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1. INTRODUCTION

In paper [1] the method of computation was given of the basic physical
parameters of a comet dust-gas model under the assumption that the total
reflecting surface of the dust particles in the coma was constant. A closer
analysis, however, of the statistical material [2] comprising both long- and
non-periodical comets with photometrical exponents lower than 5 revealed [3]
that the mentioned assumption was incorrect in the case of a great contribution
of the dust coma. Under certain acceptable assumptions the photometrical
exponent of the dust radiation constituent can be written in the form [3, 4]:

na(r) = 2_~‘__r— .4 w(r),

v(r)-*—(%]’ dr (1)

where r is the heliocentric distance of the comet, »(r) the total number of photo-
metrically effective dust particles in the cometary atmosphere at a given
distance from the Sun, R the effective radius of the comet nucleus, i. e. the
radius of the monolithic nucleus, and ¢ the radius of an average meteoric par-
ticle in the coma. Since the number of particles, as a rule, increases with de-
creasing heliocentric distance, the exponent 7n4(r) > 2, and is, in addition,
a function of r.

Thus, the first objective of the present paper is to derive general expressions
for physical parameters of the dust-gas model of a comet which would be applic-
able to any form of the relation ng = nq(r).

2. LIST OF SYMBOLS USED, AND FUNDAMENTAL EQUATIONS

Let us denote by symbols without index the quantities concerning the whole
coma index d will be used for the same quantities concerning the dust coma
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and index g for those related with the gas coma. Let us introduce the following
denotations:

I4(r) — the brightness of the coma in the heliocentric distance and geo-
centric distance 4 =1 A.U;

H,(r) — the magnitude of the comet corresponding to I,(r);

n(r) — the photometrical exponent defined by the well-known formula;

n(r) —the function giving the dependence of I, on the heliocentric
distance (physical exponent);

1, — the absolute brightness of the comet;

H, — the absolute magnitude of the comet;

B — the quantity resulting from the average heat of evaporation of

gases L, the gas constant R,, and the absolute temperature of the
nucleus surface in r = 1 A.U., T;
k — the ratio of the absolute brightness of the dust- and gas coma;
— the ratio of the brightness of the dust- and gas coma in a given
heliocentrical distance.

Irrespective of the phase-angle the following relations are applicable:

Iy =I5+ Iy, (2)
Iig = Ig.r 8, ®)
Iy =Iy.r ™, (4)
I, =1,.r ", ()
so that
nmzfﬁ:iwr. ™)
7 r

These relations apply to arbitrary forms of the functions %4 = na(r) and
1, = ny(r) which are related to the corresponding photometrical exponents by
differential equations of the form (1 = d, g)

e S8 ) = min. (8)

If we insert for n, and %, expressions from generalized [6] Levin’s formula [5]

nﬂ = % + aBray
a re—1 (9
=t e
where
In T
o=—— T (10)
Inr °’
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we obtain the following expression for the magnitude of the comet in the helio-
centric distance 7:

Hy(r) = H, + 2.5log Ll

= (11)
kr ™ + 1 % exp [B(1 — )]

Hence, the photometrical curve of the comet is characterized by three para-
meters, H,, B, k, called the physical parameters.

3. DERIVATION OF THE GENERAL FORM OF THE EXPRESSIONS FOR THE
PHYSICAL PARAMETERS

Expanding (11) into a series of the form:

Hy(r) = ‘Zm [log —:o—)‘ (12)

(7, is the geometrical mean of the heliocentric distances for which measurements
of the comet brightness were carried out) and neglecting the terms with p > 2
we obtain, with respect to

d -na) —y  Ta(r)
dlogr (r ) =TT hod

the following expressions for the coefficients a:

Ay = HA (ro): - \

ay [G+W'P+2“Br:]’

_ 5
- 4(1 +1p)
5 ] 4 _ 1
16 mod. (14 y)? [——4—'/’ yna(a—ng) + 9 mod (1+ p)
+ (a + 2ynag) aBr? —wmr?].

Quantities y, 74 and % must be taken in r,. Eliminating y(r,) from the

second and third equations of (13) we obtain the quadratic equation for B:

dng > (13)
dlog r +

a8=

3B Ay + aBriAu + pav — pva +—}a’Av =0, (14)
where
4, 4
p =55 % —gmoda,
Ma = n§ — mod dog 7’
_a_2
Y e T W (18)
vy =
ada = 9 ng,
Ap= ps— p,
Av=9v3 — v
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Then the sought for root of (14) is equal to:

1 : 2 U
= [+ {dur — 4 o — v+ S|
2ary . Ay 4
For the ratio p we obtain the expression
1 2
9 a + chr: — 5 a,y
Y= 2 ’ (17)
—5— al — nd
and
k=yp.r," ® .exp[B(1—r2)]. (18)

The fundamental equation (11) together with (13) and the other equations
gives the expression for the absolute brightness H,.

Thus, equations (16), (18) and (11) together with the other equations make
it possible to determine the physical parameters of the comet designed according
to the dust-gas model for an arbitrary form of the dependence of the photo-
metrical exponent of the dust coma on the heliocentric distance.

In the special case, when

n(r,) = ng(ro)
equation (16) becomes irrelevant. The heat of evaporation is now given by the
requirement of a finite solution of equation (17), so that

1 (2a, 1
B‘F[’s?—? ’ (20)

and by inserting (19) and (20) into the last equation of (13) we determine:
& [ 5 5]
_ 2mod W) T

a_i dnd *
> 4 dlogr

(21)

The parameters k¥ and H, will be determined in the same way as before.

4. FORM OF THE DEPENDENCE OF THE PHOTOMETRICAL EXPONENT OF
THE DUST COMA ON THE HELIOCENTRIC DISTANCE

The form of the dependence of the total photometrical exponent on the
heliocentric distance derived from an abundant material in paper [3] and
presented in Fig. 1 of the present paper, may be used for the determination
of the photometrical and physical exponent of the dust part of the cometary
atmosphere, provided that we know the probable values of the average para-
meters B and k, applicable to the set of investigated comets. After modification
of equations (5), (6) and (7) we obtain for ns and 74 the following expressions:

n—mn,

(1 +ky” " —1

ng=mn + , (22)
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__log l(l + )y — r-ﬂ'l —log k (23)
log r )

Na =

It was in this way that the measurements n = n(r), summarily given in [3],
were treated for a= 0.5 [7, 8] and

for two different combinations of -

the parameters B and k: -

I) B=55 k=175 30-
II) B=170 %k =1.00 nir) -

The obtained exponents ng are
plotted against the heliocentric
distance in Fig. 1, where full
circles indicate the Case I, and . o
open circles the Case II. The S R
curves in Fig. 1 represent the
dependences given by the ex-

Fig. 1. Statistical dependence of the total pho-
tometrical exponent of long-periodical and non-

pressions: periodical comets on the heliocentric distance.
Case I
ng = 3.16 — (r — 1.16)? forr < 1.68 A.U.
ng =2 4+ 2.5r2 forr > 1.68 A.U.
Case 11
ng = 2.57 — 0.84 (r — 1.45)2 ‘ for r << 1.56 A.U.
ng = 2 + 0.70r—"h ~ forr > 1.56 A.U.
The corresponding physical expo-
0. nents are as follows:
ngn
25
Fig. 2. Dependence of the photome-
20_ trical exponent of the dust coma on
the heliocentric distance for two com-
p ettt : 4 ~——-j~- Dbinations of parameters B and k.
Case 1
—1
7 = L81 + 0.79 =" (1 — 0.275r) forr < 1.68 A.U.
log » A
0.44 1.234 :
- 1 — . .U.
" 2+logr( = ) forr >1.68 AU
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Case I1

na = 0.78 + 0.88 = — 1 (1 — 0.2087) forr < 1.56 A.U.
log r
0.58 1.044
=2t o (1 — ) forr > 1.56 AU.

We may assume that both curves in Fig. 2 are certain limits of the most prob-
able course of the dependence ng = ng4(r).

5. CHANGES IN THE RATIO OF INTENSITY OF BOTH COMA CONSTITUENTS
WITH VARYING HELIOCENTRIC DISTANCE

By investigating the course of the ratio of intensity of both coma parts which,
according to (18), is given by the expression (for « = 0.5):

p(r) = lc.rll'—"d.exp [B:(r‘l' — l]] , (24)

we find that this function reaches the extreme value in the heliocentric distance
r,; then there applies the relation

ng(ry) = ny(ry) (25)

which is independent of the basic parameters k£ and H,. Hence it is possible
to determine the relation between the heat of evaporation of molecules and
the photometrical exponent of the dust coma in a given heliocentric distance,
as

B— [2n¢(rl) ——;-] r (26)

The problem of determining r, will be discussed in the following paragraph.
Let us continue by determining the type of the extreme at thre heliocentric
distance 7. The second derivative of (24) regarding r in connection with the

expressions for ng = n4(r) gives, after elimination of B by inserting from (26),
the following inequalities in the Case I:

2 —0.77r, + 0.52=0 for r, < 1.68 A.U.
12.5
176 +—— =0 forr, > 1.68 A.U.
1
and in the Case II:
r2 —0.97r, + 1.52=0 for r, < 1.56 A.U.
1.76 + :,': =0 for r, > 1.56 A.U.

1

For an arbitrary real and positive r, there applies the uppper sign, so that the
sought for extreme y(r) is always the minimum.

The relation between parameter B and the heliocentric distance r, for the
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Cases I, II of the dependence ny = n4(r) as well as for ng = 2 is presented in
Fig. 3. In general, the distance of the minimum ratio y decreases with increased
heat of evaporation. Interesting
is the form of the curve in the
Case II: the whole wide interval
of the heliocentric distances r,
from 0.1 A.U. to 1.3 A.U. corres-
ponds to the narrow range of the
evaporation heat from 2800 cal/
/mol to 3500 cal/mol only.

For an « different from 0.5 the
described method cannot be ap-
: plied, becausethe most probable

oos00801 _0p G202503040508 08 1 15 2259 ¢ % yglyes of B and k are not known,

10 08 o *® kg5  not even approximately. Never-

. . theless, we can expect that the
Fig. 3. Correlation of the heat of evaporation [ i Dhotometrical expo-
of molecules with the position of the minimum P . Xp
on curve y = y(r) for various forms of function Nent of the dust coma will be so-

W na= ng(r). mewhat higher for « < 0.5.

6. THE HELIOCENTRIC DISTANCE r,, AND DETERMINATION
OF THE PHYSICAL PARAMETERS

The determination of the heliocentric distance r, corresponding to the mi-
nimum value of ratio y is a problem of application of suitable methods which
demonstrate the contribution of both constituents to the total radiation of
a comet. These methods are as follows:

" a) spectral investigation of comets;

b) polarization measurements of the cometary light;

c) measurements of the monochromatic brightness of comets and determi-
nation of the photoelectrical indices.

Since all these measurements are rather difficult to obtain, they can be appli-
ed only to the brightest comets. If we succeed in determining the heliocentric
distance r, and ratio y of the intensities of both constituents in r;, the further
computation of the physical parameters will be simple.

From condition (25) applying to the moment of minimum ratio y there fol-
lows immediately — e. g. from equation (7) — that either partial exponent may
be replaced in the corresponding heliocentric distance by the total photo-
metrical exponent which can be derived from the photometrical curve of the
integral radiation of a comet. This case has been discussed in fine of paragraph
3, and therefore equation (26) can be substituted by equation (20); the latter
equation and the known photometrical exponent directly give the heat of
evaporation.

Then, in addition to @,, from the measurements of the integral comet bright-
ness also the coefficient a, is derived in series (10) expanded in r,. For the dist-
ance r, in close vicinity of r = 1 A.U.

7(r;) = n(r)) — 0.4a4(ry) log ry, (27)

as follows from equation (8) regarding (12). Moreover we obtain from equations
(5) and (6) with respect to the expression (18):
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log [(1 + )] —rp] —logy
log ry

Na(ry) =

Inserting #(r,) from (27), y(ry) from the spectral, polarization or monochromatic
measurements and B from (20) we derive 74(r;) and there is nothing that would
prevent us from determining parameter k from (18). The derivation of the
absolute magnitude H, is, then, quite simple. The expression (21) may serve

(28)

. . . . d: .
for the determination of the derivative —d%gdr— so that the described method

gives the photometrical exponents as well as their derivatives for both consti-
tuents of the coma in the heliocentric distance 7,.

7. CONCLUSIONS

The present paper is concerned with the method of computing the basic
physical paramaters of the photometrical curve of a comet designed according
to the dust-gas model; it is assumed that the gas coma complies with Levin’s
generalized formula, while the dust-coma intensity changes with heliocentric
distance according to an arbitrary known relation. Next a brief description is
given of the derivation of the most probable form of this relation from the
statistical material on the total photometrical exponents; for this purpose the
most probable values of the evaporation heat and of the ratio of intensities of
both parts of the coma must be adopted.

The final part of this paper is devoted to the method of determining the
physical parameters of both constituents of the cometary atmosphere. This
method is based on the determination of the heliocentric distance of a comet,
at which the contribution of the dust part to the total radiation of the coma is
minimum. However, it is applicable only to comets with a sufficiently small
perihelion distance and in which the heat of evaporation of molecules does not
exceed 4500—5000 cal/mol. The considerable requirements expected to be met
by the observational methods must be considered a disadvantage: if this phy-
sical method is to be used, some data at least must be available on the mono-
chromatic intensities, the spectrum or the polarization of the light of the comet.
The degree of completeness of these data is then reflected in the accuracy and
reliability of the results.
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Souhrn

Préce poddvd metodu odvozenf fyzikélnich parametri vystupujicich ve vyrazu pro
zdvislost jasnosti komety na heliocentrické distanci v pfipadé, Ze plynnd komponenta
zé¥enf se #{di zobecnénou formulf Levinovou, & pro libovolny ale znémy tvar zmén jasu
komponenty prachové. Tyto zmény, vyjédfené fotometrickym exponentem ng, se daji
statisticky stanovit alespoh v jistém pribliZeni.

Zajimavé metoda, kterou viak lze aplikovat jen na komety s mensf hodnotou vypar-
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ného tepla molekul, se zaklddéd na stanoveni heliocentrické distance, v ni¥ je podil pra-
chové komponenty na celkovém zdfeni komety minimélni. Tato metoda oviem ptedpo-
klédé alesponi ¢dsteéné tdaje o monochromatickych intensitédch, o spektru a polarizaci
svétla komety.

Pesome

B pa6ore npuBeseH METOA BHIBEACHMSA GUIMIECKUX MAPAMETPOB BRICTYTIAIOIINX B BhIPAKEHUH
AAS 3aBHCHMOCTH GAECKA KOMET OT I'€AMOLICHTPUYECKOTO PACCTOSHMA B CAydae UTO ra3oBas
cocrasAmoIgas Aaercs 0606igenHol Ppopmyaoit AesnHa m AAL Al060# M3BECTHON PopMBI M3Me-
HeHM{ OGAECKa IIBIACBOM COCTaBASIOIUEH. DTH HM3MEHEHMS, BHIDAXXECHHEIE (OTOMETPHIECKMM
IIOKa3aTEAEM CTENEHM ng, MOTYT GHITH ONPEAEAEHH! XOTA GBI B HEKOTOPOM IPUGAMIKEHHH.

WuTepecHsl METOA, KOTOPLI OAHAKO MOXET GHITh IIPMMEHEH AMIIDL JAS KOMET C MEHBIINM
SHAYECHUEM TEIAOTH JeCOPOLINM MOAEKYA OCHOBAaH Ha OIPEAEHUH T€AMOLEHTPUIECKOTO PaccTo-
AHUA COOTBETCTBYIOIUEr0O MMHMMAABHOMY YYaCTHMIO IIBIACBOM COCTABAMIOIUEH B obmgeM Gaecke
KOMeThl. BTOT METOA 0AHAKO TpeGyeT mo kpaliHelt Mepe YACTHMYHBIE ZAHHBIE O MOHOXPOMATH-
9YEeCKMX MHTEHCHBHOCTAX, O CIEKTPE M O MOASPU3AUNA CBETA KOMETEL
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