
3 

CTS:    60-31,210 JPRS:    3351 

1 June 1950 

<. /  1 

mS;> 

) 

fi&sa 
It    p   H :• 

ELECTRON TEMEBRATURE OF A MEDIUM UNDER ÜYNCEROTRONIC RADIATION 

.:-.-.   --••     ;:•   •■- ■.       -   USSR--     "■ :V-;-   "—':;- 

^G. A. GiU'saäyaa 

.     1 

DISTRIBUTION STATEMENT A 
Approved for Public Release 

Distribution Unlimited 

19990415128 

* 

Distributed by: 

OFFICE OF TECHNICAL SERVICES 
U. S. DEPARTMENT OF COMMERCE 

WASHINGTON 25, D. C. 

U. S. JOINT FUBKCCATIONS RESEARCH SERVICE 
205 EAST 42ND STREET, SUITE 300 

NEW YORK 17, N. Y. 

Reproduced From 
Best Available Copy 

,.,.  .MrA^mf^-m^Am .^9«: ^&f#>? 

«<Ww !.;i$? 



■ .■...-•■■• ,-- \-:H 

CVsrJ.  SCTx/U  X 

FOREWORD 

This publication was prepared under contract 

by the UNITED STATES JOINT PUBLICATIONS RE- 

SEARCH SERVICE, a federal ' government Organi- 

sation established to service the translation 

and research nocds of the various government 

departments. 



JERS: 3351 

CSO: 3648-D 

ELECTRON TEMPERATURE OF A MEDIUM UNDER SYNCHROTRONIC RADIATION 

- USSR - 

[Following Is a translation of an article by ß. A. Gursadyan 
in Doklady Akadeaii nauk SSSP. (Bulletin of the Academy of 
Sciences USSR), Vol. 130, No. 2, January i960, Moscow, pages 
287-289.] 

The following was presented "by academician V. A. Ambarbramyan 
on 11 September 1959. 

Let us assume synchrotronic radiation (brems Strahlung of rela- 
tivistic electrons in a magnetic field) is produced in the atmosphere 
or in a limited volume of the atmosphere of a star. Let us assume 
further that the density of the synchrotronic radiation in the region 
of short waves, shorter than 912 Angstrom units (Lc-radiation), is 
markedjy greater than the density obtained "by Planck's formula at the 
temperature of the star T.^.. Then one may consider that ioniaation of 
hydrogen atoms in the medium is caused wholly "by the density of the 
synchrotronic radiation. Inasmuch as the occurrence of forbidden 
lines in it is excluded, the electron temperature of this medium will 
obviously be determined by the residual enei'gy of the electrons de- 
tached in the photoioniuation of hydrogen atoms under the influence 
of synchrotronic Lc-radiation. 

In this article the problem of determining the electron tempera- 
ture of the medium will be examined with the following assumptions: 
a) that free electrons are formed by photoicniaation of hydrogen atoms 
under the influence of synchrotronic short-wave radiation generated 
in the given volume of the atmosphere of a star; b) that the electrons 
lose their energy by recombination processes connected with hydrogen; 
c) that a Maxwell distribution of velocities is established between 
electrons. 

The following two equilibrium conditions constitute initial 
conditions in solving this problem: a) the steady-state condition - 
the number of atoms entering the continuum during photoionization per 
unit of time should be equal to the number of atoms leaving the con- 
tinuum; b) the condition of radiant equilibrium - the quantity of 
energy spent in the photoionization of the hydrogen atoms should be 
equal to the quantity of energy radiated during recombination. 

Let us also assume that photoioniaation occurs only at the 
ground state. This assumption can be considered acceptable if we 
bear in mind the extremely small degree of excitation of hydrogen 
atoms under the conditions prevailing in stellar atmospheres. 
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Recombinations of free electrons occur et &L1 levels and we shall 
xase tnen» lato consideration. As the role of free-free trai»Ulono 
in- insignificant, we: shall neglect the«. 

If the energy spectrum of the relativistlc electrons is con- 
tinuous and has the form 

then the radiation density at frequency V generated "by these elec- 
trons when decelerated in a magnetic field can "be represented in 
the following farm: 

p/ - const, • V  U-V 5/2 . (i) 

Using n-^ T,O designate the number of hydrogen atcias in the 
ground .stabe per unit volume and k-j, y the coefficient of con- 
tinuous absorption per atcaa, we shall have the following expression 
for the rotiber of ionizing events per unit of time: 

** •" 

*! (' k, y  ll'JL   d y    , (2) 

wh'-re    y 0  is the frequency of ionization. 

±or  the number of recombinations at ell levels we have 
(refer; for axaaple. r,o [l] 

^•/Tn'n 
i.U    oo   <*> 2 

e f 2lTkTe 
V    (   pi(Be).-^ ^v*» (3) 

when n~ and nc are the number of hydrogen ions and. free electrons 
per unit volume; Te is the electron temperature of the medium; and 
£l(ffc} is the effective recombination cross section. 

' .g the sxeady-state conditions, we obtain 

oo 

-m t'*72k? 

x    e/   i=l 0 

e  ' '"^3 dV. (*) 

To write the condition of radient equilibrium; it is neces- 
sary to -ieloulatc the energy absorbed in photoionieation and the 
energy radiated in recombination and to equate them. >/e obtain 
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The function J^CTQ), which is included in (1*) and (5), ha« 

the form i~y*" 

In writing tue expressions for coefficient* of absorption k^r, 
and K*xy    . we also take negative absorption into consideration. 
We then obtain 

Taking (l), (6), and (7) into account, we find fro» (k)  and 
(5) after substituting the quantity h y -   h \,<- *    into them in place 

op oo  XI _oo -x    oo  -X  -* 

-^  _L i  (8) 
oo ao, .      \ 

O 

where xQ - h j/>0/kTe; x^ « 'AyJkSt^    and y  is the fre<}ueacy of 

ioniaation of the i»th state. 
In equation (8) the only -unknown is the electron temperature 

Te, which is uniquely determined. For this x^, et a given rail» of f, 
ie first determined from (6-), then Te is calculated from the relation« 
ship 

O 
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An analysis of the formulas written here shows that the elec- 
tron temperature of the zeediura under synchrotronie radiation has a 
weak dependence on the spectrum of reletivistie elections, y ,  there- 
fore it is determined wholly by the mechanism of luminescence of the 
medium. 

Calculations yielded values of Tc  = 110,000° when Y ~  3; &&& 

■Je -  100,000° when Y -  5. 
Thus the theoretical electron temperature or the atmosphere 

(or part of the atmosphere) of a star where synchrotron!c radiation 
is generated is very high., and. is on an order higher than the elec- 
tron temperature of gas clouds. It is interesting to note that if 
the radieticn of the photospheric layers of a star were represented 
by Planck's law, the temperature of this star, with the previously 
given essumptions, would have to he on the order of 200,000° to per- 
mit an electron temperature in its atiaoephere on the order of 
100,000°. 

Since ehe residual energy of electrons; is sufficiently high 
alter photoionization of hydrogen, it can he spent partially in the 
excitation end the Ionisation of hydrogen atoms in the ground state 
by inelastic collisions, 'ihis factor of loss of energy of. electrons 
can lead to "cooling" of the medium and, consequently, to sorie low- 
ering of its electron temperature. In order to achieve a marked 
"cooling" effect, however, it is essential that the concentration 
of neutral hydrogen stems he sufficiently great. Even in this case, 
however, the residual energy of the free electrons would still cor- 
respond to a high electron temperature of the mecium, because the 
excitation and ioniaation potentials of hydrogen have comparatively 
high vslu.es. 

Moreover, cases are possible in which the degree of ioniza- 
ticn of the hydrogen in the medium is so high that the actual con- 
centration of neutral hydrogen atoms would bo insufficient to 
absorb the greater part of the residual energy of the free elec- 
trons. In this case, the effect of "cooling" by neutral hydrogen 
would have practically no influence on the high value obtained above 
of the electron temperature of the medium. 

It in possible to'attempt to obtain proof of these theoreti- 
cal conclusions, for example, in certain variable stars. If the 
phenomenon of flares or brief increases in their brightness is 
caused by the generation of synchroxronic radiation in come part of 
their atmospheres, then the widths of the spectral lines—and there 
are grounds for believing that these lines do occur in precisely 
those regions of the medium where synehrotronic radiation is gen- 
erated—should be sufficiently great to correspond to the high value 
of the electron temperature. 
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