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CHAP'fER III 

DEPBlTDEHCE 01<, ':i:}[l<i Il.J'_lEH~UTY 01'' MERCURY TRIPLET LINE~ OU 

DI ~CHAHGE I!UH.H1mT AND ~rRAHSV"F:R~-;E MAGNETIC FIELD IN AN 

ARC Pi.JAf:MA. 

3. 1 • Introduction 

The variation of the intensity of triplet series of 

mercury lines ( A 4047 i, A 4358 ]i and /\_ 5461 .R ) with 

dis~harge current VA.rying from 2 .:; A to 4.5 A and trans

verse magrt eti c fi 8ld VA.rying from zero to 1 .6 KG has been 

investigated. The three main parameters upon whose varia

tion the dependence of intensity of spectral lines depends 

are the pressufe of the gas, discharge cu~rent and the 

magnetic field. Fowler and Duffend.ack ( 1949) studied the 

variation of intensit~r of some of the spectral lines of 

helium over the pressure range of 0.01 to 0.14 mm of 

mercury and it was observed that within this pressure range 

intensi t3r is almost linearly depeYLdent upon pressure. It 

was however, observed that the rate of increase of intensity 

with pressure depends upon the wavelength of radiation. 

However, for the pressure range of 3 mm to 70 mm of Hg each 

wavelength has its intensity maximum between 4 mm ·to 6 mm 

of Hg and then gradually decrease:3 with pressure. It was 

further obperved by the authors that the dependence of t~e 

intensityof spectral lines upon the tube current was 

linear over a current range of 1 1nA to 100 mA for all 
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types of transitions. Rocca, Fetzer and Collins ( 1981) found 

that the intensity of the spectral line A 5143 Jl from Ar II 

shows a linear variation with discharge current when the 

discharge current is varied upto 80 mA/cm 2 • 

The variation of intensity of spectral lines iri mag

netic field has been investigated earlier by Rokhlin (1939) 

in inhomogeneous magnetic field, b.Y Forrest and Franklin 

( 1966) and by Hedge and Gho se ( 1979) in longitudinal magnetic 

field, by Kulkarni (1944) and Sen, Das and Gupta (1972) in 

transverse magnetic field. The investigation of Sen et al 

( 1972) was to stud~r the variation of intensity of line 

spectra emitted from discharge tube:ls in hydrogen, helium 

and mercury in transverse magnetic field. It was found that 

in a transverse magnetic field the intensi t~r of the lines 

increases with the increase of the magnetic field attaining 

a maximum value at a certain magnetic field and then gradually. 

decreases. sen et al (1972) also showed that the enhancement 

in intensity can be explained quantitatively as due to increase 

of electron temperature and decrease of azimuthal electron 

density caused by the presence of tranRverse magnetic field. 

It was further shown that the field at which the line inten-

si t~r becomes a maximum is a ftu1ction of the energy of the 

upper level. It is also worthwhile to investigate whether 

the phyr-ical proce:=::ses undergo any significant change when 

transition takeR place from glow to arc region. Radhya and 

Sen (1980) studied the variation of current and voltage in a 
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mercury arc plasma as well as the variation of electron tern-

perature in axial magnetic field, -~he eleci;ron temperature 

having been determined by a spectroscop~c method. 

In order to investigate the phenomena in greater 

detail the enhancement of the intensity of the spectral lines 

of the sharp series triplet radiat:Lons of mercury 

73s1 --7 ?3 P012 corresponding to radiations A 4047 i, 

A 4358 R and?\. 5461 R in presenc•3 of a longitudinal magnetic 

field between zero and 2000 gauss ~as been investigated by Sen 

and Sadhya ( 1986). The effect of the magnetic field was found 

to be different as regards the variation of intensity and 

occur~nce of maxima in the three lines. These variations . 
were explained by considering the reabsorption of the emission 

lines. A mathematical theory has been presented and the theore

tical deductions are in good agreement with experimental results. 

Rocca, Fowler Rnd Collins ( 1981) studied in an axial 

magnetic field the variation of intensity of the spectral lines 

A4145o3 R of Ar II and A 5916.6 R of Ag I in a hollow cathode 

discharge. It was observed that for A 5143.3 i for small dis

charge current (9 mA/cm 2 ) there wns practically no change in 

intensity even for a field of 800 G. As the current is gradually 

increased the intensity falls specially for high values of mag

netic field and for a discharge current of 76.5 mA/cm 2 the 

intensity falls to half its value at zero magnetic field. In 
\ 

case of A 5916.6 .R there is practically no change of inte.nsi ty 

even for a field of 800 G. 



It is thus evident from the above resume that the in

tenRi ty of the spectral lines is se11si tive to the _change of 

pressure, discharge current and the external magnetic field 

and not only there is variation in the intensity profiles of 

spectral lines of different elements .. but there is variation • 

amopg the spectral lines o~ the same element. It is therefore 

evident that the phenomena should br~ investigated in greater 

detail with a different alignement of magnetic field. Conse

quently in the present study we hav1~ investigated the varia

tion of intensity of spectral lines. of the triplet series of 

mercury in an arc plasma with the v~1.ria tion of the arc current 

and also in a variable transverRe magnetic field. 

).2. EXPERIMENTAL SET-UP 

In the present investigation, the intensities of the 

sharJ:> series triplet lines of the mi~rcury atom were· investi

gated with variation of (i) arc current and (ii) transverse 

magnetic field o The source of radia"t;ion is a mercury arc 

constructed of pyrex tube (0.75 em j_nternal radius, 8.0 em 

in length) and was force cooled extornally. The buffer gas 

was dry air whose concentration was· regulated through a needle 

valve. Radiations from the axial region of the positive column 

of the arc discharge were focussed by lens arrangement on the 

slit (width 0.5 mm) of an accuratel;r calibrated constant devia

tion spectrograph. The detailed exp:!rim~ntal arrangement has 

been given in Chap. II. The triplet radiations A 5461 .R, 
A 4:358 j and A 4047 .R were focussnd separately on the 

catho(e of the photomultiplier (M. 10. F.fl.29 V'A ) and the 
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intenPitie~ of the lines were recorded. Details of experimental 

arrangement and the technique for mt;!asuring the intensities of 

spectral lines employing electronic circuits have been reported 

earlier (Sen et al, 1972) and given in Chap. II. It was estab

lished by separate set of experiments {.sen~e~ al, .1972) that 

the readings recorded in tl;t·e mi croammeter of the output elect

ronic circuit were always proportional to the intensities of 

the spectral lines within the range of wavelengths investigated. 

In the first set of experiments the intensities of the spectral 

lines have been measured for five values of arc current (2.5 A, 

3.0 A, 3.5 A, 4.0 A, and 4.5 A). In the second set of experi-
,_. -

ments the intensities of the spe~tral lines have been measured 

when the· arc has· been placed in a transverse magnetic field 

and the field varied between zero to 1.6 KG. The intensity 

measurements in magnetic field have been obtained for all the 

thrP.e lines for three values of arc current (3.0 A, 3.5 A, and 

4.0 A). The pressure within the di~~harge tube was kept at 
I 

0.05 torr. 

RESULTS AND Dif-lCUflAIONS 

The variation of the intensities of spectral lines 

(A 4047 j 7 3s1 ~ 63P0 , A 4358 ~ 7 3s1 ~ 6 3P1 , 

A 5461 .R 13 s1 __, 63P2 ) has been investigated for 

(i) discharge current varying from 2.5 A to 4.5 A,an~ 

(ii) for magnetic field varyine: from zero to 1 .6 KG. Each. 

spectral line has been investigated for three arc .currents 

namely 3 A, 3.5 A, and 4.0 A. 
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Variation of spectral intensity with arc current: 

{a) It is noted (Fig. 3.1) that the intensities of all 

the spectral lines investigated increase linearly with arc 

current as has been observed previously ·by ·Fowler and 

Duffendack ( 1949) in case. of helium and also by Rocca, 

Fetzer and Collins (1981) in case of argon. It is however, 

observed that the rate of increase of intensity with current 

is different for the three spectral lines. From the curve 
I, 

(Fig. 3.1) it has been calculated that for 

0.20, for A 4358 j del~ = 0.245 and for J_ . 

~ 4047 i di = 
d..L 

I\_ 5 46 1 i eLI = 
cl"-

0.31 where I is the spectral line intensity and i 

is the arc curr·ent. To explain the observed results we 
. 

note that the.intensity of a spectral line is given by 

( 3 .1 ) 

where n is the electron density :per unit volume, z is 
0 

the internal partition function ~tl is the statistical 

weight of the upper level. Eu and E.t are the energies 

of the upper and lower levels between which transition takes 

place, Au..e.. is the Einstein coefficient of transitional 

probability and -Yu1 is the frequency of emitted radiation. 

It is evident that all the terms except the electron density 

n and electron temperature T are independent of current e 

flowing through the arc tube. With regA.rd to variation of 

electron temperature with arc current, it can be noted 
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that an independent experiment (Cha~~'· V) was performed in which 

the voltage across the arc was mea:=ured for three arc currents 

3 A, 4 A and 5 A. In each caRe it was found that the voltage 

across the arc remained constant at 15 .• 25 volts. The electron 

temperature is given by 

kTe = rz 1 e L [ E/p J von-Engel( 1965) 
'3 R. 1'l 

(3.2) 

where K is the Boltzmann constant, ~ fractional of 

energy ·lost by the electron in collision with an atom, L is 

the mean free- path of the electron e.t a pressure of 1.0 torr, 

which are independent of current an<1 as the voltage across 

the arc is constRnt so that longitudinal field E remains 

constant and it can be concluded ttat the electron tempera-

ture is independent of arc current ~~.t least within the ranee 

of current here investigated~ 

In order to study the variation of inten.:=dty with 

current it is noted that in Fig. (~.1) the variation of 

1d-/r2·5 . where I a. is the intensity at any discharge 

current and -1 is 
2·5 

the intensity at 2.5 A has been plotted 

against the discharee current for a~l the three lines. Hence 

from eqn. (3.1) we get 

'i'Lo.. ca u../zo 
n2·5 1l;Jzo 

' 

A p ( Eu-Eg) u.e..n"))u.l.~x.p - k..Te 
------~-----------

A uQ h ..YJ.J.. e.xp (- Eu.- E~) 
K. Te 

(3.3 ) 
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Langmuir (1925) has shovm thf-lt the current in an arc is 

given by 

-10 
t _ s · 7 6 )( 1 o no.. 'Ae E 

1 Y2. e. 
(3.4-) 

where Ae is the mean fr,ee path Rt 1 .o torr and other 

symbols hA.ve their usuA-l significance. Hence from eqns. 

( 3 • 3 ) and ( 3 • 4) 

I a. 

L I:t·5 

Putting the value of Te from eqn. (3.2) 

1 
~/?.. R.V4 K Y2.. p Y2. -;.. S. ry 6- x. 10 -t,o <'e E n2·5 

'/~ y2. y'l. Y2. 
2 e L E. P 
~ 'h \:(""~ K V2. p 'h X S . 7 6 ;;< I 0 _, 0 L £ n 2..· 5 

c 
n2.·5 

where c if' a constant. 

From this analysis it is eviO.ent that the rate of· 

variation of intensity of all spectral lines with arc 

current should be same whereas from the experimental 

results the rate of increase of in ten Ed ty is highest for 

A 5461 R and lov1ePt for A 4047 R while that for 

A 4358 R lie.s in1 between. 
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(b) IntenPi ty vA.riation with mat~:netic field: 

Almost similar nature of re:=:ul ts have been o bt.ained 

in case of three spectral lines in'restigRted when the arc 

is placed in a transverse magnetic field, (Fig. ).2, 3.3 

and 3.4). The enhancemen~ of intensity is noticed in case 

of all the spectral lines when the transverse magnetic field 

is present in conformity with resu.I.ts obtained earlier in 

case of glovr discharge (Sen, Das ar.d Gupta, 1972). But in 

the present investigation in case cf arcs a noteworthy 

feRture is that below a certain value of magnetic field 

a minimum in in~enrd t,y is obr:erved and the mRgneti.c field 

at which this minim urn occurs differs though by a small 

amount in case of all three spectr:;'.1 line·s investigated, 

A factor which has not been taken into consideration 

here so far is that self absorption plays a dominant role 

in the intensity profiles of these lines. In a recent paper 

(Sen and Sadhya, 1986) of this labo~atory it was observed 

that in a longi tudinRl mRgnetic fiE!ld the VRriation of 

inten8ity of the triplet lines of rr.ercury is different from 

one another and also the maximum ir:.tensi tjr for the three 

lines occurs at different magnetic field values. These varia

tions have been explained by consiOe~ing the reabsorption of 

the spectral lines and the mathematical theory developed had 

explained quantitatively the observed experimental results. 
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To explain the rA.te of vari~ttion of intensity of the 

mercury triplet lines with arc current as has been observed 
we 

by Ren and Radhjra ( 1986) ,._ apsum e 

0 

I =(t..,.A 5)l 
~t Ut ( 3. 5) 

Sen and Sadhya (1986) 

where As 
0 

and I 
is the self absorption of the spectral line 

Ut 
is the intensity of the spectral line without 

self absorption and 

and 

where f is the absorption oBcillator 
.t-u. 

AUl is the wavelength of the radiation, 

'h 

f = ~ 11 li,C [ .:/.~ K Td 1 P, 

(3.6) 

strength, 

and Y1e.(o) population density at the axis of the diRcharge 

tube which is the same for al1 the, three spectral lines. 

Equations ('3.5), (3.6) and ('3.-.7) hE,ve been deduced in the 

earlier paper (Sen and Sadhya, 1986) and given in the review 

article. If as befo~e, 1 2 • 5 denr:tes the intensity of the 
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spe8tral line at the initial current of 2.5 A, then 

T u~ ( 1 - As)~ 
}2·S (1- As}.1·5 

where ( I- As )2·S can be regn.rded as constant and represen-

as no other ter!ll except T(t 

current, now 

is a. function of the arc 

1.'/e thus observe that as dT'J will be the same for the 
c;;!i.. 

three spectra~ lines investigated the rate of variation of 

intensity with current will depend· upon the value of rA.. •. 

From the expression used for ~ it is further evident 

that for the three spectral lines all terms except 

and )lut are c0nstants. and hence 

will be proportinnal to AuQ. f .Hl 

~ (1 i./1 ) 
1:?\.. t. 2.· s 

• Hence we can 
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The values of ffu 
follows: 

Hence 
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ol ( 1u~ ) · . ~ ( Iu~ ) 
c;t·t. -I . -~ I1.r:. 

2·S "\~S8 ? ~~Cl 

as provided by Gruzdev (1967) are as 

-e·11(1tu\ -=-0·14. 
) SAbl 

: (f~u.J\ul) 
S4f.l 

= 0·2 : 0·2.£1 ,: o: 38. 
- I 

whereas from our experimental datFJ.' the ratio is in the 

ratio 0.200: 0.245: 0.310. Th~s we observe that there is 

perfect agree[!)ent between theoreti·cal and exp~rimental 

results for the spectral lines /\.4-047 R and 'A 4358 R 
but there is some discripA.nc~r wi tl:. regard to the line 

?\.. 5 461 .R. 
With regard to increase of intenr,i ty ·with the appli

cation of magnetic field the resu.J.ts are consistent with 

all previous observations (~en, Das and Gupta, 1972; 

SRdhya and Sen, 1980) and the enhr:tncement of intensit~r has 

been explained on the obsefvation .thR.t the electron tempera-

ture increRses and electron denAity decreases in a transverse 
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magnetic field whereas the reverAe }Jrocess takes place when 

the field is lont;i tudinal. Based on ,these postulates analy-

tical expressions have been deduced which explain satisfac-

toril,y the observed experimental results. In the present . 

investigation however, a minimum in the intensity magnetic 

field variation curve has been noted in case of all the 

three spectral lines investigated. 

lfe can now in traduce the eff•::ct of self-absorption to 

see how the intensity of lines changes due to self-absorption 

in a tranRverse magnetic field, it tas been deduced in the 

paper (Sen and Aadhya, 1986) and also given in the review 

arti r,l e that 

( 3 .8) 

where is the Rbsorption oscillator strength, /\.'-'2. 

is the wavelength of radiation 
Y2. 

l. il~ C [ M l g 
3 o ~rrKT0 J f = 

~ is the claR~ical electron radiur:; and c is the velocity 

of light and other symbolB have the~ .. r usual significance. 

i'/hen a transverpe maE:,"'Tietic field iR present it has been 

deduced by Sen and Das (1973) that j_f nH 
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the electron densitJ' in presence and in abseitce of macnetic 

field, then 

\Vhere 

where 

where 

E 

T 
.u 

a. 

is 

is 

= 

the 

the 

Yl. 
e£ cl ~ 

c::2..KTe P 
'l.. 

axi2.l electric fi e:Ld, c1 - (~ ~;) 
m eR.n free path of the electron at 

a presrure of 1.0 torr, iA the random velocity a:nd -r 

is the distance from the axis at which the electron densi tJr 

is 'Y\.H • Then we can write 

n 1(o)H;:; ne(o) e.~<p(-a,H) 
J 

Yl.u (o) H = nu (o) e.x p (-aH) 

we asswr.e that. electron density in ·ooth the upper and lower 

levels are affected in the sat::1e way. Hence from eqn. (3.8) 

we get 

where 

= 1 _ :1-u/'u f ni [o) { e_, p (-ctH)- I} ""P (-a.~) 

= 1 -:- J,u. 7\.ut f 11t[o) { e.~p (- 2a.H)- e.><p(-a.f+)} 

= 1- ex e><p(- 2aH) + oZ e>c~p ( -a.H) 

we get from eq.ro_. (3.9) 

_d_ ( IuR) ~ 
dl--1 

(3.9) 
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or 

~~e '1 
ct. . (3.10) 

Fron; the experimentr.l results it is eviclent- that. a minimum 

in the intenpity magneti~ field vnriation curve is observed 

in case of al1 the three spectral lines and the minimum 

occurs in the ranee of 200 to 250 gauss. 
,, 

The numerical value of a has been obtained from 

meaf~ured data. The electric field per unit length in the 

mercury arc as meapured is 1.6 vo:ts/cm, c1 is the square 

of mobility of the electron in mercury vapour at a pressure 

of 1.0 torr and has been taken as 2 x 10-6 by McDaniel(1964). 

The value of Te has been taken to be 25000°K after Karelina 

(1942) and confirmed b3r ~adhya (1~t82) in this laboratory by. 

a spectroscopic method. The insid~ pressure has been measured 

to be 0.05 torr and a reasonable value of ~ has been taken 

as 0 a'333 em anc1 the computed VE.lue ofl.la·' is folL'Yld to be 

3.496 x 1o-3 • From eqn. (3.10) it is found that a minimum in 

the value of intensity magnetic field variation curve can be 

expected to occur arouncl 201 .4G. 11his is consistent with the 

experimental results obtained in the case of three spectral 

linef:: Emd in the intensity-mn.t,!ll::tic field variation curve 

a minimum is found to occur betwe•:!n 200 to 250 gauss. 

The quantitative agreement between the theoretical 

results and eY.:perimental observat.j.on should not be over 

eY.:phasized because there is some tmcertainty in the calcu-

lated value of a " but the agrer~ment between the orders of 
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magnitude between the theoretical FVcd experimental results should 

be regarded as a definite proof that self-absorption plays a 

definite role with regard to intensit~r variation with respect 

to the ?..rc current as well as vri th magnetic field. 

Another noteworthy feature or· th~ observed experimental 

results which is evident from Fig. (3.2), (3.'3) and (3.4) is 

that in caRe of all spectral lines the increase of intensity 

in presence of magnetic field is grE~ater for the lowest arc 

current and the effect becomes less and less as the arc 

current is gradually in creased. From equation ( 3 o 9) we get 

It is thus evident that for a parti<!ule.r spectral line 

and a are constants and the inten-

sity becomes for a certain value of H a function of 

the axial electron densitJr• From thB above equation it is 

clear that as Y1t[o) decreases th~Lt is the current decreaees 

(Iu£) 14 will increRse which is eonsistent with experimental 

observation. 

In the earlier paper (Sen a:.:Ld sadhya, 1986) as well as 

in the present investigation the ro.Le of self-absorption i1l 

the emission spectrum of the mercur;l- triplet series of lines 

has been brought out, specially its effect on the variation 

of in ten Pi ties of the lines when tho! arc current and the 

externRl magnetic field are varied. 
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The v-ariationoftheintensityoftripletseries of mercury lines (A.404 7 A, A.4358 A and A.5461 A)with the discharge cur-. 
rent varying from 2.5 to 5 A and the transverse magnetic field varying from zero to 1.6 kG, has been investigate<:! experi
mentally in an arc plasma. It has been observed that the intensity increases linearly with discharge current but the rate of in
crease is different for the three spectral lines. The intensity also increases in the presence of transverse magnetic field but all 
the three lines show a minimum around the magnetic field range 200-25 0 G. The effect of magnetic field is more prominent 
for smaller values of arc current. Utilizing the interpretation of the effect of self-absorption on the intensity of spectral lines, 
as has been proposed by S N Sen and S KSadhya [Prariziina(India), 26 (1986) 205], all the observed experimental results 
can be satisfactorily explained. 

1 Introduction 
The dependence of intensity of spectral lines has 

beeninvestigatedwiththevariationofthreemainpar-. 
ameters, viz the pressure of the gas, discharge current 
and the magnetic field. Fowler and Duffendack1 in
vestigated the variation of intensity of some of the 
spectral lines of helium over the pressure range of 
0.01-0.14 mm of mercury and discharge current vary
ing from 1 mA to 100 rnA. Rocca et al2 observed the 
variation of intensity of the spectral line A.5143A 
from Ar II with discharge current. The variation with 
magnetic field has been investigated earlier by Rokh
lin3 in inhomogeneous magnetic fields; by Forrest and 
Franklin4 and by Hedge and Ghosh5 in longitudinal · 
magnetic field; by Kulkarni6, Sen et aU in transverse 
magnetic field. Sadhya and Sen8 investigated the in
tensity variation with current and voltage acros~ a 

· mercury arc plasma as well as the variation of electron 
temperature in a longitudinal magnetic field. In order 
to investigate the phenomena in greater detail, the en
hancement of the intensity of the spectral lines of the. 
sharp series triplet radiations of mercury 
[ T 3 S1 _. cf3 P0u], corresponding to radiations 
)..4047 A, A.4358Aand A.5461A,inpresenceofalon
gitudinal magnetic field between 0 and 2000 G has 
been investigated by Sen and Sadhya9

• The effect of 
the magnetic field was found to be different as regards 
the variation of intensity and occurrence of maxima in 
the three lines. These variations were explained by 
considenng the reabsorption of the emission lines. It 
is thus evident from the above resume that the intens
ity of the spectral lines is sensitive to the change of 
pressure, discharge current and the external magnetic 
field; not only there is variation in the intensity pro
files of spectral ~ines of different elements but there is 

variation among the spectral lines of the same de
ment. Hence it is necessary that the phenomena 
should be investigated in greater detail with a differ
ent alignment of magnetic field. Consequently, in the 
present investigation we have studied the variation of 
intensity of spectral lines of the triplet series of mercu
ryin an arc plasma with the variation of the arc current 
and also in a variable transverse magnetic field. 

2 Experimental Set-up 
The source of radiation was a mercury arc con

structed ofpyFex tube(0.75 em internal radius, 8 em 
length) and was force cooled externally. The buffer 
gas was dry air the concentration of which was regu
lated through a neeedle valve. Radiations from the ax
ial region of the positive column of the arc discharge 
were focussed, by lens arrangements, on the slit 
(width 0.5 mm) of an accurately calibrated constant 
deviation spectrograph. The triplet radiations 
A.5461A, A.4358A and A.4047 A were focussed se
parately on the cathode ofthe photomultiplier (M.lO 
F.S. 29 V;.) and the intensities of the lines were re-

. corded. Details of experimental arrangement and the 
technique for measuring the intensities of spectral 

· lines employing electronic circuits have been report
ed earlier 7• It was established by separate set of exper
iments (Sen et aU) that the readings recorded in the 
microammeter ofthe output electronic circuit were 
always proportional to the intensities of the spectral 
lines within the range of wavelengths investigated. In 
the first set of experiments, the intensities of the spec
tral lines were measured for five values of discharge 
current (2.5, 3.0, 3.5, 4.0 and 4.5 A).In the second set 
of experiments, the intensities of the spectral lines 
were measured when the arc has been placed in a 
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transverse magnetic field and the field vaned between 
zero and 1.6 kG. The intensity measurements in mag
netic field were taken for all the three lines for three 
values of arc current (3.0, 3.5 and 4A). The pressure 
within the discharge tube was kept at 0.05Torr. 

3 Results and Discussion 
3.1 Intensity Variation with Arc Current 

It is noted (Fig. 1) that the intensities of all the spec
tral lines investigated increase linearly with arc cur
rent as has been observed previously by Fowler and 
Duffendack1 in case of helium and also by Rocca et 
aF in case of argon. It is however observed that the 
rate of increase of intensity with current is different 
for the three spectral lines. From the curves in Fig. I, it 
has been calculated that for A.4047 A,d//di= 0.2;for 
A.4358A, dlldi,;, 0.245; and for A.5461A, dll 
d i = 0.31; where /is the spectral intensity and ithe arc 
current. To explain the observed results, we note that 
the intensity of a spectral line is given by 

gu r-(Eu-El)l I= n·- A,1hvu1exp 
Z0 KT, 

0 0 0 (1) 

where nis the electron densitY per unit volume, Zo the 
internal partition function, gu the statistical weight of 
the upper level. Eu and E. are the energies of the upper 
and lower levels between which transition takes 
place, Am is the Einstein coefficient of transitional 
probability and vu1 is the frequency of emitted radia
tion. It is evident that all the terms except r and the 
electron temperature ( T,) are indepenqent of current 
flowing through the arc tube. With regard to variation 
ofT, with i,itmaybenoted thatanindependentexper-
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Fig. 1-Variation of 1/111 with arc current for J.404 7 A. J.435!lAand 
J.54fitA .· 
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iment was performed in which the voltage across the . 
arc was measured for three arc currents, viz. 3, 4 and 
SA. In each case, it was found that the. voltage across 
the arc remained constant at 15.25 V. The electron 
temperature is given by10 

)2 1 (E) 
k'fe =.3 7C112 eL p 0 0 0 (2) 

where k is the Boltzmann constant, 7C the fraction of 
energy lost by the electron in collision with an atom, L 
the mean free path of the electron at a pressure of 
1 Torr, and these terms are independent of current. 
As the voltage across the arc is constant, the longitudi
nal field E remains constant and it can be concluded 
that the electron temperature is independent of arc 
current at least within the range of currents investigat
ed in the present study. 

In order to investigate the variation of intensity with 
current, it is noted that in Fig. 1 the variation of I/ /2.5 

where /a is the intensity at any discharge current and 
/ 2_5 is the intensity at current 2.5 A, has been plotted 
against the discharge current, for all the three spectral 
lines. Hence from Eq. ( 1) we get 

0 0 0 (3) 

Langmuir11 has shown that the current in an arc is giv
en by 

i= 5.76 X 10- 10 ~~ E 
e 

0 •• (4) 

where Ae is the mean free path at 1 Torr and other sym
bols have their usual significance. Hence from Eqs ( 3) 
and(4) 

j__=__£_ 
lz.s llz.s 

where Cis a constant and nz.s is the electron density 
for the arc current of 2.5 A From this analysis it is evi
dent that the rate of variation of intensity of all spec
tral lines with arc current should· be same whereas 
from the experimental results the rate of increase of 
intensity is highest for A.5461 A and lowest for 
A.4047 A while that for A.4358A, it lies in between. 

3.2 Intensity Variation with Magnetic Field 

Almost siriillar results have been obtained in case 
of the three spectral lines investigated when the arc is 
placed in a transverse magnetic field (Figs 2-4 ). Th~ 
enhancement of intensity is noticed in case of all the 
spectral lines when the transverse magQetic field is 
present in conformity with the results obtained earlier 
in case of glow discharge (Sen eta!. 7). But in the pres
ent investigation in case of arcs a noteworthy feature 

.. ,.. 
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i~ that below a certain value of magnetic field a mini
mum in intensity is observed and the magnetic field at 
which this minimum occurs differs, though by a small 
atlfOUnt, in case of all the three spectral lines investi
gated. 

A factor which has not been takeri into considera
tion here so' far is that self-absorption plays a domi
nant role in the intensity profiles of these lines. In are
cent paper9, it was observed that in a longitudinal 
magnetic field the variation of intensity of the triplet 
lines of mercury is different from one another and also 
the maxirimm intensity for the three lines occurs at 
different magnetic field values. These variations have 
been explained by considering the reabsorption of the 
spectral lines and the mathematical theory developed 

:~ 
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Fig.4-Variation of U/0 with magnetic field ( A.404 7 A) 

had explained quantitatively the observed experi-
mental results. · 

To explain the rate of variation of intensity of the 
mercury triplet lines with arc current as has been ob
served in the present investigation, we assume 

lui= (1- As )/,1 (Sen and Sadhya9 ) ... (5) 

where As is the self-absorption of the spectral line and 
~1 is the intensity of the spectral line without self-
absorption and · 

/., = n. gu .1\.1 hvu!exp [- (~- ~)] 
Zo I;_ 

and 

... (6) 

where hu is the absorption oscillator strength, A.u1 is the . 
wavelength of the radiation,, 

1 .[ M ] 112 
. 

p=-nr0 C -- R 
, 3 2nk'Fg 

... (7) 

and~( 0) is the population density at the axis of the dis
charge tube which is the same for all the three spe~tral 
lines. Eqs ( 5)-( 7) have been deduced in the earlier pa
per9. If, as before, /2.5 denotes the intensity of the spec
tral line at the initial current of 2.5 A, then 

~= (1-A,)i 
fz.s · ( 1 - A, lz.s 
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where ( 1 - As)2.5 can be regarded as constant and rep
. resented by 1/ C; then · 

~ (lu.l) =~C- Ca y-112] 

di 12.5 d'l g 

where 

1 ' M 
a= ffj•ui3 ~roC(2 .:rrK)'12 

as no other term except.~ is a function of the arc·cur-
rent ( i), now · · 

~IC-CaT- 112]= Ca -~ 
dt g ... T

3
:

2 
di 

We thus observe that as d ~/ d iwill be the same for the 
three spectral lines investigated; the rate of variation 
of intensity with current will depend upon the value of 
a. From the:expression used for a, it is further evident 
that for the three spectral lines all terms except ffu and 

· ~1 are constants and hence (d/di)(// 12.5) will be pro
portional to Audiu· Hence we can write 

d ( lui ) . d ( lui ) . d ( lui ) · 
di 12.5 4047A: di 12.5 4358A: di h5 5461A 

= U'uAu!)4047A: (j;uAu!)435sA: (!IuAu!)5461A 

The values of f!u as provided by Gruzdev12 are as fol-
lows: : 

. . 

( hu )4047A = 0.10,(Jfu)435sA = 0.114,(Jfu)5461A = 0.14 

Hence 

U'u .. 4ul )4047A: ( !IuAu! )4358A: (j;uAul)5461A 

. = 0.2 : 0.24: 0.3& 

whereas from our experimental ·data the ratio is 
0.2 : 0.245 : 0.3l.We thus observe that there is per
fect agreement between theoretical and experimental 
results for ~he spectral lines A404 7 A and l435 SA but 
there is some discrepancy with regard to the line 
l5461A. 

With regard to increase of intensity with the appli
cation of 111agneticfield, the results are consistent with . 

·. all previous observations7·H and the enhancement of 
intensity h,as been explained on the observation that 
the electron temperature increases and electron dens
ity decreases in a transverse magnetic field whereas 
the reverse process takes place when the field is lon
gitudinal. Based on these postulates analytical ex
pressions have been deduced which explain satisfac
torily the observed experimental results. In the pres
ent inves.tigation, however, a minimum in the 
intensity-magnetic field variation curve has been not-
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ed in the case of all the three spectral lines investigat
ed. 

We can now _introduce the effect of self-absorption 
and see how the intensity of lines changes due to self
absorption in a transverse magnetic field; we have de
duced in our previous paper9 that · 

-(Iu,)H=1- +;.. { (O) ·_ (O)} [n,(O)H) (8) 
lui Jlu uiP .llj H flJ. n,( O) ... 

InEq. (8),pis already defined pyEq. (7) and r0 is the 
classical electron radius and Cis the velocity of light 
and other symbols have their usual significance. 
When a transverse magnetic fielq is present, it has 
been deduced by Sen and Das13 that if nH and no are 
the electron densities in presence and in absence re
spectively, of magnetic field, then 

nH = no exp (-a H) 

. where 
1/2 eEC1 r 

a=---''-c-
2KT.P 

where E. is the ·axial electric field, C1 = [!_ · !:.]2 

m Vr 

where L is the mean freee path of the electron at a 
pressure of 1 Torr, vr is the random velocity and ris the 
distance from the axis at which the electron density is 
~· Then we can write: 

llt(O)H = llt(O) exp (- aH) 

· n,(O)H = ~(0) exp(- aH) 

We assume that electron density in both the upper and 
lower levels are affected in the same way. Hence from 
Eq. (8)we get 

(/ul )H ( ){ . ( · } ( . 
--= 1- .ftuAuiPflt 0 exp - aH) -1 exp - aH) 

lui · · 

= 1- aexp ( -2aH) + aexp (- aH) ... (9) 

where a= f!uluiPllt(O) 

Then we get from Eq. ( 9) 

d (lui)H · . 
-·--= 2aaexp (- 2aH)- aexp (- aH) 
dH ~ · 

· lo& 2 
or Hrmn=-

a 
... (10) 

From the experimental results it is evident that a mini
. mum in the intensity magnetic field variation curve is 
observed in case of all the three spectral lines and the 
minimum occurs in the rarige 200-250 G. 

The numerical value of a has been obtained from 
the measured data. The electric field per unit length in 
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the mercury arc as measured is 1.6'VIcm, C1 is the 
square of mobility of the electron in mercury vapour 
at a pressure ofl Torr and has been taken as 2 x 10- 6 

by McDanieF4. The value of~ has been taken to be 
25000 K after Karelina 15 and confirmed by Sach"" 16 

in this laboratory by a spectroscopic method. The in
side pressure has been measured to be 0.0 5 Torr and a 
reasonable value of rhas been taken as 0.333 em. The 
computed value of a is found to be 3.496 x w- 3• 

From Eq. (10) it is found that a minimum in the value 
of intensity-magnetic field variation curve can be ex
}_Jected to occur around 201.4 G. This js consistent 
with the experimental results obtained in the case of 
the three spectral lines, since in the intensity-magnetic 
field variation curve, a minimum is found to occur be
tween 200 and 250 G. This shows that self-absorp
tion plays a definite role with regard to intensity varia-. 
tion with arc current as well as with magnetic field. 

Another noteworthy feature of the observed ex
perimental results which is evident from Figs 2-4 is 
that in the case of all the spectral lines the increase of 
intensity in presence of magnetic field is greatest for 

' the lowest arc current and the effect becomes less and 
less as the arc current is gradually increased. FromEq. 
(9) we get 

(Iui)H = 1- fiuAu1PI1t(O)[exp (- 2aH)- exp (- aH)] 
/ul 

It is thus evident that, for a particular spectral line, 
fiuA.u 1P and a are constants and the intensity becomes, 
for a certain value of H, a function of llt(O). From the 

above equation it is clear that as llt( 0) decreases, that is 
as the current decreases, (/u1)H will increase which is 
consistent with experimental observation. 

In the earlier paper9 as well as in the present investi
gation the role of self-absorption in the emission spec
trum of the mercury triplet series of lines has been 

. brought out, speCially its effect on the variation of in
tensities of the lines when the arc current and the ex
ternal magnetic field are varied. 
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