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ABSTRACT

The opaci’bicaof air, iwL), C, Fe. and u at different densities and

temperatures have been calculated takin~ into account the bound-free and free-free

transitions

remits are

true values

and Conp-Lonscattering~ but neglecting bound-bound transitions. The

prohahly fairly accurate at the higher tmperature~ but fall below the

/
at the lower temperatures? Calculations on the bound-bound tmnsitiona

are bein~ carri~.dout elsewhere
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For some probltnnsconnected with the gadget, it is.necessary to investi-

~Catethe role played by radiation in modifying the hydrodynamics~ e. go the structure

M the shock wave travellinp;into the tmnper during the explosion in changed by

radiaticano The quantity ?rhichmeasures the effect of radiation is the opacity K*

defined as: ‘

where ay

)?,Iya

is the mass absorption coefficient correspondin~ to radiation of frequency

B@/(ehY~Mol) is the Planck distribution function corresponding to

temperature T* k the noltzmann conBtant and B another constante ‘i’hefactor

(1-e
-hY/k’l) take~ accounts of the fact that only absorption not balanced by

stimulated emissions affect the net flux of’energy. The dimension Of ~~is Cm21w

4 which enters’intoso that the mean free pathO# deneity); it is~ is @~ (~ ia the

the ~nergy balance equation when radiation is taken into accounto

The contributions to the opacity corm from photo-electric ionization of

the ionized atom (bound-freeand f’ree-freetransitions)~ from bound-bound trans-

itj.on~@and from Gompton BcatterinGO At low temperatures the bound-bound transitions

are ixnportanteat high temperatures the Compton scattering dominates. The bound-

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

1~ The bound-bound transitions’are being calculated by ?iayerand i]ayerat
Columbia for air and U under the supervitim~ T-.
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our computations to fairly high tcznperaturesat

do not contribute qpreciably. iOurresults may

uNcuss[Flm

~
which the bound-bound transitions

therefore be somewhat in error -

possibly by a factor ‘two- but it seems worthwhile to present these rough values of

the opacity for the more pressing applications which are neededc

The bound-free tindfree-free traditions were, with some slight modi-

ficationR~ 2)calculated in the standard fashion ~ For purposes of reference, we

outline briefly khe procedure; wc write for the opacity Km * due to the bound-free

and free-free transitions;

-

(1)

where ~ iti tb effective charge [defined as the affective charge of the nucleus

at an electron binclin~ener’y~y equal to kl’)~L is the atomic weight~fi is the density

in gm/crn3

(given in

t is the

n T is the temperature in millions of degreesO ~ is the Gaunt factor

Table .2of Norse’s articlo as Q function of temperature and density) and

‘:guill.otinefactor”. The definition of t is:

ionization under consid.eration$

(.2)

energies oi’the statea of’the atom in the state of

arranged in order of increasingmagnitude and ex-
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.Z6ifithe effective nuclear charge for the state d a

is the principal quantunlmmber of state 6
,

na

3“2‘“J~j~i~~tiOI1~= @wp{%@J lectrons alone are considered in the

(in t)m rtinge of
t

‘DdWeeIl 0.1 and 10~ 10C 1~-
which is really he ratio of the Fermi energy
to the temperature o i~ given in Table 1 of
!;ckrse~sarticle) _

The succmsiw steps

that ionization

2) using these

was coxputeda

for the normal

was small)O

wore then as

(Probability of finclingthe state
‘/.6occupied)

follows:

takins ‘J’;~(‘)Lzyt:, (for a hi~hly ionized atom)

atom (if the ternperature-der~sityrelation was such

p!~a the Zu’s were computed for

Slatw’s screening constants (distir~~ishingif

the various states

necessary among sa

electrons).

3) ‘iheL6’s were recalculated taking account if nece~aary of “theirreduction at

high inassdensities throu~h the pushin~ of the highest bound states into the

continuum. ‘lhelatter correction was made by re~ardiag the bound state. associated
,

with the orbit whose radius was larger than that allowed to the atom~ as the bottom

of Mie con~iniium;the correction was unnece~sary for most of the cases considered here
● ●00 ● ●** ●0. 98

h) Hew ?0 ‘s were recomputed and final~~”l?~j~~9 ~a~Q ~~~re ,co~~puted~
9 ● *.e .:0:**●:* :00 ●0
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‘i’ableI contains the resultsa Column 1 lists the substance, columns

2 and 5 the density and temperature respectively column Q the gu.illotizzsfactor,

column ~,!fa● Column 6 lists the total opacity K.Lot which includes the Compton

opacityO Ka~ and is obtained by the empirical rule:

%Ot “
Ka +1.5 KS

For the light elements 118 was

E& 0.1510

In l’i~? 1 we have plotted on a

taken a~ 0.20

log-log scale

while for U it was taken

%ot as a function of T

for each substance and each density; furthermore

through the data so ~hat the opacity Ktot can be

law, iaee K. f#l’n J7hereK. and n are constants

we have drawn straight lines

repr&ented by a simpler power

for each density. In Table 110

columns 2 and 3 give n and K. (K. is in units of cm5(kv)n &gn#) for eaoh substance.

Column 4 of Table II contains the critical temperature, Tcrit , for each substance

emd each denaity~ i.e. the temperature at which Ka ~ X8 ; above Tcrit , tie op~city

.
is essentially’constant and equal to KS 0.
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TABLE I

*

.!

ubstance

Air

i3ecl

c

Fe

u

&_

f’( 3)cm

1.3010-3

1.3”10-3

1.3=10-3

3

3

3

3

3

3

~o

30

7,6

706

Y06

18.7

18c7

lso~

187

1G7

187

*-
)

T

100 e.v.

150 e.vo

300 e.v.

0.67 k.v.

1.01 k.v.

1.35 k.v.

0.6~ k.v.

1.01 k~v.

1.35 k.v.

1*35 kavo

2.03 k.vw

1o35 k.v.

3*38 kq~o

6075 k.v.

5,63 k.v.

8.10, k.v.

12.2 k.v.

2.81 kov.

5.63 k~v.

12.2 k.v.

iiiiii-

—.

t

—.

6.33

3055
9.23

22.9

4)

62.9

Gj.8

73.8

,0601

95~9

.20.3

“fol~

3.21

1603

2.70

2.38

S.j6

5.89

3,52

$*Y1

● ☛ ● ☛☛ ● B* ● ● 00 bob.*9** :0
.****
● ● ● m ● 8: ● ●e
.0

. . ●.: ●:0 ● *. ● ** ●;

● ● ● *e ● ;: &#~$$[F[~
.’ ...*.*
. . ----- -.:

— .

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

..+
,-

. .

.. .

● ● 9..0: ●0: ●:0 ● ●:- ●

TABLE II

&

Substance
I

n in (Kop/Tn) Ho ● Tcrit o

.

.
~lr:

P=
1.3’10-3 ; 5/2 9.8 230 e.v.

leo:J?J:3 3 .21 l.o~ k.v,

;; P ‘3 7/3 a ;.+ ~r~ k.v.

J!I =30 2 1 1055 k.vo

?e:p : ~o~ 2 1,2 4.2 k.v.

J’ 9 = lG.7 2 1.3 6.2 k.v.

: M7P. 3 I-104 13.0 k.v,
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