
CHAPTER VII 

ELECTROSTATIC PROBE'MEASUREMENTS IN GAS DISCHARGE PLASMA. 

AND IN DIFFUSED PLASMA WITH AND WITHOUT PRESENCE OF 

EXTERNAL MAG NETIC FIELD. 
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INTRODUCTION 

' 
The Langmuir electrostatic probe is one of the standard 

methods of measuring the plasma parameters such as electron den

sity and electron temperature in gaseous discharges. The theory 

of the probe in zero magnetic field rests on two assumptions: 

(a) The dimensions of the.probe should be small in comparison 

with the mean free path of electrons and ions, (b) the thickness 

of the space charge sheath surrounding the probe is small compared 

with the mean free path of the electrons and ions. Chung et al 

( 1975) discussed that for Knudsen n"Wilber /l/1(->t:> >> 1, the 

classical Langmuir probe Xs: method is applicable where 'A_ is 

the mean free path of the specie~ a.nd ~ is the probe 

radius. In this situation it is also stated that When the con-

dition 

••• 

is satisfied, where is the Debye shielding distance, 

then a thick sheath is developed around the probe where orbital 

motion theory of the probe is applicable. 

Plasma parameters in conventional gas discharges are 

generally investigated by using the Langmuir probe. In the 

present experiment it is proposed to extend the probe measure~ 

ments simultaneously to a cylindrical discharge column supported 

by external electrical source of energy and also to a plasma 

column formed by the diffused charged particles from the above 

type of discharges through perforated electrodes from both ends 
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of a cylindrical cavity to investigate the vali4ity of probe 

theory in this new diffu~ed plasma and also to measure the 

different parameters simultaneous~y for both types of plasmas 

using ~dentical probes and techniques. This will enable us to 

study the change in nature of a plasma formed in conventional 

gas discharges and also in the diffUsed plasma. 

A magn~tic field applied to the plasma will affect 

lroth the number density of electrons as well as the electron 

temperature. In a discharge supported by uniform external 

electric field when acted upon by a longitudinal magnetic 

field, the charged particles having velocity components in 

all directions, spiral about the magnetic lines of force. 
I 

Because of their small masses only the electrons are appre

ciably affected by.the magnetic field. The spiralling parallel 

to the axis of a cylindrical plasma cavity between collisions 

of electron and neutral particles reduces the radial diffusion 

ot the electrons and thus their ~umber density will increase. 

Also a sme.ller radial electric field is required to maintain 

the equality between the numbers o:f ions and electro~s arriving 

at the non-conducting tube wall~ Since their radial velocities 

are the same, the radial flow of both charges will decrease. A 

longitudinal magnetic field should thus reduce the electron 

temperature an~ the electric field in the column. It will be 

worthwhile to investigate whether the same physical process 

can explain the behaviour of the newly formed diffused plasma 

when the magnetic field is applied x parallel to the axis of 

the cylindrical cavity containing the diffused plasma. 
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A magnetic field applied to the plasma effectively 

reduces the free paths of the charged particles in directions 

perpendicular to the magnetic field to less than the rednus 

of the path curvature r = mv/eH where e/m is the charge to 

mass ratio and 'v' the ~locity of the particle and 'H' is 

the applied magnetic. field. The probe collecting particles 

across the magnetic field will deriate from the assunption 

(a) when 'r' becomes much smaller than the dimensions of 

the probe when electrons c ollid.e many times with the g1s mole

cules in ~ossing the sheath. The number of electrons striking 

the negative probe per ~c. is a small fraction o'f the electrons 

entering the sheath from the ~plasma, the majority return to 

the plasma. Thus to a first approximation the net flow across 

the sheath can be neglected and the spatial distribution of the 

electrons follows Boltz:mann' s law for particles diffusing in a 

potential field, assuming that the ~locity distribution of the 

electrons is Maxwellian. The presence of the magnetic field 

does not invalida.te this law as shown by Chapmann and Cowling 

(1939). Thus 

n = n exp ( - eV/kTe) 0 

Or ~n te't'"''ll'lS qf p'l"'obe c.t.trTerrl:: 

.ie =, i
0 

exp · ( - eV/kTe) • • • • • ( 7. 2) 

where 'n' and 'n0 • are the number density of electrons at 

the surface of the probe and. the plasma sheath boundary 

respectively, •v• is the prooe potentie.l end Te. the electron 
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temperature. This relation yields the electron temperature from 

,its slope both in presence and absence of the·magnetic field. 

(Bickerton and von Engel, 1956). 

For plane probe, Bickerton and von Engel (1956) men

tioned some of the difficulties and sources of error in calcu• 

lating the number density of electrons from the electron current 

at space potential and they used, instead·, the. ion saturation 

cm•rent. It is worthwhile to mention that almost all previous 

determination of electron density has been made from ion satura

tion current but recently it has been mentioned by Chang and 

Chen (1977) that measurements made from ion sat"Uration cunent. 

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 current at space potential is.in agreement· 

with microwave measurements within_50 percent. In the present 

experiment, the number ·density_ will. be calcule.ted both :fro.m ion 

saturation and.electron current at space potential for diffused 

plasma and plasma in a conventional l?JiS discharge. The measure

ments will be extended in presence of magnetic field after assu

ring the basic conditions .for the validity of measurements by 

electrostatic probe·are satisfied for both types· of plasmas in 

presence. of magne~c .field. The measurement of the.se parameters 

will enable us to ~understand the physical difference between 

·the nature of the conventional and diffused plasmas. 



..v_ .. -

225 

. EXPERIMENTAL .ARRANGEMEN !IB 

The arra rgemen ts of the dis charge mvi ties for simul

taneous production of diffused plasma and oonventimjai. plasma 

by gas di roha.rge is shown in Fig. 7.1. The ~isoharge tube is 

a long cylindrical glass vessel of length 25 om. and diameter 

5.5 em. Four brass electrodes of diameter 5 om. each are fitted 

into the discharge tube in such a way that the· two of the inter

nal electrodes are at the side walls (A,,A) while the other two 

(B, B) are at distances 8 em. each from the respective end 

r- electrodes. All the four electrodes are in parallel planes and 

co-axial. The two inner electrodes have number of perfor~ations 

of diameter 0.4 om. giving the transperancy of the electrodes 

about 4o% each. 

The a.o. volta@e of 50 Hz. is applied from the secon

dary of a step-up transformer with maximum ou~put voltage 2 KV 

and current capacity 100 rnA.. The end terminals of the secondary 
: 

winding are connected to electrodes (A,A) and centre - tap 

terminal of constant zero voltage is connected to two perforated 

electrodes (B, B). The applied ~otential to (A,A) is varied by 

using a variac connected between the mains and the input ter

minals of the step-up transformer and the totaJ. discharge 

current is noted by the a.c. milliammeter connected as shown 

in Fig. 7.1. 

Electrical probes, each of diameter 0.025 em. and 

exposed length of 0.2 em., rest being sealed in glass tube, are 

placed at P1 and P~. The tip of eac~ probe lies on the axis of 
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the discharge tube and at the midway between electrode pair 
a.Tld. (A_,.:B) , 

(B, B)"respectively. Dry cells, microammeters and voltmeters 

are connected to two probes as shown in Fig. 7.1 to measure 

the probe current - volta@B characteristics. Two ·tapping keys 

are used ins eries it;J. the two probe circuits to avoid long 

period of exposer to probes.in current collection so that 

probe characteristic does not alter appreciably in successive 

measurements. 
'\ 

The discharge tube is placed within a solenoid of 35 em. 

long to produce an axial magnetic fie~d by passing current 

through the solenoid. The solenoid is pre-calibrated for mag

netic field intensity. · 

Tb:e pressure of the gas within the discharge tube is . 

kept constant by the use of needle valves and measured by cali

brated pirariigauge. Air cleaned and dried by methods stated 

earlie.r in chapter 3 and 4· and commerical grad:e nitrogen trom 

the gas cylinder are used. The discharge current is kept cons

tant by adjusting the output potential of the transformer and 

the total di ~harge cu:r-rent is measured by the milli~eter as 

shown in the Fig. 7.1. 

Keeping the gas pressure constant, the transformer 

potential is gradually raised.until self sustained discharges 

develop in the regions (A, B) at the both ends of the glass tube. 

The charged particles will diffuse into the region (B, B) through 

the perforated electrodes and the length of the cylindrical 

cavity between the electrodes (B, B) will be fil·led by this 



227 -

diffused plasma without a·ny external source of electrical 

potential to supply energy to the charged particles for their 

acceleration. 

Keeping the total discharge current constant, the 

probe voltage - current characteristics of the two probes are 

obtained simultaneously. At every step of probe voltage, the 

steady probe currents are obtained by closing the respective 

probe circuits for very short period ( 1:; 2. seconds) by us:J.ng 

the tapping keys. The maximum variation of probe voltage with 

respect electrodes (B, B) is made from - 90 volts to + 90 volts 

· in the present experiment. The current - voltage characteris

tics of the two types of plasmas are obtained for ~10 diffe

rent total discharge currents in case of air and nitrogen 
' 

each. 

Keeping the applied potential from the transformer 

constant, the solenoid is energised to supply the magnetic 

field \\hose lines of forc-es are parallel to the axis of the 

cylindrical glass vessel containing.three plasma cavities. 

For two low values of magnetic field intensity, the current 

voltage probe. characteristics of the two .probes are obtained. 

The measurements were repeated for a large number of times 

and results were found to be reproduciable. 
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RESULTS AND DISCUSSION, 

From the measured values of total probe current IP 

with the variation of probe voltage Vp' the saturated posi

tive ion current is subtracted to obtain the electron current 
i.e 
~. as shown in Fig, 7,3, Representative curves of the varia-

tion of Ip _ with Vp for air at 0,4 ;torr gas pressure and 

5 mA. discharge current are plotted in Fig, 7,3 (curve 'a' for 

probe P1 and 'b' for probe P2) •. Similar,representative 

curves of the variation of Ip_with VP for nitrogen at 0,4 

torr gas pressure and 3 mA total discharge cur.rent are plotted 

in Fig, 7.5 (curve 'c' for probe P1 and 'd' for probe P2). 

The values of i~ for different probe voltage VP' varying from 

- 90 ·volts to+ 90 volts with respect to electrodes (B, B) are 
.. 

obtained and log i
9 

is plotted against VP in Figs. 7.2-& 7.3 

for total discharge current of 2 mA and 5 mA respectively at 

gas pressure of 0,4 torr in case of air. Similar plottings 

are made in case of N2 at 0.4 torr gas pressure in Figs. 7.4 

and 7,5 ~or total discharge current of 2 mA. and 3-mA. respec

tively (e1 , e2 , e3 , e4 for probe.P1 and f 1 , f 2 , f 3 , f 4 for 

probe P2). A plot of log ie against VP (fig~ _7.2, 7,3, 7.4,7·5) 

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 of the 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, 
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Curves are extrapolated from both ends of the knee 

such that the maximum number of points are included in the 

extrapolation. The probe voltage corresponding to the point 

of intersection of the two ~xtrapolated part of eac~ curve 

gives the space potential and corresponding electron1 current 

determines the electron number density. Th~ slope of the 'lower 

half of the curve, below the knee, will give the electron 

temperature. The values of. Te' the electron temperature and 

the number density of electrons ne obtained from the Figs.7.2, 

7.3, 7.4, 7.5 by the above mentioned method for different dis

charge currents and for two types of plasmas are tabulated in 

Table-7 .1. 

The electron density is also determiried.by knowing 

the. e'lectron temperature Te -and ion saturation current I+--& 

from the relation (Schott, 1968) 

' 1 

I P Yl eA (1-z'Te -0z 
. M + em) . •••• 

assuming electron and ion densities are same outside the 

sheath. Here n+ and ~+ are densities and mass of_ion, 

'e' the charge of el·ectron and 'A' is the probe area equal 

to 2 1f rP 1 where rp is the probe radius and '1' is the 

length. The value of n+ = ne ob"\;ained .from eqn. ( 7 .3) are 

tabuJa ted in Table-7 .1. _The charge carrier density ne cal

culated from electron current at space potential from the 

relation 

'Yle == 
' ie ••• (7.4) 
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where me is the mass of electron, may be too· small by a 

factor two or more because electron losses to the probe near 

the space potential may be too high to be replenished from 

the plasma. So it . is advisable, there fore, in any case to 

compare the charge carrier densities found from eqn. (7~3) 

and (7.4) as done in Table-7.1 • 

. TABLE -7,1 

----r---,--,----~------~~---~-~~T 
, · ,Total ,T x10-4 , log (iet~nex10 , Ion , nex10 

' 
Curve •Dis- e ' at spa cm-3 sat"?-- cm-3 

, °K , -. ' rat~on! ···Gas Nos. charg~ . from ce pot., from , curr- , :from 
'curre!-!·::slope ' of the , eqn. , ent ' eqne 
' mA n"b of ' probe (7 .4) , I , (7 .3) 

• :curve & ; :from ' ' +s 
,eqn. ( 7 • 2), curve. , )J-A 

---~-=::::1'_ ..... __ ------- --------- ----- ~- --
e1(c.P.); 2 8.4 3.00 8.9 18.0 0.79 

f 1 (D 0 P.) 0 15.5 2.04 2.5 BoO 0.26 
" 

Air e 2(CeP.) 5 8.14 3.40 13.3 36.0 1.60 

f 2(D.P.) 0 13.30 1.72 10.8 14.0 0.49 

~3 (C~P.) 2 8.9 3.62 15.8 14.0 0.57 

:r3(DeP•) 0 13.0 1.42 1.2 4.0· 0.14 
Nitro- e

4
(C.P.) 3 9.4 ·3.84 19.1 28.0 1.10 gen. 

f
4

(D.P.) 0 14.3 21$80 5.4 12.0 0.31 

- - - --- - - - - - - - - - c= _,., - - - - .._ - - -- - - - -- -- - ~ -

C~P.·- Conventional Plasma in discharge cavities. 

D.P. - Diffused Plasma generated by C.P. 
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From Table-7.1, it can be seen that for any discharge 

current Te for conventional plasma· in the ~egion (AB) is 
... {:>'ma.tte-r> 

much ~ than Te for diffused discharge in the region 

(B B). But ·the value of ne in t.he region (A B) is much 

higher than corresponding ne in the region (BB). For all 

discharge currents and for the two ~ses, the identical 

results followed. However, it is observed that the value of 

T
8 

for conventional plasma (region A B) remains approximately 

constant for two gases respectively for different values of 

total discharge current. 

The Debye shielding distance is A:o ~ 

.ancl the probe radius. rp~_0.025 en. T~e meal'l free path of 

electron at 0.4 -~orr is 0.16 em. in case of air and~ 0.21 em. 

in case of nitrogen. The approximate values of 1\..D obtained 

from the measured values of Te· and ne obtained from ion 

saturation current md from electron cui..Tent at space poten

tial, as shown in Table-7.1, are 0.17 em. and 0.049 em. res

pectively. So from these representative values it can be seen 

that the oondi tion 1 is satisfied. As the con-

di tion is not rigidly satisfied in the 

present experimental condition, but shows 'A 7 A:o_>Y"P 

indicating formation of a not too thick sheath around the 

probe where orbital motion theory of the probe is still 

applicable. 
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The results obtained in the present experiment on 

the values of ne and Te at different discharge currents 

without magnetic field may be explained in the following way. 
. . 

From the dis charge cavities A B on both ends of the cylinder 

the electrons and positive ions pass through the 40% trans

parent electrodes B, B at every cycle of the electric field to 

produce a diffused plasma in the· cavity B B. It is very likely 

that the charge carriers mainly electrons which are lying on 

low energy tail of the distribution will soon loose their 

energy by exciting collisions with neutral atoms within a 

distance equivalent to a few mean free paths. So the region 

close to the electrodes B, Bin the cavity B B will be much 

braghter compared to the .central part of the cavity B B where 

-highly energetic electrnns dominate and produces so~e new 

electrons by collisions before being lost be valume recombi

nation. So in the region B B there will be fewer -number of low 

energy electrons so that the average energy of electrons which 

is given by Te is larger than the corresponding T
9 

values of 

the region A 'B. But ·due to slowing down of electrons near 

electrode B, B most part of the cavity B B will. be covered by 

electrons whose number density is smaller compared to corres

ponding number density_ in the cavity A B. This phenomena will 

remain true for any value .of discharge cur.rent and gas pressure. 

The.se explains the observations on the values of Te and ne 

in a.l:Bence of a magnetic field. 
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T e To explain the approximately constant values of 

:for air and nitrogen for· dif-ferent discharge currents reference 

is made to tlE previous work on the variation of d.c. discharge 

current with longitudinal magnetic field where it has been pointed 

out that E/p does not· depend on the discharge current in mole-

cular gases provided due correction be. made for density changes 

where 'p' designates,.·: the pressure which is equivalent to the 

gas density and 'E' is the electric field inside the plasma 

(von Engel 1965 p. 244). The relation between E/p and T
6 

is 

given by (Bickerton and vo~ Engel, 1956) 

E/p ::: 3 (. 3 'Jv .)"~ Te/2'A, • • • • (?.5) 

where % is the mean fraction of electron's energy that is 

lost by an electron in a c.o.llision with a neutral molecule·· , 

a:n:d /\.., is the mean free path of electrons at a pressure of 

1 torr. Since E/p is independent of 'discharge current, so if% 

is iak-en approximately constant for the present values of ·the 

discharge currents, then Te shou14 be indepen.dent of change 

of discharge current as has been observed in the present expe-

riment. 

MEASUREMENT IN PRESENCE OF MAGNETIC FIELD. 

Using the same method of measurements with probes P1 

and P2 without magne~ic field, the charge carrier densities 

ne and electron temperature Te for cavities A B and B Bare 

obtained in presence of magnetic field intensity (H) = 75 gauss 

and 150 gauss of the solenoid. In Fig. 7.6 the values of log i e e 
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is plotted against VP in ce.ee of nitrogen for total dis

charge current of 3 mA for H values equal toO, 75 and 150 

gauss for the diffused plasma in the cavity B B (curve a1 for 

H = 0, a2 for H = 75 gauss and a3 for H = 150 gauss). In 

Fig. 7.7, the values of log ie is plotted against VP in 

the exactly identical situation as above and measurements 

taken simultaneously for the cavity A B ( curve, b1 for H = 0 

b2 for H = 75 and b3 for H = 150 gause). The values of Te 

and also ne & obtain·ed from these curves and from both 

electron c~~rent at ~ace potential and ion saturation current 

are tabulated in Table - 7. 2 for diffused plasma ·in nitrogen 

and in Table - 7. 3 for conventional plasma in the same gas. 

TABLE -7.2 

----- ..... --~---------------------------

a1 0 14~3 2.80 5.4 12 0.13 

a2 75 11.9 2.92 11.0 12 0.77_ 

a3 150 708 2.80 11.6 12 o.go 

--------- ---- ----- -=-- -- ------- -----
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TABLE-7.3 

Total Discharge"Ctirrent = 3.0.mA. _. __________________________________ _ 
' Curve Magnetic 

I . 4 t l -8 I t 
T x 10- 0]f log /i x1oJ) n· x10 , Ion satu'T 
'e \.:e, e oz. ti 

n x1o-11 
e -3 em · ' field in

No. ' ten si. ty H 
(Gauss) 

t from slope. at space ' em-' • ra on , current •of curve 'potential, from I 
'& eqn.(7 ~2) of the , eqn. +h 

' from eqn. 

' probe ~:· ' ( 7 .4) HA 
' ' from ' F-

__ so.~ ___ _. _ _! _____ •_c_y..r~e..!. 

0 

75 

150 

7.0 

----~------- .... --

19e1 

48.0 

56.5 

28 

28 

28 

(7.3) 

2.0 

2.1 

It has been observed that with the increase of magnetic 

field, Te decreases and ne increases for both t.ypes of plasma. 

If a magnetic field is present in a plasma, the probe behaviour is 

dependent on the Larmor radii ~ of ions and electrons a.ndr e 
respecti.vely in addition to tho S3_ parameters 7L , A .D and rp 

which have been considered for zero ma-gnetic field to obtain the 

validity.of the classical probe theory. A magnetic field 'H' 

~ applied to the plasma effectively reduces the free paths of 

charged particles perpendicular to 'H' to less than the Larmor 

radius ( mv) where . LJ = (_2k rr+,-e. V'.:z. • For weak 
"~"+Je = e. I-I + €' +,e \ 'm-r_,-e ) 

j ..> 

magnetic field we must have ~ ·.> :A e Taldng a represen-

ta~ive value of 'H' and Te from the present experiment for (AB) 

plasma column asH= 150 gauss and Te = 6.7 x 104°K, ne c=!2.1 x 

1011 cm-3 obtained from ion saturation current or n
9 
~ 5.6 x 109cm-3 

obtained from electron current at space potential, we get r9~ 0.06cm., 
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'A.D~ 0.02; em., or 0.004 em. corres;ponding to ne=2.1 x 1011 cm-3 

orne= 5.6 x 109cm-3. Since the probe radius is. rp = 0.025 em, 

so we have here 't'~ >:. 'Y'p and rl /\.X> at least. As pointed 

out by Chun.g et al ( 1975), :the simplest and most stri-ghtforward 

case. arises when the condition that La.rmor radii of electrons 

and i one ( c onunonly r + ~ r ·}, are both larger than the probe e 

radius ~d Debye length, as in the present case shown above 

and under this condition the ion current to the probe is not 

. likely to be affected by the magnetic field (Schott, 1968~ 

Pe 717). This has actually been observed in the present expe

riment where the ion saturation current remains constant at 

28 ?A for conventional plasma in the cavity AB and at 

12 )UA for diffused plasma in the cavity BB ·for the varia

tion of magnetic field value 'H' from zero to 150 gauss. In 

this situation the probe current voltage characteristics are 

identical to the zero magnetic. field case (Chung et al 1975, 

P• 111). Hence the same procedure for the measurement of 

electron temperature ·and electron density has been adopted 

for both types of plasmas and with and without magnetic field. 

·,The probes being always at right angles to th~ ·lines of force 

of the magnetic field 'H', most of the charged particles are 

x collected by the probes from direction parallel to 'H'0 In 

presence of magnetic field, following Uehara et al (1975) the 

effective probe area· has been taken as x 4 rp t instead o:f. 

21Trp i as in no magnetic field case. 
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Bickerton and Von Engel (1956) while studying the 

positive column of a discharge for helium gas using electro

static single probe obtained conelusive evidence of a r.lse 

o~ axial electron density with the increase o~ longitudinal 

magnetic field. This was partly accounted for by the experi

mentally obtained reduction of the ratio of number density 

of electron at the wall to that on the axis as the magnetic 

field &r is increased. In order to maintain the same number of 

electrons per em. length pf column, the axial electron concen

tration must rise if the electron concentration at the tube 

wall is reduced. Also reduction of axial electric field in 

presence of longitudinal magnetic field requires higher 

number density of electrons to maintain a constant- current 

as the magnetic .field intensity is raised. _They have also 

obtained reduction of electron temperature with increase of 

longitudinal magnetic field upto 450 gauss. 
\ 

-In this laboratory.Sadhya et al (1977, 1979) experi-

mentally obtained, in case of some molecular gases, increase 

of number density of electrons ne and-decrease of electron 

temperature Te simultaneously as the longitudinal magnetic 

field is increases for low values of magnetic field,lower 

than 100 gauss& 

Confinement of charge carriers by the.longitudinal 

magnetic field by bringing orderly motion of the che.rgedFU 

particles from more chaotie motion, the loss of the_ charged 

particles to :the side walls is reduced and hence the number 



238 

density increase with the increase of longitudinal magnetic 

field. This is true for conventional pla.sma in the cavity AB 

and also for diffused plasma in the cavity BB. But due to the 

curvature of the trajectory of the charged particles between 

collisions in presence of longitudinal magnetic field and due 

to confinmen t of the charged particles for large·r amount· of 

time in the active discharge, the electrons wil+ suffer lar

ger number of collisions with neutrals and this loss will 

increase with increase of magnetic field intensity. This is 

XH true for both types of plasmas studied here. Hence T e 

will decrease with ·increase of magnetic field for both types 

of plasmas. 

Sadhya 'et al (1979) obtained the expression for the 

variation of electron temperature in presence of longitudinal 

magnetic field as 

••• 

where and 

Here ~u = Electron temperature in presence of magnetic field, 

Yi.. . = ionisation ·potential of. the gas, 

where 

IJ~-= electron random velocity, 

/\_, = electron mean free path at a pressure of 1 torr 
~ 1/Ao 

Ao = Townsend's constant •. 



239 

For nitrogen the authors obtained the value of c1 = 5.6 X 10-5 

to explain their results for maximum (H/p) ~ 2 x 104 gauss2/torr2 

although the presence of v.... in c·: c1 makes it a function of 
' electron temperature itself. In the present experiment, the 

maximum value of (H/:p) 2 is 14 x 104 gauss 2/torr2• HoW9ver, 

taking this value of c1 the values of TeH is obtained for 

both types o~ plasmas and plotted in Fig. 7.8 as TeH against 

H values upto 150 gauss (Continuous curvers). The experimental 

points at H = 75 gauss sDd H = 150 gauss for probe F1 & F2 are 

shown for both types of plasmas. It is found that although 

the experimental points do not all exactly fit into this res

pective curves obtained fr~m equation (7.6), yet. this devia

tion are not very wide. The experimental point at H = 75 gauss 

for conventional plasma exactly fits the eqn. · (?..6) and diver

gence increases with increase of 'H' which may be due to the 

reason as pointed out by the authors of eqn. (7.6), that the 

eqn. (7 .6) predict-s mucb sharper decrease of Te for assuming 

c1 as a constant, than actually observed experimentally the 

decrease of Te with increase of H values. Considering 

this uncertainty and as the limit of present (H/p) 2 'value 

is larger than the (H/p) 2 value for Which eqn. ( 7 .6) -has 

been deduced when the value of C1 may not remain constant, 

it can be said that experimental points approximately fit 

into :Eqn. (7.6) and Te decreases with increase of H. 
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CONCLUSION 

From this preliminary investigations it can be conclu

ded that the electrostatic probe theory and technique derived and 

applied to conventional plasmas can also be successfully applied 

to a diffused plasma to. study its characteristics. However, the 

present investigations are not sufficient to obtain the radial 

distribution of electrons in diffused plasma, radial electric 

:field and also the aXial electric :field. So an extension o:f this 

programme will be undertaken in :future to investigate the above 

mentioned characteristics o:f conventional and diffused plasmas. 
' 

The values o:f Te and' 'lle obtained by the plane 

probes in two types o:f plasmas agree with the published results 

o:f the earlier authors by order ·o:r magnitude and also agree wf. th · 

the expected qualitative behaviour o:f charged particles in the 

present experimental set up. 

The qualitative and quantitative agreement of the varia

tion o:f ne and Te in presence o:f magnetic :field as obtained :from 

probes P1 and P2 respectively shows that Langmuir probe is a 

useful tool in the investigation of conventional and diffused 

plasmas in presence of moderately low values _of magnetic :field. 

Higher values o:f T
8 

of di f:fu sed plasma compared to 

conventional plasma and lower values of ne in diffused plasma 

compared to conventional plasma indicate that the diffused plasma 

is mainly composed of high energy random1y moving charged particles 
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\. 

among the neutrals. Absence o:f low energy components o:f 

random velocity and also the absence o:f any accelerating 

:field make the diffused plasma more monoenergetic and 

random compared to conventional plasma whe.re drift velo

city due to accelerating field plays a dominant role in 

deciding the motion o:f charged particles. However, a more 

detailed investigations is necessary with the probes to 

obtain exact nature and field·s acting the diffused plasma 

and other relevent parameters and :for this a programme has 

b een undertaken. 



~-

. 1 (j) 

242 -

REFERENCES. 

Bickerton, R.cT. and von Engel, A. ( 1956) 

Proc. Phys., Soc. Lond. B., 

2. Chapman, s .. and Cowling, T_.G. (1939) 

The Mathematical Theory of Non-uniform 

Gases (Cambridge Uni v. Pra"ss). 

3. Chang, J.S. and Chen, s.L. (1977), J. 

Phys. D.ApplGPhys. 1Q 

4~ Chung, P.M., Lawrence, T. and Kenell, J.T •. 

(1975) Electric Probes in Stationary 

and -~ Flowing Plasms,s - Theory and 

Application (Springer - Verlag, 

Berling, Heidelberg, New York). 

Ekbote, D.D., Schott, L., Whitefield, 

D. W .,A. ( 1970), Canad. J ~ Phys. 

6. Francis., G., ( 1956), Hand. Der. Physik, Vol. 

22. (Springer-Verlag, Berlin} 
r 

a. 
Persson, K.B. (1962), Phys.Fluids, 

Schott, L. (1968), Plasma Diagnostics, 

Edited by Locte - Haltgreven, w. 
(North-Holland Pubn. Amsterdam). 

9., Sadhya, S.K., Jana, D.C. and Sen, S.N., 

468. 

979o 

775 

125 

1625. 

(1979) Proc. Ind., Nat.Sc.Acad. (Pt.A;No.4) !2 309e 



243 

. 10. Sen, s. N •. and Gupta, R.N., ,(1971), 

J. Phys. D. Appl.Phys. /( 

11. Uehara, K., Yatsu, K. Hagiwara, s. 
and Kojima,- S. C1975), Japan. 

J. Appl. Phys. 

··12. von Engel, A. (1965), Ionised Gases. 

(Clarendon Press, Oxford). 

51 o· ·~·. •·. L, •. 

1716. 




