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Introduction

A new method ‘192) has been elaborated for the deter-
mination of the discharge channel axis temperature in a
cylindrically symmetrical transparent plasma of a transient
electric discharge, using the calculated and normalized in-

tensity values of spectrum iines as functions of channel

axis temperature i ?-)[(7;) » the measured and normalized
max

intensity values of the same spectrum lines as functions of

discharge time I =/(£} , and from them the discharge
c hannel axis tempTg;;ture as functions of discharge time i=
derived 7—:, =/[‘£} . The method is valid in longitudi-
nal timfresolved observations assuming local thermodynami-

cal equilibrium, when an averaging of the light originating
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from different parts of the cross section of the discharge
channel 1s performed. The procedure itself reminds one, in
principle, of the method given by Fowler and Milne (3-5)
but with the difference that, in the method used by Fowler
and Milne the temperature is determined along the radius of
a spherical light source, whereas this new method determi-
nes the axis temperature as & function of discharge time.
In these papers (1,2) the functions [ = f(7.'} have been
calculated by using an approximate method. In this paper
the normalized intensity values as functions of channel axis
temperaturs ] =/(7:) have been calculated exactly in
the case of 10 spectrum lines of 5 elements.
The Method of Calculation

The determination of the function ]=[/7:/ requires
the svaluation of the integral (6,7)

I(T)= °°"Sf</5(71(5’/}5"[f (1)

The const does not play role because of the normalization

§ is the channel radius, 5(7') is the emission coefficient.

The relation between T and 3 is defined by the equa-

tion ‘& 11

= 2
T 1+ f (2)
T is the temperature at a distance g from the axis. The

emission coefficient is given as follows:

()b Gl (H]
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where A is the transition probability, A is the Planck’s
econstant, VY is the frequency of the line, G 15 the statis-
tical weight of the upper term, U is the partition function
of the r times ionized atom, M, is the number of emitting
atoms per em® in the r stages of ionization, r = 0, 1, 2,
.o the stages of ionization, € is the charge of electron,
Va is the excitation potential, k is the Boltzmann con-

stant, ”,. and U, are temperature dependent, but U, may

be taken as temperature independent as follows:

(77 ?rofgnﬁx/a ( )/-f—jra/;x/s ("7‘_//

where 9,70 ’ 9,.,, s9r,2 5 ... are the statistical weights
of the successive lavels of the # times ionized atom, l{.’l ’

l/r,z s .+« are the excitation potentials of the successive
levels of the r times ionized atom. Very often the inequa-
lities exp - "} ) exp - / eUsz y +..4&1 hold. In this

case the i’unctim ‘ll,.(T/ redu ces to the statistical weight

of the ground level gr,o - So the equation {(4) can be wri-

tten in good approximation as follows:
U 2 9,.,0_—‘:9,=(2S+1)(8L*1) (5)

where S and L are the resulting spin and orbital momenta,
respectively, both expressed in units of t e In the calcula~

tions gr was used instead of U,.
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The temperature dependence of 7, can be derived using
the Saha equation Namely,

1-x p (6)

L+ x+r kT

‘er=

where P is the total pressure (1 atm), x 1s the degree of

ionization Us ing the Saha equation

X +r)x e me, /77 ellr
(“(x.;.d;,_x) - ur Jz,/;" k exp ~ ( // }[/7/

the temperature dependent part of eguation (6) can be wri-

tten as follows:

r2 74
1 -x [f+—] [1+ e s 7l o
1+xtr [1+’]4+[1+ re ’]/

In equation (7) ™M is the mass of electron and U, is the
ionization potential of an ion belonging to the lonization
level . The equation (3) can be written, by using equation
(6) and (8), as follows

2

[expo - (-7‘—}/ [1+ ’] t+-4—(1—+—r)3 ’/

(9)
Tl e T

&(T)oC

The equation (9) together with the equations (7) and (2)
makes the evaluation of equation (1) possible with the aid

of an electronic computer,
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Results

The functions =f(Z'/ have been calculated for 10

spectrum lines of SI'::.:ments using Ural-2 slectronic com-
puter. The values of T run from 0-6x10% %K to 1x105 oK,
with an interval of 0:1x10% %K, The Simpson quadrature has
been used for the evaluation of the integral of equation
(1). The calculated values have been divided with the value
of Imax and these normalized z =}[/7;} curves are shown
in Fig. 1-5. Table I summarizes the data used for the

calculation taken from (12-15),

Al 3713-10

Al | 3082.15

FIG. 1
The calculated and normalized I=/(7:} functions of Al
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FIG. 2
The calculated and normalized I=/{7:) function of Mg.
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FIG. 3
The caloulated and normalized J =4 (T.) functioms of 4.
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I mox
08 |

Zn 1 307591
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FIG. 4

The calculated and normalized I=[(7;) functions of Zn.

l-‘lp 4861-33

[ 2 3 4 5 6 7 8
T x 104,°K

FIGe 5
The calc lated and normalized I=]((7:) functions of I:I/.;
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TABLE 1

Data used for the Calculation

El e~
nent |Line(®) | Transition | r|eU_(ev)|eu _(ev)| %221 \%o max
8r [x103 og
AL I |3082.15 3pzp§- sazo% 0| 4.02 | 5.985 | /6| 17
Al II |4240.75 5sis°- 9p19‘1’ 1| 17.97 |18.827 2 40
AL III| 37143-10 |4p2pQ- 5525, | 2 | 2115 (28.447 | 4/2| 59
Mg II |2799.99 3p2P§- SdZDZ 1| 8.86 |15.034 | 12| 33
i I | 502557 z%%- 955'25 O| 4.51 | 6-836 |28/21 16
Ti II |3706.21 | b2D,- 2z%Q|1| 4°91 [13.637 |21/28 28
71 III|2084.78 biD;- ziv‘Z’ 2| 9.32 |28.143 |10/21| 53
Ti IV | 4403-54 | 4£2p0- 5d3D% 3|32.09 {43.245 | 1/10| 94
Zn 1 |3075°9 | 1ls°- 292/ 0| 4.03 | 9.39 2 | 19
Hy 4861+33 |2p2p0- 442 | 0| 12.75 |13.597 | 1/2 | 33
Conclusions
Having been measured the funcitlons fmx = f({}

experimentally, the calculated and normelized

I-£(T)

curves makes to detsrmine the discharge channel axis tem-

perature as function of discharge time possible.
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