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CHAPTER III. 

MEASUREMENT OF PLASMA PARAMETERS IN AN ARC PLASMA BY 

.PROBE METHOD 

Introduction 

A single probe method has been used to 

measure the electron temperature and electron density 

in an arc pla.sma in mercury vapour for arc· current 

varying from 2 A to 5 A and for three background 

pressures namely 0.075, 0.10 and 0.13. torr. 

r,angmuir' s method for determination of electron den-

sity n
9 

and electron temperature Te is well known 

and this is also a standard and si!Dple method of mea-

Bl.tri:ng plasma parameters directly. In .zero magnetic 

field the· theory of the pro·be rests on the assumption 

that a parameter ~ ::: rp I :Ad introduced by 

Chen, Etievant and Mosher (1968) where :p is the 

radius of the probe and :Ad is the De bye shielding 

length for repelled species should be greater than 5 

(five) c This should hold good in order that Langmuir's 

orbital theory for~the determination of electron density 

and electron temperature by the single probe method can 

be regarded as valid. However, the limitations as well 

as the validity of these assumptions have been di:scussed 



147 

by a large number of workers. In this regard a detailed 

discussion has been provided in the review article 

(Chapter I). In this laboratory Sadhya, Jana and Sen 

( 1979) measured the electron density and electron tern-

perature in a glow discharge in hydrogen, oxygen, nitro­

gen and air and investigated their variation in transverse 

and longitudinal magnetic fields by single probe method 

and the results were quantitatively explained by develo­

ping necessary mathematical formulation. It was further 

shown that the results obtained by probe method were in 

agreement with the results obtained by other methods, 

such as microwave and spectra scopic methods. 

For the last few years Sen, S.N. and his research 

fellows, in this laboratory have taken up systematic 

investigation of the properties of arc plasma in order 

.to develop a generalised theory as to the occurance of 

an arc plasma and bringing out the salient changes as 

regards the transition of glow discharge to arc plasma. 

The measurement of electron temperature and its 

variation with an axial magnetic field in an arc plasma 

has been investigated by a spectroscopic method in 

detail [ Sadhya and Sen ( 1980)] • Since a large collec­

tion of data regarding plasma parameters and their varia­

tion tn a perturbing field · is necessary to .build up 

the theory for the occurance of arc plasma it is 
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worthwhile to investigate whether the Langmuir single 

probe method can be utilized for measurement of arc 

plasma parameters. This will not only enable us to 

obtain the necessary data but will also extend the 

validi t:; of Langmuir probe theory from the glow di a­

charge to the arc plasma region. We report here the 

results of measurements of electron temperature and 

electron density in a mercury arc plasma for a range 

of arc current. 

Another property that is of importance is the 

mechanism by which charged particles are lost by the 

ambipolar diffusion process • As experiment-has been 

set up to measure the resultant diffusion voltage in 

an arc plasma for different arc currents. The method 

has been utilised by Sen, Ghosh and Ghosh (1983), in 
=:'" 

evaluation of electron temperature in glow discharge. 

!J:'be process of diffusion is basically connected with 

the radial distribution function of charged.particles 

and an expression for the radial distribution function 

of the electrons in an arc plasma has been provided by 

Ghosal, Nandi and Sen (1978), the experimental. results 

will be discussed in the light of the above theories. 
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Experimental Arrangement and Measurement 

The method of measurement of electron tem­

perature and electron density is the same as was used 

earlier and described in the paper by Sadhya, Jana and 

sen (1979). In Chapter II the detailed experimental 

procedure for measurement of electron temperature and 

electron density has been given. Here, however, measu­

rement has been carried out in a mercury arc plasma 

produced within a cylindrical glass tube of inner radius 

1.31 em with two mercury pool electrodes 38 em apart. 

The schematic diagram of this experimental set up has 

been given in fig. 2.9 (a), (Chapt. II). The arc is 

. produced by supplying power from a 250 V d.c. generator. 

The arc current has been varied from 2 A to 5 A by a 

regulated rheostat in series. Measurement has been 

taken for three background air pressures, namely 0.075 

torr, 0.10 torr and 0.13 torr. A cylindrical tungsten 

1.vire of 0.014 em radius within a glass capsule with a 

"tare tip of 0.10 em length is utilised as the probe 

which is placed at a distance of 14 em from the anode. 

The probe current measurement circuit has been shown in 

Fig .. 2.9 (a) (Chapt. II). The probe was supplied with 

d.co bias voltage:from dry. battery through a potentio­

meter .. For change over from ion 'current to electron 

current externally polarity reversal has been made with 

the help of band-switch. The circuit has been connected 
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to the anode of the arc tube and the probe voltage which 

is relatively negative with respect to anode has been 

varied in steps from 0.2- 5 volts. The probe current 

has been measured as a function of probe potential. 

3.2.1. Measurement of Te and ne 

According to Langmuir the relation between 

the probe current and probe voltage is given by 

Ire exp (- ••• (3.1) 

and 

1 1 ( SKTe 
re - '4 Ane m7\ 

}; 
) 2. ••• (3.2) 

where the symbols have their usual significance. A is 

the effective electron collecting area of the probe and 

is the unperturbed electron density. Assuming 

the distribution to be Maxwellian, Te is calculated 

by taking the slope of the Boltzmann line in a semi­

logarithmic plot of Ie versus VP according to 

eqn. ( 3 .. 1) .. Actually it is observed that the probe 

current never saturates. The rise of current with 

increasing positive potential is expected due to 
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growth of effective collecting area of the probe as the 

sheath expands. Linear extrapolation of the curves has 

been made in such a way that the Boltzmann line is drawn 

through more points of less positive potential where the 

distribution is expected to be Maxwellian in accordance 

with the suggestion of Schott (1968). The other line 

is drawn in such a manner that it passes averaging the. 

points deviated from being on the l.ine of semilog plot 

points. The intersection of this line with the Boltzman 

line indicates th.e point of space potential (i.e. 

plasma potential.) ·and the current corresponding to the 

space potential is taken as the saturation electron 

current which is ·utilised for calculating electron 

density from eqn. ( 3. 2) • 

3~2.2o Method of measuring diffusion-voltage in 

the arc plasma 

An arc tube with internal radius 1.10 em. 

was used for measurement of diffusion voltage. The sepa­

ration between the two mercury pool electrodes was 

4.0 em. Two cylindrical probes of length 0.8 em and 

radius 0.014 em are placed parallel to one another 

one along the axis r = 0 and other at a distance of 

0.6 em from the axis. The output voltage at the probes 

was measured by a V.T.V.M. having an internal impedance 

of 'i 00 M ..n. o A low pass filter circuit has been uti-
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lised at the output of the probes to prevent osci~~a­

tions generated in the arc from reaching.the V.T.V.M. 

The qutput voltage between the probes which measures 

the diffusion voltage has been measured for arc currents 

varying from 2.0 A to 5.0 A for three values of pre­

ssures namely 0.075 torr, 0.10 torr and 0.13 torr. 

Results and discussion 

The variation of probe current with probe 

potential has been plo"tted for arc currents 2 .o, 2.5, 

3.0, 4.0 and 4.5 A for pressure 0.075 torr in Fig. ).1, 

for 2.0, 2.5, ).0, 4.0 and 4.5 A for pressu:re 0.1 torr 

in Fige ).2 and for 2.0, 2.5, 3.0 and 4.0 A for pressure 

0 .. 13 torr in Fig. 3.3. From these re,sults the variation 

of log I
8 

against· the probe potenti8l has been plotted 

for the three different pressures for the various val~es 

of the arc currents in Fig. ).4, 3.5 and 3.6. As is ex­

pected the variation of log I
9 

against the probe 

potential. is linear for a certain range of probe poten­

tial and from the slope of the curves the corresponding 

electron temperature has been calculated utilizing eqn. 

(3.1L. From figs. 3.1, 3.2 and 3.'3, it is seen that the 

- probe current does not show saturation and the saturated 

electron current has been calculated by a method as 

suggested by Schott (1968). The electron density has been 
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calculated from eqn~ ('3.2). The results are entered in 

columns ( 4) and ( 5) of Table 3.1. Langmuir ( 1925) while 

studying the scattering of electrons in mercury arc 

discharge deduced an expression for the arc current 

density given by 

-10 
I= 5·76 X 10 

where ne is the electron density, the mean 

free path of electron, T e is the electron tempe­

rature and E is the axial electric field per em. 

From this expression it is evident that at a parti­

cuJ.a.r pressure the quantity ITe112; neE should be 

constant for different arc currents for different 

pressures .. The results are entered ,in column 7 of 

table 3~1. It is evident that the values calculated 

for 1 T ~::;;/ n e E show a fair degree of cons­

istency justifying the validity of eqn. (3.3) for the 

arc current. 

From the eqn. (3.3) it is evident that the 

mean free path of the electron can be caJ..culated for 

different values of pressures. Taking the mean value 
1/2. 

of ITe fne E as entered in column (8) of Table 

3 .. 1, the value of has been calculated and 

results entered in table 3.2, column (3). From col.(4) 
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it iE evident that P.A is almost a constant for 

three different pressures and we can calculateL =.P)I 

the mean free path of the electron at a pressure of 

1o0 torr in the mercury vapour. There is no direct 

method for measurement of mean free path of the ele­

ctron in the gas. The mean free path of molecule from 

kinetic theory of gases is 1/V'Z.N?\u 2 where N is 

the number of molecules per unit volume and (f is 

the molecular diameter. In case of mercury this cames 

out to be 3 x 10-3 em. at 1 .. 0 torr. 

The mean free path of an electron has been 

found by classical reasoning to be 4V2 .A and 

this expression has the correct order of magnitude. 

However~ the electronic mean free path becomes a 

function of the energy of electron due to Ramsauer· 

and Townsend effect. 

The variation of open circuited diffusion 

voltage with arc current as measured has been 

plotted in fig. 3.7 fo-r three pressures namely 

0.075 torr, 0 .. 10 torr and 0.13 torr. It is observed 

that the diffusion 'voltage becomes a minimum 

for a certain value of arc current at a particular 

pressure and this decreases with the increase of 

pressure. In a previous paper Sen, Ghosh and Ghosh 
.-

(1983) have measured d~ffusion voltage in a glow 

di F:charge and have obtained the variation of electron 

temperature with a transverse magnetic field. In glow 

discharge the radial dir:.1tribution of charged particles 
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Table '3 .. 1 

~~--~-

t I f I I f 

1 T e 1-''2. ; Average 
I~ack- 1 Arc ,Mercury 1 El e c t.."t"o n E1. ectro:q Arc I T e 'Y2. 
ground ,?urrent ,vapour , tempe- density, neE I drop ' neE 
air pre..!~n amp. , pre- , ra.ture X 

in 
in x1o 10 : 1010 ssure irl , ssure . , OK 10-12 VOlts 1

1 
X 

'J:o rr., - ;in torr i 
cm-3 

--- -------- ----- ---- ---
2 .. 0 0 .. 2342 11487.3 0.6967 42 0 .. 5159 

2.,5 0.2752 10131.0 0.7803 41 0.5534 

0~075 3.0 0.3032 9572.8 0.9812 39 0.5406 0.5352 

4.0 0.3342 9041.6 1.2964 '38 0.5448 

4 .. 5 0.3658 8521.9 1.5608 '36 0.521' 

2.,0 0 .. 2343 8195.6 0.7856 44 0.3694 

2 .. 5 0~2752 '7593e5 0.8580 43 0 .. 4159 

0. ·j 3.0 0.3032 6066.9 1 0 0092 42 0.3890 0.3875 

4 .. 0 0.3342 5839.4 1.3208 ~ ·" 41 0.3980 

4o5 0.3658 5532.1 1.5766 39 0.3655 

2.0 0.2343 7785.8 0.8473 47 0.'3124 

2.5 Oo2752 7079.2 0.9336 4E; 0.3453 0.3321 

G Q 13 3.0 0 .. 3032 5696.9 1 .0948 44 0.3313 

4.0 0.3342 4800.0 1.3704 42 0.3395 
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Table 3 .. 2. 

Ba ckgro u..>1d 
IT e "Y2 
neE p,A:::L 

pressure 

in torr X .1010 em em 
--- ---
0 .. 075 0 .. 5352 9 • 294 X 1 o- 2 6.971 X 1 o- 3 

0.1 0.3875 6.728 X 10-2 6.728 X 1 o- 3 

0.13 0.3321 5.765 X 1o-2 7. 494 X 1 o- 3 

density has been assumed to be Besselian. It has how-

ever, been shown by Ghosal, Nandi and Sen (1978) that 

the radial distribution function for the azimuthal con~ 

ductivity for an arc plasma is given b~ 

where Cf0 

cond ucti vi ty 

R is the 

r 2. n 
CJ(r)= u(o)[1- ( R) ] 

is the axial cond ucti vi ty, (f ( r ) 

at a distance r . from the axis of 

tube radius of the arc and n is a 

which has been shown to be 

R2 
n [-a . 2 J 

••• ( 3. '4) 

is the 

the tube 

constant 
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where 'a' is an experimentally determined quantity 

which varies with arc current. This distribution func-

tj_on can very well represent the radial ~harged particle 

diBtribution in an arc plasma. It has been shown by Sen, 

Ghosh and Ghosh (1983) that the diffusion voltage VR is 

KTe 

e 
... (3.5) 

and since the electron density is proportional to the 

conductivity we get from equation (3.4) 

and from eqn. ( 3. 5) 

Let z = ( 1 -

then VR = 

.u::• 

eqr.-, fl~ t; 

v = 
R 

nKTe 
e 

r2 

R '2. ) 

n KT e 

s e 

nKTe 
log -..--..-~·---- ......... 

~ . .., 

2r ··· 

S 
(- Ra ) __ 

rz. 
(1- R2.) 

d z 
z 

z +C 

r = 0 I VR = 0 and C= 0 

dr 



Hence 

zn KTe 
e 
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l'3·6) 

'rhe values of electron temperature for the arc current 

for which diffusion voltage has been measured can be 

obtained from the first part of the present _paper. Some 

values for n were obtained by Ghosal, Nandi and Sen 

(1978), but a measurement of n for a wider range of 

current has been carried out in this laboratory by the 

preF.ent author and variation in the value o;f n with 

arc current is plotted in fig. 3.8. Hence it is nume­

rically possible to calculate the values of VR .'for 

different arc currents at different pressures_ from 

eqno ( 3.6). The results are entered in Table 3.3. It is 

observed that though the theoretically calculated values 

are higher than the corresponding experimental results, 

the minimum voltage occurs at the.same value of arc 

current in both the cases. The Value of the current at 

which the diffusion voltage becomes a ·minimum aJ. so dec-

reases with the increase of pressure as is observed 

experimentally. 
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Table '3 • '3 

Pressure in I Arc current I Diffusion voltage in volts 

Torr I in Amps. 
Exp erim en tal ' Theoretical 

I 

--- ------ --- ---- --- -----
2.0 0.498 0.575 

2e5 0.470 0.527 

3.0 0.438 0.506 

0.075 4.0 0.518 0.539 

4.5 0.670 0.544 

5.0 0.78 0.588* 

2.0 0.458 0.410 

2.5 0.438 0.374 

3.0 0.435 o. 349 

0.10 3.25 
•e 

0.334* 
· .. 

3.5 0.447 0.336* 

4.0 0.556 0.348 

4.5 0.700 0 .• 353 

5.0 0.796 0.369* 

2.0 0.446 0.390 

2.5 0.425 0.348 

3.0 0.410 0.307 

0 .. 13 3.5 0.450 0.297* 

4oO 0.570 0.304 

4.5 0.719 0.313* 

5 .. 0 0.823 0.334* 

* from extrapolated values 
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The resLuts are presented in table 3.4. 

Table 3.4 

Pressure i.n Torr, Arc current in Amp 

at which diffusion 

voltage is minimum 

0.075 

0.10 

0.13 

3.50 

3.25 

3.00 

We can thus conclude that the distribution formula for 

aztm uthal cond ucti vi ty as proposed by Gho sal, Nandi and 

sen (1978) gives results in quantitative agreement with 

experimental results. We have thus ;~een that the 

I .. angmuir probe method can also be . util'ised for the 

mea~~rement of electron temperature and electron density 

just as in the case of glow diEcharge and the results are 

eonsistent with the values obtained by sp.ectroscopic 

method (Sadhya and Sen, 1980). Langmuir's expression for 

arc current (eqn. 3.3) is verified and the results pro­

vide a means of calculating the electronic mean free path 

in the gas. 
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The not too satisfactory agreement between 

the diffusion voltage calculated and experimentally 

observed results may ·be attributed to some uncertain·ty 

in the vaJ. ue of n but the o ccurance of minima as 

observed experimentally at the same calculated val us 

of the a.rc current at three pressures lends support 

'Go the val.idi ty of di gtri bution function as proposed 

by Gho Eal, Nandi and Sen ( 1979). The importance of 

the experiment is that the electron temperature can 

be measured accurately without perturbing the plasma 

by only measuring the open circuited diffusion 

voltage. 
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A single probe method has been used to measure the electron temperature and electron density in 
an arc plasma in mercury vapour for arc current varyirig from 2 to 5 A and for three background pres­
sures of 0.075, 0.1 and 0.13 torr. Langmuir's expression [Phys Rev (USA), 26 (1925) 585] for arc cur­
-rent has been found to be valid within the range of arc current investigated and the results have been 
utilized to calculate the mean free-path of the electron in mercury vapour. The open circuited diffusion 
voltage in the arc plasma has also been measured for the same range of current and voltage. Utilizing 
the radial distribution function of conductivity as introduced by S K Ghosal, G P Nandi and S N Sen 
[Int 1 Electron ( GB), 44 (1978) 409] an analytical expression for the diffusion voltage has been calculat­
ed which can satisfactorily explain the observed results. The validity of the probe meihod for measure­
ment ofplasma parameters in an arc plasma has been discussed. 

1 Introduction 
The measurement of plasma parameters such as 

electron density and electron temperature by 
single probe Langmuir method is well known. In 
zero magnetic field, the theory of the probe rests 
on the assumption that the parameter .; = r/ .itct in­
troduced by Chen et af.l, where rP is the radius of 
the probe and Ad is the Debye shielding length, for 
repelled species, should have a value greater than 
5. This should hold good in order that Langmuir's 
orbital theory for the determination of electron 
density and electron temperature by the single 
probe method can be regarded as valid. Sadhya et 
af.2 measured the electron density and electron 
temperature in a glow discharge in hydrogen, oxy­
gen, nitrogen and air and investigated their varia­
tion in transverse magnetic fields by the single 
probe method and the results were quantitatively 
explained by "developing necessary ·mathematical 
formulation. It was further shown that the results 
obtained by the probe method were in agreement 
with the results obtained by other methods, such 
as microwave and spectroscopic methods. 

For the last few years we have taken up a syste­
matic investigation of·the properties of arc plasma 
in order to develop a generalized theory as to· the 
occurrence of an arc plasma and bringing out the 
salient changes as regards the transition of glow 
discharge to arc plasma. _The measurement of 
electron temperature and its variation with an ax­
ial magnetic field in an arc plasma has .been inves­
tigated by a spectroscopic method in detail by 

220 

Sadhya and Sen3• Since a large collection of d~ta 
regarding plasma parameters and their variation in 
a perturbing field is necessary to build up the the­
ory for the occurrence of arc plasma, it is worth­
while to investigate whether the Langmuir single 
probe method can be utilized for measurement of 
arc plasma parameters. This will not only enable 
us to obtain the necessary data but will also indic­
ate whether Langmuir's oribital theory can be ex­
tended for measurement in case of arc plasma as 
well. We report here the results of measurement of 
electron temperature and electron density in a 
mercury arc plasma for different background air 
pressures and the corresponding mercury vapour 
pressures for different arc currents. 

Another important property that is of import­
ance is the mechanism by which charged particles 
are lost from a plasma .. One of the main factors is 
the loss by the ambipolar diffusion process. When 
the process of diffusion becomes ambipolar, a 
steady radial voltage develops due to charge se­
paration which is defined as diffusion voltage. An 
experiment has been set up to measure the result­
ant diffusion yoltage in an arc plasma for different 
arc currents. The method has been utilized by Sen 
et a/.4 in evaluation of electron temperature in 
glow discharge. The process of diffusion is basical­
ly connected with the radial distribution function 
of charged particles and an expression for the ra­
dial distribution function of the electrons in an arc 
plasma has been provided by Ghosal et al5 The 
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experimental results will be analyzed in the light of 
the above theories. 

2 Experimental Arrangement and Measurement 
The method of measurement of electron tem­

perature and electron density is the same as was 
used earlier and described in the paper by Sadhya 
et a[.2 Here however, measurement has been carri­
ed out in a mercury arc plasma produced within a 
cylindrical glass tube of inner radius 1.31 em with 
two mercury pool electrodes 38 em apart. The arc· 
is excited by supplying power from a 250 V de 
generator where the arc current. has been varied 
from 2 to 5 A by a regulated rheostat in series. 
Measurement has been taken . for three back­
ground air pressures (0.075, 0.1 and 0.13 torr). 
The corresponding values of mercury vapour 
pressure for different arc currents are entered in 
Table 1. A cylindrical tungsten wire of 0.014 em 
radius within a glass capsule with a bare tip of 
0.1 em length is utiUzect' as the probe which is 
placed at a distance of 14 em from the anode. 

2.1 Measurement ofT, and n. 

In order to justify the validity of Langmuir's 
probe theory in the present experimental set-up, 
the vapour pressure of mercury was determined as 
in an earlier paper by Sadhya and Sen3 by noting 
the temperature of the wall for different arc cur­
rents. The results are entered in the third column 
in Table 1. The Debye shielding length Act is of the 
order of 10- 3 em for these pressures and since the 
radius of the probe is 0.014 em, the criteria (Chen 

et aU) that g = r! A.d should be greater than 5 is 
satisfied. Further the electronic mean free-path of 
mercury vapour at an average pressure of 0.3 torr 
is 7.6 x 10- 2 em and the radius of the probe is 
1.4 x 10 -z em and hence rP < A.e, which arso satis­
fies the criteria for Langmuir's probe theory. Ac­
cording to Langmuir; the relation between the 
probe current and probe voltage is given by: 

... ( 1) 

.• 

and 

I =.!An (8kT.,)ltz 
re 4 . e m:n: 

. .. (2) 

where the symbols have their usual significance. A 
is the effective electron collecting area of the 
probe and n~ is the unperturbed electron density. 
Assuming the distribution to be Ma.xWellian, I;, is 
calculated by taking the slope of the Boltzmann 
line in- a semilogarithmic plot of /e versus VP ac­
cording to Eq. ( 1 ). Actually it is observed that the 
probe current never saturates. The rise. of current 
with increasing positive potential is expected due 
to growth of effective collecting area of the probe 
as the sheath expands. Linear extrapolation of the 
curves has been made in such a way that the 
Boltzmann line is drawn through more points of 
less positive potential where the distribution is ex- · 
pected to be Maxwellian in accordance with the 
suggestion of Schott6 • The other line is drawn in 

Table 1 _:_Variation of electron temperature and electron density at different arc currents for different pressures 

Background Arc current Mercury Electron temp. Electron Arc drop IT/ "I n.E Average 
air pressure A vapour K density x 10- 1" v X 1010 rr,t"ln. 

torr pres,sure in torr cm- 3 X 10 10 

0.075 2.0 0.2343 . 11487.3 0.6967 42 0.5159 0.5352 

2.5 0.2752 10131.0 0.7803 41 0.5534 

3.0 0.3032 • .. 9572.8 0.9812 ' 39 0.5406 

4.0 0.3342 9041.6 1.2964 38 0.5448 

4.5 0.3658 8521.9 1.5608 36 0.5213 

0.1 2.0 0.2343 8195.6 0.7856 44 0.3694 0.3875 
' 2.5 0.2752 7593.3 0.8580 43 0.4159 

3.0 0.3032 6066.9 1.0092 42 0.3890 

4.0 0.3342 5839.4 1.3208 41 0.3980 

4.5 0.3658 5532.1 1.5766 39 . 0.3653 

O.i3 2.0 0.2343 7785.8 0.8473 47 0.3124 0.3321 

2.5 0.2752 7079.2 0.9336 46 0.3453 

3.0 0.3032 5696.9 1.0948 44 0.3313 

4.0 0.3342 4800.0 1.3704 42 0.3395 
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such a manner that it passes averaging the points 
deviated from being on the Jine of semilog plot 
points. The intersection of this line when extrapo­
lated backwards with the Bolt-zi.nann v line indi­
. cates the point of space potential and the ·current 

' corresponding to this space potential is taken as 
the saturation electron current which is utilized for 
calculating electron density from Eq. (2). . 

2.2 Method of Measuring Diffusion Voltage in the Arc 
Plasma 

A mercury arc with internal radius 1.1 em was 
used for measurement of diffusion voltage. The se­
paration between the two mercury pool electrodes 
was 41 em. Two identical cylindrical probes of 
length 0.8 em and diameter 0.01 em are placed 
parallel to each other, one along the axis r= 0 
and the other at a radial distance 0.6 em from the 
axis. The output voltage at the probes was mea-. 
sured by a VTVM having an internal impedance 
of 100 MQ. The voltage across the two probes is 
tb.e diffusion voltage and has been measured for 
arc currents varying from 2 to 5 A for three va­
lues of background air pressure namely 0.075, 
0.10 and 0.13 torr. 

3 Results and Discussion 
The variation of probe current with probe pot­

ential has been plotted for arc currents 2, 2.5, 3, 4 
and 4.5 A for a background pressure 0.075 torr in 
Fig. 1; for arc currents 2.0, 2.5, 3;4 and 4.5 A for 
a pressure 0.1 torr in Fig. 2 and for arc currents 
2.0, 2.5, 3.0 and 4.0 A for a pressure 0.13 torr in 
Fig. 3. From these results the variation of log Ie 
against the probe potential has been plotted for 
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the three different pressures for the various values 
of the arc currents in Figs 4-6. As is expected, the 
variation of log I e against the probe potential is 
l4Iear for a certain range of probe potential and 
from the slope of the curves the corresponding 
electron· temperature has been calculated utilizing 
Eq. (1). From Figs 1-3 it is seen that the probe 
current does not show saturation and as men­
tioned earlier the saturated electron current has 
been calculated by a method as suggested by 
Schott6

• The electron density has been calculated 
from Eq. (2). The results are prsented in Table 1. 
· Langmuir7 while studying the scattering of elec­
trons in a mercury arc di,scharge deduced an ex-



SEN et aL: MEASUREMENT OF PLASMA_ PARAMETERS 

-1·5 
D 

A -z.o 
-?:5 c 

-2·5 B 

-3·5 -3·0 ~ 

-3·5 

-..-4·0 .. ... ....., ., 
g-4·5 

-5·0 

-5·5 

-6·0 

-6·5 

_, 0 1"0 20 
0 2·0 4·0 8•0 10"0 12"0 

PROBE POTENTIAL IN VOLTS - PROBE POTENTIAL IN ...OLTS 

Fig. 4-Variation of log T. with probe voltage [pressure 0.075 _ Fig. 5-Variation of log I. with probe voltage [pressure 0.1 
torr] - tou] · 

pression for the arc current density given by: From Eq. (3) it is evident that le .the mean free­
path of the electron can be calculated· for different 

. values of background air pressure. Taking the . 
mean value of r/:_12 I neE as entered in column 8 
of Table 1, the value of le has been calculated and 

where ne is the electron density, le, the mean free:.. ·results entered in Table 2, column 3. From column 
path of the electron, .. Te, the electron temperature .. 4. ·it is evident th~lt Ple .is almost a. constant'· for. 
and E the axial electric .field per em. From this ex- three different pressures and we. can calculate 
pression it is evident thar at a particular pressure, _ L= Ple the .mean free-path of the electron at <a 
the quantity I'T:121n.E should be ·a constant for pressure of.l terr. The result is entered in the 
different arc currents. Since both the. electron tern- fourth cohirili:t in Table 2. There is no direct meth­
perature and electron density have beeri measured od for measurement of mean free-path cif the elec­
for different arc currents and corresponding vol- tron in the gas. The mean,, free-path of a molecule . 
tage drop across the arc has been measured, the from kinetic theory of.gases is 1/ .J2nna2 where N 

I= 5.76 X 10 -to n~~2e 
T. 

. . . (3) 

. quantity I ~12 I neE can be calculated for different is the number of molecules per unit volurile and a. 
arc currents for different pressures. The results is the molecular diameter. In ·case of mercury, this 
are entered in column 7 of Table 1. It is evident comes out to be 3 x 10""' 3 em at 1 torr. The mean 
that the values calculated for 1~12/ neE show a free-path of an electron has been found by classi­
fair degree of consistency justifying the validity of cal reasoning to be 4 .J2·l and this expression give~ 
Eq. (3) forthe arc current.· · the correct order of magnitude as obtained experi-
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Table 2-Calculation of electronic mean free-path at-different 
pressures 

Background IT) 121n.E Ae X lQ-2 nc= Lx w-J 
pressure X 1QIO em em 

torr 

0.075 0.5352 9.294 6.971 
0.1 0.3875 6.728 6.728 
0.13 0.3321 5.765 7.494 

mentally for mean free-path of the electron at a 
pressure of 1 torr. However, -tQ_e electronic mean 
free-path becomes a function of the energy of 
electron due to Ramsauer and Townsend effect. 

The variation of open circuited diffusion vol­
tage with arc current as measured has been plot­
ted in Fig. 7 for three background pressures 
namely 0.075, 0.1 and 0.13 torr. It is observed 
that the diffusion voltage becomes a minimum for 
a certain value of arc current at a particular pres­
sure and this decreases with the increase of pres­
sure (Table 3). In a previous paper (Sen et a/.4

) dif­
fusion voltage has been measured in a glow dis­
charge and the variation of electron temperature 
with a transverse magnetic field determined. In 
gJow discharge, the radia1 distribution of charged 
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Table 3-Experimental values of arc current at which diffusion. 
voltage is minimuin for different pressures 

Pressure 
torr 

O.D75 
0.1 
0.13 

Arc current in 
amp at which 
the diffusion 

voltage is 
minimum 

3.5 
3.25 
3.0 

particle density has been assumed to be Besselian. 
It has, however, been shown by Ghosal et a/.5 that 
the radial distribution function for the azimuthal 
conductivity for an arc plasma is given by: 

00. (4) 

where a0 is the axial conductivity, a the conduc­
tivity ;it a distance r from the axis, R the radius of 
the arc and n a constant5 given by: 

[ R
2 l n= --;-1 

where a is an experimentally determined quantity 
which varies with arc current. This distribution 
function can very well represent the radial charged 
particle distribution in an arc plasma. It has been 
shown by Sen e( a/.4 that the diffusion voltage VR 
is: 

00. (5) 
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and since the electron density is proportional to a, 
we get from Eq. ( 4 ): 

then 

VR = - ~kT. fdZ = - nk T. logZ 
e Z e 

k rr Rz 2 

VR = - n e .Le log R~ r 

... (6) 

The values of the electron temperature corre­
sponding to the arc currents for which diffusion 
voltage has been measured are reported ·in the 
e<trlier part of the. present paper. Some values of n 
were obtained by Ghosal et al5, but a measure­
ment of n for a wider range of current has been 
recently carried out in this laboratory and varia­
tion in the value of n with arc current is .plotted in 
Fig. 8. Hence it is numerically possible to calculate 
the values of VR for different arc currents at dif­
ferent pressures from Eq. (6). The results are pre­
sented in Table 4. It is observed that though the 
theoretically calculated values are higher than the 
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Fig. 8-Variation of n with arc current 

s·o 

corresponding experimental results, the minimum 
voltage occurs at the same value of current in both 
the cases. The value of the current at which the 
diffusion voltage becomes a minimum also de­
creases with increase of pressure as is observed 
experimentally. The discrepancy between the the­
oretically calculated and experimentally observed 
values of VR may be due to the fact that both n 
and, Te are functions of the radius of the arc tube. 
We can thus conclude that the distribution formula 
for azimuthal conductivity as proposed by Ghosal. 
et aL5 gives results in quantitative agreement with 
experimental results. We have thus seen that the 
Langmuir probe method can also be utilized for 1 

the measurement of electron temperature and· 
electron density. in an arc plasma just as in the 
case of glow discharge. It is not pqssible to calcul­
ate the percentage accuracy in these measurements 
but the ·results are consistent quantitatively with 
the values obtained by the spectroscopic method 
(Sadhya and Sen3 ). Langmuir's expression for arc 
current [Eq. (3)] is verified and the results provide 

Table 4-Experimental and calculated values of diffusion 
voltage at different arc currents for three different pressures 

Pressure 
torr 

. O.o75 

0.10 

0.13 

Arc current 
A 

2.0 
2.5 

3.0 
3.5 
4.0 
4.5 

5.0 

2.0 
2.5 
3.0 
3.25 
3.5 
4.0 
4.5 

5.0 

2.0 
2.5 
3.0 

3.5 
4.0 

4.5 
5.0 

*From extrapolated value 

Diffusion voltage in V 

Exptl Theor. 

0.498 0.575 
0.470 0.527 

0.438 0.506 
0.412 0.495* 

0.518 0.539 
0.670 0.544 

0.78 0.588* 

0.458 0.410 
0.438 0.374 
0.435 0.349 

0.334* 

0.44] 0.336* 
0.55(;). '0.348 

0.700 0.353 
0.796 0.369* 

0.446 0.390 
0.425 0.348 
0.410 0.307 
0.450 0.297* 
0.570 0.304 

0.719 6.313* 
0.823 0.334* 
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a means of calculating the electronic mean free­
path in the gas. 

The not too satisfactory agreement" between the 
diffusion voltages calculated and experimentally 
observed results may be. attributed to some uncer­
tainty in the value of n but the occurrence of mini­
ma as observed experimentally at the same calcu­
lated value of the arc current at three pressures 
lends support to the validity of distribution func-
tion as proposed by Ghosal et a/.5 · 
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