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RELATIVE INTENSITY METHOD FOR TEMPERATURE 

ME AS UR EMENT 

A. P. Petkov:T. Voros,  J. Visnyovszky, 

F. Genczwein and b.I. Hegedh 

* Unive r s i ty  of S o f i a ,  Department of Phys ics  , 
Research  I n s t i t u t e  for Technica l  Phys ic s  of t h e  
Hnngsrian Ac ademy or Sciences ,  Butlapest,Hungary 
Computing Cen t re  of t h e  Hungarian Academy of 

Sc iences ,  Budapest,  Hungary 

S o f i a ,  Bulgar ia  

I n  t roduc t ioa  

A new method “ s 2 )  has  been e labora ted  f o r  t h e  d e t e r -  

mina t ion  of the d i scha rge  channel a x i s  tempera ture  i n  a 

c y l i n d r i c a l l y  symmetrical  t ransparont  plasma of a t r a n s i e n t  

e l e c t r i c  d i scharge ,  u i n g  t h e  ca l cu la t ed  and normalized in- 

t e n s i t y  values  of spec t r im  l i n e s  as f u n c t i o n s  of channel  

ax is  temperature I={&, t h e  measured and normalized 

i n t e n s i t y  va lues  of t h e  same spectrum l i n e s  as f u n c t i o n s  of 

d i s c h a r g e  time I =f(tl , and from them t h e  d i s c h a r g e  

channel  a x i s  temperature  as fmc t ims  of d i scha rge  t i m e  ir!  

de r ived  = f ( f )  . The method is v a l i d  i n  longi tudi -  

n a l  t imgresolved observa t ions  assuming l o c a l  thermodynami- 

c a l  e q u i l i b r h m ,  when an averaging of t h e  l i g h t  o r i g i n a t i n g  

Ima* 

ImM 
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A. P. PETKOV FT AL. 

from d i f f e r e n t  p a r t s  of t h e  c ros s  s e c t i o n  of t h e  d i scha rge  

channel is performed. The procedure i tself  reminds one, i n  
p r i n c i p l e ,  of t h e  method given by Fowler and Milne (3-5) 

b u t  with the  d i f f e r e n c e  t h a t ,  i n  t h e  method used b y  Fowler 

and Milne t h e  temperature  is determined a long  the r a d i u s  of 

a s p h e r i c a l  l i g h t  s o u r c e ,  whereas t h i s  new method determi-  

n e s  the  axis  temperature  as a func t ion  of d i scha rge  time. 

In  t h e s e  papers ' 9  2, t h e  func t ions  1 = f(r) have been 

c a l c u l a t e d  by us ing  an approximate method. I n  t h i s  paper  

t h e  normalized i n t e n s i t y  va lues  as func t ions  of channel axis 

temperature I =f&) have been c a l c u l a t e d  e x a c t l y  i n  

t h e  case  Df 10 spectrum l i n e s  of 5 elements .  

The Method of C a l c u l a t i o n  

The determinat ion of t h e  func t ion  I =  f(Z) r e q u i r e s  

t h e  eva lua t ion  of t h e  i n t e g r a l  ( 6 9 7 )  

00 

The cons t  does not  play r o l e  because of t h e  normal iza t ion  

3 is t h e  channel r a d i u s ,  E(T) is t h e  emission c o e s f i c i e n t .  

The r e l a t i o n  between and 3 is def ined  by t h e  equa- 
i 8- 111 t i o n  

m 
/ o  

1 +9 T=- 2) 

is the temperature at a d i s t anoe  9 from t h e  axis. The 

emission c o e f f i c i e n t  is given  as follows: 
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RELATIVE INTENSITY METHOD 

where A is the  t r a n s i t i o n  p r o b a b i l i t y ,  k is t h e  P lanck ' s  

e o n s t a n t ,  9 is the  frequency of t he  l i n e ,  2.. is the  s t a t i s -  

t i c a l  weight of t h e  upper term, uris t h e  p a r t i t i o n  func t ion  

o f  t h e  r times ionized atom, R,is  the  number of e m i t t i n g  

atoms p e r  cm3 i n  t h e  

. .. t h e  s t a g e s  of i o n i z a t i o n ,  e is the  charge  of e l e c t r o n ,  

ue is t h e  e x c i t a t i o n  p o t e n t i a l ,  k is t h e  Boltzmann con- 

r s t a g e s  of i o n i z a t i o n ,  r = 0, 1, 2 ,  

s t a n t .  n, and U, are temperature dependent,  b u t  U, map 

b e  taken as temperature independent as follows: 

where 2co,  CJSt  , gr,z , ... are t h e  s t a t i s t i c a l  weights 

o f  the success ive  l e v e l s  of t h e  r t imes ion ized  atom, qi, 
u,2 , . . . a re  t h e  e x c i t a t i o n  p o t e n t i a l s  of t h e  Success ive  

l e v e l s  or t h e  b- t imes ion ized  atom. Very o f t e n  t h e  inequa- 
l i t i e s  e y  -[-p.) e Ir,, , e%p -(*) , . . . (< 1 hold. I n  t h i s  

c a s e  t h e  func t ion  ur(Tj r edu  c e s  t o  the  s t a t i s t i c a l .  weight 

of t h e  ground level Br,0 . So t h e  equat ion (41 c a n  be w r i -  

t t e n  i n  good approximation as follows: 

ur gr,, (5) 

where s and L are t h e  r e s u l t i n g  s p i n  and orbi ta l  mornents, 

r e s p e c t i v e l y ,  both expressed i n  u n i t s  of I n  t h e  c a l c u l a -  

t i o n s  8,- w a s  used i n s t ead  of U,. 
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The temperature  dependence o f  n, can  be derived us ing  

the  Saha equat ion Namely, 

I - X  ? 
kT CM, = i + x + r  

where P is the  t o t a l  p r e s s u r e  (1 atm) , x is t h e  degree of 

i o n i z a t i o n  Us ing the Saha equat ion  

t h e  temperature  dependent p a r t  of equat ion (6) can  be mi- 
t t e n  as follows: 

I n  equat ion ( 7 )  me is t h e  mass of e l e c t r o n  and 

i o n i z a t i o n  p o t e n t i a l  of an ion  belonging t o  t h e  i o n i z a t i o n  

l e v e l  r 

i 6) and ( 8 )  as fol lows 

21, is t h e  

. T h e  equat ion (3) c a n  be wri t t en ,  by U S b 6  equat ion  

- 

The equat ion  (9) t o g e t h e r  with t h e  equat ions  (7) and ( 2 )  

makes the evalua t ion  of equat ion  (1) possible with  t h e  aid 

of an e l e c t r o n i o  computer. 
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RELATIVE INTENSITY METHOD 

Re s u l  ts 
I The func t ions  - =f&) have been c a l c u l a t e d  fo r  10 rmax 

spectrum l i n e s  of 5 elements us ing  Ural-2 e l e o t r o n i c  com- 

p u t e r .  The va lues  of t o  l x 1 0 5  OK, 

w i t h  an i n t e r v a l  of O-lx lO*  %. The Simpson quadra tu re  has 

been used f o r  t he  evaluration of t h e  i n t e g r a l  of equat ion  

(1). The oa loula ted  va lues  have been div ided  wi th  t h e  v a l u e  

of 

i n  F ig .  1-5. Table I summarizes the data  used f o r  t h e  

c a l c u l a t i o n  taken from ih15). 

run  from 0.fix104 OK 

and t h e s e  normalized I =f(E) curves  are shown 

06 

0 2 

I 2 3 4 5 6 7 8 9 I0 
T 1 0 4 ; ~  

FIG. 1 

The c a l c u l a t e d  and normalized I =  f(x) f u n c t i o n s  of Al 
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FIG. 2 

Ehe calculated and normalized I = { [ x )  runction of Mg. 

I 

0.2 

I 2  3 4 5 6 7 8 9 I0 

T * 104,OK 

FIG. 3 

The calaulated and normalized 1 = f (x) funct ions  or  T i .  
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RELATIVE INTENSITY METHOD 
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The calculated and normalized I=[&) function6 of Zn. 
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FIG. 5 

The cslc lated and normalized I3!(X)  funotions Of HJj 
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$1 e- 
m ent  

A 1  I 

A 1  11 

A1 111 

Yg I1 

T i  1 

T i  11 

T i  111 

T i  IV 

Zn I 

TABLE 1 

Data used for t h e  Calcu la t ion  

Line( 51) 

3082.15  

4240- 75 

3713.10 

2799.99 

5025- 57 

3706 -21 

2984 * 76 

4403.54 

3075-9 

4861 3 3 

T r ans it 1 on 

- - 

r 

- 

0 

I 

2 

1 

0 

1 

2 

3 

0 

0 

- - 

Ua( ev 1 

4- 02 

17.97 

21.15 

8- 86 

4 . 5 1  

4 .91  

9 -32 

32 009 

4 003 

12.75 

oUr(eV 1 

5.985 

18.827 

28.447 

15.034 

6.836 

13 0637 

28 143 

43 9245 

9 -39 

13  597 

8r +1 

Rr 
---- 

- 

Y 6  

2 

l / 2  

Y 2  

28/2 

2 1 /21 

10/2: 

1/11 

2 

1 /2 

- 

o max 
,103 OK 

17 

4 0  

59 

33 

16 

28 

53 

94 

19 

33 

- - 

Conclusions 

Having been measured the funct ions - I - - f ( t /  
&n*x  

experimental ly ,  t h e  ca l cu la t ed  and nornalized 

curves  makes t o  determine t h e  discharge channel axis t e m -  

pe ra tu re  aa f n n c t i m  of discherge  time poss ib le .  

I =  f (z) 
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