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ABSTRACT

The opacities of air, Bel, C, Fe, and U at different densities and

tempceratures have been calculated taking into account the bound=free and free-=free

trensitions and Compton scattering, but neglecting bound-bound transitions. The

results are probably fairly amccurate at the higher tempermtures but fall below the

true values at the lower temperatures, (Calculations on the bound-bound trensitions

are being cerried out elsewhere.
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OPACITY OF adr, 2e0, C, Fe, and U AT HIGH TEMPERATURES

Fer some problems connected with the gadgst, it is necessary to investi-
gate the role played by radiation in modifying; the hydrodynamics, e. z., the structure
of the shock wave travelling into the temper during the explosion is changed by

radiation. The guantity which measures the effect of radiation is the opacity K,

(e ¢} N (2o} 5

= - d¥ ay
S &y { lee=hV/kT ) AT / 3 T
o)

where ay is the mass ‘a"bsorption coefficient corresponding to radiation of frequency

I

defined as:

E

Y, I, = BY5/(ehy/kTal) is the Planck distribution function corresponding to
temperature T, k the Boltzmann constant and B another constant. The factor

( 1‘,.3"}‘}"/1{7: )

takes accounts of the fact that only absorptions not balanced by
‘stimuleted emissions a.ffecf. the net flux of energy. The dimension of X is cmz/g,m
80 that the mean free path, 4, is I/Kf (}o is the demsity); it is £ vnich enters into
the energy balance equation when radiation is taken into account,
The contributions to the opacity come from photoeeleétric ionization of
“the ionized atom {bound-free and free=free transitions), from boundebound trans=
itions, and from Compton scattering. At low temperatures the bound~-bound transitions

are important, at high temperature‘s the Compton scattering dominates. 7The bounde

bound transitions are very laborious to calculate 1) so thet we have restricted

1) The bound-bound transitions are being calculated by ayer and Wayer at

Columbia for air and U under the supervisieeaf lallere
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our computations to fairly hizh temperatures at which the bound-bound trensitions
do not contribute appreciéblya Qur results méy’therefore be somewhat in error =
possibly by a factor two = but it seems worthwhile to pressnt these rough values of
the opacity for the more pressing applications which are needed.

The bound=free and free-free transitions were, with some slight modi-
fications, calculated in the standard fashion 2)c For purposes of reference, we

outline briefly the procedure; we vwrite for the opacity K, , due to the bound-free

apd free-f'ree transitions:

Ky & 7 299105 Z 2/«~)PT 7o o/t (1)

where 7 is the effective charge {definecd as the effective charge of the nucleus

at an electron binding energy equal to kI), ii is the atomic weight, p 1is the density
in gm/cm3 o T is the temperature in millions of degrees, g is the Gaunt factor
(given in Tauble 2 of lorse's article as a function of temperature and density) end

t is the “guillotine factor”, The definition of t is:

s(nl/'Ta) ~e§s {S(Ws-\» 1/Ta) = s(wﬂ/Ta)]
- A (2)
Fo a3l (Fo * Fs)

where Wy o %p 5 aeeafiy are the energies of' the states of the atom in the state of
ionization under consideration, arranged in order of increasing magnitude and ex=
- pressed in units of the ionization erergy of hydrogen, T, is the temperature in
units of 157,000°C, S{x) is the Str&ﬁgren function (tabulated in Table 1 of Yorre’s

article; S(¥;41/Tp) € 196.5) , Fg = 1/y iaq:(u;\),{iﬁe"?j

. 8 - h *
R Zs P("*G/{'a)
Md FB - - 2 ll'l . 5 s
Aa &=1 ng o keee o eme see ge,

2) cf. . H. Norse, Astroph, J. 92, 27 -(léb,O-')--anib ﬁa-EPD- Yiarshak, inoals of NoY.

Acad, of Sei, L1, L9 (1941); Morse} I8 notamon.ia_gm_mm possible.
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In F, and F, the quantities Eg, DgyY) s A, and P(Wd/'l‘a) are defined by:

Zd is the effective nuclear charze for the state &

ng is the principal gquantum number of staute &

1= (5/28) pla/rg)?”

{free clectrons alone are considered in the -
detormination of A)

L4 2
A = ? + 6455\? ( ? < 001)
. 2 ’ =’i+ 5
= exp [{1021\?) /3 (1=-O.507 / )] ( n > 10)
(in the range of » between 0.1 and 10, log A =
which is really the ratio of the Fermi energy
to the temperature - is given in Table 1 of
tiorse's article) ‘
!
P(Tg/Tg) = [1_+ A=l e-hd/Ta} (Probability of finding the state

%4 occupied)

The succassgive stepé were then as follows;<
1) 'P(ﬁ5(°)/fa) was computed, taking'WG(olzi/Ni, (for a highly ionized atom)
or the w5(°)'s for the normal atom (if the temperature-density relation was such
that ionization was small),
2) Usinyg these P's, the Zg's were computed for the.various states on the basis of
Slater?'s screening constants (distinguishing if necessary among s, p, dy oco
electfons)°
3) The Vg4's were recalculated taking account if necessary of their reduction at
high mass densitieslthrough the pushing of the highest bound states into the
continuum. The latier correction was made by regardiag the bound state, associated

with the orbit whose radius was larger then that allowed to the atom, 28 the bottom

of the conlinuum; the correction was unnecessary for most of the cases considered here

[ ] *ee o *e® 000 O
L) Rew P, 's were recomputed and fina1§y:Fé ,§Fs éa%@‘%v?ﬂwapomputedo
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Table I contains the results., Column 1 lists the substance, columns
2 and % the density and temperature respectively, column & the guillotine factor,
column 5,¥, » Column 6 lists the total opacity ¥4ot Wwhich includes the Compton

opacity, K, , and is obtained by the empirical rule:

Ktot = Ky + 1.5 K (KB pA Ka)

-

S Kg + 1.5 Ky (Xa < Kg)

For the light elements K, was taken as 0,20 while for U it was taken
as 0,15,

In Figo 1 we have plotted on a log=log scale K¢,y @s 8 function of T
for each substance and each density; furthermore we have drawn streight lines
thrqugh the data so that the opacity Ky,4 can be représented by a simpler power
law, f.e. K, P/Tn where X, and n are constants for each density, In 7Table II,
columns 2 and 3 pive n and K, (K, is in units of cms(kv)f1 /gmz) for each substance.
Column L of Table II eontains the critical temperature, Tcrit s for each substance

and each density, i.e. the temperature at which X, & X above T

crit # the opacity

g

is essentially constant and equal to XKg o
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TABLE I
Substarfce f) o3 Kabs, , Ktot
Air 1,3210°7 100 eova | 6033 2.96 3,26
1.3°1077 150 eove | 3.55 1,25 1.55
1.%-10°3 300 @.Ve | $023 039 .26
3e0 3 0,67 kovo| 2249 1.8% 2,13
3 1.01 koVa L]}-L . .-,-21 051
3 1.35 kave| 62.9 2056 - .28
C 3 0a67 kovo Ll»'fea 81 1.21
3 1.01 kyve| 7308 012l 039
3 : 1:35 cho 10601 0052 ‘ 021'#
30 1035 k.vao 9509 ' 036 066
20 2,03 kavo[120.3 066 030
Fe 7.6 1.35 kavof 7o15 CLLT3 5,03
‘706 5«58 "keVo 3.21 01—‘3 : cef3
706 6675 kove | 1603 7.201072 20
U 1807 5063 kOVo 2070 058 080
1807 8.10 . kovo 2058 016 ’ .38
18,7 12,2 KoVe| 5036 »019 .18
187 2981 kovo, 5089 27e1 2703
187 - 5,63 k.vo | 3,52 Lel8 Li.70
187 12,2 kevo | 5.71 | Q19 ] oLl
. 1 - -
l: 0.: .:. ..: o0 zﬁ' EI'F‘ED
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© TABLE II

— ,
Substance nin (Kp/T ) K, | Terite

air: p = 1,3°10°3 5 5/2 9.8 | 230 e.v.

BeQ: p 2 3 3 <21 1.07 kov.

o)

©
t

W

7/3 o1l oSl Keve
-2 oobn 1055 k.v,

‘e
W
W
o

re: p B 7.0 2 1,2 L2 keveo

195 5.2 keveo
p [} 187 5 L}.o}.} 1500 kov.
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