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ON NEGATIVE INTENSITIES IN DISCRETE SPACE THEORY IN 
SPHERICAL MEDIUM 

A Pr:RAIAH 

AS8TRA~T 
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aalu((on 0' radl.llvo Iren,for equation In eplMlrto.' .ymmCllry In dllSCrOl1t .pIUO Ih.ory by ulomg frequoncy Indeplndalll 

aouroe fUnGI Ion 
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1 Introduotlon 

It Is not unusual to encounter neg.tlve fluKes In neutron transport problema (sea Lathrop 1969). Thll II 
perhape becausa 01 the fllct that In neutron trensport problome tha renge of magnltudas of cross sectlona " 
.0 lerge that a fine mesh IS not poSSIble In certem csses. tho negetlva IntenQllles bscome so large thllt theY 
show up even In angle Dnd frequency mtegrated flUKes At. Lathrop (1969) says, ' there are peychologlCIII 
problems assocuued with negative fluXB8 The user who understands the transpolt equallon and not tho 
numencal solutIon procedure doss know that lhsle Ie no such thing as e negative engle Integrated flul( lind 
rapIdly baoomes cvnlcal about tha affactlvenaas of the proglsmme which ploducea negallva numbere' In 
discrete space theory of rad,atlva tlansfer In plona pdrdllel medium (Grent and Hunt 1969 a. b) negallv. 
Intenanles can be oaslly aVOIded by Simply adJustmg the step size ThiS IS pOSSible becau&a the crol8 seotlon. 
In radlatlva transfer theolY epplrcable III stellar atmospherss are much smaller than thoss encounterad In 
neutron trllnsport theory However. negatlvs IIltenslUSS could arlbe III cartem situations In sphericallV 
symmetric media whIch Is Q purelv numerical sffect For example. the mequsllty (3-12) In Perelah end Grent 
(1973) cannot be satlsf,ad In vacuum ThIS IS, howevsl only 0 msrgmal case and for ell practice I problam. 
thiS method gIVes non-negstlve Intensltlss. provided 'lVe choo8e tha btpp Size a8 &mall a8 pOBBlbla 80 that the 
relation (3.11) IS satisfied Furthermore, the plemant II-II of A- matriX IS alwdYs negstlva and large In Ita 
ablolute velue This Introduoes unphYSical n~getlve Inlensll/ss III the ledlatlOn flsld To aVOid these negatIVe 
Inlensltle8. we eh.II cslculate the angle and frequency mtagrated aouroe function ,"spite of the faLt that thsv 
era negatlV. and calcuillt. tlle solution by u~,"g the fonnsl solution. thiS method need be applied only III 
snuatlons where nagaI/va InlanSltlea appear 

2 A Brla1 Outhne 01 Procedure and Resultll 

There ara thrll. sleps In oalculatlng the solution. 

a) Obtain tha frequency and angla dependont InlenSltles by salVinO the tr.nsfar aquatlon 

(.I /) I (~'/' xl + 1 ~ y' 11 I (~t' I(l _ K, (r) [5 (r, (.I. x) - I (r, p, x)] 

II' d.sorlbed In Peralsh (1978& or 1978b) Hera I (r. p, x) Is the speCifiC intensity of the ray at the redlll 
pomt r, makmg lin angle Coa-· Jl WIth the !achul vector with frsquency x (- (v - v.lIllv.,) Il Y. bemg the Doppler 
unrt K. (r) 18 tha absorption coefflolent lit Irne cantre at rand s (r, p, x) IS the combined sou roe function. 
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bl U.lng Iha Inlan.llia. oblalnad In alall (dl ~"ICIIIDID Ihe angla and fraquency Integra led source function 

ol With Iha halp of tho .oulce fun~llon obtained III .Iap (bl. Ihe eolutlon In spherical .yrrrnetry la calculatad 
by uSing tha formal aolutlon 

T. 

I (r. It. xl • I (r). /' x) a [T (r.) T (rl)) 1/1 1 J S (I) e- [I 

rig. 1 DlffuH radiation field In &phrw II lymmoliV 
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rig Z Anoulor dlllrlbu.lon of lhe emerliillnt rlldl.llon lteid 

The optical d.plh I. calculaled by u.lng Iho fonnula 

T (r. 1./1, xl - At K (r. :L/I, x) 3 

whare 

K (r. ±/I, xl 4 
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and 
(j (r) - tHo (r)/AI·. 5 

whare (j (r) 18 taken to be unity alwaY8 

Where v 1& the velocity of the gas m mean thelmal unlta and A 13 the abundance Sevelal tests have been. 
made by comparing th. aource functions calculated m Iphillcal symmetlY by U9lnll the desclete space thoolY 
with those of Kunasz and Hummer (1974) Agreement h .. 8 been found to be up to 3 to 4 flgulP' Aa optlcsl 
depths mClaBse ths agreement IS batter 

To I!luslleta the method. we havp arbltlarlly ch08en the ladldl dlalilbulion of velocIties ond dellsltles 
and calculatsd tha source functions from the staps (a) and (bJ Tha optICal depth 18 ~dlrulattd at line centrs 

1 0 

08 
B/A = 1.5 
XO = 1 

o 6 " =0 
T S:$ 100 

04 
E (r)-l/r2 

r.::::! 02 ..... • 
0 ....... - 00 ... ...... 
~ -0.2 
0 ...... 
~ -04 
o 
-J -0 6 

-0.8 

- 1. 0 :-~_-!;-~_~~..,.I. 
1 5 1 9 1112 

12 )J 

1 a 

o B 

0.6 

0.4 

02 

o 0 
0.0 

1 ....... 1 .... -0 1 
• 

0 
~ 

-0 2 ..... -....... 
~ -0 3 . 
8 , ....... , 
t!> -0 4 
0 
....I 

-0 5 

-0 6 

-0 7 

-O.B 

-0 9 

-1.0 

3 

1 3 

B/A=15 
XO = 1 
V = 5 
T = 100 

E(r)-l/r2 

5 7 9 

12 )J 

11 12 

,.tg 4. Anguli. dlllllbuU.n .llhl Im.lgonl IIdlltl.V IIlld 



A PIUlllh 183 

d tho paramillos 010 edluqtpc! In surh sway thrt tho total optical dopth Tot hno conlre I, equal to 100, 
o geometrical thicknosl of tho atmosphoro IS takon 10 be ana-half of Ihe stollar radius and tho band width 
') to ba ono Doppler Unit Wo hevs consldersd squally spacod 12 rrgle POint. In 11' (0, 1) and s trspozoldal 
egrellon IS uled to evaluate the Integrel In oquatlon (2), A Ilnoer velocity law hse been 8ssumed given by 

v (r) r - A 
veAl , [v(B) - v (A)l a -A 6 

uch represents 0 modlum oxpandlnC') ropldlyoutwards HSle v (r) II tho velocity at redlus r 1\ snd 9 are 
,pactlyoly tho Innor pnd outel ladll of tho medluln We have set V (AI 0 m all Iituetloll~. end 9/A L 1 6 
B denSity hes boan sssilmed to ue vorylng as 1 :r' The angulII dlstrlbullon of tha emergent rOdl8\10n for 
rlous CBaeS of velorltlCb ere c'esc"bbd In FlgulQ! 2, 3 alld 4 In rlgure 2, we have prolBnlsd the rSlults for 
(9) ~ 0 end for drfferent values of x on olthal Bids of hne cantro ono cen seO Ihat for X ± 2, ± 3, there 
h."b darkening wholsss thp Wing frsquenr laq do not show any derkamng and agall) ths centrsl frequencies 
• -I, O. I 1 show hmb b"ghtsnlng I\s ths vsloclty v (9) 18 mcreesed to 3 end 6 (.ee Figures 3 and ~). the 

nb derkenlng IhoWb up In the red 'ida of tha hne frequoncy pOlilta ThiS 18 clear from the fact that the matter 
DYing radlslly outwsrda produces red amlSBlon and blue absorpllon, which m88n8 that more 'Bd,allon II 
msferred all' 1 

The procedul e dBsclibed abova I. uuful anct noeanary In e co moving flame calculation (aee 
&rBllh 1979) 

M S re~alvad on May 26th 1979 
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