect to the direction of the discharge current has a deci

sive effect on the values of the plasma parameters and thereby, 
. . 

we can bring out the difference in behaviour of a swarm of 

electrons and their associated properties in transverse and 

longitudinal magnetic fields. In case of transverse magnetic 

field, the electron temperature increases whereas radial 

electron density decreases upto a certain distance from 

the·axis. Quantitative agreements for the variation of 

plasma parameters in transverse magnetic fi~ld have been 

obtained with existing theories for small values of k B/p. 

For longitudinal magnetic field, the electron temperature 
' . 

decreases whereas the radial electron density increases. 

This may be explained from an equivalent increase of pre

ssure in' longitudinal magnetic field as predicted by the 

theory. 
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For molecular gases, the excitation levels are widely 

spread out upto ionization potential and inelastic losses 

set up at low energies and these are so distributed so as 

to produce an approximate Maxwellin distribution for electron 

energy. The present investigation clearly indicates that 

thxa though the nature of electron energy distribution (in 

case of longitudinal magnetic :field) remains Ivia.xwellian in 

~ character in presence of or in absence of magnetic field, 

also it becomes a function of the magnetic field. For 

transverse magnetic field nothing specific about the 

electron energy distribution can be predicted owing to 

the distortion of the characteristics due to anisotropic 

diffusion. ~at has been measured in the present inves

tigation is the average electron temperature and its 

variation with alignment of magnetic field. 
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The measurement of electron temperature and electron density·in low temperature 
plasmas in air, hydrogen, oxygen and nitr<:>gen magnetised. by either a transverse 
or al'ongitudinal magnetic field have been carried out by the probe inethod. The 
limitations of the probe theory and the precise method in measuring electron 
temperature and electron density both in the. absence and in presence of the 
magnetic field have been discussed and the experiments have been performed 
under the conditions in which the assumptions of the probe theory ~re strictly 
valid. The genera] conclusion arrived at is that in case of transverse field, 
the eiectron temperature increases whereas th!) radial electron density decreases 
and in case of longitudinal field, the electron temperature decreases and the 
radial electron density increases. The results are also quantitative in agree
ment with the theoretical deductions of Beckman (1948) and Sen and Gupta 
(I971) in case of transverse magnetic field and that of Sen and Gupta (1969) 
and Sen and Jana (1977) in case of longitudinal magnetic field. Further, it is 
noteu that in case of molecular gases the electron energy distribution is Max
wellian in presence of or in the absence of magnetic field but in the former 
case it i;ccomes a function of (H/P) where .lJ is the magnetic field and P is the 
pressure. 

I INTRODUCTION 

·[HE Langmuir probe method is one of the standard methods of measuring the.plasma 
parameters such as electron density and electron temperature in a gaseous discharge. 
The theory of the probe in zero magnetic field rests on two assumptions : (a) The 
dimensions of the probe; and (b) the thickness of the space-charge sheath surround
ing the probe is small compared with the mean free path of the electrons and ions. 
In coimection with the probe theory, a paramete'r ~,= r,/>-a has been introduced 
by Chen, Etievant and Mosher (1968) where r:p is the radius of the probe and Aa the 
De bye Shielding length for. the repelled species. For cylindrical probe, the· compu
tations of Laframboise (1966) show that the orbital motion theory of Langmuir is 
accurate for ~" > 5. In our experimental set up, this condition is satisfied. 

The limitations as well as the validity of. these assumptions have been discussed 
by a large number of workers. Nevertheless, the values of the parameters obtained 
by this method compare very favourably with the values obtained by other standard 
methods. In our present programme of work in determining the momentum transfer 
cross 'section in a transverse magnetic field and the ,voltage current relation in a 
longitudinal magnetic field (Sen & Jana, 1977) or in studying the diffusion of 
electrons in a magnetic field, it lias been assumed in explaining the observed experi
mental results that both the electron temperature and electron density distribution 
are affected by the magnetic field and the nature of the variation is different according 

Vol. 45, A, No. 4 
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to the alignment of magnetic field with respect to the direction of the discharge 
current. 
, It~has been deduced by Sen and Gupta (1971) that the ~lectron temperature 
in presence of the magnetic field is given by 

T.n=T. [ 1 + C1. ~: J'2

, (I) 

when (H/P) is small and C1 = (_!_ . .!:_ ) 2, where L is the mean free path of the 
· m Vr 

electron in the gas at a pressure of 1 torr and v,, the random velocity of the elec
tron. The validity and limitation of the deduction has been discussed in a number 
of papers (Sen & Gupta, 1971; Sen et a/., 1972; Sen & Das, 1973). Further, it 
has been shown by Beckman (1948) and Sen and Gupta (1971) that in a transverse 
magnetic field the radial electron density at a distance r from the axis is given by 

nn = n exp [ 4 ~ ~=~ "" #, J , (2) 

where R is the fraction of energy lost by an electron due to either elastic or inelastic 
collision: No direct experimental evidence of the validity of these deductions has 
been provided so far. 

The situation is completely different when the direction of the magnetic field is 
along the direction of the discharge c~rrent. This problem has not been quantita
tively studied so far but a detailed experimental analysis of the positive column in 
a longitudinal magnetic field has been provided by Bickerton and Von Engel (1956). 
Regarding the variation of radial electron density, Bickerton and Von Engel (1956) 
have obtained conqlusive evidence that the radial electron density increases in a longi
tudinal magnetic field. Sen and Jana (1977) have shown that in case of molecular 
gases as well, the radial electron density increases when the plasma is _confined by a 
longitudinal magnetic field, and deduced that 

· nH · Jo [T {~f!- f;;f'2

] 

-----n;; = J0 (r/ A), 
(3) 

where ~· is the ionization frequency and 4 is the diffusion length. It is thus evident 
, ·that the alignment of the magnetic field with respect to the direction of discharge 

current has a distinct effect on the plasma parameters specially the elec_tron tempera~ 
ture and electron density distribution. 

Aikawa (1976) has studied the anisotropy of the electron. distribution function 
pf a magnetised plasma by measuring the electron temperature. (Te7C) in the 
direction of the magnetic field as welL as in the perpendicular direction (T.1). H~ 
has. observed that in strong magnetic field (H = 350 G), electron temperature 
.increases linearly with the magnetic field but for low values of the magnetic field the 
experimental results deviate from the linear curve. Kaneda (1977) has .measured 
the electron temp·erature of a positive column with a transverse magnetic field and 
observed an increase of electron temperature with the increase of the magnetic field 
and the_ effect is more pronounced at lower gas pressure. - . 
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MEASUREMENT OF ELECTRON'TEMPERATURE. AND ELECTRON DENSITY ~l ~ 

·.· As most of the effects of magnetic field on a pla~ma depend. on. the · ma:":mer in 
which these pa_rameters are affected by the field itself,.it is proposed in the presen! 
investigation to make an experimental study of the nature of the variation of these 
parameters by the probe method: . This will.enable us to put to a direct experimental 
test the theoretical deductions regar.ding electron temperature and electron den.sity 
variation in both the longitudinal and'transverse magnetic fields. 

A magnetic field H applied to the plasma effectively reduces the free paths of 

the charged p~rticles perpendicular to H to less than the radius of curvature p ;; , v 

being the velocity and m, the mass of the particle and hence for a probe collecting 
across the magnetic field as.sumption (a) becomes invalid in moderate-magnetic field. 
For this purpose the magnetic field. used in the present experiment has been. kept below 
100 gauss. The validity of assumption (b) depends upon the sheath thickness and 
thus on the plasma density, the type of the gas and oii the magnetic field. · In our 

··experiment the plasma density has been kept relatively 10\v (t'08/c.c.) and the mag
netic field is below 100 gauss. Under the~e conditions, the electron temperature and 
.electron density can be obtained as has been shown by Bohm eta!. (1949) as in the 
case without the field. 

MEASUREMENT OF T. AND n IN ABSENCE OF MAGNETIC FIELD 

The probe theory as developed by Langmuir gives the electron curre~t as 

I.= I •• exp (-eV,/KT,), (4) 

where I •• the random electron current and in the range ~" > 1 the sheath js thin and 
Lan?muir obt~ined for positive potential the saturation ele~tron current 

( 
8 KT. )112 

Iro = ! A, ne mrc . , (5) 

where ·A. is the effective electron collection area of the probe, n is the unperturbed 
electron density. By eqn. (4) the electron temperature T. corresponding to the assu~ 
med Maxwellian distribution is calcula~ed by measuring the slope of the Boltzmann 
line in a semilogarithmic plot of I. versus V,. It is observed that I. is never saturated; 
Increase in current with increasing positive potentials·is expected due to growth of 
effective collecting area as the sheath expands. 

A plot of log I. against V, (shown in the figs.) indicates that instead of a 
sharp knee a round knee is obtained. As such the true space potential is not well 
defined. This is due to the disturbance oftl;te plasma when the probe is drawing large 
electron current near the space potential. The convention of the linear- extrapolation · 
of the curves at space potential was adopted to determine the space potential. The 
linear extrapolation was made in such ·a way that the "Boltzmann line" was drawn 

. through more pofnts of highly negative probe potential as ~tis in this region that the 
··distribution is expected to be mo!-"e Maxwellian (Schott, 1968). The other lirie is 
.drawn in such a manner that it passes through the maximum number of points and 
lies below the points for which there is a departure from the semi log plot point~. 

-At first the tota,l probe current was plotted against the probe voltage and an appro
ximate value of space potential was obtained by the above ·procedure. Then I,· was 
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determined by substracting I, from the probe current. To ·get the value of I, a 
linear extrapolation of I from highly negative probe potential to V, = 0 has been 
adopted as suggested by Schott (1968); log Ie was finally plotted against V, and 
electron temperature is obtained from the slope of the curve. The current corres
ponding to the space potential has been taken to be the electron saturation current 
from which the electron density can be obtained from eqn.(5). 

MEASUREMENT IN MAGNETIC FIELD 

The same procedure for the measurement of electron temperature and electron density 
has been adopted in both the transverse and longitudinal magnetic ·fields the probe 
being always placed at right angles to the magnetic field. · In case of magnetic field 
following Uehara et al. (1975) the effective probe area A. has been taken to be 4 a/, 
where a is the radius and 1 the length of the probe. 

It is worthwhile to mention that almost all" previous determination of electron 
density has been made from ion saturation current but recently it has been mentioned 
by Chang and Chen (1977) that measurements made from ion saturation current 
are liable to be in error due to secondary emission from the probe surface and are not 
consistent with the values obtained by microwave method. They have shown that 
calculation of electron density from electron saturation current are in agreement with 
microwave measurements within 50 per cent. Hence in ·the present investigation 
electron density calculations have· been made from electron saturation current. · 

EXPERIMENTAL ARRANGEMENT 

The experiment in which electron temperature and electron density have been meas
ured has been performed in two parts : (a) when the magnetic field is transverse; and 
(b) when the magnetic field is longitudinal~ both with respect to the direction of the 
discharge current. Measurements have been made in ci.c. ·glow discharges in air, 
hydrogen, nitrogen and oxygen on the assumption that electron energy distribution 
functions in these gases are expected to follow a Maxwellian distribution. 

Pure and dry air was passed through phosphorus pentoxide and calcium hydro
xide to remove traces of water vapour. Hydrogen and oxygen were prepared by the 
·electrolysis of a strong solution of barium hydroxide. Hydrogen was passed through 
heated copper turnings, phosphorus pentoxide and calcium hydroxide and oxygen 
through concentrated sulphuric acid before being· introduced into the discharge 
tube. Nitrogen gas was supplied by Indian Oxygen Company and the gas was passed 
through heated copper turnings and concentrated sulphuric acid. 

Magnetic field was generated by an electromagnet energised by a· stabilised power 
·supply and the field was uniform between the pole pieces. For transverse field, the lines 
of force were exactly perpendicular to the axis of the discharge tube made of a·-pyrex 
glass tube 22 em long and 4 em in diameter. The field was introduced in: the posi
tive column of the plasma. For longitudinal measurements the discharge tube of 
length 8. 5 em. and 2. 5 em in diameter ~as placed between the pole piec·e·s of the' elec
tromagnet which have the diameter of 3. 5 em which ensures that the magnetic field 
·is uniform throughout the length of the tube because it is essential that the magnetic 
field should be free from radial-components.· The probes were of cylindrical 
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tungsten wire of 0. 5 mm diameter. In case of transverse field, it was 4 mm long and 
placed at a distance of 2. 5 em from the anode where the magnetic field was applied. 
In case of longitudinal field it was 2 mm long and was placed 1 . 3 em from the anode. 
Both the probes were inserted into the discharge tube by a glass jacket. . The pressure 
was varied between 0. 4 to 1 torr for different gases and was kept constant for a parti
cular set of experiments by a needle valve ~nd was measured by a Mcleoci gauge. 
The stationary discharge was inade by a stabilized d.c. power supply and the 
discharge current was between 9 to 12 rnA. 

Probe voltages were supplied by a continuously varying dry battery ·and vol
tages were measured with respect to anode. The magnetic field was measured by a 
calibrated fluxmeter. Keeping the pressure constant for fixed discharge current the 
probe potential was varied from a high negative value to positive values .and the 
corresponding probe current was noted in the microammeter. The procedure is 
repeated for different values of the transverse and longitudinal magnetic fields whose 
value has been allowed not to exceed 100 gauss in conformity with the limitations 
that should be observed for the validity of the probe theory in magnetic field. 

REsULTS AND DISCUSSION 

In conformity with the method of analysis of the probe data as reported earlier in the 
paper, semilog plot of current voltage char~cteristics has been obtained for air, 
hydrogen, oxygen and nitrogen in case. of transverse field and the representative 
curve for hydrogen is shown in Fig. 1. tt is observed that the plot is a straight line 
with two different slopes for both with and without magnetic field which shows that 
probe theory .can be applied to find the electron density and electron temperature in 
presence of magnetic field as well, provided the magnetic field and the main 
discharge current are kept at a low value. From the slope of the straight lide drawn 
through the highly negative probe voltages the electron temperature has been deter
mined for all the four gases, with and without magnetic field, and the results are 
entered in Table I. 

To vertify whether the theoretical expression previously deduced by 'Sen. and 

Gupta (1971) that TeH = Te [ 1 + c1 :: J12 

is valid the values. ~r[ T_;~
2 

- 1 J . 
TABLE I 

Values of electron temperature in electron volt with and without magnetic field 

Magnetic field in gauss Air Hydrogen Oxygen Nitrogen 
' P = 0.4torr P = 0.7torr P = .5 torr P= 0.5 torr 

0 7.63 7.829 7.898 8.Q25 
13 8.163 8.165 
20 7.95 
27 9.116 8 .. 737' 8.643 
40 8.228 . 9.527 9.34 9.34 
60 8.886 
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have been plotted against H 2/P 2 for all the gases studied and are represented in Fig. 2. 
It is observed that curves are all straight lines for the gases studied in conformity 

. . ( e L )
2 

with eq~. (1) but with different slopes from whrch the values of cl = m . ~ ' 
have been calculated and entered for different gases in the second column of Table II. 

TABLE II 

Values of C1 as calculated for different ionised gases for transverse and /ongitu4inal magnetic fields 

Gas 

Air 
Hydrogen 
Oxygen 
Nitrogen 

cl from transverse magnetic 
field measurement 

3.4 X to-• 
2.31 X lQ-4 

7 X to-s 
5x lQ-& 

cl from longitudinal field 
measurement. 

4.3 X 1Q-i 

2.48 X 10-' 
12.5 X lQ-i 

5.6 X lQ-i 

The value of C1 as obtained here for different gases are of the same order as 
obtained previously by microwave and diffusion methods. 

Besides electron temperature, the electron density with and without magnetic 
field has been determined experimentally. From the theoretical deduction (eqn. 2) 

it is evide~t that if log ..!!_is plotted against H the curve should be a straight line as is 
nn · 

actually observed from the curve (Fig. 3) for different gases. The experimental results 
after analysis thus indicate that Beckman's theoretical expressions as further modi
fied by._Sen and Gupta with regard to electron temperature and radial distribution 

·of electron density are valid specially for low values of (H/P). 

LONGITUDINAL MAGNETIC FIELD 

The variation of the semi log plot of electron current and probe voltage in case of 
all the four gases has been obtained and a representative curve has been shown in 
Fig. 4. As in the case of transverse magnetic field the curves are straight lines with 
two different slopes and the electron temperature and electron density have been 
determined as before for all the gases. The values of electron temperature have 
been entered in Table III. It was previously deduced by Sen and Gupta (1969) in 
case of longitudinal magnetic field that 

2Te2log [ [1 + c1~2fP2Jlf~J 
[ Te + 2e:• J Ten= Te + (6) 

(T~-TeH)a: 
and from these results the values of C1 have been calculated by plotting e 

. against H 2/ P 2 (Fig. 5) 

T.+~ 
K where IX = ----,2"'T""~"· e--
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Tran~;verse Magnetic field. 

,From the slope of the curves, the values of C1 have been calculated for all the gases 
and results thus obtained have been entered in the last column of Table II, for compa
rison. It is thus evident that the values of C1 obtained quite independently from the 
two sets of measurements agree very well in case of hydrogen and nitrogen. In ·case of 
air and specially in case of oxygen the agreement is not very close and this is defini
tely due to the fact that calculation for C1 in case of longitudinal magnetic field in
volves the knowledge of an accurate value of V, the ionization potential. In the 
case of air, there is uncertainty in the accepted value of V; whereas in case of 
oxygen as has been shown by Thomson (1961) in their mass- spectrographic measure
ments there are present in an oxygen discharge not only Ot but also _ o- whic.Q. 

. form 90 per cent of the ions and are present in equal amount and the value 
of V1 taken equal to that of oxygen introduces an element of uncertainty in the 
value of C1. 

To calculate theoretically the variation ofiz4 ~ith the magnetic field and compare. 
it with the experimental results, we have utilized the theoretical expression for nn 
eqn. (3) as deduc~d by Sen and Jana (1977). The theoretical and experimental 
results are shown in Table IV. A the diffusion length is given by 

1 
az ( ~ r + ( 2"~05 r ' h is the distance between the electrodes and 
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TABLE III 

. Vi:llues of electron temperature in electron l'Olt in longitudiual magnetic field 

0 

Air Hydrogen Oxygen Nitrogen 
p = 0.6 torr P = 1 torr P = 0.4 torr P = 0.6 torr 

5.263 6.026 4.126 6.787 
5.937 6.696 

5.)65 3._863 6.589 
5.684 3.652 

5.141 5.501 3.423 6.277 
4.917 

u 
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TABLE IV 

Value of nnfn in longitudinal magnetic field. 

Magnetic Air Hydrogen Oxygen 
field in 

Theor. Ex peri- Theor. Experi-gauss , Theor. Experi-
ment. ment. ment. 

13 1.0005 1.017 
27 1.001 1.016 1.004 1.047 
40 1.002 1.054 1.005 1.1 
54 1.003 1.047 1.0034 1.097 1.011 1.16 
82 1.007 1.097 

R is the radius of the discharge tube and 
1 

f1.2 = 4.0671 cm-2 and 

tp be 0. 2 em. the average distance of the probe from the axis. 

Further 

v;.n = exp ·- KT~n KT~a . 

[ 

( ev t ) ] [ 1 + evi ] 

v• exp ( - ;:~. ) 1 + ~~. 

Nitrogen 

Theor. Experi· 
ment. 

1.0002 1.025 
1.0006 1.058 

1.002 1.'109 

r bas been taken 

Thus all the terms in the right band side of eqn. (3) can be evaluated and values of 
11H/ll .can be calculated. 

The agreement between the theoretical and experimental results is not: very 
satisfactory but nevertheless the results do indicate that the axial electron density in
creases with the magnetic field. The quantitative disagreement arises due to th~ fact 
that whereas the theoretical expression expresses the electron density at a point dis
tant rfrom the axis, in actual calculation we have taken an average value of r for the 
finite length of the probe because the whole area of the probe is effective in collec
ting the electrons. We can thus conclude that the alignment of the magnetic field with 
respect to the direction of the. discharge current has a decisive effect on the valrtes of 
the plasma parameters, and thereby we can bring out the difference in the behaviour 
of a swarm of electrons and their associated properties in transverse and lo.qgitu
dinal magnetic fields. In case of a transverse magnetic field as postulated by Beckman 
(1948) and further deduced by Sen and Gupta (1971) the electron temperature 
increases whereas radial electron density decreases up to a certain distance jfrom 
the axis and our direct measurements of these two parameters by the probe mfithod 
show not only qualitative but also quantitative agreement for small values of (HIP). 
In case of longitudinal magnetic field the electron temperature decreases whereas 
the radial electron density increases and the direct measurements of these two para
meters in longitudinal magnetic field indicates quantitative agreement with theor~tical 
predictions. 

The problem investigated here is to be clearly distinguished from some experi
mental studies performed recently (Aikawa, 1976) in which anisotropy of electron 
temperature and electron distribution function in a magnetised plasma bas been 

I 

' 
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studied, What has been measured in the present investigation is the average electrofr 
temperature and its variation with the alignment of the magnetic field with respect 
to the direction of the discharge current. Throughout our investigation, it has been 
assumed that the electron energy distribution is Maxwellian in character and is hence 
tempeature-dependent though in general the distribution is non Maxwellian. How
ever, in case of molecular gases the excitation levels are widely spread out up to ioni
zation potential and inelastic losses set up at low energies and these are so distributed 
so as to produce an approximately Maxwellian distribution. The present investigation. 
thus clearly indicates that though the nature of electron energy distribution remains 
Maxwellian in character in presence of magnetic field also it becomes a function of 
the magnetic field and is dependent upon the alignment of the magnetic field with 
respect to the discharge current. 
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