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REFLECTION NEBULA IN THE FAR-ULTRAVIOLET

2. Sllloate and Graphite Graine

G. A. SHAH and K. S. KRISHNA SWAMY*

ABBTRACT

Blmplo models of the rellsstion nsbula In the form of homogsnwous pisna-pasallel slab contalning singds
acalleting sllicals ond grephite grains 1aken one apecios at o time have basn consldersd In view of tha lar-ultravioist
staco kiightioes oluoivatlons obialned lrom the ANS stteillts. The calour diifersnce betwesn 1he atar and the
nabula ne well s the polerization of tho nobular light In the far-uliraviolel have slsa besn glyan.
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1. Introduction

As a saquel to the earller work (Sheh and
Krlahina Swamy, 1978, hereafter roferred to ns paper
1) on modele nf rellection nebula ln the far ultravialet
ueing ice gralns, we have Inveatigatod hare the effacis
ol sillcate and graphite gralns on the surface bright-
noss, colour differsnces and polerlzalion ospsclally
in vlew of the ANS salalllte observatlons on aurface
brightngas ncrosa the Merope rollectlon nobula.

In poper |, we showed that Lhe ratlo of the optical
dapthe for small and larga (olaseloal) components of
the gralne Inthe nebula Is much smaller than unity
based on the nssumption that tho total surface area
ol amall porticles |s two timos larger than that of the
larger partlcles. Howaever, If one conslders the small
gralne to ba produced as & result of shattering of the
largor gralns, It appears to be more appropriate to
guess that tha totel volume of the extrsmaly amall
grains obout equals that of the classlcal grains rather
than the total surfece eres. Let a; and a; be the
sifective radil of the small and large citegories of
grains respeclively. We aseume bath types of graina
10 be homogeneous spheres. If Q; and Q; ere the
corresponding oxtinctlon elflclencies, we derlva
anaiyticelly the volume retle
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where V) = total vojume of the small graina,

Vi — total volume of the large graina,

and Noj, Nag are the corresponding number denaltlos
of the gralne.

In deriving equation (1), we have aseumed the
Oorl-Van de Hulst typa of slze dlatributlon funetlon
In the form n (a) da~ (naifa;) exp [~ 6 (a/a)?] da.
Note that the size parametsr &; In the first bracket
occurs because of proper normallzation. The ratio
of the optical depths = and 1 by the two categories
of gralns 1s Lthen glven by

T 8y (Q

@ &) @
Assuming fv = {, 8| = 1604, 63 = 0.6 gm, and, an
an Nusiratlon, choosing lce wilh typlcal refractive
Index m=1.33-,0.06 and } - 16004, one obtalns
)/ry ~ 1/8 on consldaring only the ecatlering optical
deptha or 7 jrs ~ 1,3 if bolh scattering and absorp-
tlon grolncluded, Thetotal opiloal depih ea expleined
in paper 1 Is expeclad to be less than unily. Thia
Implles that single scatterlng on he elaseicel gralra

lastlll an Importantfactor in the phenomena of Merope

reflection nabula. Furthermore, Introductlon of Jarge
absorptivity In the fer-ultravioiet goes against the
multipllolty of acattering because albedo would be
reduosd much below unity, Therefore, we have
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adopted the single scattering In the present work
alsa,

It may be noted that volumae equivalence between
small and large grelne would apply If the former are
formed only by the ehattering process. However,
the machaniem of formation of the gralna ls atlll an
open questlon. The cholce of surface =areas for
camparison of optlcal daptha se done In papar I hae
naturel appeal because surface area of & grain s
proportional to the geometrlcal Groas-aecilon, which
In turn |Is related to the scattering croas-section, a
quantity cruclal for eslimetlon of the optical depth.
If extremely small gralns are thought tc form on the
surface of the clesslcal grains, the surface area seems
to be all the more sppropriete quentlty. QOn the
other hand, Ifthe samall gralna form from the gas
phase, the volume equivalence no [onger holds.

2. The Computational Resulta from the Modals

Foiflowing papsr [, wa assume single and inde-
pendant scatterlng of illght by gtalns within the
nebula In the ferm of homogensous plana-paraliel
slab. The three geomsetrical cases for star behind
the nebula (SBN), star within the nebula (SWN) and
atar In front of the nebula {SFN) have been treated
with the same values of geometric parametera given
In Table 1 of paper I. The exception ls to be found
In Figura 3 whara wa hava plettad & sample calculs-
tlan for tha dislance of the star from the front aurface
of the nebula (H) equal to 0.06 pe, other quantliies
remaining the aams. The necessary equatlons,
notatlon, definitlons end procedure are exactly as
described In paper [. The only change In obtalning
the present resuits s the conslderation of enstatlte
sliicate and graphlte greins inetsad of ice grains.
We have adopted the wavelength dependent refraclive
Indices of graphite and sllicete materlals according
to Philllp end Taft (1982) and Huffman and Stapp
(1871), respactivaly.

The ebsclseae In all the figures rspresent the
offest angle ¢ In minutes ofarc. The obgarvetiona)
data (Andrlesse et /. 1977) avalleble only for tha
surface brightnass of the Merope reflsction nebula
are denoted by dots Inths Figures 1 10 B. |t may
be racalled that the far-ultraviolet bands deslgnated
Uy, Ug. Uy and U, have ranges of wavelengthe (k)
2160-3200, 1560-3150, 1360-2300 and 1050-2300,
reapactively,
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Fig. 1. The far-ultravlolst nebular surfage brightness In arbitrary
untts but nermalized such that log 8 (M. 8, $=101) = 1o Bt
(¢=101) = G for the ossn of the sta: bahind the nebula (8BN)
and graphlis grains, Thae ssia (a), {b). {c) and (d) correspand 10
wavelengths A.=1850A, 1B00A, 2200A and ZBOOA, res-
peailvely. The grephlie graina have size parameter 0, =0.%1 am
tor and O 4umfar —~——— . The dots represent
satelllte observatlons.
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Flg. 2. Tha same as Figurs 1, but for anatatite grains,
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2.1 Surface brightness

The valoulated results on wurface brightness for
the threa geometrical cases SBN, SWN and SFN ara
shown In Figures (1,2), (3.4) and (6,8), respactively;
here and subssequently the odd numbered flgures are
for graphlte and the sven numbared flgures are for
onatatiie sllicate. The surface brightness (S) of the
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Flg. 3. The seme as Flgurs 1, but for the case ot the atar within
the nabuls [BWN). The curves —,—,——Jora, = 0.1 zm and
e for a,=0.4 sm represent a sampls oalouvlation for
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Flg. 4. The same as Figurs 2, but for the case SWN.

nabula Is normallzed In such a manner that log S
(4, 85, @ = 10') = O for all wavalengthe and size
parameters, Thls schemae facliitates the comparlson
of model reauits with the obgservatlons reducad In e
simllar fashlon. The aste (a), (b), (c) and {d) ere
piotted In each of these flgures for wavelengths
A = 15604, 18004, 22004 and 26004, reapactively
The solld curves are for the slze paramater a, = 0.1
42m and the dashed curves are for a, = 0.4 sm. The
case of SWN for graphlte as well as sllicate gralns,
Figures 3 and 4, show the steepeat gradients and
largest span [n the variatlon of tha theorstical log S
with respaci to ¢ a8 compared to other two cases
of SBN and SFN. These ganeral trenda are similar
to thosa shown by Ice gralne in Papsr I. For both
graphlte and sllicate gralna, the larger the alze para-
meter a,, the greatar [a the range Inlog S ae one
goes from ¢ = 0to 20°. The effact of varylng a,
from 0. 1 um to 0.4 um !s not notlceabie in Figure &
for graphlte. The size eflect of graphite grains Is
most pronounced In the gsomatric case SBN; SWN
comea next and In case of SFN i is almoat Hhil.
Whereas for allicate gralna, the order In which the
slza efiect |s Important |8 8sen to be SBN, SWN and
SFN for ¢ equal to zero to ~@’, but beyond ¢ ~10*
the case of SWN shows very small changa In log S
gompared (o the SBN and SFN. The sillcate grains
can provide a close matching beiween the ceiculated
and the observed surface brightness as Indicated by
Flgure 8 for SFN. However, as remarked In Paper T,
the case of SWN with the star very near to ths front
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Pig. 5. The sama as Figurs 1. but [or the osse of tho atar In
front of the nebuls {BFN), Nota that \he ourves for 8,=0.1 sm
and 0.4 ym sre almost dentical,
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Fig. 8, The same ss Figurs 2, bu fot the case S8FN

surface canpot be ruled out for slllcate and/or Ice
gralns. The Improvement in matching s expeated If
one notices in Flgura 3 that the reductlon in H, the
distance between the star and the front surface of the
nebula, from 0.26 pc to 0.06 po signiflcantly brings
the curves for a, = 0.4 gm near to the observational
run for all the four wavalengtha.

2.2 Colours

The ater-minus-nsbula colour differsncea ex-
pressed in magnitude and deslgnated by U, Us: and
Usg ara deflnad by

Up= (U = U)s = (U = Ua

where | = 2, 3 or 4 corresponding to; = 1,20r3
In respectlve order and* and N stand for atar and
nebula, respectively. The calculated colour difer-
ences ara eat aut |n Flgurea 7, 9 and 11 far gréphlte
and In Figures 8, 10 and 12 for sillcate. The genaeral
trenda of bluelng In the vicinlly of the star end redd-
aning relatlvely away from the slar are noticeabla
for Uzt In casea of SBN and SWN provided one
chooses 0.1xm<a, <0.4 umfor graphiteand a,~0.1
ptm for sllicate grains. The Uz colours for sllloate
grains of slze 8, = 0.t um with SFN In Flgure 12
aleo show posltive colours In the nelghbourhood cf
star and negatlve colours beyond ¢ ~10°,

If there are graphlte gralns In the reflection
nebula It should be posalble to obssrve soms cor-
relating behavlour with respect to the hump st
A=22004A"In the general Interstellar extinetlon curve
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Fig. 7. The lar-uliraviolst oolour ditfarennss beiwaen \wo 00N«
ssoutiva bands for the star minus the sama lor the refllwotion
nebula. The geomeirical case |8 BBN. The graine are com poasd
ol graphlis with the slzs paramoter a, - 01 pmilor_____ . _ s
0.2 sm tor— — — —, 0.3 um for ————— and 0.8 smlor
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Fig. 8. The same as Figurs 7 but with enatsilita ailloste grains
having the slze parametsr 8, == 0.1 pm lor 02 em
for —— ——— . 0.3 pm lor ——~—.—, and 0 4 um lor...,... e

{aes, for example, Bloss and Savegs, 1872 ; Nandy,
Thompson, Jamar, Monfils and Wilaon, 1878),
Howaever, all the banda selecied In the far-ultraviolet
observations have some ovarlap with the wavalength
range 7! ~4 to 8 um™! where the extlnction hump
ocoura. The detalled obaervations In the far-utira-
vlolet with and without Incluslon of the hump wava-
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langth range would ellow one to discriminate for or
agalnst graphite gralna emong varlous contending
graln apecles.
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Fig. 8. The same an Flgure 7, but {or the geometrioal cass SWN
and the size paramater as given In Figurs 8.
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Flg. 10, The same ss Flgurs 8, but lor the geometrical oasd
SWN.

The slze effect Is more pronounoced for Uy with
graphite and for Uy end Us for allicate In all the
thres geometricel cases, Howaver, they do not
exhlbit ona-to-one correspondence with the varlation
of the surface brightness. The gradlenta of curves
for Usy with sllicate gralns, especlally when 8,=0.2,
0.3 and 0.4 um, In the case of SFN In Figure 12 are
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Flg. 11. The samu an Plgure 7, but for the geomatrical aass BFN
and the size paramater as given In Figure 8.
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Plg. 12, The samo as Figure B, bus [or tha geomstrioal oase SFN.

In eharp gontrest with the other geometrical con-
flgurationa and also with the UBV photometric colour
differencea. The U,y colours sppear monotonous
exoept for graphlta with SBN aa well as SWN and
8, =0.2,0.3and 0.4 um In Flgures 7 and 9 and
with SFN and &, = 0.1 um end 0.3zm In Flgure
11. The slilcate graine In the case of SFN and
8,~0.3 end 0.4 pum also do not show mono-
tonous varlation In Us; colours In Flgure 12. Note
that the colour differences Uy for graphlte In Flgure
11 and Uy, for elllcate In Flgure 12 both for 0.1 gm
<8< 0.4 um show neerly lineer variation with ¢
from 0 to 20°. In general, the coloure for varlous
slze parametera are mora separélad compared to the
surfaoe brightnsess for the same set of perameters.

2.3 Polarization

The theorstical results on the band Integrated
degree of polarlzatiolj of nebular light for three
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geometrical modais SBN, SWN and SFN are plotted
in Figures 13, 16 and 17 for graphite and In Flgures
14, 16 and 18 for sllicate greins. The sets {8}, (b},
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Flg. 13. The far-ultraviolet polarization praduced by graphite
gralns In the modsl rellsation nebula with the siar inihe rear
{S5BN). Tke sels (8), (b}, (0) and (d) cotrespond 1o the ulira-
violst bands Wi, Uz, Uz, and Ug, 1espactively. The slzs paiameter
a,=0,2 am lor ,03 amior————, 0.4 um for
—_———— el 0.8 rmier e,

(o) and (d) In each of these figures refer to far-ultra-
violet bands Up, Us, Uy end Ui, reapsctively.
Although there are no observations on polerlzation
avallabls In the far-ultraviclet, one can get a rough
ldea of possible polarization on the basls of UBV
phatomatry by Elvius and Hall (19668, 18687). Thesa
results ae summarized by Shah (1977) Indlcale ihat
the polarization s poaitive for all offeet engles from
¢ ~0to ¢=18'andls of the order of Py ~ 129% and
Pa = 8% both for offest anple ¢ =2 20', Thus one
may safely assume a few %, polarlsation In the far-
ultraviolet Ui-band for large offset angle ¢ = 20,
An Important question le whether one can have
negatlve polarization In the far-ultraviolet. Wa would
llke to |eave thls queation open, It may be noted
that the wavelength depandence of polarization of
Merope seem to be varlable (Markkanen, 1977),

On the basis of Uj-polarization alone one ean
sliminate the posaibliity of graphite gralne as aigni-
ticant component In all the lhree geometrical cases
of SBN, SWN and SFN because of the very large
positive polarlzation for the chosan slze parameters
and ¢ =20". Also, for graphlte gralns, Pyy, P.q and
Pw glve abnormally large values of polarlzatlon

Krishne Bwamy
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Fig. 14. The sams as Figurs 13 axoopt thal the gralna’ are
compasod of ansiatite slllonte. Tho siza parsmoter a,=~0,1 am
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Fig. 18 The aams sw in Figure 13 exaspt that tha gpeomstrical

case ls EWN and that the alze parameter a, Is as glven in Flgura
14,

which ara lass |lkely to ocour in the far-ultrsviolet
wavelength range beyond U}y, Notae that the sill¢ate
gralns In the case of SFN provide negative polariza-
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Filg. 18 Ths sama as Figure 14 but the geomelrical osas s
SWN.
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Fig.17. The aems as Figurs 13 sxoapt thsl the geomatrioal oase
le SFN and that the slze parameter a, |s as glven In Figure 14,
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Fig. 18, The sume as Figurs 17, but the gralne are compoasd
of anatatife sllicate,

tlon In the Us-band for 8. =0.1 (0.1} 0.4 zm and for
ali offsat engles. A small posltive polarization In
Ui-band can be satlstled by sillcate gralna with
a, ~ 0.1 gm in combination with 8, ~ 0.2 um pro-
vided one adopts elthar SBN or SWN.

3. Conclualon

in vlew of the prasant results and Paper |, It may
be concluded that the lce and silicata grelns are
likely to be Important conatltuents of the interstellar
gralns In the Merope reflaction nebulosity. Repard-
Ing the position of tha star relatlve to the nebula wa
nesd to study further with addltlonal observatlonal
data to pinpolnt the oorrect geomstrical configuration
of the nebuls. As suggastea by Jura (1977) future
observations of rotatlonally exclied molscular hydro-
gen can help In determining whether the dust that
produces the reflectlon nebuloslty Is In front of or
bahind the star Merope (23 Tau). The obsarvations
of Infrared radlation In coordinstlon with the vleual
and ultravlolet observations may be used for dlsorl-
minating among the varlous proposad composlitiona
of the Interetellar gralne. Thls may aleo allow one to
choose appropriete modsel of the star-nebula con-
figuration,

Elther multidimenslonal size distrlbutlons of the
gralne andfor core-mantle gralns within the nebula
are worth conaldering when detallsd abssrvatlons on
the coloure and polarizations |n tha (nfrarad, visual
and far-ultravlolet wavelength rangea are avallable,
Extremely fina fllemsntery structurs of the Merope
nebula (see, for example, Elvilus and Hell, 18886,
1967 : Arny. 1877 ; and Markkansn, 1877) hints at
the existence of slgniflcant magnetlo flelds within the
nebula. Therefore, tha role of magnetic orlentation
of the non-spherlcal psrucles must be examined In
{future modalg of the Merope reflection nebula,
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