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ON NEGATIVE INTENSITIES IN DISCRETE SPACE THEORY IN
SPHERICAL MEDRIUM

A PLRAIAH

ABBTRALT

Tha rsasons for the occurrenos of negauive intonsilias are discusasd A mathod 1a describad to obtain poative

solution of radiativo transfor equation In apharioaj symmotry in discrote spaco theary by using frequenay Indepanda
sourge funotion
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1 Introduotion

it Is not unusual to encountar negative fluxes m neutron transport problems (see Lathrop 1968), This 18
perhaps bacauss of the fact that in neutron transport probloma the range of magnitudea of cross sactions 13
a0 lerge that & fine mash 18 not possibla  |n cartain cases, the negative intensities bacome so large that they
show up aven In angie and frequency integrated fluxes As Lathrop (1969) says, * there ars psychologicsl
problema agaociated with negetive fluxes The uaer who understande the transpoit equation and not ths
numerical sojution procedurs doss know that Lheje 18 no such thing as a negstive angle integrated flux and
rapidly bscomes cynical about the effactivenaess of the progilantme which producea negativa numbars’ In
discrete space theory of radiative tiansfer 1n plane parallel medium {Grant and Hunt 1969 s, b) negalivé
Intensrues can be easily avoided by simply adjusting the step s1ze  This 18 poasible becausa tha croes seoctiond
in radiatlve transfer theoiy epplrceble 1n stellar atmospheres sre much smaller than those encountered I
neutron trensport theory Howevar, negative intensities could ernse n certain situations in spherrcally
symmetric medta which I8 a purely numerical effect  For example, the inaquality (3-12) in Peraiah and Granl
(1973) cannot be satisfisd in vacuum  This i1a, howaevei only o marginal case and for all prectical problema
thie method gives non-negstiva intensities, provided wa choose the step aize aa small as possible so that the
relation (3.11) 1s satisfied  Furthermore, the element A™; of A~ matrix is always negative and large in [ts
absolute value This introduces unphysical nagative mteneities n the tadiation field  To avoid these negative
intensities, we shall calculate the angle and frequency integrated sourae function inspite of the fact that thay

are negative and celculate the solution by using the formal solutren. Thia method need be apphed only i
situations where nsgative intensities appear

2 A Bnie! Qutline of Procedure and Resulta
Thoare are three steps \n celculating the salution .
a} Obtain the fraquency and angle dependont intensities by solving the transfer aguation

I(r, u, 1 ~u2a1(r 4,
u? [ar”.ule, r}! ) (;: X ok )05 6 %)~ 10 s 0]

as desoribed in Peraiah (1978e or 1978b) Hera I (r, 4. X) Is the spectfic intensity of the ray at the radisl
point r, maiung an angle Cos™ 4 with the rediua vector with fraquancy x (= (¥ —v_)/Avs.) Av, being the Doppler
umt K. {r) 1a the absorption coeffiorent at iine centre atr and s (r, 4. x) 18 the combined source function.
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b) Using the inteneities obtained in step {4) calculate the angle and frequency integrated source funclion

¢) With tha help of tho souica function obtained in step (b}, the solution n epharical symmatry 18 calculated
by using the formal solution
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Fig. 1 Dlliuse radiation {leld In sphri al symmaotsy
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Mg 2 Angular distributlon of the smargsnt radiation flaéd

The optical depth 1e calculated by using tho formula

r(r, Ly, x) = ArK (r, Ly, x) 3

where

A
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and
d(ry ~ Arvs (1)/Av, B

whare J (r) 18 taken to be unity always

Whera v 18 the velocity of the gas in mean theimsl units and A 13 the abundance Scveal 1esta have been,
made by comparing the source functions celculated in sphsrical symmetiy by using the descieta spece theory
with those of Kunasz and Hummer {(1874) Agreement has been found to be upto 3 to 4 figures  As oplical
depths increase the agreemant 1s belter

To tllustiate the method, wa have arbiirarily chosen the 1adial distjibuiion of velocities and dansites
and calculated the source funclions from Lhe steps {(a) and {(b) Ths oplical deplh 18 calculaled at ine centra
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d the parameties aie adjusied in such a way thet the totel opticel depth T at hne centre Is equal to 100,
e geametrical thickness of the atmosphere 13 taken to be one-half of the sisilar rachus and the band width
'} to be one Doppler unit  We have considered equally epaced 12 ergle pointain uc¢ (0, 1) and a trapezoidal
sgration |s used to eveluate the Integral in equstion {2). A linear valocity law hes been assumed given by

v VA (e - vim] f2p :

wuch rapresents 8 medium expanding rapidly outwsrds  Heia v (r) 18 the velocity at radiusr A andB ere
spectively the inner end outel 1edi of the medwum  We have set v (A) 0 n el situations, andB/A =~ 16
o densily has been assumed to be varying as 11  The angulm disinbution of the emergent radiation for
rious cesss of velocilice are cescnibed in Figuios 2, 3 and 4  In Figure 2, we have prosanted the results for
(B) ~ 0 &nd for different velues of x on eithel side of line centre  one can see that for X 4 2, + 3, there
limb darkaning wheieas the wing frequencies do not show any darkening and again the central fraquencies
= —1, 0, t1showlimbbrightening As thevelocity v (B) 18 increased to 3 and & (see Figures 3 end 4}, the
nb darkening shows up in the red sida of tha line frequancy pomnts  This isclear from the fact thal the matter
oving radially oulwards produces red emission and biue absorption, which means Lhat more iadiation 18

ansferred at 1

The proceduie descitbed above s useful and nocesssry In & co moving fiame calculation (see
araish 1979)

M S received on May 2b6th 1879

pfaranoss

real 1P, Hont, GF , 1988a Proc R Sor lomion S8er A 313, 183
rant | P, Hunt. G E, 1889, Piac A Sor London Ser A 313, 180
unosz, P B, Hommaer, D G, 1874, Mon No! R astr. Soc 180, &7
athrop, K D, 1889, J Comput Phys 4, 476

srmah, A 1070a, Kodaikens! Obs Bull Ser A, 2, 1186

arawmh, A, 1B7Bh Astrophys Space St BB, 1B9

orawh, A . 1978 To be gommunicaiod

omwsh, A, Qranl |1 P, 1873, J Inet Math Appl 12,76



	00000001
	00000002
	00000003
	00000004

