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In  his well known w ork " Strahlungs- Em i ssion und-A bsorption 

nach der Quantentheorieu Albert Einstein1 for the first time 

introduced radiation coefficinets A
rn n' Bmn an d B0m ( in the 

l i terc t � re a u sual ly kn own as Einstein coeffi cients) which after­

wards  ap peared to be very useful in different fields of physics , 

in parti cular in the field of laser and plasm a physics. 

I n  his approach to the problem of matter and radiat ion 

in teraction Einstein, following Planck , considered an idealiz ed 

system - matte �  + radiation in which the m atter consists of 

identical am olecu les" , each of them independently interacting 

with the radiat ion field. However, different from Planck ' s  the 

"molecules• are not treated as the harm onic oscillators, so that 

their energetic spectrum (which , in the sense of N . Bohr ' s  idea, 

is supposed to be discrete) could not be equidistant. 

Denoting the state of "m olecule• by Zm and corresponding 

energy of the state by Em then, following Einstein, f or every 

molecular transition from state Zm to Z 0 wi th simultaneous 
Em - En. a bsorption (or em i ssion) of photon of frequency � = ��-

m n  h 

and, vith regard to the kind of transition, one can define 

corresponding coefficients: 
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and 

Amn - f or t he spotaneous transit i on Zm � Zn { em i ssi on ef photon) ; 

8nm - for t he transit i on zn · ·  Zm (absor ption of )hoton) , 

Bmn - fo r  the trans it i on Z� � Zn induced by the i nteraction of 

u mol ecu l e" w ith rad i at i on f i e l d  (em i ssi on of p hoton} . 

I f  by Nm we d enote num ber d ensi ty of "mol ecu l e s• in  stat� im and 

by ; ( �mn) t he d ens i t y  of rad i at i on f ie l d  then, under the  cond it i ons 

o of t hermod i namic equ i l i br ium ,  t he f ol l ow ing equal i ty hol d s :

( 1 )

Each of t he t erms in  - t he a bove equat i on represent s the num ter of pho-. . 
t ons em i t t ed (or absor bed) oer un it  vo lume and unit t ime.

I t  i s  worth to note that Ei nsten • s  app roach to th i s  probl em i s

v ery fru i tfu l , s ince t he atoms and mol ecu l es of real matter , i nterac­

t ing w i t h  rad iat ion ,  cou l d  p l ay a rol e of "mol ecu l es" appeari ng i n  h i s

mod e l  ( in � broad range of parameters) . For t he i sol ated atoms (mole­

cu l es }  correspond ing coeff ic ient s cou l d . be d eterm ined �Y us ing the

met hods of Quantum mechani cs or, more str ict l y ,  t he method s of Quantum

E l ectrod inam ics.

however , in p l asmas wi th  hia h el ectron concentrat i ons (>l o1 7  cm·3,

often cal l ed d ense p l asmas} ,  contrary to t he case of rar i f i ed p l asm a s ,  

t he s i tuat ; on rad i cal l y  c hanges .  Und er such  ex treme cond i t i ons, t he 

atoms  cou l d not be any l onger regard ed as i sol ated .  T hus, under dense 

p l asma cond it i ons , i t  i s  not poss i b l e  to  d e scr i be the  rel at i ve movement 

of el ectron- i on pair  i n  t he f rame work of b inary i nteract i on mode l  

(with Cou l om b ic  asymptot i c) , so  t hat i t  i s  necessary to  i ntroduce a 

p seud o-potent ial , whic h  takes i nto account the i nteract i ons i n  p l asma. 

However. even und e r  such cond i t i ons E i nste i n ' s ap proach t� the 



9 9  

pr oblem still remains correct , w i t h  su ch a d ifferen ce t hat,  as amole-

cu les• , one would not consid er the atoms (molecu les ) , but certain 

quasi-par ticles ( descr ibed by the H am i ltioni an which inclu des the 

electron-ion-plasma interaction operator) . The s i mplest way to t ake 

i nto accou nt the ef fect of electr ostatic screening is t o  replace the 

C ou l o�b  potential with a certain p otential of fini t e  range {su ch as 

Debye _  potential, or screened C ou lomb potential) . 

The cal cu lation we perf ormed in t he app rox imation of C ou lomb 

potent ial wi t h  cut-off rad iu s2 , vields the f ollowing equation: 

� · =  l - C {'Y ) r2 h n-l e-2"·nrx
A t o} n x 
nm 

(2) 

where A ( o ) is Eins tein coeff icient f or i s olated atoms , C {y n) is a nm 
constant characteriz ing the at om s, rx is cu t-off rad iu s and, Yn = '21n' 
I n being ionization potent ial of t he u pper state. 

By comparing ou r results  wi t h  the ex per i ment (s o far perf ormed 

only in krypt on plasma 3 ' 4 ) we find mutual qualitative agreement, as 

can be seen f rom Fig. 1 .  However , in ord er to  conf irm the dependen ce 

o f atomic tr ans i tion probabilities on plasma par a�eters,  it fs

neces sary t o  perf orm m ore s ophisticated calculations as well as to

find ou t fu rther ex perimental evid ence •
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F i g . 1 .  De pendence of at omic t ransition p ro ba bil iti e s  of  

KrI  l i n e s �- = 758  nm  and >. 1: 4 5 0  nm , on e l ect ron _ concen -

tration a nd tem pe rature ; 

( + ) ou r resu l ts .

( . . .  ) I 3 4 \ experim ental resu l ts \  ' ' ,  




