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1962 ACTA UNTVEESITATIS CABOLINAE — MATHEMATICA ET PHYSICA NO. 2. PAG. 25—133 

SOME PROBLEMS OF COMETARY PHYSICS INVESTIGATED 
ON THE BASIS OF PHOTOMETRIC DATA 

PART ONE 

ZDENĚK SEKANINA 

Astronomical Institute of the Faculty of Mathematics and Physics of the Charles 
University, Prague 

Director Prof. Dr. J. M. Mohr 

P R E F A C E 

Photometrical data of any physical body are collected, besides other reasons, 
for studying the stability of its brightness. Comets belong to those cosmic ob
jects, the apparent as well as real brightness of which changes considerably. 
If the terrestrial influences are not considered, which introduce a number of 
errors into obtained brightness estimations, the objective agents accounting 
for changes of the comet brightness are as follows: 

1. geocentric distance of a comet; 
2. heliocentric distance of a comet, or the surface temperature of a comet nuc

leus; 
3. state of the Sun at the moment; 
4. structure and physical properties of a comet nucleus under the conditions 

existing; 
5. period during which the comet nucleus is exposed to the effects of the solar 

activity (secular influences). 
The first and partly the second items are the problems of celestial mechanics 

and they make no difficulty at present. A part of the second point, viz. the de
pendence of the surface temperature on the heliocentric distance, as well as 
each of the other belong to the problems of cometary physics. With respect to 
their character the changes of comet brightness may be divided into two groups: 

1. brightness changes with the heliocentric distance; 
2. brightness changes with time: 

a) periodical changes; 
b) irregular changes: 

ba) short-term changes, 
bb) secular changes. 

An analysis of photometrical data may be performed in two different ways: 
1. by starting from the form of the dependence found from the gathered ob

servational material and looking for pure empirical correlations; 
2. by postulating a certain physical comet model (simplified, of course) and 

discuss the agreement between theory and observations. 
In the present study I will follow, as far as possible, the latter way. A comet 

dust-gas model is applied as the physical theory. Hence, one of the main targets 
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of the study is to prove the ability of a dust-gas model to interpret the quanti
tative relations found. 

In Chapter One I am trying to give a brief synopsis of the cometary photo
metry successes reached so far. Observational effects on brightness estimates 
are discussed a little more, because this important problem, being outside the 
interests of the study, is not further analyzed in detail. 

A fundamental problem of photometry of comets and cometary physics alto
gether is the character of the dependence of the comet brightness (more exactly 
comet-head brightness) on the heliocentrical distance; an analysis of the pho-
tometrical curve of the comet is the method of investigation. This problem is 
therefore discussed most thoroughly, especially in Chapter One and several 
other chapters. At the same time the importance of the photometrical efficiency 
of dust in the cometary atmosphere is stressed. Up to now only small attention 
has been paid to this question in world literature. 

In connection with the release of dust into the cometary atmosphere an in
teraction between a comet and interplanetary matter is of great importancy, 
which is discussed in a separate chapter. The Stanyukovich theory of microsco
pic explosions (when cosmic velocities occur) is applied to the conditions in 
interplanetary space. 

The next chapter deals with the study of cometary-heatl dimensions, which 
is closely connected with photometrical parameters and check on each other. 
In this field the results are incomplete at present and a number of difficulties 
arise in treating observational material. 

Part Two of this investigation, which will follow in the course of next year, 
analyzes the influence on comets of the periodicity of the solar activity, short-
term fluctuations in the colour-index of comets, and the perihelion asymmetry 
of the cometary light curves. 

On principle I try to give the observational material used, and if it is not 
possible because of the extent of the study I consistently indicate the reference. 
The synopsis of physical characteristics of comets distributed according to the 
solar cycles will be appended to Part Two. It may serve for cotingent further 
investigations. 

CHAPTER ONE 

HISTORY AND EVOLUTION OF PHOTOMETRY OF COMETS 

The history of photometry of comets in the best sense of the term, i. e. that 
of determining their brightness and empirical study of observed photometrical 
curves, is connected with the evolution of knowledge of kinematic and dynamic 
properties of comets. The brightness of comets changes in many greater limits 
and substantially faster than that of any other cosmic objects (excepting super-
novae), and hence, they have always attracted observers' attention. The per
formed brightness estimates, however, were not in any way contributing to 
science as long as no information on the comet position in space was obtained. 
Finding the law of universal gravitation was of fundamental importance for 
photometry of comets as a part of comet astronomy. Methods of computing 
comet orbits, based on the law, made it possible to determine the heliocentric 

26 



and geocentric distances of a comet for any moment and to construct in such 
a way its photometrical curte. 

It was NEWTON (1687) that first investigated the problem of integrated-
brightness variation of comets and its utilization for determining "photo-
metrical parallax" of comets. He assumed the radiation of comets was due only 
to reflected solar light; hence, the following expression was used by him for the 
apparent comet brightness: 

/ = J0. A~*.r-\ (1.1) 

I0 was a constant. This formula was used many times, and even verified in 
practice (SCHMIDT, 1863, MULLEB, 1897). At the same time another reduction 
formula was suggested, which assumed that comets hold their luminosity 
constant (analogously to stars), so that their apparent brightness varied with 
J-* (e. g. HEBSCHEL, 1912). 

At the end of the 19th century the first critical remarks appeared regarding 
the validity of formula (1.1) (BEBBEBICH, 1888, HOLETSCHEK, 1896,1905, 1913, 
1916,1917). HOLETSCHEK (1893) suggested the following formula for expressing 
the changes in the comet brightness: 

/ = I0. A-*.r*> (1.2) 

where quantity n, called the photometrical exponent at present, was put 
by him equal to 4. If we denote I A the comet brightness reduced to a unit of 
geocentrical distance, 

IA = l.A\ 

we get the general definition of the photometrical exponent from (1.2): 

w—h'-ir- < 1 3 > 
HOLETSCHEK himself considered the photometrical exponent to be a constant 
magnitude. Let us here stress that relation (1.3) results from (1.2) only provided 
n -= const. The generalization to an arbitrary, variable n was definitorically 
introduced later. Then the mathematical form of (1.2) met with changes too, as 
we shall see in the next chapter. 

HOLETSCHEK having suggested illation (1.2) in 1893, applied in his later stu
dies the old law (1.1) and contented himself with referring to systematic depar
tures of observations from it. The present current method of determining the 
photometrical exponent from the form of the photometrical curve was introdu
ced by OBLOV (1911a, 191 lb) and the variability of the photometrical exponent 
was first pointed out by VSEKHSVTATSKY (1925). This fact led VSBKHSVIATSKY 
(1936a, 1936b) and some other authors (Fmrppov, 1929, DBICH, 1932) to look 
for photometrical formulae more suitable than that of HOLETSCHEK. However, 
their attempts had a purely empirical character and the suggested formulae are 
not used in practical computations. Meanwhile, formula (1.2) has been applied 
to a great extent without any change up to now. 

Since the beginning of this century a number of astronomers have dealt with 
deriving numerical values of the so-called photometrical parameters, i. e. ex-' 
ponent n and absolute magnitude B0 -= — 2.5 log J0, for many comets. OBLOV 
(1911a, 1911b) and KBTTZINGEB (1914) were the first to do so, BOBBOVNIKOPP 
(1941, 1942) and BBYBB (1933, 1937a, 1937b, 1937c, 1942, 1947, 1950a, 1950b, 
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1955, 1958, 1959) dealt with the problem most thoroughly, and in this country 
mainly BOUSKA (1949a, 1949b, 1949c, 1949d, 1950a, 1950b, 1951a, 1951b, 
1951c, 1953), VAN^SEK (1949,1952), BOUSKA and V A N * SEK(1949) , V A N * SEKand 
HREBIK (1954), and HRUSKA (1957a) took part in this investigation. Moreover, 
HRUSKA and VAN*£SEK (1958) have recently made up the catalogue of photo-
metrical parameters of 120 comets from the years 1853 to 1955. 

VSEKHSVIATSKY (1925, 1928, 1933, 1935, 1937, 1948a, 1948b) and his colla-
bolators, KONOPLEVA (1950) and VODOPIANOVA (1954a, 1954b, 1954c, 1956), 
proceeded in another way. VSEKHSVIATSKY statistically studied the distribu
tion of observed photometrical exponents and found that the mean value was 
close to n = 4. This value was held by him as "a characteristic of the mean law of 
the comet-brightness variation, when the ice evaporation from the comet takes 
place in an average homogeneous force field of the Sun (i. e. corpuscular radia
tion field — Z. S.)" (VSEKHSVIATSKY, 1958). Although VSEKHSVTATSKY'S inter
pretation may be hardly accepted, nevertheless, the method has some justifica
tion for purely statistical purposes because of its applicability to a considerably 
greater number of comets than that of the general form of formula (1.2). Besides, 
for the comets being observed within a small interval of heliocentric distances 
the photometrical exponent results, as a rule, in such a great error, that the 
approximation n = 4 is quite sufficient and often closer to facts. In this way 
VSEKHSVIATSKY obtained the f_T10-quantity called by him the absolute 
magnitude and defined by the relation 

H10 = H — 5 log A — 10 log r, (1.4) 

H is the apparent magnitude. By this method the General Catalogue of Abso
lute Magnitudes of Comets has been made up, including H10 for 803 apparitions 
of comets at present (VSEKHSVIATSKY, 1958). 

A history of photometry of comets in a narrow sense, i. e. that of the study 
of physical processes occurring in the cometary head on the basis of photo
metrical data, began less than twenty yearis ago. An impulse to investigations 
of this kind was given by LEVIN'S paper (1943), who applied the ideas of the 
processes of sorption (i. e. absorption, adsorption, chemosorption) and desorp-
tion to the mechanism of release of gas from the comet nucleus. He indicated 
that the comet brightness depended among others on the surface temperature 
of the nucleus, sort and concentration of gas. The resulting photometrical 
exponent is in close connection with the heat necessary to evaporate 
a certain amount of the gas and it is a function of the heliocentric distance. 
LEVIN (1947) presumes the character of the sorption of gas in the comet nuc
leus is an interstage between adsorption on the one hand and absorption and 
chemosorption on the other. It is likely that over the whole life-time of the 
comet nucleus a high degree of the gas diffusion has taken placie in its crystal 
structure as well as inside individual crystals. On the other hand it is hard to 
accept an idea of the uniform distribution of gas within the crystal; it is clear 
the maximum concentration of gas is near the crystal surface. During the 
approach of a comet to the Sun the heating of the nucleus occurs; the eva
poration of gas comes first of all in the surface layer. However, there exists 
a rather great inertia of the process so that the heat attains deeper layers of 
nucleus blocks only after the perihelion passage. It produces the transfer of 
molecules sorbed in deep parts towards the nucleus surface and sometimes 
their evaporation, too. The brightness of the comet then increases with its re-
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ceding from the Sun. Such a case is relatively frequent and appears as the 
retardation of the maximum brightness reganfing the perihelion passage. 

Besides it an opposite effect is always present. The continuous evaporation 
of gas during an approach of a comet to the Sun leads to the fall of the sorbed-
gas concentration in surface layers of the nucleus and, hence, to the decrease 
of the comet brightness after the perihelion passage. In this case the time of the 
perihelion passage is preceded by the moment of the maximum brightness. 
Both the mentioned processes act simultaneously and the character of the re
sulting effect depends on the respective powers. 

Here are some fundamental ideas of the physical conditions connected with 
the mechanism of release of gas from the comet nucleus. As it is the gas that 
produces the observed effect, the discussed physical model is often called the 
comet gas model. 

The gas describes the cometary atmosphere as a homogeneous physical 
medium. However, various physical investigations indicate the cometary 
atmosphere must be considered as a heterogeneous medium. The reasons are 
both logical and experimental. 

The assumption of the release of gas from the stony blocks of the comet 
nucleus (whether close to the monolith or more divided) leads to considera
tions about the interaction between gas molecules and "parent" bodies, in 
which the gas was sorbed, and especially about the process of ejection of dust 
particles together with gas molecules. The acceptance of this process condi
tions the acceptance of the fact that there are two constituents which take part 
in the comet radiation: the gas and the dust.A number of observed disruptions 
of comets prove in a telling way that the forces securing the stability of the 
comet nucleus are relatively weakrnot to say those uniting individual particles 
of the nucleus. Otherwise, there exists some evidence indicating a porous struc
ture of the nucleus material. 

Experimental reasons for physical non-homogeneity of the cometary atmos
phere are in close connection with finding the differences in physical properties 
of the so-called "new" and "old" comets and based on photometrical investi
gations, spectral analysis and polarization measurements of the comet light. 

The differences between "new" and "old" comets are not a cosmogonic 
problem to all intents and purposes, even when there is no doubt that they con
tribute to the solution of evolution problems of the solar system. The criterion 
of "age" of comets is not represented by the duration of the period, during 
which a comet stays in the same state as observed, but by a number of its re: 

volutions round the Sun. Expressed in units of time, the scale of ageing is 
specific for each comet, according to its orbital period. The "new" comets are 
those approaching the Sun for the first time or several times extremely, while 
the "old" comets are those known for many passages through the perihelion. 

A statistical analysis of photometrical exponents of a great number of comets 
having been performed by many authors indicates that there exists a syste
matic difference between long-period and non-period comets on the one 
hand and short-period comets on the other. The former have a far smaller ave
rage photometrical exponent. The difference is explained both by the absence 
of the dust and by the higher values of the evaporation heat of gas molecules 
in atmospheres of short-period comets. Analogously there exist systematic 
differences in the absolute magnitude of both groups of comets. These differen
ces indicate the various amount and different type of sorbed gases in the nucleus 
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for the two groups. Long-period and non-period comets have vast supplies 
of gas placed in surface layers of the nucleus, while in the same regions of the 
nucleus of short-period comets the supplies of gas are exhausted. 

A statistical analysis of photometrical exponents alsb indicates that the 
n-value decreases both in the vicinity of the Sun and in rather large helio
centric distances (HRUSKA, 1957a), so that curve n = n(r) attains its maximum 
as a rule in the range between 1 — 2 A. U., sometimes even farther from the 
Sun. \ 

A photometrical and spectral investigation of the "new" and "old" comets 
was thoroughly carried out by OOBT and SCHMIDT (1951). They divided co
mets into four groups according to the semi-major axis of the primitive orbit, a, 
i. e. of that undisturbed by gravitational influence of Jupiter or other planets: 

I. new comets, — less than 0.0001 (A.U.)"1; 

II. fairly new comets, — between 0.0001 and 0.0020 (A.U.)-1; 

III. old comets, — between 0.0020 and 0.0400 (A.U.)-1; 
a 

IV. periodical comets, — greater than 0.0400 (A.U.)-1. 

As to spectral characteristics of comets, OORT and SCHMIDT gave a few in
teresting data following from BALDET'S catalogue of cometary spectra, con
taining comets from Jbhe years 1864 to 1925. They found that seven out of eight 
comets with intense continuous spectra belonged to the groups of new and 
fairly new comets, and that six out of eleven comets, for which primitive orbits 

of—less than 0.00025 (A.U.)-1 were established, had intense continuous spectra, 

five of the six having the perihelion distance larger than 1 A.U. The authors 
concluded that an intense continuous spectrum w t̂s a feature of new and fairly 
new comets. $Yom the above mentioned, however, the conclusion could be drawn 
that new comets own continuous spectra not because they are new but be
cause they are observed in large heliocentric distances, in other words, an in
tense continuous spectrum is a general property of comets in large heliocentric 
distances. OORT and SCHMIDT contradict such a conclusion, referring to the 
fact that BALDBT'S list includes at least 9 old comets (without an intense con
tinuous spectrum or even a continuous spectrum at all) out of 17 comets with 
perihelion distances larger than 1 A.U. 

Fluorescence, a process exciting gas molecules for radiation, produces si
multaneously a partial polarization of the molecular light (LEVIN, 1947), to 
7.6 per cent in transitions Z -> S as well as 77 -*• 77 and to 19 per cent in 
transitions E -> 77. Owing to a very low gas density collisions of molecules 
may be left out of account, the unpolarized constituent of excited radiation is 
negligible and the observed degree of polarization must be ranged between the 
two extreme values, while the polarization degree of the solar light reflected on. 
dust particles is considerably higher, sometimes exceeding 30 per cent. The 
latter fact has recently been experimentally verified by RICHTER (1959). Earlier 
OHMAN (1941a, 1941b) found a 10 per cent polarization in the comet 19411 and 
a 24 per cent polarization in the comet 1941IV. The latter was characterized by 
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an intense continuous spectrum (SWINGS, 1941, ELVBY, SWINGS, BABCOCK, 
1943). The connection of the polarization degree with the appearance of 
spectrum was later proved by many other explorers. 

The differences between "old" and "new" comets are reflected even in a value 
of the heliocentric distance f of the maximum growth of coma dimensions 
(see Chapter Six). 

The average values of the heat of evaporation, L, photometrical exponent, n, 
and heliocentrical distance r for the Oort-Schmidt distribution of comets are 
given in Table 1. 

Table 1 
Average photometrical parameters of investigated groups of comets 

Gгoup of oom tв L 
cal/mol 

n r 
A. U. 

I. new 
П. faiгly n w 

III. old 
IV. peгiodical 

2700 ± 500 
3400 ± 500 
4900 ± 400 
6500 ± 1000 

2.8 
3.7 
3.8 
4.2 

3.3 ± 0.4 
2.6 ± 0.3 
1.6 ± 0.2 
1.7 ± 0.3 

The differences in spectrum, i.e. in the intensity ratio between the emission 
band spectrum and the continuous spectrum, as well as those in the parameters 
given in the table are produced by the same effect. Any comet is a conglomerate 
of gas and dust; both gas and dust are characterized by the specific (and diffe
rent from each other) values of L, n and the specific appearance of spectrum. 
The reason why values L> n and spectra of respective groups of comets differ 
from each other is the different ratio between the abundance of the two consti
tuents of the conglomerate: the influence of dust in the two first groups is 
much greater than in the two others. * 

The following correlation clearly appears on the basis of the results of investi
gations reached so far between the appearance of spectrum, photometrical ex
ponent (or heat of evaporation) and degree of polarization: 

(a) continuous spectrum <-•> low photometrical exponent «-» high degree of 
polarization; 

(b) emission molecular band spectrum «-> high photometrical exponent <-> low 
degree of polarization. 

A "pure" gaseous model could explain neither ascertained differences between 
"old" and "new" comets nor the form of the photometrical exponent curve. 

Hence, the only logical solution of the disagreement between the gaseous model 
and observations was originating and working up a new physical hypothesis, 
a comet dust-gas model. Some considerations of this character, even-when 
vague and in some points incorrect, were pronounced by BOBBOVNIKOFF (1942) 
twenty years ago. Nine years later the same problem was discussed in the 
already mentioned paper of OOBT and SCHMIDT (1951), while the simplest 
mathematical analysis of the new model was first performed by VAN^SEK 
(1952). The present mathematical methods of the comet dust-gas model and its 
next development are dealt with in the substantial part of the study. 

Simultaneously with improving observational methods and accumulating 
material of sufficient abundancy some other fields of investigation have started 
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to develop, mainly the solar-cometary relationships and study of the secular 
variation of comet-radiation parameters. 

A correlation between the solar activity and the brightness of the Encke co
met was first found by BERBERICH (1888). Later this relation was confirmed by 
BOSLER (1909), but also authors appeared, negating it (LINK, 1948, KONOPLEVA, 
1954, DOBROVOLSKY, 1957) and finding another way of interpretation (Ho-
LETSCHEK, 1916). Analogous studies were lately extended to other comets 
(RICHTER, 1939, 1941, 1949, 1954b, BEYER, 1950a, KONOPLEVA, 1954, DOBRO
VOLSKY 1955, 1958). Conclusions of various authors differ from each other and 
till now there are many obscurities in this question, as to both short-term 
fluctuations and long-term periodical changes. 

Secular variations of the absolute brightness of comets were thoroughly 
dealt with mainly by two investigators, VSEKHSVTATSKY (1927, 1930, 1950, 
1958) in the U.S.S.R. and BOBROVNIKOFF (1942, 1948) in the U.S.A. An 
influence of observational methods and instrument used, however, made itself 
felt here even in a higher degree than in studying comet-brightness changes. 
Results are therefore unreliable. 

A detailed discussion of the accuracy of observational methods is not the 
subject of this paper. Regarding the fundamental importance, however, of 
photometrical observations for our conclusions, it is necessary for at least some 
aspects of this problem to be briefly mentioned. Whether HOLETSCHEK'S old 
method or BEYER'S new method or the most extended extrafocal method is 
used, the obtained values are always affected by a number of systematic errors 
(in addition to accidental errors). The agents are (besides the method used) as 
follows: 

a) comet, viz. head dimensions and the brightness distribution over the disc; 

b) state of the sky, viz. transparency, high cloudiness, twilight, the Moon etc.; 

c) observational instrument, viz. its dimensions and magnification used; 

d) observer, viz. properties of his subjective percept. 

The first, second and fourth effects are irremovable in practice. The dissen
sions in view on the way how to reduce them are in connection with this fact. 
A number of investigators suggest a reduction of the heterogeneous set of bright
ness estimations to the system of only observer (BOBROVNIKOFF, 1941, 1942, 
1948, GADOMSKI, 1947). On the other hand VSEKHSVEATSKY (1928) proved that 
no observer estimated the brightness always in the same photometrical system; 
he believes the determination of the average value from several observers' 
estimates is more advantageous. 

No universal view exists among astronomers on the influence of the instru
ment used. BOBROVNIKOFF (1941) found that the difference between the observ
ed magnitude and that of the photovisual system depended linearly on the 
aperture of the instrument, D, i. e. 

AH = — a.AD,a > 0. (L6) 

This reduction formula was objected to by LEVIN (1947), and strongly criticized 
by VSEKHSVIATSKY (1958). LEVIN points out the method of comparison between 
focal comet images and extrafocal star images is not suitable. A comparison 
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of surface brightness of a diffuse object with that of the extrafocal image of 
a star-like object yields an estimate independent of instrument dimensions and 
magnification used only in such a case, when the former object has sharp con
tours. However, this requirement is not fulfilled in comets. This is just the way 
in which systematic di ferehoes arise consisting in downward bias of comet 
brightness in big telescopes when great magnifications are used. Hence, correc
tion AH should be dependent first of all on the magnification used. According 
.to VSBKHSVTATSKY the light-gathering power of the telescope and the magnifica
tion used are the magnitudes affecting AH. 

In 1943, BOBROVNTKOFF .(1943) obtained more than 700 estimates of the 
brightness of the Whipple-Fedtke comet through various instruments to verify 
the character of the dependence of AH on instrument dimensions. He observed 
the comet with the naked eye and through a few different telescopes. BOBBOVHI-
KOFF'S brightness estimates as well as the parameters of the instrument used, 
viz, the diameter of the entrance pupil, D9 the reciprocal value of the light-
gathering power, S9 and the magnification used, M9 are included in Table 2. 

Table 2 
Visual brightness estimates as related to the instrument used 

Ð 
mm 

s-£ -tf ЛH, 

m 
6 3.8 1 0.00 

28 5.2 8 +0.21 
32 4.0 3.5 +0.18 
54 3.5 4 +0Л8 
63 10.8 20 +0.76 

240 15.7 60 + 1.61 

If the error of individual measurement is assumed to be ± 0™.2, the AH-da,t& 
are of an accuracy of about ± 0 m .026. Further, an analysis is carried out of 
the influence of respective instrument characteristics on the observed comet 
brightness. The complication of the problem will appear to the full. 

We denote I the observed oomet brightness (through a given instrument) and 
assume two diffarent types of its dependence on the instrument characteristics; 
firstly, a power form 

I(D, 8, M) 

and secondly, an exponential form: 

•D°.Sfi.Mr, 

I(D, 8, M) ~ exp [xD + XS + pM], 

(1.6) 

(1Ż7J 

<x> P> y>"> K f* are constants whioh may be found by the method of least squares. 
Let us point out that BOBROVNIKOFF'S formula (1.5) is identical with (1.7) for 
A s / i - a O . Table 3 includes the constants as well as residuals 0-0 between AH 
of Table 2 and that from (1.6) or (1.7). The computation has been performed 
for various forays of the dependence. 
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The following conclusions may be drawn from 
the data of Table 3: 

a) exponential form satisfies observations much 
better; 

b) general form of the dependence gives always 
the best agreement with the material; 

c) BOBBOVNIKOFF'S formula represents the worse, 
agreement with observations (residual ± (P. 17) 
than any other exponential case under considera
tion. 

The general form of the exponential dependence 
is the only satisfying observation with a higher 
accuracy than that of observed AH. In spite of it, 
even this form must be considered as a merely for
mal expression of the sought-for dependence be
cause of the sign of the coefficient at M. It indicates 
that the observed comet brightness increases when 
using greater magnification, which is impossible. 
Since the values of M-coefficient are in every case 
small, it seems the magnification is of little im
portance for estimations of the comet brightness. 
The situation is complicated also by the fact, that 
the magnification of two instruments used is 
smaller than the corresponding normal magnifica
tion. It probably produces some change in respec
tive AH, too. It seems that the effect of the 
observational instrument itself cannot satisfacto
rily explain the course of AH found empirically 
assuming the dependence may be in general ex
pressed in the form of (1.6) or (1.7). Then the three 
other effects that cannot be abolished must be of 
the same order. Most authors incline*to the opinion 
that the error of good visual observations is about 
± 0*2 to ± 0*3 (VSBKHSVIATSKY, 1928, Bo-
BBOVNIKOFF, 1942, BEYEB, 1952, HRUSKA, VA
IN tf SEE:, 1958). .Any correction may hardly reduce 
it markedly. 

At present more and more photometrical mea
surements are made by photoelectrical methods. 
This is one of the ways of improving the observa
tional material of physical data and giving preci
sion to our conception of physical processes tak
ing place in comets. 

With a view of application to photoelectrical 
measurements of comet brightness a series of met* 
hods are being worked out in this study that can
not be fully exploited for treating present visual 
observations. 

34 



CHAPTER тwc 

A COMET DUST-GAS MODEL. •-„ 
FUNDAMENTAL METHODS OF DETERMINING ITS PHYSICAL 

- PARAMETERS 

2.1. INTRODUCTION 

Under physical parameters we shall generally understand such quantities 
which are necessary and sufficient for the computation of the brightness of a co
met provided its distance from the Sun, P, and from the Earth, A, are given, 
and which by their nature characterize simultaneously certain physical condi
tions in the comet. In this respect they differ from the photometries! para
meters. The physical parameters are with a sufficient accuracy constant for 
the given comet for a long enough time-interval. 

Let us accept a dust-gas model of the comet and find the relation between 
the physical and photometrical parameters. 

The connection between the surface temperature of the comet nucleus and 
the number of molecules, n0, released by the process of free evaporation from 
a unit surface per unit of time, is given by the relation which was first used by 
LEVIN (1943): 

"•-M*5rJ e **• • \. (21) 

where N0 is the concentration of molecules in the surface layer of the nucleus, 
m the mass of the average molecule, x thg Boltzmann constant, i?0 the gas 
constant, I7 the absolute temperature of the comet-nucleus surface and L the 
heat necessary for evaporation of a certain amount of gas. Expressions similar 
to (2.1) result even if some other release mechanism, e. g. evaporation through 
the isolative disperse surface layer of dust, effusion of gas etc., is considered 
instead of free evaporation. As the gas-coma brightness may be assumed to be 
proportional to the number of released molecules, which is LEVIN'S way of 
doing it, formula (2.1) gives the dependence of the brightness of the gas consti
tuent of a cometary atmosphere on the heliocentrieal distance. The form of re
lation T = T(r) only must be known. 

There is no doubt that the surface temperature of the cometary nucleus in
creases with an approach of the comet to the Sun. However, the exact mathema
tical form of the dependence has not been fouĵ d so far. 

If a body of tiny dimensions In a thermal equilibrium state is the question, 
its absolute temperature T is 

T(r) = 5P0.r-V-, (2.2) 

where T0 is its absolute temperature at a unit heliocentrieal distance; accepted 
:T0-values are ranged within 300° —350° K. 

The comet nucleus is neither in $ thermal equilibrium state not of tiny di
mensions, since its diameter is probably ranged within 1 to 10 kilometers. Mo
reover, formula (2.2) does not take into account the rotation effect of the nuc
leus. MABKOVICH (1959) showed that for these reasons the formula could not 
correctly express changes of the surface temperature of the comet nucleus. 

The correct expression results from the partial differential equation for con
duction of heat, applied to the physical conditions that are — according to our 
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conceptions — in the comet atmosphere. Such an analysis was performed by 
MABKOVICH (1959); he indicated that the surface temperature of the comet 
nucleus changed in a different way from that given by formula (2.2). Its magni
tude as well as variation depend to a great extent on the structure of the comet 
nucleus and on what gases are released from it. We should not forget that the 
thermal solar radiation acts in two directions: both increases the comet-nucleus 
temperature and produces release of frozen gases and tiny dust particles from 
the nucleus. By means of numerical quadrature of the equation of heat conduc
tion for some special cases MABKOVICH showed the dependence of the surface 
temperature of the comet nucleus on the heliocentrical distance might be sa
tisfactorily written in a formally analogous form to (2.2): 

T(r) = T0.r~«, (2.3) 

where, however, a < 0.5 and has somewhat smaller value prior to the perihe
lion passage than after it. Nevertheless, so far formula (2.2) has been often 
applied in statistical investigations and therefore we cannot avoid it throughout 
this study. 

The problem of thp presence of dust in cometary atmospheres will be discus
sed in detail in the next chapter. 

2.2. THE ANALYTICAL FORM OF THE PHOTOMETRICAL CURVE 

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 
and index g for those related to the gas coma. Let us introduce the following 
denotations: 

Id(r) — the brightness of the coma in the heliocentric distance randgeooen-
trio distance A -= 1 A.U.; 

Hd(r) — the magnitude of the comet corresponding to Jj(r); 
n(r) — the phptometrical exponent defined by the well-known formula; 
t](r) — the function giving the dependence of I A on the heliocentric distance 

(physical exponent); 
I0 — the absolute brightness of the comet; 
H0 — the absolute magnitude of the comet; 
B —r the quantity resulting from the average heat of evaporation of ga

ses L, the gas constant R0, and the absolute temperature of the 
nucleus surface in r == 1 A.U., T0: B = L/R0T0; 

k — the ratio of the absolute brightness of the dust- and gas coma; 
}P(r) — the ratio of the brightness of the dust- and gas coma in a given helio

centrical distance. 

If the measurements of the brightness are free of the phase-effect the fol
lowing relations are applicable: 

I A =Idd +IA» (2.4) 

I Ad =Iod .r-*d, (2.5) 

IA* =Ioa.r-i„ (2.6) 

IA = I..r-, (2.7) 
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so that 

-л = /•• — f + Ђ — ' ( ™ 

n ( f ) ~ ł r v + г-V ' ( 2 ' 9 ) 

oг ř. 

dt 

-:/•*- -J>* 
Jfee * +e l 

These relations apply to arbitrary forms of the functions rjd = r/d(r) and 
tjg = rjg(r) which are related to the corresponding photometrical exponents by 
differential equations of the form (i = d,g): 

^r'^7+fii{r)==ni^ < 2 1 1 ) 

Now we shall consider quite a general form of the functions nd and rjd, and if 
for rig and r\0 we insert the expressions following from (2.1) and (2.3), 

Ч» =- . г +•-»• 2 п lnr 

(2-12) 

we obtain the resulting expression for the magnitude of the comet in the helio
centric distance r: 

HA(r) = H0 + 2.5 log — _\_+ * (2.13) 

lcr *d + r * e x p [ 5 ( l — r")] 

Hence, the photometrical curve of the comet is characterized by three para* 
meters, HQy B, k, called the physical parameters. ' • * 

2 . 3 . DERIVATION OF THE GENERAL EXPRESSIONS FOR THE P H T S I C A I J PARAMETERS 

2.3.1. Method of expanding in a series 

Expanding (2.13) in a series of the form: 

9 

HA(r) = ^ °»( l o« "^-J < 2 1 4 > 
«-o 
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(r0 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 -j? ;_ _ _̂  tt«i(r) 

d log r * " mod ' 

the following expressions for the coefficients a*: 

a0 = HA(r0), 

*l = 4 ( 1 + g ) [" + " ^ + 2 a B f ? 1 ' 

a '= =16mod( 5 l+yy[-4- y + «^(«-%) + 

+ ?P mod(l + 50 - g ^ ^ - + (* + 2ynd) a B < — ! P « « £ ^ ] 

Quantities •??, n* and --=-j must be taken in r0. Eliminating *P(r0) from the 

second and third equations of (2.15) we obtain the quadratic equation for B, 
when n(r0) 4= nd(r0): 

e*Bh%Av + aBr%AfA + w — j«vd +•-«- aM* = 0; (2.16) 

here 

^ = ^ a ' _ 4 m o d a i ' 

(2.16) 

^ - . i . - ш o đ - j ^ - - , 

& 
v =-

a 
Vd = -g Wц» 

J/i = /** — /i, 

J y = Гd — V . 

(2.17) 

Then the sought-for root of (2.16) is equal to: 

B = 2^l ^ W + | (Atf - 4Av Lw - fivd + 4 Av]Y\ * <218> 

For the ratio 5* we obtain the expression 

-T + đ-B rő ß-°i 
W = - - 2 ' ( 2 Л ð ) 

— 0\ — Пa 
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a n d fc = ^ ( r o ) . r o ^ ^ . e x p [ J 5 ( l - < ) ] ^ (2.20) 

The fundamental equation (2.13) together with (2.15) and the other equations 
gives the expression for the absolute brightness 270. 

Thus, equations (2.18), (2.20) and (2.18) together with the other equations 
make it possible to determine the physical parameters of the oom6t designed , 
according to the dust-gas model for an arbitrary form of the dependence of 
the photometries! esponent of the dust coma on the heliocentric distance. 

In the special case, when 

»('#)=.%('•)» (2.21) 

equation (2.18) loses its validity. The heat of evaporation is now given by 
the requirement of a finite solution of equation (2.19), so that 

*-i(*--a< . <-» 
and by inserting (2.21) and (2.22) into .the last equation of (2.15) we determine: 

л (°- — T")—°-
» - - 2 m o < u « ; « — - < « » 

^ 4 dlogr 

The parameters k and H0 will be derived in the same way as before. Thus, from 
the material, OQ, av a, have to be determined. 

2.3.2. Method of the photomaterioal exponent 

Our considerations will be based on two equations. From equations (2.7) 
and (2.8) follows: 

l o g \ + k ^ (2.24) 
V(r0) = — log r0 

and according to (2.9) 

1*0 '+ ro ' 
let r, be again the geometrical mean of the heliocentric distances, for which we 
know HA. By eliminating parameter k from the two equations we find the trans
cendental equation for B, of the form of: 

/} e»* + SB + «"-* 0, (2.26) 

where ,9 = <n — «,) r f , 

y = f — 1, 

i = «r*o(rľ-rч

0), 

-łт-*)*+{*-т)* 

(2.27) 
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The expression for h follows directly from (2.24): 

k = í° Ü2_L . (2.28) 
rГ'-— r~n 
'o 

In this case, H0t n(r0) and rj(r0) have to be determined from the material. 
This method fails for r0 -> 1 A.U. 

2.4. TREATMENT OF THE MATERIAL 

The coefficients a©, . . . , av in equation (2.14) will be computed from the fol
lowing system of linear equations 

9 If If 

lt^h^r=2E4o^l'i^0'-''p' (2-29) 

4 - 0 1 - 1 1 - 1 
where N is the number of observations. The coefficients for a higher p result 
usually in large errors so that it is advisable to take only p = 2 into conside
ration. This enables us to determine ax and a^ from the graph of the function 

rj _ 

—- — , which we plot in dependence on log — , as the ordinate on the axis y 
l o g — T° 

and the slope of the relation, respectively. 
The method of the photometrioal exponent requires, firpt of all, the determi

nation of the absolute magnitude of the comet i/0. This may be done either di
rectly from the diagram or by a suitable extrapolation (if q > 1 A.U. or if no 
observations from the neighbourhood of r = 1 A.TJ. are available). 

If we know H09 the expression for rj follows from equation 

HA(r0) = H0 + 2.57?(r0) log r0. (2.30) 

2.5 . COMPARISON OP THE TWO METHODS. PHYSICAL PARAMETERS OP THE COMET 
1943 I 

The comparison of the results following from the derived methods is carried 
out on the comet 1943 I, Whipple-Fedtke. The relation (2.2) is here accepted 
to be possible for comparing the numerical results with those obtained in an
other way earlier by various authors. As according to spectroscopical data 
(MCKELLAR, 1943) there was no substantial influence of the dust on the comet 
brightness it is possible to put n& =. r/a = 2. 

The computation of the physical parameters of the comet 1943 I was based 
on the material collected and grouped into daily means by GADOMSKI (1947). 
It turned out that the observations prior to the.passage of the comet through 
the perihelion are not numerous and at the same time homogeneous enough, so 
that they were unsuitable for treatment. The comet passed through its perihe
lion on February 6,1943. In its vicinity the comet revealed numerous anomalies 
in the run of its brightness, as shown in Fig. 1. In the anomalous region, the 
observations (daily means) are plotted by circles, in the normal region, 
registered in the diagram, by discs. The smoothed out curve is given in 
a full line and its extrapolated part in a dashed line. In the perihelion, the 
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oomet was by almost lm fainter than would correspond to the most pro
bable extrapolation. The maximum of the light curve was retarded in 
respect to the perihelion by about 18 days and the oomet attained in it the 
brightness of MA = 4.74» which is by about 0.5» brighter than it should have 
been. The average photometrioal exponent from the period 4th till 26** February 
results in n = —53, which sufficiently illustrates the tumultuous development 

Fig. 1. Light curve of the Whipple-Fedtke oomet in the vicinity of the perihelion. 

of the comet in this period. That cannot be substantially influenced even by 
the fact that on February 20th the Moon attained her full, so that the bright
ness of the comet in the short period round that date was somewhat underesti
mated. 

Observations made between February 27** and July 3** were taken into 
consideration, with the exception of those of the periods from March 19th till 
March 22nd, April 16th till April 22ttd, when the brightness was underestimated 
owing to the Full Moon, and those of April 12**, as these observations distinctly 
deviate from the given dependence. Thus, there remained 58 daily means that 
comprised 512 observations, all of which were made after the passage of the 
oomet through the perihelion. The weight of each of the daily means was put 
equal to the number of the individual observations within it. Hie run of HA 
with the logarithm of the heliocentric distance is shown in Fig. 2. The values of 
the weight ;> 20 are plotted by crosses, those ofthe weight < 20 but ^ 10 by 
discs and the values of the weight < 10 by circles. 

The elimination of the twQ periods round the Full Moon subdivided the ap
plied material into three groups corresponding to the time-intervals from 
February 27** till March 18*, from Mareh 23* till April 15* and from April 
23** till July 3rd. The photometrioal parameters were then computed for six 
time-intervals At and the intervals of the heliocentric distance Ar> correspond
ing to them, with the mean value of log r0 and the total number of observations 
N given in Table 4. These photometrioal parameters were then treated by both 
mentioned methods. It turned out that for shorter intervals Ar, the value a, was 
very unreliable and liable to cause a complete misrepresentation of its physical 
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Table 4 
Distribution of measuгements into groups 

No Ai Ar logr. łł 

I 

п 
Ш 
IV 

V 
VI 

27. П . ~ 3. VП. 
27. Ы. — 16. IV. 
23. П L — З.VП. 
27. П. — 1 8 . Ш . 
23. Ш . — 1 6 . IV. 
23. IV. — 3. VЫ. 

1.39 — 2.44 
1.39 — 1.67 
1.61 — 2.44 
1.39 — 1.48 
1.51 — 1.67 
1.76 — 2.44 

0.1806 
0.1670 
0.2211 
0.1637 
0.1968 
0.2719 

612 
446 
204 
308 
138 

66 

meaning. Therefore no use at all was made of the values ô  obtained by the 
method of least squares for group IV and VI, as can be seen from Table 5. 
Since it is evident from Fig. 2 that the deviations from the straight-line cannot 
be considerable, the method of expansion in a series has been applied, too, 
for the case of putting a* =\0 by definition. The method of the photometrical 
exponent has also been applied in two ways. First of all, the absolute magnitude 
of the comet H0 has been determined in advance by expanding the function Hj 
in the point log r = 0, which yielded 

HA = 3.073 + 15.66 log r — 1.6 (log r)a, (2.31) 
± 0.051 ± 0.50 ± 1.1 

whereupon from H0 the physical exponent ij(r0) has been computed according 
to (2.30). In the second case, rj(r0) has been put equal to n(r0) by definition, 
since rj(r0) differs only very slightly from n(r0). Table 5 gives a summary of the 
individual values of the physical parameters determined for the given group At 
by means of the given method; the individual columns show: 

No — the serial number; 

5 . 
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Fig. 2. The post-perihelion photometrical curve of the Whipple-Fedtke comet. 
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method — the applied method: 
A\ — method of expansion in a series with the computed coefficient a^; 
A2 — method of expansion in a series with the coefficient a* -= 0 by definition; 
.Bl — method of exponent with the quantity rj(r0) computed from (2.30) 

under application of H0 from (2.31); 
B2 — method of exponent with the quantity rj(r0) = n(r0) by definition; 
At — the given Roman numerals correspond with the data of Table 4; s 

H*(r0) — the magnitude of the comet in the heliocentric distance r0 (see 
Table 4); 

, - A I , 

in the case of the method of exponent, the photometrical exponent in r0; 
Oafo), or tj(r0) — in the case of the method of expansion in a series, 

ITi "H71—^1*~ I ' ™ *^e c a s e ° ^ ^ e m^thod of exponent, the physical exponent 
inr0; 

I -5— n(r) I , or Hn(r0)—in the case of the method of expansion in a series, the 

change of the photometrical exponent in r0, in the event of the method of expo
nent, the photometrical parameter defined by the relation Hn (r0) = H^(r0) — 
— 2.5 n(r0) log r0; 

B — the function of the desorption heat (see above) and its probable er
ror/^; 

w(B) -— the weight of quantity B; 
k — the ratio of the absolute brightness of both partti of the coma (see above) 

and its probable error fik; 
w(k) — the weight of the quantity k; 
H0 — the absolute magnitude of the comet and its probable error pB%; 
w(H0) — the weight of the quantity .fiT0. 
Each of these values of the physical parameters have then been treated in 

Table 6 which shows their weighted values both for the individual method and 
summarily. 
The columns indicate; 

method — the applied method (see above); 
B — the resulting value B and its probable error; 
(p. p. e.)B — the probable error of the quantity B expressed in per cent; 
2?'B — the number of the individual quantities B applied from Table 6; 
k — the resulting value k and its probable error; 
(p. p. e.)jb — the probable error of the quantity k expressed in per cent; 
Nit —the number of the individual values k which have been used; 
H0 — the resulting value H0 and its probable error; 
(p. p. e.)s9 — the probable error of the quantity H0 in per cent; 
N'H9 — the number of individual values H0 applied. 

In this Table, H0is in method .Bl substituted by the value from formula (2.31), 
with which the computation was made. 

From the summary of the individual values of the physical parameters it 
can be seen that their dispersion is relatively very low, which surprises parti
cularly in the case of quantity k. The material concerning the comet under con
sideration is very rich indeed, so that it was feasible to eliminate all apparently 
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erroneous estimates of the brightness without 
more pronounced prejudice of its ampleness. The 
error of the exponent is only about 0.5 per cent, 
which is ten times less than in the case of the ex
ponents of other comets, wher f̂tt these exponents 
are not yet considered as unreliable. This also ex
plains the small errors in the physical parameters. 

.After inserting the resulting values of the phy
sical parameters into formula (2.13) and rearran
gement of the latter, we obtain, in accordance with 
the accepted assumptions, the following mathema
tical form of the photometric curve: 

HA(r)= 6.96 4-5 log r — 
±0.04 (2.32) 

—2.5 log / 1 + 1.78.10« rf/4 exp [—10.96 Vrjl 
I +0.18 ± 0.09 V 

while the ratio of the brightness of both parts of 
the coma varies with the heliocentric distance as 
follows: 

W(r) = 5.61.10-'r~7/* exp [10.96 ]/r]. (2,33) 
±0.57 ±0.09 

A comparison of the two methods used indica
tes the method of the photometrical exponent 
leads to somewhat higher values of L, ratio k and 
the absolute brightness. However, these differences 
are not considerable and may be explained by 
simplifying assumptions made in thq beginning 
of this section. Generally, the method of expanding 
in a series is more suitable when brightness measu
rements from a relatively wide interval of helio
centric distances are at our disposal, while the 
method of the photometrical exponent in the 
opposite case. 

Let us now compare the obtained resulting va
lues of L with those gained by some other authors. 
For T0 = 350° K we get 

L = 7280 ± 70 cal/mol 

from the .4-method, and 

L = 7940 ± 50 cal/mol 

from the 2?-method. 

On the basis of the assumption of the pure 
gaseous model, i e. for k =-= 0, VOBONTSOV-
VBLYAMINOV (1943) found Lr = 7090 ± 450 
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cal/mol and MABTYNOV (1944a, 1944b) from a more abundant materia) 
L = 6650 ± 513 cal/mol. 

The former and the latter values do not contradict one another, as L must 
increase with increasing k. 

CHAPTER THREE 

INFLUENCE OF THE DUST ON THE PHOTOMETRICAL 
PROPERTIES OF COMETS. SOLUTION OF THE DUST-GAS 

MODEL IN DETAIL 

3.1 . PROBLEM 

As given in the preceding chapter the existence of the dust in cometary 
atmospheres was in outline first introduced into photometrical calculations by 
VAN^SEK (1952). The comet dust-gas model became an important generaliza
tion of the Levin gas model. Also VAN^SEK (1958) dealt with the determination 
of the momentary amount of dust in atmospheres of a few comets with intense 
continuous spectra. His calculation is based on the following assumptions: 

(a) dust and gas constituents take an equal part in the total coma radiation; 
(b) dust particles in the atmosphere have a certain frequency distribution; 
(c) the intensity of the solar light reflected by the dust particle cloud falls 

"tyith the square of heliocentrical distance; 
(d) the phase-effect may be replaced by a factor of O^S; 
(e) the albedo of reflecting material in coma is 0.1. 
The target of the present chapter is to give a photometrical model of the 

dust coma. It is easy to show that the two last assumptions are a matter of 
convention, the analysis of the photometrical curve of a comet dust-gas model 
is able to abolish assumption (a), and assumption (b) may be replaced by 
a simpler one of,the mean dimension of dust particles. 

The main problem is assumption (c). The determination of the photometri
cal exponent of the dust comet head is the question. It may be divided into 
two items: 

(1) relations between the exponent and the basic physical characteristics of 
the dust (or solid) radiation constituent; 

(2) dependence of the exponent on the heliocentric distance. 

3.2. FUNDAMENTAL EQUATIONS OP THE MODEL AND DISCUSSION 

The basic physical characteristics of the dust radiation constituent describe 
the state of the dust (or solid matter) in a cometary head from the photometri
cal point of view. They are as follows: 

(a) effective radius of the nucleus, i. e. the radius of a monolithic spherical 
nucleus; 

(b) mean dust particle radius; 
(c) equivalent thickness of the layer of photometrically effective dust, i. e. 

the thickness of the layer of a theoretically maximum concentration of parti
cles at the surface of a monolithic nucleus; 
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(d) entire number of photometrically effective dust particles in a cometary 
atmosphere and the corresponding mass; 

(e) other physical properties of dust particles and the nucleus (such as al
bedo, phase-effect, mass depsity etc.). 

The magnitude of a body reflecting the solar light at a geocentric distance 
of 1 A.U. is given by the formula: 

hd = a — 2.5 log A0.F(<p) — 5 log ti + 5 log r, (3.1) 

where A0 is the albedo of a body,F(<p) the function of the phase angle, i. e. the 
intensity ratio between the light reflected in angle <p to that reflected in the angle 
of 0°, B the radius of a body (in cm) and r the heliocentric distance of a body 
(in A. U.). Constant a depends on the photometrical system used. The visual 
region of the spectrum will be further considered. The Moon as a calibration 
object then gives 

a =38^.8 ± 0«05, 

while the four brightest minor planets give 

a = 38».34 ± 0»05. 

The initial values of brightness, albedo and dimensions weib taken from the 
papers of KUIPEB (1954) and WATSON (1942). 

Let us denote the effective radius of the comet nucleus B and its phase-ef
fect Fn(<p). The reduced nucleus brightness is expressed by the formula: 

HAd(N) = a — 2.5 log A0fFn(<p) — 5 log B + 5 log r. (3.2) 

Let us further denote the radii of individual dust particles in the comet at
mosphere as Qly Q2, ..., Qr respectively. The total number of particles is v and 
the summary surface exposed to the solar radiation proportional to EQ*. Since 

tiny particles are the question (comparable in dimension with th6 wave-length 
of the visible radiation) diffraction of light must be taken into account. Owing 
to it the effective cross-section of a particle differs frbm its real cross-section. The 
differences are expressed by the Debye function <P(g). Moreover, the phase-ef
fect of the dust particle cloud, Fv(<p)9 is different from that of the comet nucleus. 
The reduced magnitude of the dust particle cloud in the cometary atmosphere 
may be got by adding (3.1) from 1 to v. As the screening of particles by each 
other or by the nucleus is of no consequence we get 

HAd(P) =a — 2.5 log [A0.Fv(<p).0(e)] — 2.5 log 2^.? + 5 log r. (3.3) 
<*> 

Inside a unit of volume there is on an average the following number of dust 
particles (of spherical shape and radius g) when the maximum particle.concen
tration takes place: 

**--§k. <3-*> 
The relation between the equivalent thickness of a dust layer, D, and the entire 
number of dust particles included in it, y, is, according to the definition of the 
former, given by the formula : 

v =4^JP.D.J^ (3.5) 
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and the summary exposed surface of plarticles 
3 

ZQI = n&D.fWa. (3.6) 
(r) 

After inserting (3.6) into (3.3) and adding the brightness of the nucleus and 
that of the dust cloud the expression for the reduced brightness of the dust 
constituent of comet radiation results in 

HAd = or — 2.5 log A0 — 5 log R — 2.5 log E(r) + 5 log r; (3.7) 
here 

E(r) = Fn(q>) + nD.Fv(<p).0(Q).Y2N7 (3.8) 

is the so-called function of dust. It is a special combination of the basic physical 
characteristics of the dust radiation constituent. Comparing (3.8) with (3.4) we 
get the equivalent thickness of the dust layer: 

eJl2 E(r)-FJjv) 
**>- — • J-^).^) • <3-9> 

and from (3.5) the entire number of photometrically effective dust particles in 
the coma: 

v(r\-iRX *i*) — rJifp) , , i m 
v(r) - I T J JW*>.*<*> * (310) 

The entire mass of the dust cloud is then simply 

HWr) = y ^ e 8 . « . v ( r ) , (3.11) 

where 8 is the particle mass density. 
In the mentioned relations there are present a series of magnitudes that may 

be considered to be constant from the statistical point of view. First of all it is 
a question of the mean radius of dust particles. This problem has lately been 
studied by V A N ^ S E K (1960a). He has photometrically derived a colour excess 
of the light reflected by dust particles for a few comets of recent years. It de
pends on the character of reflecting solid particles in a cometary atmosphere, 
namely on their form, size and conductivity. The Mie classic theory has been 
used with VAN DB HTJLST'S applications (VAN DB HULST, 1957) and the most 
effective dimension seemed to be about Q & 2.10~6 cm when assuming the 
solar light being scattered by dielectric spherical particles. 

VAN^SBK (1961) has also solved the same problem in another way. He derived 
the dependence of the polarization degree on the phase angle for a few suitable 
combinations of particle dimensions and refractive index, and compared the 
theoretical curves with those obtained from measurements. The comparison 
was performed for the Arend-Roland comet of 1957, polarization measure
ments of which had been get by BLAHA, HRUSKA, SVESTKA and V A N ^ S B K (1958), 
and for the Mrkos comet of the same year on the basis of the observational ma
terial secured by MABTBL (1960). In the former comet the most effective dust 
particle radius resulted in 1.6.10"5 cm, in the latter about 1.9.10~6 cm. A di
electric character of particles was again postulated. Otherwise, TJTJT.EK (1957) 
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drew the conclusion that metal particles may have had a dimension of about 
6.10"6 cm, i. e. that of the same order as dielectric particles. 

In relation (3.3) and next, symbol Q has been used for two not quite identical 
magnitudes. The "mean size" of dust particles in equation (3.3) means their 
mean quadratic radius, g(2), while in equation (3.4) their mean cubic radius, 
g(8>. If \J(Q) is a frequency distrjjbutiom of the dust particle size, the ratio be
tween the two magnitudes is 

g(3) 

ö<2> 
- [ J Ufe) de]7§. [ JУUtø) d ŕ P - [ JeЧXІ?) dep (3.12) 

However, current forms of the distribution function U(Q) lead to rather small 
differences between g(a> and g(s>, far smaller than the inaccuracy is in the particle 
size itself. For instance, let us assume the form 

U(g) = const.exp [—h*{Q — Q0)
%] 

and two distinct, almost extreme values of h, viz h = — and h = -r-r— corres-

ponding to relative frequencies , } , , = 0.37 and —/., v — 0.45 res
ume) U(e0) 

pectively (g0is the "mean linear size" of particles). Ratio g(8>/g(a> in the former ca
se is 1.05 and in the latter 1.16. Hence, the differences do not exceed 20 per cent 
and both the magnitudes may be put equal to each other. 

Another quasi-constant quantity is the albedo of reflecting stuff. Assuming 
the albedo of dust particles to be the same as that of other bodies without at
mosphere scattering the sdlar light the following investigations may serve for 
determining its average value: 

(a) albedo data of the main minor planets (WATSON, 1942); 
(b) albedo of the Moon (ibid.); 
(c) indirect determining albedo of the set of 17 comets (RIOHTBB, 1948); 
(d) monochromatic albedo of 8 stony meteorites experimentally investigated 

by RICHTEB (1959). 
As a result we get 0.128 ± 0.046, 0.073, 0.086, 0.125 ± 0.023 (A4200 A) and 

0.142 ± 0.024 (A5250 A) respectively. All the values are ranged round 0.10 ± 
± 0.015. ~ 

As to the comet dust particle mass density we may use an analogy between 
their physical properties and those of the cosmic bodies met with the Earth. 
There exist several direct as well as indirect methods for determining the density 
of the latter bodies. However, the existence of at least three quite different 
groups of these bodies was proved, as for the mass density. Besides iron meteo
rites the mean mass density of which was established as 7.72 gm cm"* by 
KBINOV (1947), normal stony meteorites and porous stony meteorites are the 
question. The former have according to KBINOV (ibid.) the mean mass density 
3.54 gm cm"3, while the latter are of much smaller density and so far no meteo
rite of such properties has been found. There is no doubt the differences are of 
high importance. In connection with the Bowen correlation theory of meteor 
streams and rainfalls the problem was dealt with by Kvfz (1960). He divided 
meteors into two groups: cometary meteors, products of comet disintegration, 
and asteroidal meteors, products of collisions of asteroids. The former are, ac
cording to Harvard Observatory investigations (JACCHIA, 1955, MCCBOSKY, 
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1955, WHIPPLE, 1955a, 1955b), of the mass density of about 0.1 gm cm"8, while 
that of the latter is ranged between 3 and 8 gm cm"3. All stream-meteors and 
the greater part of bright sporadic meteors belong to the former group, while 
meteorites, the minor part of bright sporadic meteors, probably the greater part 
of faint sporadic meteors and obviously almost all micrometeorites (ibid.) to 
the latter. Other authors, however, consider for porous meteors mass density 
about 1 gm cm"8 (LEVIN, 1956, CEPLECHA, 1958, VAN^SEK, 1958, CEPLECHA, 
PADEV4T, 1961). Hence, the dust particle mass density has been in a certain 
degree a question of convention up to now. 

When deriving formulae (3.7) to (3.11) we have introduced functions 0(Q)9 
Fn(<p)> and Fv(q>). The first of them is dependent on the particle dimensions only, 
so that the accuracy of its determination is given by that of Q. Numerical va
lues of 0(Q) were computed by D E B YE (1908). 

The problem of phase-curve form of particles of various dimensions has re
cently been discussed in detail by RICHTER. We omit his phase-effect investi
gation of nuclei of 14 comets (RICHTER, 1948) that cannot be considered to be 
reliable. RICHTER did not take into account the variable concentration of dust 
particles in the nucleus region, but this effect is at least of the same order as 
the phase-effect. The mutual comparison of similar statistical methods proves 
their unreliability. While RICHTER in the paper in question found an extraordi
narily quick decrease of the comet-nucleus brightness even at the phase angle 
of 10° (about lm.5), BOBROVNTKOFF (1942) and some other explorers ascertained 
in this way no phase effect at all. 

The results of two other papers of RICHTER (1956,1959) are of considerably 
higher importance, where laboratory measurements of artificial dust clouds 
are summarized. The former of the two papers dealt with the phase curve of 
0.01-cm particles of a number of terrestrial materials, among others river sand, 
glass, corundum and quartz. The curve form turns out qualitatively the same 
in every case; first the cloud brightness decreases with the increasing phase 
angle, as a rule rather slightly, so that the minimum is fiat and not too deep, 
after which a markedly greater increase of the brightness takes place. Between 
80° and 170° of phase angle (according to the sort of material) the phase effect is 
zero; the next increase occurs owing to diffraction of light. As to the quanti
tative considerations, the form of the phase curve depends on the sort of mate
rial as well as on the particle concentration inside the cloud. 

In the latter of the two papers the analogous analysis of samples of 14 stony-
and 3 iron meteorites has been carried out. The smoothed-out phase curves are 
given for three groups of particles according to the dimensions: 1 to 10 cm 
particles, 10~2-cm particles and lO^-cm particles. In addition, metal particles 
have been treated separately from dielectrical particles. The form of the disper
sion indicatrix depends in a high degree both on the properties of material and 
on the particle size and form. Generally, the Lambert photometrical law 
(LAMBERT, 1760) is not in any case quite consistent with experiments. Some 
phase curves obtained by RICHTER are given in Table 7. For comparison the 
Lambert photometric law, and the mean phase curve of the Moon (STEBBINS, 
BROWN, 1907, KING, 1909, ROTJGIER, 1933, 1937) are listed. 

For our purposes the data about dielectric particles of 10 - 4 cm and partly 
those of 10~2 cm are important. It is interesting that the photometrical efficien
cy of 10~4-cm particles is least in the phase angle of 0°. The increase, however, 
is relatively slight and reaches lm as far as in angle of 120°, where only few co-
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Table 7 
Phase effect 

ч> 

artlflcial cloud 
Lamberťв 

law Moon ч> diel ctrio particleв m tal partideв Lamberťв 
law Moon ч> 

a — 10-^oцi a«-10"1cm ЮмÕ-cm a -10~* o m o - 1 0 - * cm a — 
ІOMO1 cm 

Lamberťв 
law Moon 

m m m m m m m m 
0° 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10 —0.06 +0.01 +0.03 —0.30 +0.01 +0.10 +0.01 +0.22 
20 —0.18 +0.06 +0.14 —1.72 +0.09 +0.21 +0.06 +0.46 
30 —0.32 +0.09 +0.31 —2.20 +0.19 +0.30 + 0 . 1 1 ^ +0.71 
40 —0.46 +0.12 +0.48 —2.04 +0.28 +0.36 +0.20 +0.97 
60 —0.67 +0.16 +0.67 —1.63 +0.40 +0.39 +0.32 + 1.22 
60 —0.67 +0.19 +0.90 —1.18 +0.68 +0.44 +0.47 + 1.48 
70 —0.76 +0.22 + 1.14 —0.66 +0.77 

+0.94 
+0.61 +0.66 + 1.76 

80 —0.84 +0.23 + 1.40 —0.21 
+0.77 
+0.94 +0.69 +0.87 +2.08 

00 —0,89 +0.22 + 1.67 —0.06 + 1.09 +0.67 - + 1.13 +2.43 
100 —0.96 +0.20 + 1.96 —0.23 + 1.22 +0.78 + 1.44 +2.82 
110 —0.99 +0.11 +2.24 —0.48 + 1.32 +0.91 + 1.81 +3.26 
120 —1.00 0.00 + 2.64 —0.83 + 1,39 + 1.08 +2.26 +3.76 
130 —1.10 —0.22 +2.86 —1.18 + 1.39 + 1.29 +2.81 +4.36 
140 —1.26 —0.66 +3.18 —1.61 + 1.23 + 1.64 +3.60 +6.06 
150 —1.63 —0.96 +3.41 —2.04 +0.90 + 1.84 +4.41 +6.99 
160 —2.39 —1.60 +3.37 —2.68 +0.22 +2.36 +6.70 
170 —4.60 —2.12 +2.82 —3.26 +2.82 +7.96 

mets have been observed. Particles of 10*"* cm show, on the contrary, only a little 
positive phase effect within the range of angles between 0° and 120°, not more 
than 0*25. 

Thp largest metal particles studied by RICHTER show an agreement with the 
Lambert law within ± 0*.$ to about 90°, dielectric particles even a bit further 
on. The phase curve of the latter lies in the 0° to 130° region between the phase 
curve of LAMBERT and that of the Moon. 

3.3. PHOTOMETRICAL EXPONENT OF THE SOLID PART OP THE COMET HEAD. 
GENERAL CONSIDERATIONS 

Applying definition (1.3) to equation (3.7) we get the general expression for 
the photometrical exponent of the solid component of the comet head as fol
lows: 

r &E(r) 
nt(r) = 2 

OГ 

Җr) 

ìar 

dr 

E(r) = Җ,.exp [ J* (2 — »„) dy] , 

(3.13) 

(3.14) 

E0 is the function of d^st in a unit of heliocentric distance. The relation between 
the number of particles, v(r), and the photometrical exponent, fl*, r^ults from 
(3.13) after inserting v(r) from (3.10): ^ 
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nä(r) = 2 г w - г ^-r- X 

ф) + ÍJLÌ Ьm 
П) + U J F>(<P)-Ф(Q) 

ÍMr) , 1 Г d Э Д ГДV 1 ВДl đ P ì 

(3.15) 

An analogous expression may be derived for the relation between exponent nd 
and equivalent thickness D. 

Photometrical exponent nd, of course, is only an auxiliary magnitude, which 
makes it possible in our considerations and calculations to apply photometrical 
measurements. Prom the physical point of view relation (3.15) represents a diffe
rential equation of the sought for dependence v = v(r). Its solution in the form 
of (3.15) is very difficult because of unknown analytical expressions of functions 
Fv(<p) and Fn(<p). In fact they are the functions of three variables, viz. helio-
centrical distance of a comet, r, geocentrical distance of a comet, A, and helio-
centrical distance of the Earth, B&, as 

r2 + A2 — Bl 
~2rA 

<p = arccoв ' * • (3.16) 

Owing to (3.16), moreover, there is in (3.15) 

df dq> dq> <Ld dtp dR8 

~dT = - 9 T + l J - a > +HB;' -dT" ( 3 1 7 ) 

Functions Fv(<p) and Fn(<p) change from case to case. If the course of the 
number of photometrically effective dust particles is studied for a certain comet 
and if the course of exponent n^(r) is known, integral relation (3.14) may prefe
rably be used. If we succeed in determining v in a certain distance, r„ we derive 
E(r,) from relation 

E(rv) = Fn(<pr) + Fv(<pr).0(Q). [jtfv> (3.18) 

and insert into (3.14) for estabKshing E0. Especially for "new" comets the first 
term on the right side of (3.18) is by several orders lower than the second, and 
therefore negligible. Further procedure is nothing but a problem of numerical 
quadrature of (3.14) and inserting into (3.10). 

If the course of the number of dust particles of a statistical set of comets is 
investigated, the average magnitudes must be introduced according to the 
rules of the compensation computation. 

Before we derive methods for determining nd we are discussing some special 
solutions of differential equation (3.15). We shall assume Fv(<p) -= const and 
Fn(<p) == const in a considered region of investigation. Then the expression 
within the square brackets on the right aide of (3.15) is zero. If we denote 

M l (RY F»{<p) /*nn 

we can write 
C =<x(r).v(r) = const. 

/ 
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Some of the four following cases may take 
place: 

a) The simplest case, nd = 2, which leads 
to a constant number of particles v = v09 is 
physically unjustified; 

b) it nd = const #= 2, then, provided that 
«(**)-• 0, 

v = v0.f*-*d9 (3.20) 

y0 is the constant of integration; 
c) if nd = const, and if a(r) > 0, then 

r 

v = VeXp[(2 -«*)J--^-dr]--

= K + C].r*-»d — C; 

d) if, finally, »,, = ««,(»•), 

(3.21) 

v=[v0 + { 7 ] . f « . 0 x p [ — j ^ l d r J - O . 
1 (3.22) 

Table 8 indicates for the given heliocentri-
cal distance r and the given exponent nd the 
change of the number of particles within 0.1 
A.U., \Arv\9 as part of the already ejected 
particles, provided that a(r)->- 0 for the given 
r. In this case the quantity \Arv\ will be ob
tained from the formula 

|JÍ*| '= 0.10 («*• 2).--- . r 
(3.23) 

In addition to this quantity, the table indi
cates also the change of the number of par
ticles during 1 day, \Ap\, under the same 
assumption as above, and for the case of 
a parabolical orbit of the comet. We have 

v 
\á,v\ --2 .43 .10--(я*—2) .< //. (3.24) 

3.4. STATISTICAL METHOD FOR DERIVING 
DEPENDENCE nd - »d(r) 

For a certain comet, the real form of the 
function nd = n*(r) can be derived only from 
observations of the brightness in some spect
ral range unaffected by any emission-band of 
molecular radiation. Technically^ this is diffi
cult to achieve. An approximate form of this 
curve may also be derived from the total 
radiation, provided that moleoular radiation 
is negligible in comparison with continuous 
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radiation. This requirement can be fulfilled in some of the so-called "new" 
comets, however, mostly only within a certain interval of the heliocentrical 
distances. 

Another possible solution offers itself in the theoretical approach on the basis 
of the physical processes in the comet* In this way LEVIN'S formula for the gad 
coma has been derived. In the case of the dust coma, however, the problem is 
much more complicated. This approach has not yet been used. An attempt of 
such character will be sketched in Section 3.7. 

Excluding this, the only possibility consists in a statistical analysis of the 
material, which is being carried out in this and two following sections. 

The basic idea of the statistical method of determining photometrical expo
nent of the dust cometary atmosphere consists in applying fundamental rela
tions of the comet dust-gas model, i. e. formulae (2.9), and (2.8) in connection 
with (2.7). Provided we know the photometrical and physical exponents of the 
coma as a whole, those of its gas constituent and the ratio between contribu
tions of the two radiation constituents, the mentioned formulae may be consi
dered as two equations for the photometrical and physical exponent of the 
dust coma. The solution makes no difficulty. 

In the fundamental equations of the dust-gas model given at the beginning 
of Chapter Two the brightness is corrected for the phase effect. From the ma
terial, of course, we get values affected by this effect, so that the derived rela
tions must be modified. Let us denote F(q>) the function of the phase angle for 
the coma as a whole and Fd(q>) that for the dust constituent (for the gas one 
Fg(q>) s 1), we get the following expression for the total photometrical expo
nent instead of (2.9): 

- M = kndFd. r-id +n0. r-*g k. r1-^ dF± _^d-F ,* 9K, 
{) kFd.r-*d + r-»g kFd.r-*d + r-*g ' dr "*" F dr ' ( } 

The corresponding physical exponent is given by 

& kFd.r-id +r-% 
*r)' logr • <3-26) 

These relations, however, cannot be used for determining nd and rjd. We must 
realize that the phase effect also influences values of the total photometrical 
and physical exponents derived from the measured (or estimated) brightnesses 
of a comet. Therefore fictional exponents n'(r) and rj'(r) follow from the mate
rial instead of n(r) and ri(r) given by (3.25) and (3.26) respectively. The relations 
between the two are as follows 

r dF , log J7
 gn€kmx 

n = n — F - d T - * = * - T 3 g F - ( 327 ) 

Just after inserting (3.27) into (3.25) and (3.26), and solving the two last men
tioned we get the resulting expressions for nd and rjd, applicable to the observa
tional material: 

n*=n + ^ - - d T + ( l+Jfc) .r*„-*' - l • ( 3-2 8 ) 

Іog кFt d 

(1 + k).rv, -n 
Ч*=»' + V log/ < 3 - 2 9 > 
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The treatment of the material and discussion of known magnitudes are si
multaneously with the results of this method included in the two following sec
tions, where, for simplicity, we shall write n instead of ri and rj instead of r)'. 

Let us point out here that the selection of the material is discussed very at- • 
tentively for getting results as reliable as possible, even at the cost of not having 
general validity. 

3 . 5 . MATERIAL AND ITS TREATMENT 

The statistical method is applied to comets with a period P > 1000 years. 
The material has been taken from HRUSKA'S and VAN^SEK'S new list of photo-
metrical parameters (HRTJSKA, VAN^SEK, 1958), which has been submitted to 
a further analysis. First of all, all listed exponents, of which there were 144 va
lues for 84 comets, have been classified according to their size. 

( k k + 1 ^ L Figure 3 shows the distribution of n into the intervals I —, —-r— I, wnere 

k = 0, 1, . . . , 27. Figure 4 gives the corresponding cumulative distribution 
function. v 

Figures 3 and 4 show clearly that the maximum frequency appears in n = 3 / 
so that n -= 3.0 is the mode. However, the dispersion n is considerable, so that 
this material cannot be directly used in the sense mentioned in the previous 
section. Here, evidently several different groups of "new" comets are con
cerned. Now the question arises as to how to select a homogeneous working set 
from the bulk of material. It is obvious that the exponent n & 10, for instance, 
is not characteristic for the group of comets under consideration, so that it 
would misrepresent the results in a high degree. The material may be made 
more accurate by the requirement of a mode to be equal simultaneously to the 

1SCL 

Fig. 3. Distribution of the photo-
metrical exponents according to 

their size. 

Fig. 4. Cumulative distribution 
function of the photo-

metrical exponents. 
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median as well as to the arithmetical mean. If all positive exponents are taken 
into consideгátion, then the requirement of a median equal to 3.0 makes it ne-
cessary to take all n <, 4.8, and the requirement of the arithmetical mean to b 

-equal to 3.0 leads to the condition of n <. 5.0. The latter value has been chosen 
for the upper Иmit of the individual exponents. This resulted in the division of 
the original material into two gŕoups, namely, that with a n л ^ б , which will be 

analysed in the following, and 
*>- I * ^ that with an n > 5. 

The distribution of the ex-
ponents according to the heИo-
centrical distance is given in 
Гig 5, for the whole material as 
well as for both gгoups which 
shows that the distribution in 
these three cases is rather ana-
logous. 

Fig 5. Distribution of the photo-
metrical exponents according to 
the heliocentrical distance. 

After omission of one measurement? in the heliocentrical distance r = 6.5 
A.U. and supplementation by the photometrical exponent of the comet 1957d 
(Mrkos), computed by the author on the basis of 15 ELIAS observations (VINTEB 
HANSEN, 1957b), the whole material consisted of 105 values of exponents for 
69 comets. A synopsis of this material may be found in Tab. 9. The first column 
gives the Serial number of the exponent, then follow the comet's denotation, the 
distance of the periheHon q, the orbital period P (for ellipses) or the eccentrici
ty e of the orbit (in the case of parabolae and hyperbolae), the Briggs logarithm 
of the heliocentrical distance log r for which the value of the exponent is vaHd, 
the photometrical exponent n(r), the corresponding mean phase angle q> (if the 
pre- as well as post-perihelion observations are present, the average of the two 
is given), the Briggs logarithm of the respective geocentric distance log A, and 
the position of the comet with regard to the periheHon at the time of observa
tion (per): A — observations prior to the periheHon passage, B — following the 
perihelion passage, AB — the pre- as well as post-periheHon observations are 
approximately of the same frequency, Ab — the number of observations prior 
to the perihelion is of a higher order than after the periheHon, aB — the same 
of a lower order; the last column gives the quantity H10 according to VSEKH-
SVEATSKY (1956). 

Owing to its little extent, the used material was unsuitable for a separate study 
prior and following the passage of perihelion. Therefore, at least, the following 
system of classification for the position of the measurement with regard to the 
perihelion has been introduced: 

A . / + 1 
B — 1 
AB 0 
Ab + 0 . 5 
aB — 0 . 5 
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Table 9 
Synopsis of the photometrical exponents -<! 5.0 of comets with an orbital period 

> 1000 years 

No Comet Q P;Є logr n{r) 9 log Л per Hu 

1 1947 X П 0.110 el.000032 9.791 2.0 63° 0.04C B 6.0 
2 19411 0.3tf8 el. 9.792 1.1 93 9.876 A 6.3 
3 1948X1 0.135 171000 9.836 2.0 101 9.785 B б.б 
4 1858 VI 0.578 1950 9.840 3.47 63 0.041 A 3.3 
6 1858 VI 0.678 1950 9.844 3.76 76 9.960 AB 3.3 
6 1858 VI 0.578 1950 9.844 4.50 90 9.861 B 3.3 
7 1903 IV 0.330 el. 9.874 2.38 100 9.740 A 6.3 

> 8 1939 Ш 0.528 7889 9.888 3.08 63 0.030 B 7.1 
9 1886P 0.642 el.00045 9.892 

9.897 
0.72 49 0.120 A 6.2 

10 1930 П 0.672 18180 

9.892 

9.897 4.27 68 9.987 AЪ 8.4 
11 1893Щ 0.675 44410 9.910 2.24 66 9.999 B 6.6 
12 1874

c
Ш 0.676 13708 9.916 4.78 66 0.003 Ab 6.7 

13 1874 Ш 0.676 13708 9.924 3.8 64 0.010 A 6.7 
14 1910 1 0.129 3906000 9.932 3.8 29 0.221 B 6.0 
16 1911 V 0.489 2126 9.935 2.9 88 9.733 A 6.1 
16 1898 X 0.756 158700 9.936 2.8 78 9.856 Ab 9.2 
17 1886 IX 0.663 el.00038 9.938 2.63 68 0.058 Ab 4.9 
18 1896 III 0.566 el.00048 9.960 4.8 70 9.930 B 10.3 
19 1955 III 0.537 el. 9.961 3.21 66 0.073 B 7.0 
20 1911 V 0.489 2126 9.954 3.2 45 0.146 B б.l 
21 1911 П 0.684 1898 9.958 4.34 76 9.839 B 7.4 
22 1937 V 0.863 160600 9.959 0.56 77 9.820 B 6.1 
23 1957d 0.355 el. 9.963 3.40 47 0.137 B 4.6 
24 1886 IX 0.663 el.00038 9.968 2.8 52 0.099 A 4.9 
26 1886 П 0.479 e 1.00023 9.970 2.05 37 0.199 A 6.6 
26 1899 1 0.327 el.00034 9.979 2.73 70 9.887 AB 6.4 
27 1895 IV 0.192 el. 9.982 3.4 29 0.233 AB 6.2 
28 1911 V 0.489 2126 9.984 3.43 61 9.940 AB 6.1 
29 1911 VI 0.788 9246 9.988 З.бб 58 0.038 A 6.6 
30 1937 V 0.863 160600 9.988 1.62 57 0.032 AB 6.1 
31 1906 1 0.215 el. 9.991 4.2 52 0.094 A 8.3 
32 1937 V 0.863 160600 9.996 0.72 54 0.058 AB 6.1 
33 1941 IV 0.790 18110 9.999 2 50 0.108 B 6.9 
34 1937 II 0.621 el. 0.000 3.74 73 9.766 B 10.4 

35 1937 V 0.863 160600 0.000 0.8 60 0.000 A 6.1 
36 1941 I 0.368 el. 0.000 1.99 59 0.008 A 6.3 
37 1902 Ш 0.401 1403000 0.002 2.63 74 9.752 A 6.0 
38 1948 1 0.748 el. 0.004 4.4 62 9.967 B 6.6 
39 1937 II 0.621 el. 0.013 4.47 70 9.772 B 10.4 
40 1877 II 0.950 19765 0.021 3.8 54 0.057 AB 6.7 
41 1947 X П 0.110 el. 000032 O.Ôfcl 1.8 34 0.225 B 6.0 
42 1947 III 0.962 el. 0.024 2.33 65 9.876 A 11.2 
43 1899 1 0.327 el.00034 0.025 2.3 67 9.802 B 6.4 
44 1882 1 0.061 1174000 0.033 2.8 59 9.975 A 4.1 
45 1948 1 0.748 el. 0.045 4.4 61 9.894 B 6.6 
46 1899 1 0.327 el.00034 0.054 З.V7 61 9.829 AB 6.4 
47 1952 1 0.740 262700 0.059 4.33 61 0.072 B 9.4 
48 1946 П 1.018 el. 0.060 2.62 60 9.645 B 9.6 
49 1933 1 1.001 el. 0.068 3.39 58 9.896 B 10.2 
60 1961 П 0.719 el.003119 0.077 3.47 52 0.037 B 9.8 
51 1908 Ш 0.945 el.00069 0.083 3.14 46 0.120 A 4.2 
52 1912 П 0.716 56660 0.083 3.21 46 0.121 aB 6.2 
53 1936 П 1.100 1642 0.083 4.62 37 9.738 AB 6.9 

(continued) 
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Tabl 9 (continu d) 

No Comet Q P;e logr n{r) Ф log Л per Я„ 

54 1941 I 0.368 el. 0.083 1.9 50 0.057 A 6.3 
55 1941 V Ш 0.875 el.000968 0.093 3.0 53 9.930 A 7.1 
56 1881 Ш 0.734 2429 0.114 2.40 47 0.073 aB 4.1 
57 1914 Ы 1.198 el. 0.116 0.10 46 9.775 AB 9.4 
58 1948 I 0.748 el. 0.118 4.8 49 9.932 B 6.5 
59 1948X1 0.135 171000 0.126 3.66 46 9.810 B 6.5 
60 1914 V 1.104 el.00016 0.127 1.5 34 0.246 A 1.1 
61 1941 V Ш 0.875 el.000968 0.128 3.62 47 9.937 AB 7.1 
62 1908 Ш 0.945 e 1.00069 0.134 5.00 46 0.051 A 4.2 
63 1886 1 0.642 e 1.00045 0.146 4.9 35 0.240 B 5.2-
64 1860 Ш 0.293 el. 0.152 2.8 41 9.855 B 5.8 
65 1948 1 0.748 el. 0.154 2.97 44 9.979 B 6.5 
66 1860 Ш 0.293 el. 0.155 3.0 41 9.856 B 5.8 
67 1925 1 1.110 el.000629 0.159 3.28 37 0.220 B 5.4 
68 1853 III 0.307 el.00025 0.164 4.2 34 0.231 AB 4.8 
69 1913 II 1.457 5419 0.173 4.27 37 9.878 aB 7.7 
70 1916 П 1.005 el .00024 0.210 3.84 36 0.022 AB 3.7 
71 1943 1 1.354 2274 0.232 2.93 20 9.905 AB 4.6 
72 1917 Ш 1.686 193100 0.235 2.8 34 0.059 B 6.1 
73 1865 1 0.025 еl. 0.250 3.8 28 0.330 B 3.8 
74 1948 1 0.748 еl. 0.254 3.6 33 0.118 A 6.5 
75 1914 V 1.104 еl.00016 0.258 3.1 24 0.367 B 1.1 
76 1915 II 1.005 еl.00024 0.265 1.66 32 0.117 A 3.7 
77 1941 V Ш 0.875 еl.000968 0.267 2.5 20 9.983 B 7.1 
78 1937 IV 1.734 еl.000160 0.274 3.3 32 0.170 B 6.0 
79 1915 II 1.005 еl.00024 0.285 2.99 26 0.078 B 3.7 
80 1937 IV 1.734 еl.000160 0.288 3.88 30 0.165 AB 6.0 
81 1917 Ш 1.686 193100 0.290 1.97 18 0.025 aB 6.1 
82 1946 1 1.724 еl.001201 0.294 3.8 25 0.169 AB 6.1 
83 1937 IV 1.734 еl.000160 0.303 3.25 28 0.186 AB 6.0 
84 1914 V 1.104 еl.00016 0.307 3.50 20 0.408 AB 1.1 
85 1892 1 1.027 24480 0.320 3.9 28 0.255 B 3.2 
86 1946 VI 1.136 еl. 0.328 3.81 19 0.435 AB 4.8 
87 1925 V П 1.566 еl.000428 0.365 1.5 14 0.150 B 5.5 
88 1925 V П 1.566 еl.000428 0.365 2.5 14 0.150 B б.б 
89 1890 II 1.908 еl.00041 0.400 2.55 16 0.493 aB 3.3 
90 1930 IV 2.079 еl.000379 0.411 0.5 18 0.489 B 6.8 
91 1914 V 1.104 e 1.00016 0.449 3.7 11 0.656 A 1.1 
92 1948 V 2.107 еl. 0.454 4.44 20 0.454 AB б.З 
93 1907 1 2.052 еl.00102 0.471 2.5 19 0.432 AB 6.6 
94 1898 V Ш 2.285 210800 0.472 4.8 11 0.319 B 5.6 
95 1922 П 2.259 еl.00086 0.472 0.5 12 0.565 AB 5.3 
96 1951 I 2.572 еl.000855 0.473 2.1 18 0.494 AB 4.0 
97 19511 2.572 еl.000855 0.473 1.54 18 0.504 A 4.0 
98 1950 1 2.553 еl.000671 0.480 0.4 18 0.512 AB 6.8 
99 1932 VI 2.314 еl.001376 0.487 4.03 13 0.354 B 3.5 
100 1932 VI 2.314 еl.001376 0.488 2.46 13 0.358 B 3.5 
101 1949 1 2.518 еl. 0.498 5.0 16 0.540 A 6.2 
102 1904 1 2.708 еl.00136 0.515 3.45 12 0.59 7 B 2.8 
103 1898 V П 1.702 еl.OOЮЗ 0.521 2.7 12 0.599 AB 5.0 
104 1889 1 1.815 еl.00126 0.590 1.6 14 0.617 AB 3.6 
105 1905 IV 3.339 еl.00105 0.659 2.2 12 0.635 B 3.7 
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This system has been adhered to in the further tables in the column per, where 
the mean value for the given group of exponents is indicated. 

In Tab. 9 the material is already arranged according to the heliocentrical 
distances. The treatment has been carried out by intervals in log r, as shown in 
Tab. 10. The first column gives the interval in log r, the second the mean value 
of log r, followed by the mean value of n; the next columns give the mean phase 
angle, the mean geocentric distance, the mean value of the position of measure
ment with regard to the perihelion, and the number of the measured values, N. 

Table 10 
Dependence of the values n under observation on log r 

int log r logr n(r) ч> log á per -V 

9.701 — 9.800 9.792 1.55 
o 

78.0 9.962 0.00 2 
9.801 — 9.900 9.864 3.02 76.3 9.938 0.06 8 
9.901 — 0.000 9.964 2.90 58.9 0.011 —0.02 26 
0.001—0.100 0.049 3.28 55.8 9.935 —0.18 19 
0.101—0.200 0.140 3.32 41.8 0.006 —0.43 14 
0.201 — 0.300 0.262 3.09 27.5 0.116 —0.35 13 
0.301 — 0.400 0.341 3.00 20.0 0.297 —0.50 7 
0.401—0.500 0.469 2.66 15.7 0.465 —0.08 12 
0.501 — 0.600 0.542 2.58 12.7 0.604 —0.33 3 
0.601 — 0.700 0.659 2.20 12.0 0.635 —1.00 1 

The statistical smooth-out of these values is given in Table 11. The columns 
of this table indicate: the interval in log r, the mean value of log r, the mean 
value and probable error of the exponent n, of the phase angle <p, of the geo
centric distance A and of the position of measurement as referred to the peri
helion; the last column shows the number of the measured values, N. The last 
line gives the values of these quantities for the whole extent of the heliocentri
cal distances. 

Table 11 
Dependence of the statistically smoothed-out values n on log r 

Int log r logr n(r) 9 log Л per N 

9.601 — 9.900 9.850 2.73 ± 0.28 
o o 

76.6 ± 3.9 9.943 ± 0.027 +0.05 10 
9.701 — 0.000 9.932 2.84 ± 0.13 63.8 ± 1.9 9.992 ± 0.015 0.00 36 
9.801 — 0.100 9.979 3.05 ± 0.10 60.4 ± 1.4 9.973 ± 0.013 —0.07 53 
9.901 — 0.200 0.033 3.12 ± 0.10 53.8 ± 1.2 9.985 ± 0.013 —0.17 59 
0.001 — 0.300 0.138 a.24 ± 0.10 43.6 ± 1.4 0.008 ± 0.017 —0.30 46 
0.101 — 0.400 0.228 3.17 ± 0.12 31.9 ± 1.2 0.108 ± 0.021 —0.41 34 
0.201 — 0.500 0.357 2.91 ± 0.15 21.4 ± 0.9 0.286 ± 0.023 —0.28 32 
0.301 — 0.600 0.438 2.76 ± 0.20 16.6 ± 0.7 0.430 ± 0.021 —0.25 22 
0.401 — 0.700 0.495 2.62 ± 0.25 14.9 ± 0.5 0.502 ± 0.016 —0.19 16 
0.501 — 0.800 0.596 2.49 ± 0.26 12.5 ± 0.3 0.612 ± 0.006 —0.50 4 

9.601 — 0.800 0.135 3.00 ± 0.08 
o o 

44.6 ± 1.5 0.097 ± 0.016 —0.20 105 
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The dependence n = n(r) is shown in Fig. 6. The vertical abscissae in the 
mean values n indicate their probable errors. 

There still remains the unsolved problem, whether this material gives us the 
real picture of the statistical validity of the dependence n = n(r), or whether 
that material is influenced by a certain selection-effect, owing to which certain 
Values n for a certain r are for various reasons unaccessible to our observation. 

In principle, the problem 
turns round the question, 
whether the continuous 
decrease of n from a cert
ain r with increasing he-
liocentrical distance is 
real or not. If we assume* 
for instance, that the 
average absolute magni
tude of the comets of our 
group (with P > 1000 
years) is about .ff0=^.O, 
then we obtain for r = 5 
A.U., and n(r) = 5 the 
apparent magnitude of 
about 16™. 5, which is a 
value lying under the li
miting magnitude at the 

discovery of the comet. However, on the other hand, many comets may be 
followed much farther while receding from the Sun. Consequently the follo
wing effect ought to produce itself: the mean photometrical exponent should 
for a greater r be — in the case of the presence of selection — smaller prior 
to than following the perihelion. Consequently, the total photometrical ex
ponent n(r) should be smaller than the photometrical exponent after the peri
helion (for the given r). The insufficiency of the material, however, makes 
a thorough investigation of this phenomenon impossible. There may be ob
tained only certain orientation-values, which are given in Table 12, and 
which attain only r -= 3 A. U. For the given r, the table contains the mean 
photometrical exponent n (total exponent) and the mean post-perihelion ex
ponent wa, both with probable errors. In the mentioned table a certain trace 
of the above analyzed effect can be seen which, however, is rather uncovin-
cing. It may be said that if there exists a selection-effect of the size of the 
photometrical exponent, then it will have no essential influence on the course 
of dependence n = n(r), at least up to r = 3 A.U. On the other hand, the theory 
requires a continuous decrease of n with r from a certain r on. 

Fig. 6\ .Relation n = n(r) for the comets of the first 
group with P > 1000 years. 

Table 12 
Dffî r nce between the total aлd post-peгihelion values of the photometгical exponentв 

1.49 
2.06 
2.80 

3.22 ± 0 . 1 1 
3.03 ± 0.14 
2.73 ± 0.20 

3.14 ± 0.13 
2.93 ± 0.15 
2.79 ± 0.27 
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.From Table 9 can be seen, moreover, that in the comets under observation 
"the mean absolute brightness" increases with an increasing heliocentiic&I di
stance, as follows from the trend of quantity JI10. This effect cannot be explained 
physically. On its existence partake partly the form of the definition of the 
quantity H10, partly a certain selection-effect. Prom the definition of jff10 it 
follows that for r > 1 A.U. -ff10is in the case of rj < 4 systematically smaller than 
H0, where H0 is the real absolute magnitude. This may be considered as an 
explanation of a certain part of the mentioned phenomenon. For the sake of 
simplicity, let us furthermore assume that any comet may be discovered only 
when it has attained the limiting apparent magnitude M. Then, if we put appro
ximately A = r, the absolute (real) magnitude is equal to 

J?,=Jf —sji+y^.logi-, (3.30) 

so that the "limiting" absolute brightness increases with increasing heliocentri 
cal distance for the given r\. Even if in reality M changes from case to case, 
similarly as rj, this does not affect the statistical validity (3.30). Thus, with an 
increasing distance from the Sun we see a lower percentage of comets which, of 
course, has nothing in common with the problem of the selection-effect in the 
photometrical exponents in so far as the mentioned dependence is not selective 
with regard to n. 

The dependence of the phase angle on the heliocentric distance for the in
vestigated set of comets is given in Kg. 7, where individual points represent 
data arising from the material. The dash-dot line indicates the maximum phase 
angle possible, which may be expressed as: 

COS ÇJщax 

for r > 1 A.U. and 
4-M" 

0 0 8 Ç>п = — 1 

(3.31a) 

(3.31b) 

м. 

*tґ. 

1 ' - ' • • ' ' - ' - - - - ' • } ' • • • « - • - * ч - * • • i • • • 

б* 02 

bgr 

Fig. 7. Phase angle as related to the heliocentric distance. 
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for r < 1 A.U. The full line corresponds to the phase angle of heliocentric and 
geocentric distances being equal, 

COS9W = 1 ^ - - (3.32) 

Full circles give the average course of the relation, as follows from the studied 
material. Abscissae represent the mean errors. Mathematically the relation may 
be expressed in a generalized form of (3.32) 

1 
COS Ç>oomp = 1 

2Г2 [1 +ftW], 
where /*i(r) is an empirical function of the form: 

A ( r ) = 0.32 
sin — я [5 Yr 

ó 
4] 

y, 

(3.33) 

(3.34) 

When r -* oo formulae (3.31a), (3.32) as well as (3.33) converge to 1 ^ • 

For a number of heliocentrical distances Table 13 includes the mean phase 
angle observed, (poba, that for A = r, ^ u , maximum angle y^a and mean 
angle computed from (3.33), qwpJ further, the differences between the respecti
ve magnitudes, the mean error of the result and the root-mean-square devia
tion are given. 

Table 13 
Phase angle as related to the heliocentric distance 

r *òbв ^ЄQU ^max ^comp o-e 0"IЛ 0'C 
m. e. 

of*obв '*<*. 

o o o o o o o o O 

0.708 76.6 89.9 180.0 72.6 —13.3 —103.4 + 4 . 0 ± 6 . 8 17.3 
0.855 63.8 71.6 180.0 65.8 — 7.8 —116.2 —2.0 ± 2 . 9 17.0 
0.953 60.4 63.3 180.0 60.9 — 2.9 —119.6 —0.5 ± 2 . 1 15.1 
1.079 53.8 55.2 68.0 54.7 — 1.4 — 14.2 —0.9 ±1.7 13.3 
1.374 43.6 42.7 46.7 42.3 + 0.9 — 3.1 + 1.3 ± 2 . 1 13.9 
1.690 31.9 34.4 36.3 32.2 —- 2.5 — 4.4 —0 .3 ± 1 . 8 10.3 
2.275 21.4 25.4 26.1 20.8 — 4.0 — 4.7 +0 .6 ± 1 . 3 7.3 
2.742 16.6 21.0 21.4 16.5 — 4.4 — 4.8 +0 .1 ± 1 . 1 4.9 
3.126 14.9 18.4 18.7 14.8 — 3.5 — 3.8 + 0.1 ± 0 . 8 3.1 
3.945 12.5 14.5 14.7 13.2 — 2.0 — 2.2 —0.7 ± 0 . 6 0.9 
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юcr 
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ocr 

40* 

гcr 

k •••V V 
V°4 / \ ч : 

In the same way the de
pendence of the phase angle 
on the geocentric distance 
was studied. The result is 
in Fig. 8. The same com
ments are valid as before. 
The relation may be again 
expressed in the form of 

cг _ à 11111 j 111111 Ц l É.I i | i l i i | I i l i | I 

9* ** ox> 02 0.4 oe ғ i g 8џ P h a s angle as related 
bgД to th g oc nţric distanc . 
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where we must put 

cos f w , = 1 — -^-p [1 + pJAflf 

0.18 sin 2j- (VЛ — 0.85) — 0.34 
MA) = УÅ 

(3.35) 

(3.36) 

The comparison of the material with the computations is given in Table 14. 

Table 14 
Phase angle as related to the geocentrio distance 

Л 
*OD8 ^ЄQU ^max ôomp ø-e o-tn o-c m. e. 

0 1*oЫ * * « * • 

o o 0 o o o o o o 

0.556 72.1 128.2 180.0 69.1 —56.1 —107.9 +3.0 ±7.4 20.9 
0.652 67.1 100.2 180.0 67.1 —33.1 —112.9 0.0 ±3.9 18.8 
0.746 62.3 84.1 180.0 64.0 —21.8 —117.7 —1.7 ±3.2 19.3 
0.931 55.7 65.0 180.0 56.3 — 9.3 —124.3 —0.6 ±2.2 15.6 
1.127 47.3 52.7 62.5 48.1 — 5.4 — 15.2 —0i8 ±2.2 15.4 
1.294 42.7 45.5 50.6 41.9 — 2.8 — 7.9 +0.8 ±2.0 13.2 
1.607 31.3 36.3 38.5 32.4 — 5.0 — 7.2 —1.1 ±1.9 9.8 
2.188 24.0 26.4 27.2 21.8 — 2.4 — 3.2 +2.2 ±1.1 6.0 
2.904 16.7 19.8 20.1 16.8 — 3.1 — 3.4 —0.1 ±1.1 4.5 
3.319 16.0 17.5 17.3 15.5 — 1.3 — 1.5 +0.5 ±0.8 3.0 
3.707 13.9 15.5 15.7 14.4 — 1.6 — 1.8 —0.5 ±0.8 2.6 

3.6. THE FORM OF DEPENDENCE nd - njr) FOR THE LONG-PERIOD AND 
NON-PERIOD COMETS DERIVED BY A STATISTICAL METHOD 

Here are three questions that must be solved before we come to the calcula
tions themselves: 

1) course of the total photometrical and physical exponents; 
2) form of the jPj-curve as given in equations (3.28) and (3.29); 
3) typical values of physical parameters k, B and a of the comet dust-gas 

model. 
As a matter of fact the first question has been solved already. The course of 

the photometrical exponent is given in Fig. 6 or Table 11, and the physical ex
ponent may be obtained its numerical or graphical quadrature; modifying 
(2.8) we find 

' Mr) . 1 Г n(r) , (3.37) 

The phase effect will be Established from RICHTEB'S investigations discussed 
in Section 3.2. Since long-period and non-period comets are the question, 
in which the dust takes a substantial part in the total radiation, the nucleus-
effect is quite negligible and hence Fd(<p) -s FP(q>) may be put according to the 
denotation introduced in Section 3.2. Regarding what is known about the di
mensions and character of photometrically effective particles the values given 
in the second and third columns of Table 7 may be considered to be represen-

63 



tative. If the phase effect is expressed in a magnitude scale as difference H(<p)9 

the functibn of the phase angle is 
Fd((p) = io-o.4ff<*,# (3.38) 

This is just the quantity appearing in relation (3.29). If we realize that 

and neglect the last term on the right side of (3.17) which is practically zero, the 
second term of relation (3.28) results in 

Fл òr L дr дà ár J 
dff 

(3.39) 

Tim rim 

Partial derivates-^- and -J^ cannot evidently be computed from (3.33) 
and (3.35) respectively. Equation (3.16) must be used for this purpose from 
which the following expression may be derived when the general form of func
tion A = A(r) is assumed: 

r 

17 •^--"-•Mi+^Hí-H 
đЯ 
dç>° 

(3.40) 

áЛ 
The result is in a high degree dependent on ratio A\r and derivative --—. The 

statistical dependence between both the distances is represented in Fig. 9 and 

indicates an extraordinarily high dispersion. Values of -—-—of the smoothed 

curve are ranged in a wide interval from + 0.14 to + 1.53; they are probably 
quite fictional. It is obvious that the analytical relation established from the 
statistical dependence must be of a rather low weight. It is likely that we will 

be closer to facts when we put A = r. 
y , Let us compute correlation ratio. 

if (log Ay log r), for both the relation 
of Fig. 9 and that of A = r. We get 
r\\ = 0.617 ± 0.062 and r\\ = 0.529 ± 
± 0.070 respectively. The difference 
between both the values can serve 
as a criterion of reliability of the 
A = r approximation; it is 0.088 ± 
± 0.094 and linear regression is pro
ved. If we put A -- r in (3.40) we get 

[F4

m dr h^r 

= 105.54-4=-.(4^— I)"1/.. (3.41) 
dtp 

This is the sought for expression. 

Fig. 9. Geocentric distance as related 
to the heliocentric distance. 
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Physical parameter B may be determined on the basis of the results of sta
tistical investigations performed so far. OOBT and SCHMIDT (1951) secure a list 

xof 53 new, fairly new and old comets. A pure gaseous model was applied, so that 
the resulting mean parameter, B = 5.8 is probably somewhat underestimated. 
An analysis of 15 comets with intense continuous spectra and n < 5 (see Chapter 
Four) gives B = 6.7. In both the,cased an assumption of T being proportional 
r-1'* was accepted. So far no material exists for determining the average value of 
B corresponding to another f 

a. In the only synopsis of •• Table 15 
comets, where a general form Probable combinations of mean physical parameters 
of relation T = T(r) is used 
(MAJfcKOViCH, 1959), there is 
only one comet, 1881 III, 
with a sufficiently high k to 
be held as belonging to the 
group of comets under con
sideration. Its parameters 
are B == 16.0 and a = 0.2. 
Assuming for a = J tempe
rature T0 equal to 330° K 
the respective values of the 
heat of evaporation are in? 
eluded in Table 15. 

Ratio 4 has a considerable 
dispersion. It is likely that 
it is not lower than 1 on the 
average. The ^-curves have 
been computed for the three 
given combinations of para
meters B and a, and in each 
case for k = 1,2 and 3. The 
results are included in Table 
16. The individual columns 
give the heliocentrical di
stance, total photometrical 
and physical exponent, func
tion of the phase angle, phase 

r dFd 

ComЪ. B 9 
L 

cal/mol T/K 

I 5.8 0.5 3800 330 

П 6.7 0.5 4400 330 

Ш 16.0 0.2 
3800 120 

Ш 16.0 0.2 
4400 140 

30 

2 0 -

• - • i - i " " i " ŕ ' i | ł -

Fig. 10. D pend nc of Пđ onth h liocentrio distanc 
foг B -=« 6.8, a — 0.5 (Cas I). 

oø: 

eflFect -=r 
*d dr 

•and result

ing values of the photome
trical exponent of the dust 
coma. The dependence of 
the resulting form of n& on 
B, a and k accepted is con
spicuously expressed. 

The dependence of nd on 
the heliocentrical distance is 
shown in Fig. 10, 11, 12. 
The numbers in the indivi-

2 5 1 

гoi 

. - » . . - . . i . . . . i . 

Fig. 11. D p nd no o fn á onth h lioc ntгic distanc 
foг B ' - 6.7, a = 0.5 (Cas II). 
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dual curves indicate the value k. Each 
curve consists, in principle, of three 
parts. For great r the course of n* is 
almost constant. Any attempt to find 
a certain correlation is futile, since the 
values nd are rather uncertain in this 
domain od r. It may be said that thia 
is a domain where the physical proper
ties of the dust coma are stable, where 
the total number of dust particles in it 
changes only very slowly. The second 
part of the curve, which occupies the 
domain from about r2 ^ 1.5 A.U. to 
rx ^ 4 A.U., shows a clear trend of n* 
with the heliocentrical distance. Mat
hematically it can be expressed in the 
form 

nd = 2 + a.r-*, (3.42) 

where a, c are coefficients depending 
on accepted B, a and k. In this period 
the dust coma begins rapidly to grow. 
As soon as a certain rate of growth of 
the number of dust particles is attained, 
the smoothing out of the exponent ndj 
and finally its decrease as well, set in. 
This, however, is already the third part 
of the curve. But the decrease of nd does 
in no way mean a reversal in the extent 
of the dust coma. In this domain the 
increase of the number of dust particles 
in the coma is approximately constant 
(provided that a(r) -> 0): 

In the interval of r, where the for
mula (3.42) is valid, the number of par
ticles in the coma may be expressed by 
the relation: 

(3.43) 

As for the numerical values of the 
coefficients a, c from equations (3.42) 
and (3.43), they are for the given B, a 
and k shown in Table 17 together with 
the limits of their validity, r2 and rx. 

From the study of the photometrical 
exponents of long-period and non-pe
riod comets we thus arrive at the con
clusion that there exists a statistical 
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Table 17 
Coefficients of empirical dependence nd » nd(r) 

I II IП 

k - 1 * - 2 k - 3 k -= 1 k - 2 * - 3 k - l k - 2 * - 3 

a 
c 
rш 

Гl 

2.63 
3.47 
1.6 
2.6 

1.59 
1.60 
1.5 
3.1 

1.76 
1.45 
1.7 
3.4 

0.50 
0.60 
1.3 
2.8 

1.05 
0.92 
1.6 
5.0 

1.39 
1.08 
1.5 
5.0 

6.92 
3.84 
1.9 
3.6 

2.49 
1.91 
1.8 
5.0 

2.48 
1.70 
1.8 
5.0 

dependence of the photometrical exponent of the dust coma nd on the helio-
centrical distance in the following sense: 

a) for r > rl9 there is nd == const, 2 < n& <nlynx depends in a certain de
gree on B, a and k. Approximately we can put nx = 2.2 ± 0.1; 

Л0-

2.0-

n i • i i i i i i i i i i i i i i I i i I I 

Fig. 12. Dependence of n* on the heliocentric distance 
for B » 16, a - 0.2 (Case HE). 

b) for r2 <r < rx we have approximately the relation (3.42), in which case 
the coefficients a, c depend on B9 a and k according to Table 17; 

c) for r <r2 exponent nd changes considerably, attains its maximum and lies 
within the interval 2 <nd <n2in% depends again on B, a and k. Approxima
tely n2 = 2.7 ± 0.3. 

3.7. AN ATTEMPT TO SKETCH THE PHYSICAL DERIVATION OF RELATION nd - n4(r) 

The introduction of the dust as a photometrical agent into quantitative con
siderations slightly complicated the calculations (if compared with the pure 
gaseous model). Mathematical controlling of the process of release of thedust tot 
any detail is very difficult. The following procedure must be considered Mail 
outline of a semi-analytical solution of the problem because of A nuoiber of 
simplifying assumptions and approximations. 

Let us point out that the dependence of nd on the helioeeatric distance i* 
important when the dust contributes to the total comet radiation in a high 
degree, i. e. in comets with intense continuous spectra. 

Let us consider such a comet. Statistical studies indicate (e. g. OORT, 
SCHMIDT, 1951) that an intense continuous spectrum is a feature of the so-called 
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"new" comets with a semi-major axis — < 0.002. In Chapter Four we will see 

that 

(-X& io-*±l* 
(BY may be written in such comets, so that the I — I -terms are negligible when 

Compared with those of v. In such a way we get 

and after correcting for the phase effect: 

«r)-2-w'-*£*-'' (345) 

Let us assume in accordance with a number of explorers (WHIPPLE, 1950, 
VAN^SBK, 1952, DOBBOVOLSKY, 1953c, MABKOVIOH, 1958) the disperse surface 
layer of the conglomerate forming the comet nucleus represents the source of 
dust. The next considerations of this section will concern the pre-perihelion 
period. 

The main mechanism, which gets the dust into a cometary atmosphere, is 
connected with the process of evaporation of frozen gas masses from surface 
layers of the nucleus, for the dust is released with the gas. We assume the 
amount of the released dust depends on the impulse magnitude of the gas. As 
the initial molecule velocity changes with the heliocentrical distance quite 
slightly, a direct proportionality between the increase in the number of dust 

dv 
particles in the cometary atmosphere per unit of time, ------, and the number of 
evaporated molecules during the same time must be valid. Besides it, the vo
lume of the disperse layer also affects the increment of photometrically effect
ive dust particles in the cometary atmosphere. 

Collisions with cosmic velocities of a comet with micrometeorites in inter
planetary space contribute to pulverization of the nucleus surface and release 
of dust particles from it. The number of particles expelled per unit of time is 
roughly proportional to the collision frequency (see Chapter Five). 

In addition, it is necessary to take into account the fact that, owing to chaotic 
motions of dust particles in the atmosphere, a certain number of them come into 
collisions with the nucleus again soon after ejection. In this way an additional 
fragmentation of the nucleus surface occurs and a further increase of the num
ber of dust particles takes place in the cometary atmosphere. Hence, incre
ment dv is proportional to the momentary number of photometrically effective 
dust partioles in the comet head. 

Finally, the observed variation of the number of dust particles is also pro
portional to the interval of time, during which particles remain inside the co
met atmosphere region, i. e. to their effective "life-time". 

If we denote the number of gas molecules evaporated from the nucleus sur
face per unit of time as nmt the number of photometrically effective dust parti
cles in the atmosphere at a given moment as v, the frequency of collisions with 
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micrometeorites as fM> the number of dust particles included in a dust layer 
near the nucleus surface at the same moment as N, and the "life-time" of dust 
particles as r, we get the following expression for increment dv: 

dv = const. Un.v.fM-N .t.dt. (3.46) 

In the case of molecular flow taking place in comets, Hj* may be written in 
the form (DOBBOVOLSKY, 1953c, MABKOVIOH, 1959): 

n » ~ ; , — - P (3.47) 
Y2n.m.kQ.T * 

P is the pressure of saturated vapour above the gas-ice, T the surface temperature 
of the nucleus, m the mass of a molecule and &e BOLTZMAKK'S constant. If all 
heat is spent for evaporation of the ice, DOBBOVOLSKY (1953C) applied an ap
proximate relation between pressure P and temperature T as follows: 

P=A.TH9 

where A and ft are constants characterizing a gas. With regard to (2.3) relation 
(3.47) has the form: 

nm~Tfi-ll*~r«ll*-fiK -- (3.48) 

The frequency of collisions of a comet with micrometeorites may be easily 
expressed if we know the cross-section of the comet nucleus, S, micrometeorite 
space concentration, Cjf, and collision velocity, V: 

fM =S.cM.V. (3.49) 

In Chapter Five we will find that cM ~ fy, y -• 0+; especially for comets with 
extended orbits, the dominant component of the average Collision velocity is 
very close to the radial orbital velocity of the comet, so that 

/JÍ ~ r~*. 
dr 
dť 

(3.60) 

If the interaction between a dust particle and surrounding gas is weak the 
particle life-time may be expressed as a function of its initial velocity, v, and 
effective acceleration on it, g: 

x ** (3.51) 
9 

Dynamical effects of gas on the motion of a dust particle in the cometary atmos
phere is characterized by the time of relaxation (HBUSKA, 1959): 

- V -* - ^ V ^ . ' (3.62) 

^ гЩ 
where v^ is the most probable "thermal" velocity of molecules, n-, their concen
tration, m the mass of a molecule, j the velocity of a dust particle relative to the 
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gas, Mand Q its mass and radius. Using the most probable values, v0 = 105 cm. 
.s-i, n0 = 3.104 cm-8

 (DOBROVOLSKY, 1953b), m = 4.10"28 gm, j = 10* cm.s"1, 
M = Ю-13 gm, Q = 2.Ю-6 cm (VANÝSBK, 1960a), we get th tim of relaxation 

Tв &* 6 years, 

i. . by thr orders higher than th life-tim of a dust particle; the foгm of 
equation (3.51) is ther fore quite satisfying. As (se Chapter Five) 

v^r-^.vty, 

g ~ Г'\ 

the life-tim of a dust particle is proportional to 

r~r 4 . (3.63) 

Let us study now the drop of gas supplies, Nm9 in the surface layer of th 
cometnucleus: 

i 

Nm(t) = N^— const J Tß-V.dt. (3.64) 

Here NZ* ІS th numb r of mol cules initially (i. e. in aphelium) included in th 
surfac layer, t0 is the tim of perihelion passage of a comet, P the oгbital p -
riod. On DOBBOVOLSKY'S assumptions MARKOVICH (1958) found that exponent 
a of equaţion (2.3) is connect d with expon nt ß by the relation 

(3.56) 
2/3—1 

Assuming the heliocentrical distances under consideration are small relative to 
the semi-major axis, the integral on the right side of (3.54) may be replaced 
by expression 

r 

jr-^l--i.)"V,dr, / , = = a ^ _ L(l+«), 
00 

q is the perihelion distance; with respect to (3.55) we get 

N„(r) - J C [ l - 1 a r c s i n ^ J ' ] , 

where, moreover, the boundary condition Nm(q) = 0 is introduced. 
The solution of the equation of heat conduction, performed by MABKOVIOH 

(1959), leads always to exponents a higher than those of relation (3.55). The 
same effedt follows from observations. Physical reasons for it are quite obvious: 
only a part of the incident solar heat is spent for evaporation of frozen gases, 
the other part increases the temperature of the nucleus directly; the entire 
increase of the temperature is therefore faster than that given by (3.55). The 

3 
most probable value is close to p = 3 (a = 0.2, /? = 18) instead of p = — and 
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the variation of the number of gas molecules may be expressed in the fqrm 

^-^.[.-.{i-f.-^j.+ff)}]. 
Constant f will be determined from the boundary condition Nm(q) = 0 and 
then 

ад=л«.(i-Xf.(1+±.i). (3.56) 

In large heliocentrical distances mostly the gas as the volatile component of 
the mixture escapes from the surface layer. The dust, on the contrary, is expel
led together with the gas only in smaller distances from the Sun; we may assu
me that here the dust ejection runs with a higher power of the gas-concentra
tion drop. Dust supplies in surface layers are not, as a rule, renewed in a suffi
cient degree, so that their gradual exhaustion occurs. Inevitability of a rapid dis
integration of the dust layer in a comet was pointed out by VAN*SEK (1952). 
He asserts that such a layer may exist for not more than a few revolutions 
round the Sun. This fact is experimentally corroborated by the absence of a con
tinuous spectrum in the majority of short-period comets. 

According to what has just been said, in heliocentrical distances r > 1.6 q 
the drop of the dust concentration may be approximately expressed 

* "W (ij' < 3 J 5 7 > 
where N{0) is the initial dust-particle concentration in the layer. With an in
creasing heliocentric distance ratio NIN{0) ->. 1 rapidly and is of no importance 
in distances larger than 2 A.U. In small heliocentric distances, on the contrary, 
function N = N(r) prevails over that ofnm= nm(r) in relation (3.46). 

An approximate validity of (3.57) may be proved still in another way; from 
the considerations of this section the following relation holds good in large he
liocentrical distances 

dN fin — d v 

or, with respect to (3.46) and (3.45) or (3.22) 

ln-^-«» r tjV^T--^-JJ!$ldr]dr. 
• 1 

After integrating it we get an approximate relation 

N(r) 
JУ<0) '.вxp [— const.r*] 

with the exponent 

*(r) = * - « / ? + ± « - y _ ^ J *£ldr; (3.68) 
1 

the last term on the right side changes only quite slightly with r, the others are 
oonstants. 
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If in the expansion of function (3.56) higher-order terms are taken into 
account than those of the second order, exponent 8(r) is given by the formula 
sufficiently accurate for every r >- 1.3 q: 

* ( Ѓ ) = 2 + 

1_ 
3 q + 4 

tø 
1 o +ł 

(3.59) 

According to our consideration t>oth the expressions, (3.68) as well as (3.59), 
should converge to the resulting common 80 in large heliocentrical distances: 

80 == lim 8(r). 
f — > 0 0 

In small distances from the Sun (3.68) and (3.69) may differ from each 
other rather more. A comparison is performed in Table 18. The statistical 

method of Section 3.6. has been applied to relation (3.68) and ratios I — I from 

Table 18 
Comparison of the course of exponent 8(r) derived in different ways 

r © 
8(Г) 

r © from (3. 59) 
from (3. 58); Case III r © from (3. 59) 

k - 1 k - 3 

0.71 
0.86 
0.96 
1.10 
1.40 
1.71 
2.35 
2.78 
3.15 
3.76 

1.57 
1.56 
1.64 
1.73 
1.96 
2.22 
2.49 
2.85 
3.15 
3.76 

—2.38 
—2.38 
—2.36 
—2.34 
—2.29 
—2.25 
—2.21 
—2.18 
—2.15 
—2.13 

—1.91 
—2.09 
—2.18 
—2.25 
—2.31 
—2.30 
—2.19 
—2.12 
—2.07 
—2.02 

—2.12 
—2.26 
—2.34 
—2.38 
—2.46 
—2.46 
—2.39 
—2.34 
—2.29 
—2.23 

Table 9 to that of (3.59). The results of Table 18 corroborate our statement: 
exponents s(r) derived in different ways converge to the value of —2. The 
dispersion of s(r) in smaller heliocentrical distances is consistent with our con
siderations, too. 

By inserting (3.48), (3.50), 3.53) and (3.57) into the balance equation (3.46) 
we find 

dv = — const.r.r1"^"*" T °~r .exp I — ^ - 1 dr, (3.60) 

where s is a positive constant, and, finally, after inserting (3.60) into (3.45): 

nd(r) = 2 + a.exp | — ^ J .r-«, (3.61) 

where coefficients a, 6, c vary from case to case; the numerical value a de
pends on the initial volume of the dust layer, heat conductivity, specific heat, 
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density, micro- and macroscopic structure of the meteoric material and a series 
of other physical magnitudes, while the other two coefficients are'given by 

Ъ = г > 0 

| c = лß + y-Ь-- & 
(3.62) 

From the physical point of view formula (3.61) is nothing but a hypothesis. 
However, let us pay attention to the following fact: for rather large r (and rela
tively low 6) term exp I—----1 is close to a unit and formula (3.61) i» then iden
tical with formula (3.42) found empirically. The drop of n* in small heliocentric 
distances following from (3.61) is also well expressed in empirical curves (Fig. 
10, 11, 12). 

Let us study in what degree formula (3.61) is consistent with the statistical 
n<rcurves in detail. When applying the method of least squares we find coef
ficients a, 6, c from the system of normal equations: 

ln a.N — b. I -I — c.[ln r] — [ln(n„ — 2)] = 0, 

I п a . f - ^ J - б ^ J - c f - ^ l n r j - f - ^ Ь ^ - г ^ O , 

In o.[ln r] — 6 P j - ln r j — c [(ln r)»] — JTn r.ln (71* — 2)] = 0,. 

(3.63) 

where N is the number of measurements and square brackets denote the sum
mation. 

In such a way, formula (3.61) has been compared with all the curves from 
Fig. 10,11,12 and the results are included in Table 19; the coefficients are given 
With their probable errors. Moreover, the maximum /^exponent, ndmBx> as 
well as the corresponding heliocentrical distance, r-nax, are indicated as<computed 
from 

f W = 2 + a. | ^ J , W = ̂ —J . 

Finally, the mean residual, e, is given between the empirical curve and that 
computed from (3.61). 

The conclusions can be drawn as follows: 
1) the formula satisfies best of all Case III (mean residual ± 0.018), worst 

Case I; 
2) the formula satisfies better curves with higher k; 
3) maxima of curves are ranged close to 1.3 A.U. within ± 0.25 A.U. and 

there may be hardly found any correlation with accepted B, a and k; 
4) the highest maximum is in Case III, the lowest in Case II; its value always 

increases with increasing k; 
5) a comparison of c from Tables 17 and 19 indicates good agreement in fact: 

the former gives c = 1.84, the latter c = 1.94. For a = 0.2, ft -= 18.0 and y -= 0 
we get from (3.62) c = 1.55; 
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6) values of all the three coefficients with in
creasing k increase in Case II, conspicuously de
crease in Case III and no trend is apparent in 
Case I. 

In all the studied cases the residuals are 
than proper errors of observed photometrical ex
ponent. In this sense the general form of (3.61) 
may be considered sufficient for mathematically 
expressing the photometrical exponent nd for non-
period and long-period comets. Formula (3.61) 
itself may be found semiempirical as to its cha
racter. Since the form of function n& = nd(r) is of 
little importance for short-period comets and other 
comets in which the gas has a dominant influence 
on photometrical parameters, formula (3.61) will 
be further applied as a general approximate ex
pression for the photometrical exponent nd. 

3.8. NUMERICAL ANALYSIS OF THE PHOTOMETRICAL 
EXPONENT CURVE OP THE COMET DUST-GAS 
MODEL. COMET 1957 III 

In the last chapter we dealt with the solution 
of the comet dust-gas model based on two physi
cal parameters (besides the absolute magnitude), 
viz. the heat of evaporation of molecules and the 
ratio of brightness of the two physical components-

No w, on the basis of the discussion of the form 
of then^-curve, the opportunity arises of an im
portant generalization of the methods derived in 
the last chapter. 

We shall assume that we have a series of ntu 
merous estimates (or measurements) of comet 
brightness at our disposal sufficient for establish
ing the course of the total photometrical exponent. 
The obtained values of the exponent satisfy the 
basic relation of the dust-gas model: 

n(r) = 
t r 

nd.fc.exp|— J —— drl + fy.expj— 1 — drl 
_ 1 1 

fc.exp[-J^dr] + e x p [ - J ^ d r ] 

(3.64) 

where the partial photometrical exponents are 
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r»<.(r) = 2 + a.exp Г— — - ] .r-*. 

(3.65) 

In such a case relation (3,64) includes six unknown parameters — k> B,«, a, 6, c. 
The problem is to find their numerical values. There exists no exact analytical 
solution of equation (3.64) and approximate methods must be applied. Ratio k 
turns out the magnitude of the greatest importance when deriving them. Since 
exponent n^r) given by the second equation (3.65) has riot its integral in a close 
form, function rjd(r) must be expressed as a function of r\ and i\g according to 
(2.8). 

For "new" comets, which are characterized by a high k, it is acceptable to 
transcribe relation (3.64) into the form 

n=nd+
 n{~l* .*-*# (3.66) 

and expand functions nd = nd(r), ng = ttp(r) and r\g = rj0(r) in a series at the 
point r = 1 A.U. The course of exponent n is known from the material and that 
of function rj = rj(r) may be simply determined by means of graphical integra
tion of n. We get the series of the form 

tft m 

n(r) =YiA* ( l n r)i + r* 2 A*+- ( h l r)i' (3'67) 

. = 0 « - o 

where 

Ao = 2 + o.e-fr, 

^ =(! + *)--. [«(-! + * ) - A , ] , 
Aa =oe~».[26 — c], 

A8 = (1 +k)-i.[a?B — AJ — «-Ax(-1 + BJ , 
A4 = a.e-*J26 (6 — 1) — 26c +1|-c«], 

A =-|-^1«-5- + (1 + *)--. [«/-,(y + -SJ —^14 —«»-3-]. 

The proper computation must start from thtf'form of dependence n = n(r) in 
the neighbourhood of r = 1 A.U. For the series to converge it is necessary to 
compute with m > 2. The six parameters of relation (3.64), of course, will be 
derived from coefficients AQ, .,.., A5 only. 

For short-period comets which low values of ratio k are typical for, basic re
lation (3.64) must be transcribed into another form: 

n — 2 =n0(\ + *)-*.!*-—*,. \l + -^-"{(1 + k)(nd — 2).rV-*— nd 1 1 . 

(3.69) 
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By expanding functions nd = nd(r), ng = n0(r) and r\Q = rjg(r) in a series at the 
point r = 1 A.U. again we find expression (3.69) in the form: 

m 

In \n(r) — 2] — v(r).ln r = ^ A'zi (In r)< + r~n ~ ] A2i + 1 (In r)«, (3.70) 
< - 0 i _ 0 

where it is now 

A'0 =ln<xB-ln(l + f c ) + - l [ - l _ A j _ . a 
_ Г 

., 1 + k 
л - = - _ г - •a " 

ľ 2 = a B + | - + 4 - ( 2 - ^ ) - ^ ( 2 & - c - a ) e Л 

Л'я __-±_a.e-»í<_ +2Ь —c —-Ş-ì, 
< _ 

A : 

^= i _ i ' , e - > -Mi« s + 2 6 - c )7 M ( 1 - 6 + c + l ) + i ( c + lT}-, 
The length of the interval of heliocentric distances and the size of index m must 
be approximately the same as before. 

The present state in methods of determining comet brightness makes it pos
sible to derive nothing more but the average photometrical exponent for most 
comets. Comet Arend-Roland is, however, one of a few comets for which — 
owing to the numerous and homogeneous observational material — it is possible 
to watch the photometrical-exponent variations with the heliocentrical distance 
and construct the photometrical-exponent curve within a wide range of helio
centric distances. 

The photometrical curve of comet Arend-Roland has been constructed on 
the basis of B E Y E R ' S 51 visual observations (BEYER, 1959) and it is represented 
in Fig. 13. There is no difference between the pre-perihelion and post-perihe
lion form of the curve, which was independently pointed out by BousKA 
(VINTER H A N S E N , 1957a). First, let us find, whether the departures from the 
straight-line (giving the course of the photometrical curve) are real or represent 
observational errors. B E Y E R (1952) states tha t the accuracy of his method is 
about ± 0m.30. If the constant photometrical exponent is acceptable for ex
pressing relation 

/ = _ 0 . r - « , 
the maximum departure from the straight-line must be less than the proper er
rors of the method. The maximum departure is defined by the normal law of 
errors as a departure the probability of which is equal to 1/_V, where jV is the 
number of observations. If the i-th departure is denoted as Si then the constant 
photometrical exponent is acceptable when the following condition is fulfilled: 

N x 

2 

„ _ i ; _ 0 - . 3 . (3.72) 

(3.71) 
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Here y is the numerical factor between the maximum departure, £*, and the 
mean departure, e, 

«m = ye; 
y fulfils the relation 

rlW 
e^dt = 1 ^-. 

N 

The maximum departure of the observational n^aterial used is ± 0^.73 and con
siderably exceeds the limit permitted by (3.72)/SJJie reality of curvature of the 
observed photometrical curve is, hence, proyed beyond any doubt. 
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Fig. 13. Photometrical curve of the Arend-Roland comet. 

Then the curve was divided into a series of intervals and within op-ch of them 
the mean photometrical exponent was computed by means of the method of 
east squares. The results are included in Table 20, where the individual columns 
contain: the serial number of the interval of heliocentric distances, its range, 

Table 20 
Empirical dependence n «-» n(r) of the Arend-Roland comet 

No int. r N r n вm 

1 0.51—0.71 6 0.58 2.77 ± 0.29 ±0.16 
2 0.53 — Ò.79 8 0.66 2.87 ± 0.2 ±0.21 
3 0.63 — 0.98 14 0.75 3.15 ± 0.11 ±0.24 
4 0.78 — 1.06 12 0.92 З.бl ± 0.18 ±0.17 
5 0.97 — 1.06 5 1.02 3.93 ± 0.41 ±0.07 
6 1.11—.1.35 8 1.25 4.17 ± 0.18 ±0.17 
7 0.99 — 1.81 23 1.37 4.37 ± 0.12 ±0.17 
8 1.48 — 1.81 10 1.63 4.25 ± 0.28 ±0.14 
9 1.48 — 2.08 16 1.74 4.19 ± 0.12 ±0.16 

10 1.78 — 2.57 13 • 2.12 3.90 ± 0.11 ±0.12 
11 1.88 — 2.67 11 2.26 3.72 ± 0.12 ±0.29 
12 1.88 — 3.17 13 2.38 3.64 ± 0.10 ±0.11 
13 2.43 — 3.17 8 2.67 3.46 ± 0.19 ±0.16 
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the number of measurements, the mean heliocentrical distance and the entire 
photometrical exponent within the interval. The linearity of the photometrical 
curve within individual intervals is maintained. It is proved by the maximum 
departures, em, computed separately for each interval, as seen from the last 
column of Table 20. 

The dependence of the photometrical exponent on the heliocentric distance 
is represented in Kg. 14, where also function rj = rj(r), obtained by means of 

m 

91 
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Fгg. 14. Photom tгical- xponent cuгve of th Ar nd-Roland com t. 

graphical integration of n(r), is plotted in a dashed curve. At r = 1.4 A.U. 
curve n = n(r) has a maximum, which is characteristic for the comet dust-gas 
model and its existence follows directly from the basic equation of the model 
(VAN^SEK, H6EBIK, 1954). A series of other comets recently investigated by 
BEYER (1958, 1959) also have the point of inflexion on their photometrical 
curve, e. g. comet 1956a at r = 2.2 A.U., comet 1957d at r = 1.2 A.U. etc., 
and from comets observed earlier comet 1942g appeared the same effect at 
r = 1.6 A.U. as follows from the material collected by GADOMSKI (1947). 

A lot of spectral and polarization measurements of comet Arend-Roland in
dicate a considerable amount of dust in the atmosphere. Therefore the series of 
form (3.67) must be used for the numerical analysis of the photometrical expo
nent. By means of the method of least squares we get the following coefficients 
A0,.. ,,A6 from the interval of heliocentric distance^ between 0.67 and 1.49 
A.U. (form = 4 ) : 

A0 = + 3.62 ± 0.04, 

Ax = + 0.19 ± 0.02, 

л = + 3.25 ± 0.05, 

л* = — 0.54 ± 0.07, 

лå = — 3.12 ± 0.07, 

ль = + 4.00 ± 0.09. 

(3.73) 

From the first, third and fifth equations of (3.68) we get immediately the ex
pressions for the parameters of the dust part of the cometary atmosphere: 
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6 = 
2(2 hG[* + т-тëҗ]-

Лш 
c = + 25, 

2 — Л 

a = (Ao—2).e». 

(3.74) 

(3.76) 

(3.76) 

Eliminating 1 + k from the second and fourth equations we obtain the ex
pression for JB as a function of a: 

a*A1B*+aB[aA1(a—l—A0)+At\+1 a*Ax [± a—A^+ ± oA^+A^—^,=0 

(3.77) 
and for ratio A:: 

*-^Ш + i ì)- л ]- 1 (3.78) 

The computing procedure: we choose a and determine corresponding B and 
k; insert these values into the last equation of (3.68) and change as long as we 
find the agreement between it and (3.73). The approximations converge ra
pidly. 

The resulting values of the six parameters of photometrical curve (3.64) 
found in this way are included in Table 21. 

Table 21 

Resulting parameters of the photometrical curve of the Arend-Roland comet 

k , 6*81 ± 0.76 
a x 0.28 ± 0.01 
B 17.02 ± 0.61 
a 11.61 ± 0.86 
Ь 1.96 ± 0.07 
c 1.92 ± 0 . 1 4 

Table 22 

Residuals between the empirical and theoretical curve of n P» n(r) 

No o-o No 0<f 

1 —0.01 8 —0.04 
2 —0.03 9 —0.02 
3 +0.11 10 +0.01 
4 —0.06 11 —0.03 
Ŕ +0.08 12 —0.01 
6 —0.09 13 +0.04 
7 +0.04 
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Residuals O - C between photometrical exponents obtained from BEYER 'S 
material and those computed from (3.64) are given in Table 22. As seen, the 
agreement is very good even at r > 2 A.U. 

The results of Table 21 are interesting in many directions. Intensity ratio k 
has an extraordinarily high value, which is consistent with a number of spectral 
measurements. A strong continuum in the head-spectrum of this comet was 
reported by PORTER (1957), FEHRENBACH, HASER, SWINGS and WOSZCZYK (1957), 
LILLER (1958), DOLTDZE and ARKWTPOVA (1957). Some authors even estimated 

<V>f 

2. 

20 

• i i • • • i • 

Fig. 15. Dependence of both the partial photometrical exponents of the Arehd-Roland 
comet on the heliocentrical distance. Change of the intensity ratio with the helio-

centrical distance. 

from the spectrograms an approximate value of intensity ratio *F of both the 
physical components, e. g. RAJCHL (1958) found W aa 2 at r = 0.75 A.U., 
BOUSKA and HERMANN-OTAVSK^ (1958) estimated W ^ 3 at r = 0 . 6 6 A.U. 
These values are within errors consistent with ratio W computed from para
meters of Table 21 according to the formula 

^-Ш-^U^-"} (3.79) 

The computed course of W with the heliocentric distance as well as that of 
ng = ng(r) and nd -= nd(r) are in Fig. 15. 

The correctness of the high value of ratio k is also fully supported by 
a number of polarization measurements. Polarization degree of the compt-
head light reached extraordinarily high value. Thus, for instance, RICHTEB 
(1958) reported the polarization being nearly 40 per cent, according to 
BLAHA, HRU&KA, SVESTKA and VAN^SEK (1958) it was almost 30 per cent, 
BARBIER (1958) gave 41 ± 5 per cent, and even the lowest value, 26 per cent, 
published by HOPMANN, WIDORN and PtJRGATHOFER (1958) is still high enough. 

The resulting value of exponent a agrees, on the whole, with both the investi
gation of MARKOVICH (1959) and earlier considerations of MINNAERT (1947). If 
we consider the nucleus surface temperature of the comet to be equal to about 
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T0fix 160° K — a s follows from some theoretical considerations (DOBBOVOLSKY, 
1953c, MABKOVICH, 1959) — we get the heat of evaporation L = 5 4 0 0 ± 160 
cal/mol, while the temperature determined from the 3883 A CN-band by 
GLACK)LBVSKY (1959) leads to another result: T0 = 273° K and L = 9 2 0 0 ± 280 
cal/mol. 

The dust coma parameters indicate two characteristic features: 

a) high exponent nd, equal to 4 in maximum, gives evidence of a very violent 
development of the dust coma; W 

b) high coefficient b indicates a rapid drop of dust supplies within the surface 
layer. 

In addition to this, coefficient /3 of gas may be derived from (3.62); assuming 
y = 0 and inserting a and c from Table 21 we get ft -=-14.3. This value is consis
tent with the results of the laboratory experiments. The latter lie within the 
interval between 13.1 for GH4 and 19.1 for CJX% (DOBROVOLSKY, 1953c). 

Thus we arrive at the conclusions as follows: 
1) the comet dust-gas model quite complies with the empmcaltdependence 

of the photometrical exponent of the Arend-Roland comet on the heliocentrio 
distance. The general form of this model— with six independent parameters 
—makes it possible to analyze both the physical components of the oomet atmos
phere, unless the inaccurate observational material prevent us from do^ng so. 

2) Numerical results indicate that photometrically the dust considerably 
prevailed over the gas in the atmosphere of the Arend-Roland comet. The high 
photometrical exponent nd disproves the assumption of the constant summary 
surface of dust particles, especially in comets with a substantial effect of the 
dust on the comet photometrical properties. 

3) As to the gas coma parameters, the ascertained dependence of the nucleus 
surface temperature on the heliocentrical distance differs from that of tiny 
particles under conditions of thermal equilibrium, but is consistent with the 
mentioned considerations of MAKKOVICH. Parameter B is close to the above 
value held as the "typical" one for comets With continuous spectra. 

CHÂPTER FOUR 

SOME APPLICATIONS OF A COMET BUST-GAS MODEL. COMETS 
WITH STRONG CONTINUOUS SPECTRA 

4.1. FUNCTION OF GAS 

In Section 3.3 we dealt with general considerations concerning the photo
metrical efficiency of the dust in cometary atmospheres, especially the corre
lation between the number of dust particles, *, and the oorresp6nding photo
metrical exponent nd. The latter determines the changes in the dust amount in 
the atmosphere, but in any way does not contribute to solving the problem of 
zero-pointv The difficulty consists in the fact, that equation (3.7) contains two 
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unknowns, namely effective radius of the nucleus, R> and the function of dust, 
E. The second equation has to be found. 

In Section 2.1. the gas-part brightness of the cometaiy atmosphere is shown 
to be assumed proportional to the number of ejected molecules from a unit 
surface per unit of time, n0> given by formula (2.1). Thus we can write 

IAg = AAnIP.no, (4.1) 

where the photometrical efficiency of a radiating molecule, the ratio 
between the number of radiating and evaporated molecules, the "mean life-time 
of the former, and the energy density of solar radiation are included in coeffi
cient A. After inserting from (2.1) and modifying we obtain 

HAg= —2.5 log G — 5 log R + -J- «log r + -J- raod.B (r« — 1), (4.2) 

where the following magnitude is introduced: 

0 = ^ . . ( i ^ L j \ e - V ,4.3) 

It represents a certain combination of ga& characteristics. We shall therefore 
call it the function of gas and investigate some of its properties. 

First, the gas-component brightness may be generally expressed in the 
form 

HAg = H0 + 2.5 log (1 + k) + 2.5Vg(r) log r. (4.4) 

Analogously the dust-component brightness is described by the formula 

i(Ad =H0 + 2.5 log [ l + ^ ) + 2.5 r,d(r) log r. (4.5) 

If we introduce (2.12) into (4.4), compare (4.4) with (4.2), and (4.5) with (3.7), 
we get the relation between the function of dust and the function of gas: 

4= 1 0° , i < y- i t ' ^ d ' (4'6) 

In addition to this, the comparison of (4.4) with (4.2) gives the relation between 
the effective radius of the comet nucleus of the function of gas: 

i?=[o ; ( l + fc ) ] -V. .e X p[- T ^-] . (4.7) 



If the basic physical parameters of the come* photometrical curve as well as 
the effective radius of the nucleus are known, the function of gas can be com
puted from (4.7). The function of gas is indicated to depend mainly on the heat 
of evaporation of molecules, as seen from (4.3). If we succeed in determining 
Ryhy B and H0 for a number of comets, the calibration curve 0 = 0(B) may 
be established. 

The problem of determining physical parameters of the photometrical curve 
was solved in the two preceding chapters, the problem of the comet nucleus 
model will be discussed in the following section. 

i • ' . 

4 JS. THE STRUCTURE OP THE COMET NUCLEUS 

. i 

There exist divergencies in opinions on both the size and structure of the co
met nucleus and its function in the comet life. With respect to these problems, 
comet models may be, in the main, divided into three groups: 

a) comets without nucleus; 
b) comets wi<h compound nucleus; 
c) comets with monolithic nucleus. 
The first and third types are hypothetical extremes, in fact non-existing. 

The comet model without nucleus* suggested, by LYTTLETOK (1948), has been 
most objected to till now. A comet without any nucleus should have no interior 
stability and be destroyed under effects of differential gravitation. It could held 
neither its roughly spherical form of the coma at all nor relatively small di
mensions as observed. The assumption on the mechanism of producing gas 
radiation cannot be accepted either (evaporation of particles due to their col
lisions). 

The most extended hypotheses, are those concerning the compound comet 
nucleus. This intermediate group of views, however, is rather non-homoge
neous and is represented by a string of conceptions from those of a low-con
centration cluster of particles of various size to those of almost monolithio 
nucleus. 

Among the former conceptions there belong DUBIAGO'S considerations 
(DUBIAQO, 1942) concerning the stability of the cometary nucleus formed by 
a meteoric-particle shower. He proved the period of semi-desintegration of 
such a comet with the nucleus diameter of about 9000 kilometres and inner 
space density of 5.10~9 gm.cm-* is roughly 100 years, if q = 2 . 4 A.U. and P == 
= 5.2 years being considered, i. e. it is quite short. This model cannot be 
disproved dynamically, but it contradicts the spectroscopic and photometrical 
data. The summary surface of the particles should be so great that every comet 
would appear an intense continuous spectrum. The accepted diameter itself is 
too large. For instance, th^ apparent nuclei of two huge comets, 1858 VI and 
1910 II, were in some periods of observation estimated to be not more than 
about 500 kilometres in diameter (CTJBTIS, 1919, BRB^LKHIK, 1934). Moreover, 
as shown by ORLOV (1945), the measured apparent diameter of the nucleus is 
in close connection with the geocentric distance. It is evident that an observa
tional effect takes place here. It is well-known that some unstable molecules, 
as CH, CH2 or NHg, have too short a life-time and are dissociated or ionized in 
a close vicinity of the comet nucleus (i. e. real nucleus) (SwrffGS, 1943). The 
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intensity discontinuity in the comet head, produced by the disintegration of 
such molecules, is probably often held as the nucleus boundary. 

Another conception of the compound nucleus was suggested by VOBONTSOV-
VBLYAMINOV (1945). In his study concerning the nucleus of the Halley comet 
he drew the conclusion that it consistedcf about 107 blocks of dimensions about 
100 metres, which were included inside the sphere of 60 kilometres in diameter. 
As the volume of the nucleus is filled up by the blocks to 15 per c y t approxi
mately, mutual collisions certainly occur, which lead to the fragmentation of 
the nucleus and in such a way to the loss of stability. DUBIAGO (1950) therefore 
believes the nucleus must be of considerably larger dimensions, about 500 kilo
metres in diameter and the number of blocks less to decrease the danger of 
disintegration by the process of fragmentation. On the other hand, RICHTEB 
(1954a) finds a considerable dispersion in the nucleus dimensions, extended over 
thyee orders, from 10* to 10s kilometres. The differences in the size of individual 
comets are unlikely to be so conspicuous. 

All the given data about the dimensions of nuclei were obtained by either 
photometrical methods (VOBONTSOV-VBLYAMINOV, RICHTBR) or those of oe* 
lestial mechanics (DUBIAGO). 

An idea of the compound comet nucleus very close to the monolith (or even 
almost identical with it) has been held by BALDBT (1931) on the basis of photo-
metrical measurements, WHIPPLE (I960) by means of physical considerations 
and ORLOV (1960) by connecting the methods of celestial mechanics with pho
tometrical relations. The three authors' results are consistent with each other 
within an order. 

The determination of the comet-nucleus dimensions is most fully described 
by ORLOV. He proceeded from his theory of the cometary head (ORLOV, 1945) 
where he had studied parabolical envelopes of a few comets. He found there 
may have been up to four envelopes in a comet at the same time, and established 
that the ratios between top-distances of individual envelopes (in stationary 
state) from the nucleus were always the same. 

OBLOV assumed the motion of any particle was controlled by three forces as 
follows: 

a) attractive force of the Sun; 
b) repulsive force of the Sun, i. e. radiation pressure; 
c) repulsive force of the cometary nucleus, i. e. reflected solar radiation pres

sure. 

The resulting motion arises under the effect of the vector sum of the three 
agents. If the motion is studied of a particle expelled in the very direction of 
the radius-vector to the Sun, the following differential equation holds good: 

d'f _ W (1 + p) V^ 
d*» ^ (r—£)* "*" fV* ' l " ' 

where f is the distance of a particle from the nucleus, k2 the universal constant 
of gravitation, px the effective acceleration on a particle from the comet nuc
leus and 1 + A* the repulsive acceleration from the Sun. The following expres
sion is reached for the distance of the cometary-head top from the nucleus: 
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«. •- (***'•• {-r+jf: ' <49> 
This formula is valid, in fact, for both parabolical envelopes as proved by 

ORLOV (1945), and cometary-head diameters (Chapter Six). 
OBLOV justifiably assumes the repulsive forces due to the Sun and the comet 

nucleus are proportional to the illuminations from both bodies, respectively. 
Thus we can write: j * 

where H0 and J?^ are the absolute brightness of the Sun and the oomet nucleus, 
respectively. Formula (4.9), being written at r = 1 A.U., characterizes the 
first envelope: 

Comparing (4.10) with (4.11) we obtain 

it =4.10»-«-ro--f«>. (4-12) 

According to (3.2) we find 

H* = a — 2.5 log A0 — 5 log R, [F%(<p = 0) - 1], (4.13) 

so that the radius of the real cometary nucleus yields in 

J L — r °-2 

2p; ^ ж ^ l 1 * - ^ ] ' (4.14) 

Numerical values: from Section 3.2. we take or= S^.S, AB = 0.1 and according 
to STBBBINS and KRON (1957) H0 = —26».73. If & is expressed in A.U., the 
nucleus radius (in kilometres) is 

r 

log B = 8.305 + 2 log fi. (4.15) 

As a monolithic nucleus was considered in the computation, value R of (4.15) 
may be put equal to the so-called effective radius of the comet as introduced in 
Section 3.2. and applied in Section 4.1. Hence, ORLOV'S conception of the real 
comet nucleus is quite close to that pronounced in the preceding sections of this 
study. . * » 

4 . 3 . PROPERTIES OF THE FUNCTION OF GAS 

Comparing (4.14) with (4.7) the function of gas may lie expressed in depen
dence on the physical parameters of the comet dust-gas model and distance ft 
of the first envelope from the nucleus: ' . . . . - . 

'-T+vZ^t***"1*-$••••• ("8 ) 
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The writer succeeded in gathering both the photometrical data and the 
envelope-distance measurements for six comets of the 19th and 20th centuries, 
for which the numerical value of the function of gas may be computed directly 
from (4.16). 

The re-treatment of OBLOV'S, data concerning the envelope distances gave 
the results included in Table 23. 

Tab.^23 
Envelope distances and nucleus diameters of calibration comets 

CoПLЄt . ř
г
 A. U. 2Ä,km 

1811 I 
1868 VI 
1882 И 
1908 III 
1910 1 
1910 II 

Q.000366 ± 0.0000136 
0.000116 ± 0.0000021 
O.Q0020 ± 0.000019 
0.000106 ± 0.0000048 
0.000098 ± 0.0000031 
0.000099 ± 0.0000014 

63.7 ± 4.0 
6.33 ± 0.19 
16.1 ± 3.1 
4.63 ± 0І41 
3.87 ± 0.24 
3.96 ± 0.11 
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Fig. 16. Function of gas of calibration comets as related to their evaporation heat. 
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Radius -R of a vast majority of comets 
decreases slightly with time, aocording 
to HBtrSKA (1957b), for instance, it 
amounts to about 50 cm per year for 
short-period comets. Since distance & is 
of the same character as R, in relation 
(4.16) there are only two parameters, 
k and H9, pre- and poet-perihelion va
lues of which may differ from each 
other, and in such a way can produce the 
variability of O. Moreover, a contingent 
dependence of O on the heat of evapo
ration, L, may be expected. 

A method of expanding in a series 
has been applied for computing the basic 
physical parameters of the six comets. 
The results of treatment of observatio
nal material are included in Table 24. 
The individual columns give: the comet 
denotation and name, its position rela
tive to the perihelion (symbols of Sec
tion 3.5. are used), the range of helio
centric distances, geometric mean of 
distanced, coefficients (h of series (2.14) 
and the reference to the observational 
material. 

From a* given in Table 24 the phy
sical parameters k, B and H0 have been 
computed for n* -= 2.8, 2.4 and 2.0. 
Parameters B and H& have also been 
determined for a pure gaseous model 
(k em O). The resulting values of O for 
each of the mentioned cases are pre
sented in Table 25. 

The dependence of 0 on B is repre
sented in Fig. 16. Full lines indicate 
mean values. They are also given in 
Table 26, where yK-B, O) are the corre
lation coefficients between the heat of 
evaporation and the function of gas. 

' Besides it the dependences of Q on 
both the heliocentric distanoe and time 
have been studied in passing. Fig. 17 
includes the function of gas as related 
to the heliocentric distanoe for the vast 
comet of 1882 (after its perihelion pas
sage) and the HaUey comet (before its 
perihelion passage). The data of the 
latter are corrected for the secular 
changes and concern the passage of 
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Table 25 
Values of function of gas 

No Oomet 
logQ 

No Oomet 
k > 0, nđ - 2.8 * > 0 , n d - 2.4 * > 0 , n d - 2.0 k - 0 

1 1607 —12.56 ± 0.90 —12.36 ± 0.46 —12.45 ± 0.66 —12.74 ± 0.60 
2 17691 —12.21 ± 0.32 —12.08 ± 0.36 —12.03 ± 0.36 -—11.91 ± 0.12 
3 18111 —13.15 ± 0.27 —13.14 ± 0.28 —13.09 ± 0.27 —13.12 ± 0.12 
4 1835 Ш —12.64 ± 0.67 —12.66 ± 0.43 —12.66 ± 0.63 —12.65 ± 0.22 
5 1858 VI —12.51 ± 0.74 —12.52 ± 0.62 —12.63 ± 0.89 —12.61 ± 0.36 
6 1882 П —12.64 ± 0.13 —13.18 ± 0.14 —12.80 ± 0.09 —12.21 ± 0.09 
7 1882 П —12.48 ± 0.17 —12.94 ± 0.33 —12.40 ± 0.25 —12.08 ± 0.08 
8 1882 I I —12.66 ± 0.28 —12.66 + 0.31 —12.36 ± 0.33 —12.21 ± 0.14 
9 1908 Ш —12.49 ± 0.38 —12.51 ± 0.30 —12.68 ± 0.29 —12.44 ± 0.13 

10 1910 1 —12.82 ± 0.13 —12.79 ± 0.11 —12.77 ± 0.11 —12.74 ± 0.07 
11 1910 П —12.80 ± 0.37 —12.78 ± 0.37 —12.79 ± 0.36 —12.84 ± 0.16 
12 1910 П —12.42 ± 0.14 —12.42 ± 0.12 —12.43 ± 0.12 —12.48 ± 0.07 
13 1910 I I —12.98 ± 0.21 —12.63 ± 0.17 —12.48 ± 0.16 —12.33 ± 0.06 
14 1910 П —12.42 ± 0.25 —12.41 ± 0.13 —12.42 ± 0.22 —12.44 ± 0.08 

Table 26 
Resulting mean values of O 

' Caвe ìogG y>(B,G) 

k > 0. nd --» 2.8 
k > 0, n4 «= 2.4 
k > 0, nd «=» 2.0 

k> 0 
k - 0 

—12.626 ± 0.026 
--12.640 ± 0.061 
—12.653 ± 0.046 
—12.606 ± 0.027 
—,12.486 ± 0.063 

+0.329 ± 0.238 
+0.037 ± 0.267 
+0.293 ± 0.244 
+0.209 ± 0.148 

—0.228 ± 0.263 

2ľ —12.576 ± 0.025 +0.089 ± 0.133 

1910. Fig. 18, on the other hand, shows the secular drop of O for the Halley 
comet. The values are reduced to a unit of heliocentric distance. Full circles 
indicate the pre-perihelion data, open circles those after the perihelion passage. 
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Fig. 18. Secular drop of the concentra
tion of molecules in the Halley comet in 

a unit heliocentrical distance. 
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Analyzing the empirical dependences concerning the function of gas, we 
arrive at the following conclusions as to its properties: 

1) The magnitude of the function of gas changes from case to case, but all 
the individual values of G, included in Table 25, lie within the order, from 
—12.0 to—13.0. 

2) .The obtained results show no marked trend of Q with the heat of evapo
ration. Coefficients ip(B, Q) in Table 26 are too low to indicate any real corre
lation. No effect is seen in Fig. 16, either. 

3) On the other hand, Fig. 17 shows a trend of increasing the function of gas 
with the comet's receding from the Sun and vice versa, for two comets. This 
effect can be explained as a drop of the concentration of molecules in the sur
face layer of the comet nucleus, as seen from (4.3). The change is given by a fac
tor of about 1.5 per unit of heliocentric distance. It is likely that the drop is 
greater in the vicinity of the Sun and less in large heliocentric distances. 

4) Another effect appears in the course of Q with tiine. A well-expressed se
cular drop in the. concentration of molecules in the Halley comet is seen in 
Fig. 18, of magnitude of about an order per 1000 years. 

5) There appears no effect as for the dependence of the function of gas on the 
nucleus dimensions. 

6) All the ascertained relations, both positive and negative, are of prelimi
nary character and they call for verification/At present, the best approxima
tion being allowed for statistical studies is 

log Q =- —12.6 ± 0.1 p. e., 

which may serve as a calibration value for determining the dimensions of the 
cometary nucleus in a photometrical way. 

4 . 4 . COMETS WITH INTENSE CONTINUOUS SPECTRA 

The introduction of the function of gas is also of great importancy for deter
mining the total mass of photometrically effective dust particles in the come
tary atmosphere, ZtT9, though it looks surprising at first sight. 

According to (3.10) and (3.11) we can write 

ZrTp(r) ^nesI^.E^.lFM^iQ)^ [l - T ^ T ] - < 4 1 7 > 

Eliminating the function of gas from (4.6) and (4.7) the expression for the func
tion of dust is as follows: 

E{r) =T^ '-J& 10kti'~a'KrM~n'' ( 4 1 8 ) 

After inserting (4.18) into (4.17) we obtain the resulting formula 

m,(r) =-|-.we.[j'1,(9>).<P(e).--*.(l +4)]" 1 . io M < —^.f*-»*(l-«), 

where 

.Q-Ыr+лé.FJbr), -fò.r*** <0.01 
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for k > 0.01. This condition is fulfilled for any comet with a strong continuous 
spectrum, so that Q may be neglected. Then neither the function of gas, nor 
that of dust, nor the effective radius of the nucleus appear in formula (4.19), 
and mass 1X{V depends on the physical parameters and functions Fv(q>) and 
&(q>) only. 

The mass of the dust included in the atmosphere of six comets was determin
ed by VAN^SEK (1958) on several simplifying assumptions. He found the mas
ses of about 1010 — 10^ gm, but the corrected values were to be about an order 
lower than those just given (VAN^SEK, 1960b). 

In the present study the mass of the dust cloud in the cometary atmospheres 
is derived in another way. First of all the comets with an extraordinarily strong 
continuum (cont 1) and those with a relatively well pronounced continuum 
(cont 2) were selected from the Catalogue of Physical Characteristics of Comets 
(HRUSKA, VAN^SBK, 1958). Photom3trical data were taken over from a few 
authors (BEYER, 1942, 1950a, 1955, BOBROVKIKOFF, 1942, HOLETSCHEK, 1916, 
KRITZINGER, 1914, VsEKHSViATSKY, 1958) and the basic physical parameters 
were determined by the method of expanding in a series. The mass of the pho
tometrically effective dust was then computed from .formula (4.19). In addi
tion to this, the diameter and mass of the comet nucleus were also established. 
The results are included in Table 27. For each of the investigated comets the 
spectrum and the corresponding heliocentrical distance, r„,, are given as well 

1 f JRV as the expression — I — I for purposes of Section 3.7. For comparison, a comet 

included with a relatively weak continuous spectrum (cont 3). 
18 

Table 27 
Nucleus diameter and dust-cloud mass of comets with continuous spectra 

Comet Spectrum 
/ « . 

2R 
km 

lo&IÏÏn 
8Гm 

l o g Ш p 
gгm HłГ 

1882 I cont 0.66 ± 0.30 14.73 ± 0.59 9.23 ± 0.15 0.0009 
1882 П cont 

stгong 
cont 

16.1 ± 3.1 18.89 ± 0.25 11.94 ± 0.13 0.0002 

1904 I 

cont 
stгong 
cont 22 ± 1 1 19.30 ± 0.65 10.35 ± 0.37 0.0141 

1907 IV cont 1 0.6 5.6 ± 3.0 17.51 ± 0.70 10.34 ± 0.04 0.0010 
19101 cont 1 0.5 3.87 ± 0.24 17.03 ± 0.08 9.57 ± 0.27 0.0027 
1910 II cont 1 0.65 3.95 ± 0 . 1 1 17.06 ± 0.04 10.62 ± 0.09 0.0002 
1912 II cont 2 0.8 2.28 ± 0 . 6 0 16.34 ± 0.34 

15.87 ± 0.74 
Џ.U ± 0.21 0.0026 

1936 II cont 1 1.1 1.59 ± 0 . 9 1 
16.34 ± 0.34 
15.87 ± 0.74 9.04 ± 0.26 0.0015 

1937 II cont 2 0.65 0.22 ± 0.08 13.30 ± 0.47 8.26 ± 0.14 0.0002 
1941 I cont 2 1.1 2.8 ± 1.0 16.60 ± 0.47 9.63 ± 0.85 0.0012 
1941 I cont 1 2.0 2.8 ± 1.0 16.60 ± 0.47 9.61 ± 0.86 0.Ô016 
1941 IV cont 1 0.8 1.94 ± 0.63 16.13 ± 0.42 9.81 ± 0.19 0.0004 
1941 V Ш cont 1 1.4 1.28 ± 0.38 15.59 ± 0.39 9.30 ± 0 . 1 1 - 0.0005 
1946 II cont 2 1.2 0.33 ± 0.20 14.72 ± 0.79 . 8.54 ± 0.36 0.0002 
1948 I cont 1 0.9 1.82 ± 0.47 16.95 ± 0.34 9.72 ± 0.05 0.0004 
1948 I cont 2 1.0 1.82 ± 0.47 16.95 ± 0.34 9.70 ± 0.05 0.0004 
19481 cont 1 1.5 1.82 ± 0.47 16.95 ± 0.34 9.61 ± O.бб 0.0005 
1948 IV cont 3 0.8 1.17 ± 0.41 16.37 ± 0.46 8.47 ± 0.10 0.0031 
1948 X I cont 1 0.6 2.67 ± 0.79 17.45 ± 0.38 10.13 ± 0.15 0.0003 
1948 X I cont 1 2.2 2.67 ± 0.79 17.45 ± 0.38 9.88 ± 0.15 0.0006 
1951 I cont 1 2.6 5.1 ± 1.4 18.29 ± 0.36 9.94 ± 0.16 0.0020 
1951 II cont 1 0.41 ± 0.13 15.01 ± 0.41 8.25 ± 0.14 0.0006 
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Here are the main conclusions resulting from the investigation of comets 
with strong continuous spectra: y 

1) The mean values of physical parameters B and k are 8.0 and 0.9 respecti
vely; if considering n < 5.0 only, B = 6.7 and k — 1.1. The latter magnitude 
has a rather high dispersion with &max ^ 10. Some more detailed results are 
included in Table 28. 

Table 28 
Average physical parameters of comets with continuous spectra 

ná 
alln n < 5 

ná 
B k B k 

2.0 
2.4 
2.8 

8.1 
8.2 
7.6 

0.5 
1.1 
1.1 

7.0 
6.9 
6.2 

f 

0.-6 
1.3 
1.3 . 

2) The spectral classification introduced by HBTTSKA and VAK^SBK in their 
Catalogue may be considered a characteristic of the total mass of the dust 
cloud. The mean cloud mass (in gm) of the comets with the oont 1 spectrum is 
109.88±o.22m.e.j ^ t of the comets with the eont 2 spectrum is !()>•<* ±°»m«-. 
The cloud mass of comets with the cont 3 spectrum probably does not exceed 
108-6 gm on an average, v 

3) The mean value of — I —-1 important for purposes of some theoretical con
siderations (Section 3.7.) is. 0.0008 ± 0.00018 m. e., the dispersion does not 
exceed the order. 

4) As to the dimensions of cometary nuclei, from Table 27 a value of diameter 
of 4.0 km results when two big comets, 1882 IE and 1904 I are taken into ac
count. Excluding them we get another result, 2.2 km. The corresponding mass 
of the nucleus lies within 2̂ — 10.101* gm. The distribution of nuclei according 
to their diameter is represented in Fig. 19 (the two great oomets are not inclu
ded). 

N 

0 -

éiameferø comąt rыckus,km 

Fig. 19. Distribution of comets with continuous spectra 
according to their nucleus diameter. 

91 



CHAPTER FIVE 

INTEBACTION BETWEEN A COMET AND DUST CONSTITUENT 
' OF INTERPLANETARY MATTER 

5.1. INTRODUCTION 

In the collision of solid bodies with cosmic velocities there occur physical pheno
mena which may be mathematically described in the same way as an appearan
ce of the explosion. STANYUKOVICH and FEDYNSKY (1947) pointed out that al
ready for velocities of about 3 — 5 km/s the crystal structure of the meteoriti-
cal matter is broken up to Such an extent that an explosion to all intents and 
purposes takes place. In fact, collisions with cosmic velocities in interior parts 
of the solar system lead not only to the total destruction of the crystal lattice 
but even to the evaporation of such small enough "projectiles". Generally, in 
order that the microscopic explosions may occur the projectile kinetic energy 
must be greater than the energy of the crystal lattice of a matter. 

When studying collision of a meteorite, M, with a comet nucleus, N, we must 
introduce some special features into the general problem which may be expres
sed by the following suppositions: 

1) M and N are bodies of incomparable mass and dimensions. 
2) Physical characteristics of the materials forming M an N are roughly the 

same. 
3) Influence of the JV -̂gravitation field is so small that the escape velocity 

from N is negligible when compared with the velocity gained by the expelled 
material during the microscopic explosion process. 

Under these conditions the process has roughly the following character: from 
the point of impact a shock wave characterized by a certain pressure starts to 
spread (STANYUKOVICH, 1955). The type of the running process (evaporation, 
fusion or pulverization of the stuff) now depends merely on the magnitude of 
the pressure. When the impact velocity reaches the order of 106 cm/s the com
plete evaporation of the meteorite and partial evaporation of the destroyed 
region of the surface of the comet nucleus take place; moreover, inside the 
microcrater the gas expands towards the sides. However, soon after being 
expelled the evaporated particles re-condense. The dimensions of the con
densed particles are several orders greater than molecules (ZBLDOVICH, 
RAISER, 1958). As was mentioned in Chapter Three, VAN^SEK (1960a) on the 
basis of colorimetrical measurements of a few comets had drawn the conclu
sion that photometrically effective dust particles in the cometary atmosphere 
are of the order of 10*-5 cm. 

5.2. BALANCE OF THE EXPELLED MATTER AND THE VELOCITY 

The total mass expelled from a comet nucleus into space due to impact of 
a meteorite is equal to (STAJTYITKOVICH, 1960): 
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where 

(„) = _ 0 + cos ~. [ - j - " ^ - - ) • -3-; -In - - = - , (5.2) 

_10 is a coefficient depending on the characteristics of the matter, _ the average 
angle in which the meteorite falls on the nucleus surface (measured from the 
perpendicular to the surface), d the density of the meteorite, Vcom the relative 
velocity between the nucleus and the meteorite, c*a non-dimensional coefficient, 
6* the energy density necessary for breaking up the crystal lattice or the fine 
pulverization of the stuff, Qoom the comet nucleus density, X the coefficient con
necting the radius of the microcrater formed by the meteorite projectile, _?•, 
with the mass of the meteorite, M0, X = _?#.Jf0 '•, and coefficient A is then de-

4 
fined by relation: A = — 7iqC9m}?\ finally, r\ is the energy utilization coefficient 

fo<:i). 
Let us further denote QM the space density of the meteorical matter and 8 

the cross-section of the comet nucleus: 

.-*(_-r-. 
—^— I . The total mass of meteorites 

which fall off on the comet nucleus surface per di is 

dtf-_f = SQM V„m<ti (5.3) 

and the total mass expelled from the nucleus region where the crystal structure 
was destroyed owing to meteorite impacts during d* is 

AiAiur N Mv * » * ,. rmVlmUA^ .1 ( 3^T\V- flf^yf. 
d^-)=^-dr-•*= ^ I I T H l^J •*£; 

A velocity of the expelled stuff depends on angle <p measured from the per
pendicular to the microcrater, 

( 2et V /f 

-=-co&<pj,. (5.5) 

As the maximum opening of the microcrater is 9%-= arccos J -^-r and the mass 

distribution relative to q> is 
ЛM - WҖVÌm ДPУ ._ 

the mean velocity of expelled particles results in; 

ň l CnAM ř3-«*V/• _ _ _ _ _ _ 
^ = _7J ř d J ř ' - l - f - J , • }A_Ý_t 

(5.6) 

(5.7) 

93 



5 . 3 . SPACE DENSITY OF- TtfE METEORIC MATTER AND ITS VELOCITY RELATIVE 
TO THE COMET 

To be able to integrate equation (5.4) it is necessary to know the concrete 
expressions for density qM and velocity Vcom-

The problem of the space density of meteoric matter, especially in the vicinity 
of the Earth, has been solved by a number of authors; for a list see e. g. LEVIN 
(1956), MIBTOV (1960). There exist four rather different ways which may lead 
to some result: * 

a) Photometrical methods. 
b) Estimates based on collections of meteoritic dust on the Earth's surface. 
c) Observation of meteors. 
d) Rocket and satellite research. 
The most unreliable results are those obtained from the observations of me

teors; the dispersion attains three orders. For our purposes they are omitted. 
Further, there is a principle difference between the a)-method on the one 

hand and the b)-method on the other: photometrical methods (mostly zodiacal 
light and Fraunhoffer's corona) gather the information on those parts of the wide 
neighbourhood of the Earth which lie outside the sphere of activity of our pla
net, while collections of meteoritic dust give the data on the space density of 
dust particles inside the Earth's sphere of activity. 

In the future the rocket and satellite probes appear to gather the best obser
vational material. Nevertheless, at present we can arrive at the following con
clusions: 

1) Excepting VAN DE HULST'S results (VAN DE HULST, 1947) we find 5 .10 -* 
gm/cm8 to be the most probable space density of minute dust particles (average 
diameter about lO*-3 cm) at heliocentrical distance of 1 A.U. from photometri
cal measurements (ALLEN, 1947, BEBH, SIEDENTOPF, 1953, ELSASSER, 1954, 
FESENKOV, 1947, SIEDENTOPF, 1954, SIEDENTOPF, 1955); the dispersion about 
one order. .. * 

2) Estimates of the fall of meteoritic dust from years 1950 to 1955 (MIBTOV, 
1960) give the space density about two orders higher; some recent more re
liable estimates (e. g. HANSA, ZACHABOV, 1958) are four or even five orders 
higher than those obtained by photometrical methods; the dispersion about 
two orders. 

3) The densities resulting from impacts of micrometeorites on the surface of 
rockets and satellites (DUBIN, i960, KOMISSAROV, NAZAROVA, NETTGODOV, Po-
LOSKOV, RUSAKOV, 1958, LOVERIKG, 1959, MANRING, 1959) are about two 
or three orders higher than those from photometrical methods. Moreover, there 
are present short-term bursts in the impact frequency of intensity up to 10* 
times higher than the normal level (DUBIN, 1960, KOMISSAROV, NAZAROVA, 
NEUGODOV, POLOSKOV, RUSAKOV, 1958). 

4) Recently WHIPPLE (1961) and H IBBS (1961) have shown that between 
heights of 100 and 100,000 kilometres the concentration of particles falls 
off roughly as the inverse 1.4 power of distance from the Earth surface. If the 
quantity of the dust fallen on the Earth surface corresponds to the densest 
parts of the dust cloud, the ratio between the density computed from the fall 
of meteoritic dust and that derived from photometrical data should be about 
10,000 which is in good agreement with what has been said above. However, 
LEVIN (1961) states the effect found by WHIPPLE and HIBBS is not sustained by 
Soviet cosmic probes. Also SINGER (1961) pointed out that the existence of the 
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Whipple-Hibbs dust cloud was inconsistent with his theoretical conclusions. If 
all forces except gravitational forces are neglected the spatial density of dust, 
according to SINGER, is given by the formula . 

Q(A)IQ„ -[* + i . J \ ( 2 w r i -[i +.(i—js- *+l • )*],. 
u % + ~A 

where A is the geocentric distance (in radii of the Earth) and u the geocentric 
velocity at infinity of the dust particle (in units of the escape velocity from the 
Earth's surface); g«, is the spatial density of dust in interplanetary space. The 
resulting dependence of Q on the geocentric distance shows the existence of 
a modest dust shell around the Earth with maximum density at about 5,000 
kilometres above sea level, not a layer with a uniformly decreasing density. 
SINGER also stressed that the concentration distribution of dust differed from 
the impact-rate distribution. The latter indicates another maximum in much 
lower altitudes, only a few hundred kilometres above the Earth's surface, and 
the rate of impacts drops more rapidly. The differences in the results obtained 
by various methods may, to some degree, be explained by this effect. .Assuming 
u = 0.1 the interplanetary spatial density of dust of about 5 x 10~M gm/cm8 

corresponds to the accretion of some 10,000 tons per day. 
5) There are some difficulties hi computing the space density from both the 

collections of metaoritic dust and the impacts on the rocket surface. In the for
mer case we do not know the mean velocity of the meteorite dust relative to the 
Earth, while in the latter case there are two unknown magnitudes, the mean 
velocity of the particles relative to the rocket and the mean mass of a particle. 
Therefore all results obtained in both the ways must be considered with reserve. 
SINGER (1961) emphasized that it was always the momentum which was mea
sured by the rockets, satellites and oosmio probes. The differences in velocities 
of these vehicles cause the discrepancies among the observational data. 

From what has just been said it could be concluded that a value of 5.10"M is 
the best one of all. However, it is possible that photometrical methods underesti
mate the mass contribution of "heavy" particles, which are photometrically 
ineffective. .Also rocket measurements probably underestimate the number of 
colliding particles because of inability to register those smaller than about 10-* 
cm in diameter. Therefore we will further use 5.10~tt as the concrete value for 
QM (s©© equation (5.8)). ; 

Under conditions of the stationary distribution of interplanetary dust and 
the Poynting-Bobertson effect the space density of the duBt falls in inverse 
proportion to the heliocentric distance. Nevertheless, various authors put in 
the approximate formula 

QM(r)=QM).r^r I (5.8) 

for the exponent numerical values fromyy = 0 (BskE, SIBETENTOPT, 1953, VAN 
DB HTJLST, 1947 SIBDBNTOPF, 1954, 1955) up to y = 2 (ALLEN,, 1947, VAN DB 
HULST, 1947). It is likely that the real y is not too far from zero. 

.Assuming the random distribution of dust-particle motions in interpla
netary space velocity V^m may be put equal to the orbital velocity of the comet, 

У ùom — җ-ïł-3. 
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O is the universal gravitation constant, M0 the mass of the Sun, a the semi-
m*jor axis of the cometary orbit, Rt = 1.495. lO13 cm; r and a are expressed 
in A. U. 

: ^ 
5 .4 . THE TOTAL LOSS OP THE OOMET MASS DUE TO METEORITE IMPA<JTS. 

THE SECONDARY EFFECT 

From what was said about the balance between the projectile kinetic energy 
and the energy of the crystal lattice in Section 5.1 it is obvious that the con
dition for the origin of the pulverzation process can be written in the form 

V<om(r).Goa z > /2eT, (5.10) 

so that according to (5.9) it takes place at heliocentrical distances less than 

_ GMpCOVZ /IS in-
f ' - B > . g J f o ^ T - ( 6 1 1 ) 

For parabolical and near-parabolical comets (1/a <;0.0001) we can write simply 

r° ~ U4tf ' ( 6 1 2 ) 

while for short-period comets the aphelion distance may be less than corres
ponding r0 = r0(a)\ then the comet is throughout its orbit exposed to effects of 
the pulverization process and in such a case it must hold good 

. <4 .-i=±. (ut. 
e is the numerical eccentricity of the orbit (see Section 5.7.). 

Magnitudes cosz and cos*z may be determined from the following conside
ration: Let us assume the spherical comet nucleus is moving inside a homo
geneous cloud of dust particles with velocity Veom in direction OX (Fig. 20). If 

the number of particles in a unit volume of space is ^ - (M is the mass of a par
ticle), the rate of particle impacts on the belt of the sphere bounded by angles 
z, z + dz is 

/, = --Mr .2nIfrVmm sin z cos z dz, (5-14) 

so that *'2 

COSZ = 

f /•,(«) cos z dz 
o _2 

W- ~ 3 
jfr(z)áz 
0 

*l2 

J fy(z)coQ2zdz 

cos» г = 
1 

(5.16) 
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Fig. 20. A graph for de
riving expressions coins and 

COS-Z. 

After substituting 

• - -»«.)-*. (l - i p ..*.*[. - -ft + ijf.d, 
, ' x (6.16) 

and inserting (5.2), (6.8) and (6.9) into (6.4) we arrive at the expression, the in
tegral of which from q to min (r0, q') gives the total loss of the comet mass due 
to meteorite impacts along the orbit from the aphelion, q', to the perihelion, q: 

min(rt,e') ^ ^ 

-M^r-^H-4^r-Hr x 

(5.17) 

4-^ГЧ^Ыëd' \l* 4 cosz 
3c» 

For periodical comets the solution of (5.17) must be carried out be means of 
numerical quadrature while the following expression results for near-parabolical 
comets: 

\M„ = X^-r V - í — í í - f ^ 1 ) (1 - - f + T +Ttf3V.- v |^Z0 + ln -1) X 
Jfe.O * + -g-

jb-o* + - g - r * - o A ; + — 

fc=-oi=o&+— * + "ÓT J 
(6.18) 

where e = -----. The first and second progressions converge according to the f o 
d'Alembert criterion, the third according to the Cauchy criterion while the 
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convergency of the fourth progression may be proved when combining both 
criteria. 

If y > — formula (5.18) may be written in much simpler form by means of 
o 

i?-function: 

AM^ = X^.B (И + Гo3V,-r.Б (i'y-т) X 

X Z0 — lnq 1 
2»-i(n+У-ү)[* + У-T ri 

(5.19) 

In the two formulae there is 
(0) 3jlŤř" Ma 

To = 
(0) 

QM COS g 
Ъcл

 : ЏЏx-ЃA 

Qeom 

Mco, 

A 

É>tom 

Uo), 

rid0MoV' 

et 

Z0 ~Ы 
GM0 

Btвt 

(5.20) 

Apart of the expelled particles falls, after finishing the trajectories in the 
comet atmosphere, back on the nucleus surface. It may be proved that the 
condition for the origin of an explosion 

gr.cosz > (2e*)*'• (5.21) 

is on assumption (5.2) of Section 5.1. never fulfilled, regardless of the crystal-
lattice energy. It would have to be 6 > %Qcom in order that explosions might 
occur over a small section of the orbit. However, it is likely that such dust 
particles are immediately after their impact on the nucleus surface pulled up 
with the escaping gas into the comentary atmosphere again. Let us determine 
the ratio between the number of particles colliding with the nucleus and the 
entire number of particles running through the plane of the dust atmosphere 
perpendicular to the radiusvector during the same period. Let us further denote 
N% the number of particles running through a unit cross-section of this plane 
per unit of time, then the sought for ratio is 

J 27ts.N%ds 
N. 0011 

N2 
D/2 (5.22) 
f 2лs.N%ds 

where R is the radius of cometary nucleus and D is the coma diameter measured 
perpendicularly to the radius-vector. If QX is the number of particles in a unit 
volume in this plane and vx their velocity, we can write simply: 

N% = QX.VX. (5.23) 
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MOKHNACH'S analysis of the space density distribution in the comet fountain 
model (MOKHNACH, 1956) gives for Q*the expression as follows: 

where 8 is the distance from the nucleus in the plane of x == 0; v is the initial 
particle velocity and n the number of particles expelled in a unit of solid angle 
in a given direction per unit of tinle. According to the fountain model velocity 
vm in the plane of a = 0 is independent of coordinates y and z being identical 
with the initial particle velocity v. Therefore 

N%= , U (5.25) 

^1/, /v f 
For 8=0 each of the two integrals of (5.22) are infinite and their ratio converges 
to the unit. To overcome this difficulty we will assume N* = const = Nt(R) in 

the region (0, R) and the validity of (5.23) and (5.24) in the region (R, — V 

Since R < D the resulting formula for P is 

P = l , (5.26) 
1 + 2 l n « o 

where the distance of the head-top from the comet nucleus, £0, is introduced 

instead of D\ £0 = — D. Studying the dust atmosphere of the comet DOBRO-

VOLSKY (1953c) found the formula for f0 expressed through the parameters of 
gas: 

. 4 c.m.R 'tm ^^x 

£o = - 3 - — Z ^o, (5.27) 
c is the velocity of light, m the mass of a molecule, R the effective radius of the 
nucleus, v0 the velocity of gas and L the heat of evaporation per molecule. 
Expressing L in cal/mol and r in A. U. we get 

P = [42.2 + 4.6 log J | p — 0.46 log rT~\ (5.28) 

/io is the molecular mass of a molecule. The result is independent of both the 
effective radius of the comet nucleus and the dust-particle size. There is only a 
slight dependence of P on the heliocentrical distance and the kind ̂ f gas, 
as seen in Table 29. The average P lies near 0.030. 

Within a time interval between t0 and t0 + dt a certain amount of meteorites 
of mass dmM fall on the surfac^ of the comet nucleus and produces the ejection 
of tiny dust particles from it of the mass 

MM) dmM(t) -,. • - . - • , . . , , -
~ J F ^ •& dt> **<*»*• + df>- (6-2 9) 
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Table 29 
Secondary effect 

Gas 
P 

Gas 
r =- 0.32 AU r =- l AÜ r = 222 A U 

CHŁ 
NHt 
HtO 
CO% 

0%Җ 

0.0335 
0.0366 
0.0378 
0.0346 
0.0342 

0.0338 
0.0369 
0.0382 
0.0350 
0.0345 

0.0351 
0.0382 
0.0396 
0.0364 v 

0.0358 

Av гag 0.0353 0.0357 0.0370 

After finishing the trajectories in the cometary atmosphere the P-th portion of 
the particles falls back on the nucleus surface. The corresponding period is 
called further the "life-time" of dust particles, r0. If the particles are pulled up 
with the gas into the cometary atmosphere immediately after their impact on 
the comet nucleus, the contribution of them to the total mass of the material in 
the coma within the interval (t0 + r0, t0 + r0 + dt) is 

Mv(t) dmxЏ) 
M0 dť 

.P(t)dł, tє(t0, t0 +dt). 

Analogously, after the period of jx the respective contribution will be 

M9(t) dmM(t) 
M0 dť .[P(t)Уdt, tє(t0, t0 + dt). 

(6.30) 

(5.31) 

Adding all j and integrating over the wfyole period of occurrence of microscopic 
explosions we get, with respect to (5.4), (5.17) and (5.28): 

-**-- í 1 \$r*£-'-*,)*Л ^ïж-^ d*=-= 
t0 Í - O j = o 

= 2(1 +P).AMa 
(6.32) 

Here tx is the moment T +(T —10) =2T —10, T is the time of perihelion pas
sage, £0 th,e moment of beginning the pulverization process: t0 = t(r0). 

5 .5 . THE MBTBORITB-IMPACT LOSS OF THE COMET AS A FUNCTION 
OF THE HELIOCENTRIC DISTANCE 

For analyzing the dependence of the amount of expelled matter on the helio-
centrical distance (assuming the parabolical orbit) we shall divide the whole 
period of the pulverization process into three parts: 

1) The period taking place immediately after beginning the dust emission 
due to meteorite impacts; its duration is equal to the life-time of dust particles 
expelled from the nucleus surface by meteorites (primary effect). 
, 2) The period just following the preceding one, where both the primary and 
secondary effects are present. 
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3) The period beginning when the primary proeess of microscopic explosions 
ends; only the secondary effect continues. \ 

Here we must realize that it is only from the statistical point of view that 
distance r0 is the most probable one for starting the pulverization process. In 
fact, from the character of velocity Pcmit follows that the spontaneous drigin 
of microscopic explosions is a process taking place successively over the inter
val of several tens of A. XJ. The problem is in some degree idealized by intro
ducing distance r0, of course. 

According to our definition the duration of the period, during which the 
volume of the dust in the atmosphere is entirely exchanged, is 

• n = - ^ VI", (5.33) 

where vt is the mean "thermal" velocity of dust particles within the interval of 
heliocentricai distances (n_T., r<) and J1 is the acceleration due to the radiation 
pressure. Let us further denote 

.TM--J-K2 " (5.34) 

the life-time of dust particles emitted from the nucleus surface by meteorite im* 
pacts; <jt is the mean velocity of particles expelled from the surface within 
(rt-rV **t) given by (5.7) and t is in both the expressions the moment of impact 
of a portion of particles (i. e. a P-th portion) back on the nucleus. Velocity v% 
in (5.33) may be approximated by the formula of DOBBOVOLSKY (1953C): 

*-(Tg£f •-*•*• <6 8 6> 
m is the mass of a molecule, Q0 solar constant, B effective radius of the come-
tary nucleus, Q dust-particle size, 6 its mass density and L the heat of evapora
tion of molecules. This formula is close to that derived for the dust-particle velo
city of the comet icy model by WHIPPLE (1951). 

Let us introduce into (5.33) and (5.34) the average heliocentricai distance r* 
of the interval (rt-rt9 r<). The relation between the average distance, r«, and the 
distance of the "last moment" of the same interval, ri9 may be with a relatively 
high accuracy written in the form 

rt=rtTYA*> (6-36) 

where the upper sign is valid before the passage of a comet through the perihe
lion, the lower after it, and 

At =(2QM0y*.^-^\rTXU.K;%l\Tt. (5.37) 

In addition to this we can write 

r =^OM0(l + ii).rF.R?9 (5.38) 
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1 + [л is th ratio b tween the radiation pгessure and solar gravitation foгc . 
Then (ö.ЗЗ) has a form of 

(2oiřQ)-,/«. íl —y\ ''' .r''.B'i' 

±i-afř J*.(i-jLp.rr-.j--T i 
T« = - ï—; 71 Ч~ч (8-89) 

The computation of T0, t is quite analogous. 

All the time intervals will further be expressed by life-times T. For this 
purpose we introduce the simplified denotation as follows (t is a zero-point): 

t — Tt = t — T 

t — Tt — Tt-rt =t — 2T 

t Tt Tt-rt T*-r<-r|__^ = * 3 T 

Within the first of the three investigated periods, given by 

t0<>t ^t0 + To.t; 

(t'0 is the moment of impact back on the nucleus of the first particles expelled 
by meteorites), the total mass of photometrically effective dust particles is at 
a given moment, t: 

t 

j n 0 - | - 3 ^ - - ^ d # . (5.40) 
«. 

The second investigated period is bounded by 

t0 + *<u'0 ^t<it0 + kT + T0.^ = tl9 

where k is the number of subintervals Tt placed between t0 + TO.I0

 a n d *i — 2--1— 
— 1 0 . Let us select the subinterval of 

*0 + (*> — 1) T + T 0 t <.- ( n- 1 ) r ^ t ^ t0 + m + T0.t-nr» 

n ^ k is the natural number. Then the total mass of dust particles present in 
the cometary atmosphere at a given moment, t, is 

«««-2 ft--*FL*,*+J^-•••*?•**• (5-4,) 

4 - , 0 « - i r - r 0 ^ i r t. 

As the variation of the integrand within the intervals given by the limits of the 
integral is quite small, the mean-value theorem may be applied, and (5.41) is 
then 

' *<„ _f^._t .*. ($: %L)̂ +'J% . > , 
«.-<> «• (5.42) 
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where T0, .—<T is determined according to (5.39), using the recourent formula 

1 
f < — í ł + l ) r = **#—łr ^ш^-ь-^Г'^^-
Distance r#—<T is given by another formula: 

(5.43) 

f#—łr = Гt--łr 
2 i-L+lfi- (GJ.ro)''.. íl - - l - p . r í l l . jtf-

ř« V ^#—-ir/ 
(5.44) 

Only a few first terms in the series of (5.42) must be taken into account in 
practical computation. 

Finally, in the third investigated period, where 

t ^ \ = t0 + kx + T0.«o, 

we shall select the subinterval of 

*o + ( * +n)x + To.#-<fc+*)r ̂ t ^t* +(k + n + l)x + r0.#-.<fc+»+i)r, 

n -= 0, 1, 2, . . . and then the respective mass of the dust is 
h fc #—<»+i)r 

#—*r—r, 0.#- ł - 1 # — < n + ł ) r — r 0 . 0.#—<w+ł)r 

+ 
#—<* + fc+l)r 

Mv dmм 

)(5.45) 

í 
# • 

Jf0 df 
,F*+*+id*. 

The next modification and solution are quite analogous to those in the preceding 
case. 

The beginning of the first period is given by (5.12). Since 

Wo = 
1 + T + 7 ' W T 1 — o - ~ r i 

the beginning of the second period is 

: 1 '« 

g I 2 ) V + OMQ) 
while that of the third period is determined by (5.12) again. 

(5.46) 

j _ aMo_ 
П ł ~ 2 ' Btєt 

1 + 
, (5.47) 
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5.6. NUMERICAL RESULTS 

Further we shall apply the theory to a comet with parabolical orbit and 
perihelion distance of 0.32 A. U. From great parabolical or near-parabolical 
comets the Arend-Roland comet of 1957 had such an orbit. The very close or
bits (within ± 0.05 A. U.) also belonged to some other bright "new" comets as 
1957d, 1941 I , 1911IV, 1903 IV, 1899 I , 1860 I I I , 1853 I I I and to 10 fainter 
comets of the 19th and 20 th centuries. Moreover, there are three periodical comets 
with a similar perihelion distance, viz. 1886 V (period 745 years), 1883 I I 
(period 64.6 years) and the well-known Encke comet (period 3.3 years). 

The constants we shall use are as follows: O =-= 6.67.10~8 CGS, M0 -= 1.993. 
. 10» gm, Qcom = d = 3.54 gm/cm8, M^ = 1.10" gm, Q^ = 5.10"» gm/cm* 
(see Section 5.3.), and we shall accept according to STANYUKOVICH (1960): 
A -= 16, Aty = 1, cx -= 2, et = 2.1010 erg/gm, r\ «. 1. The dependence of ^ and g 

on the heliocentric distance for > 0 is represented in Figure 21. The following 

values of basic magnitudes result from %he adopted constants: X0 -= 1.27.10* 
gm, Y0 = 0.74.10* gm, Z0 = 6.10, r£ = 222 A. U. and e = 0.0014. After their 
inserting into (5.18) or (5.19) we get the total meteorite-impact loss of a comet 
mass given, as related to exponent y, in Table 30. I t is obvious tha t the in
fluence of y on AsM«m is quite slight and no order changes take place. 

g йяв 
km/s 

a л 

aд? 

_г 

1 1 1 1 1 1 . 1 t . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Fig. 21. Dependence of function rj and velocity g on the heliocentric distance. 

For the stationary state of interplanetary matter the dependence of the mo
mentary amount of dust particles expelled from the comet nucleus into the 
atmosphere owing to the meteorite-impact process on the heliocentric distance 
is represented in Figure 22. There is only a slight perihelion asymmetry of the 
curve towards the post-perihelion period. Generally, such a curve is with quite 
sufficient accuracy described by the relation 

TXl(r) =- const.r^-r, (6.48) 
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which may be derived from (5.41) after introducing a few approximations. 
Relation (5.48) makes it possible to determine the photo metrical exponent of 

Table 30 
Total meteorite-impact loss of a comet mass as related to exponent y 

Y ***«**>*** 

0 1.06.10* 

1 
2 

0.86.10* 

1 1.05.10* 

4 
3 

1.28.10* 

2 2.16.10*' 

7 
3 

2.89.10* 

the dust coma characterizing the pulverization process. If, generally, y is a func
tion of r, we get 

«d(r) = - | + r - | r [ l r i ^ > ] , (5.49) 

or, if y is a constant: 
3 

»- = -J + V • (5.60) 
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Fig. 22. The dependence of the comet-mass loss due to micrometeorite impacts on the 
heliocentric distance. 
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Relation (5.48) further indicates that for y < — the momentary amount of 

dust particles in the atmosphere increases with the heliocentrical distance, and 

corresponding exponent nd < 2, while for y > — it decreases, and nd > 2. 

From Table 30 and Figure 22 it is obvious that the meteorite-impact process 
can in no way explain the amount of the dust ascertained spectroscopically 
and photometrically in the atmosphere of "new" comets — according to how 
they were defined by OOUT and SCHMIDT (1951) — especially of comets with 
strong continuous spectra. The mass of photometrically effective dust particles 
in the cometary atmosphere at 1 A. U. is about 109 — 1010 gm for comets 
with strong continuous spectra (see Chapter Four), for other "new" comets 
it will be less by about one or two orders, while the pulverization process can 
fill the cometary atmosphere at the same moment only by about 108 gm of the 
dust. Just short-term bursts of the meteorite-impact frequency (see Section 
5.3) may in case of some "new" comets perceptibly contribute to the amount 
of dust particles expelled into the atmosphere by the comet's internal forces. 
Furthermore, we must take into consideration that long-period comets are 
exposed to the pulverization process effects only during a very short period 
of their life. Another situation occurs in comets with the shortest orbital pe
riods. To analyze this problem in detail it is necessary to investigate the 
range of validity of condition (6.13). 

5.7 . THE SPHERE OF THE PULVERIZATION-PROCESS EFFECTS AS RELATED 
TO THE FORM OF A COMETARY ORBIT 

In order that the entire orbit of a comet should lie inside the sphere of the 
pulverization-process effects the following relation must hold good between the 
orbital period, P, and the perihelion distance, q: 

P is expressed in years, rfi = 222 A. U. and q results in A. U. All the orbits, for 
which the left side of this relation is greater than the right side, lie inside the 
sphere. In the opposite case, let us introduce parameter p < 1, indicating the 
portion of the orbital period during which a comet is exposed to effects of the 
pulverization process: 

p = -1 [ a r c c o s ^ ^ - - - 1 \{r. — q) (2a - r 0 - q) J, (5.52) 

where 
222 a 

r« = a + 111 
and a is the semi-major axis of the orbit. Parameter p may be easily derived 
from the nomogram in Figure 23. 

The sphere of the pulverization-process effects is well seen in Figure 24, in 
which the jp-isolines are sketched in system (log P, log q) and all the known co
mets with orbital periods shorter than 500 years are plotted. It is useful to 
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Fig. 23. Nomogram for determining parameter p. 

extrapolate the system of p-isolinecr into the region qf p > 1. For this purpo
se, p was defined as the ratio of the hypothetical period, PA, to the real period, 
P; the physical meaning of P* is clear from the relation 

2Pf=g+r 0. 
In such a way we get 

p =20.3 gV.(i + 0 . 0 5 f ^ . P " 1 . (5.53) 

hgщ 
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2 3 ' < 6 6 10 f 20 30 <Q GO BOW 150200 300400 000 p 

Fig. 24. The sphere of the pulverization process. 
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Hence, the p-parameter depends both on the orbital period and on the peri
helion distance of a comet. 

On the other side, the perihelion distance does not influence on the ̂ -parame
ter of the long-period comets, for which (5.52) maybe converted to the form of: 

2>=496.3 í l - i ^ - ì . p - i (5.54) 

N 

For a = 1000 A. U. this formula gives p with the accuracy of 1.2 per cent, 
and the deviation from 
(5.52) falls as the inverse 

20L _ HI 2.2 power of the, semi-
major axis; if the correc
tion term in the brackets 
is omitted the accuracy 
for the above semi-major 
axis drops to 13.5 per 
cent, and the deviation 
falls now in inverse pro
portion to the semi-major 
axis. The additional cor-

. . . . 15400 
rection term of 

02 0A 0.6 to i2 

*r 
Fig. 25. Distribution of comets according to parameter p. 

a* 
reduces the deviation to a 
half of the value valid for 

' (554). 
Figure 24 conspicuously separates the short-period comets of the Jupiter group 

and partly those of the Saturn group from the other periodic and all non-period 
comets, and indicates that there is no comet within the range of p between 
0.85 and 1.6. As no selection effect may explain this blank we must assume that 
it is something like a "forbidden" region for 
comtes. The distribution of comets according 

3 

to yp is represented in Figure 25. Comets 
3 

with Yp < 0.1, not included in Figure 25, are 
the members of the Oort cloud. Table 31 gives 
the average absolute brightness of the comets 
inside the intervals of the distribution from 
Figure 25. Figure 25 as well as Table 31 indi
cate that the short-period comets form a spe
cial group with respect to the extent of the 
sphere of the pulverization-process effects. 

Table 31 

Distribution of absolute magnitu

des of comets according to Yp 

5 .8 . CONSIDERATIONS CONCERNING THE 
KNCKE COMET, AND CONCLUSIONS 

The influence of the pulverization process 
on the short-period comets will be investiga
ted on the Encke comet, for which.a -= 2.̂ 2 
A. U., q = 0.34 A. U. and P = 3.3 years. The 
total meteorite-impact loss of the comet mass 

8 

intVp" Я. 

m 
0.1—0.2 6.2 

І 0.2—0.3 6.4 
0.3—0.4 6.4 
0.4—0.5 6.3 
0.5—0.6 6.3 
0.6—0.7 6.1 
0.7—0.8 8.2 
0.8—0.9 7.9 
0.9—1.0 8.3 
1.0—1.2 (П.6) 
1.2—1.4 10.2 
1.4—1.6 10.9 
1.6—1.8 11.0 
1.8—2.1 11.3 
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per orbital period is A^M^ = 7.10* gm (for y -= 0), i. e. it is comparable 
with tha t of parabolic comets. 

The effect of "micrometeorite showers" (Section 5.3.) depends on both the 
probability and lasting of the meteorite shower — comet collision during the" 
comet's orbital period, p0 , and the "frequency" of micrometeorites, or a mass 
density, gM, inside such a shower. The contribution of the showers to the total 
pulverization-process loss of a comet mass during its orbital period is thus 

A^Mco*. - & - . f t , 
QM 

Rocket and satellite probes indicate tha t the encounters with "micrometeori
te showers" are relatively frequent (BERG, MEREDITH, 1956, DUBIN, 1960, 
KOMISSAROV, NAZAROVA, NBUGODOV, POLOSKOV, RUSAKOV, 1958, MANRING, 
1959, NAZAROVA, 1960). The Q^IQM ratio varies from 101

 (DUBIN, 1960) up to 
10f

 (BERG, MEREDITH, 1956, NAZAROVA, 1960), p0 is a very uncertain magnitu
de, probably ranged within a wide interval round 10~2±

 (DUBDT, 1960). 
The momentary amount of the dust in the atmosphere of the Encke comet 

accumulated by the pulverization process a t the distance of 1 A. U. is to be 
about 1.6.10s gm which gives the absolute magnitude .ff^ = 23"-. If the nuc
leus diameter of the Encke comet is estimated about 400 metres the correspond
ing absolute magnitude yields in H^ -= 20m, while the integrated absolute 
magnitude of the comet is IS™ to 13111 in the present time. 

The pulverization process itself cannot be generally sufficient for explaining 
the existence of the dust even in the atmosphere of the short-period comets 
(for comet Encke photometrical investigations give H& a* IS"1), however, three 
phenomena may be due to collisions of the comet with interplanetary dust and 
especially with micrometeorite showers: * 

1) The pulverization process may be the initial stage in forming the disper
sion dust layer analogous but much smaller than tha t of "new" comets. I t is 
likely that the process has this function only if it may act continuously and in 
a sufficient intensity, i. e. only in comets with relatively high p (see Section 
5.7.). For other comets it is, perhaps, ineffective in this line and the process of 
release of next gaseous and dust particles from the comet nucleus is stopped 
early in secular scale. Such comets (p ^ 1) have not a sufficient amount of the 
material in the atmosphere to radiate in a high degree, their brightness falls 
quickly and we may hardly discover them. For comets with p < 1 the pulve
rization process is quite immaterial and the disperison dust layer originates in 
some other way. 

2) This process is probably also responsible for a number of well-known co
met outbursts, especially for those with a sharp variation in the colour index and 
polarization degree. For Q^IQM = 10* the brightness of the dust in the atmosphere 
rises by lO"1 and, for example, in case of comet Encke it is comparable with the 
integrated magnitude of the comet. / 

3) "Micrometeorite showers" and interplanetary dust in general shape the 
face of the comet nucleus surface. Impact points certainly do not have a perfect 
random distribution on the comet surface, which —- over a very long period — 
in this way obtains an irregular form. The same effect must take place in the 
case of asteroids in which it leads to the short-term variations in brightness. 
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CHAPTER SIX 

DEVELOPMENT OF THE COMETARY ATMOSPHERE DURING 
THE APPROACH OF A COMET TO THE SUN 

6 . 1 . SKETCH OF THE PROBLEM 

In the preceding chapters we have explained some photometrical and di
mensional properties of cometary head, as well as physical conditions under 
which the processes are running. When investigating the development of the 
cometary atmosphere the properties of the comet must be compared with one 
another and described as a function of time. In large heliocentric distances the 
surface temperature of the comet nucleus is very low (—150° C or less), the 
temperature of deeper layers is even somewhat lower and the incident heat is 
not enough to vaporize frozen gases. The cometary atmosphere is filled by par
ticles released owing to impacts of tiny bodies from outer space on the comet-
nucleus surface. The amount of released particles is relatively small and the 
comet is therefore very faint. The comet is, however, approaching the Sun, the 
collisions become more frequent and, at the same time, the surface-layer tem
perature is increasing. Couplings between frozen gases and meteoritical ma
terial become weaker and, finally, in heliocentrical distances between 2 and 
3 A. U., as a rule, the "thermal" release of first masses of gas takes place. The 
solar heat penetrates deeper layers of the nucleus and the amounts of evaporat
ed gas rise quickly; the comet starts to increase its dimensions sharply. This 
process leads to the "saturation" of the whole region of the cometary atmosphe
re in heliocentric distances of 1 —*- 2 A. U. Near the Sun, an increase of the 
brightness of the coma takes place, but its dimensions are dropping. After the 
perihelion passage the development repeats in the reverse order. 

6 . 2 . QUANTITATIVE RELATIONS IN THE PROBLEM 

The problem of the development of coma dimensions is connected with two 
other problems: 

a) with the mechanism of the release of photometrically effective particles 
from surface layers of the comet nucleus; 

b) with the orientation and its variation of the resultant of forces forming 
trajectories of evaporated particles. 

According to what has been said in Section 6.1. it is advantageous to study 
separately three stages of the development of a cometary atmosphere: 

I) the development proceeding before the beginning of spontaneous evapo
ration of gaseous molecules from the surface (corresponding heliocentric distan
ces r > rx)\ 

II) the period of intense evaporation of molecules and forming gaseous coma 
(corresponding r e [r2, rj); 

III) the dimension variation of fully developed coma (corresponding r < r2). 
Let us now derive the formulae for the variation of a linear coma diameter D0 
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within the individual stages of a coma development and compare expressions 
found theoretically with observations. 

Within the two first stages when the coma is not "saturated" its dimen
sions may be derived by applying a comet fountain model. Let us denote Q the 
number of particles in a unit of volume, n the number of particles leaving the 
oomet nucleus in a unit of solid angle in the given direction at a unit of time; 
then the apparent density of the coma in point (£, rj) of the rectangular 
system with the comet nucleus as an origin of coordinated, the X-axis of which 
is oriented towards the Sun and the Z-axis towards the observer, is given by 
the expression: 

ft 
N(£,v) = Jrt&^OdC. (6.2) 

On the assumption that all particles are of the same dimensions and have the 
same initial velocity gr, and that the emission is isotropic and its importance in
variant in time, the isophotes are circles (MOEHNAOH, 1956) 

m,v) = - ^ ( 1 - + -?)-*/.. (6.3) 

The receiver is able to perceive only those isophotes brighter than a certain 
N0; the coma diameter is then 

and parameter (6.1) 

6.2.1. First stage 

Given that the surface temperature of the comet nucleus, T9 is lower than 
that for which a strong spontaneous evaporation of gas starts, Tv The corres
ponding heliocentrical distances are then, according to (2.3), expressed by 

r>iW- (66) 

Consequently, no internal force of the comet is in action in this period, and all 
the physical processes proceeding in the atmosphere and on the nucleus sur
face of the comet are due to the external forces: 

a) impacts of micrbmeteorites, belonging to the dust constituent of interpla
netary matter; 

b) impacts of particles of solar corpuscular radiation. • 
Generally, both the forces are able to release the gas as well as the dust from 

the surface layer of the colnet nucleus. 
The former of the two processes was described in Chaptep^Kve, while the lat

ter was dealt with ,by DOBROVOLSKY (1953C). Let us now compare the efficiency 
of the two processes. 
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The release of dust due to the micrometeorite-impact procesd is described by 
relation (5.48) with sufficient accuracy. Assuming the stationary state of interpla
netary dust we get the magnitude of dust constituent of cometary radiation 
with respect to (5.50) and Fig. 22 in the form: 

Hd = 22.8 + 6.2 log r + 5 log A. (6.7) 

The release of gas proceeds in another way. As is known a certain tempera
ture must be attained for the process of thermo-dissociation to start. Conse
quently, a type of the chemical reaction determines the quantitative results. 
Let us, in accordance with RYIVES (1952) and DOBROVOLSKY (1953C), consider 
the reaction 

2 CH4 = C2 + 4 H2, (6.8) 

which takes place when the temperature exceeds 856° K (SHKLOVSKY, 1952). 
H the part of an impact-energy of a particle spent for elastic collisions in

creasing the temperature of medium is Q, within the region of a radius of d, 

d = °-41 [T^OTT ( 6 9 ) 

the maximum temperature due to the impact will be greater than Tm. Here &** 
is the mass density of the medium and c its specific heat. We will assume Qoom c = 
= 1. As the afore-mentioned reaction needs at least an energy of 

E0 = 0.7 eV/molecule, 

the number of CH4-molecules dissociated by an impact of a particle is 

*'=*..-Jr. (6.10) 

x0 ^ 0.1 is the coefficient reducing the maximum number of dissociated mole
cules to the most probable real number. If the velocity of a comet relative to 
micrometeorites is V and the space concentration of the micrometeorites QMIM, 
the total number of dissociated CH4-molecules on a unit surface per unit of 
time is 

N9=nt.V.-^-- (6.11) 

Further, the total number of C2-molecules present in the cometary atmosphere 
at a given moment is 

Nf = \Na.2nIP.T, (6.12) 

where x is the life-time of C2-molecules and R the radius of the comet nucleus. 
Here we assume that the process takes place on the illuminated hemisphere 
only. 

According to POLOSKOV (1951) the apparent magnitude of the comet (i. e. of 
its gaseous coma) connects with the number of radiating molecules Nf in the 
way as follows: 

Я f - - - 2 . в l o g ( 2 . 7 в . l 0 - " - ^ - ) . (6.13) 
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Putting .Jf = 1.5.10~* gm, QM = 5.10-» gm/em8, B *t 10* cm, x — I C t * leo, 
F = 4.2. lO^^rcm/sec* and assuming that the whole impact-energy of a par
ticle is spent for the increase of the temperature round the point of impact, the 
brightness of photometrically effective gas is 

Hg == 22,2 + 6.2 log r + 5 log A, (6.14) 

however, the real brightness will be certainly much smaller a* the just men
tioned assumption is probably far from being fulfilled. 

The process just described proceeds continuously. In addition, the collisions 
of a comet with micrometeorite showers (Section 5.8.) may increase the inten
sities Ha and Hg by about 10™ in some periods and then the process ran be effi
cient enough to yield an observable effect. . 

The solar corpuscular radiation produces a similar proceed However, it does 
not proceed continuously because of a considerably non-homogeneity of the 
corpuscular-radiation field. For determining the amount of both the dust^and 
the gas in the cometary atmosphere due to the corpuscular process a relation 
analogous to (6.11) may be applied: 

-V.=n».F,g, f (6.15) 

where x = d in the case of dust and x = g in that of gas, N* is the total number 
of expelled dust particles or dissociated parent-molecules on a unit surface per 
unit/>f time, Ux the number of dust particles expelled (or that of parent-mo
lecules dissociated) by an impact of a solar corpuscle, V the velocity of the 
corpuscular radiation relative to the comet, q the space concentration of the 
corpuscles inside the stream. v 

For nd in (6.15) we can write 

* * = T — ? r — - « (••") 

Q is the part of an impact-energy of a corpuscle spent for the increase of the 
temperature of medium, s the energy density necessary for breaking up the 
crystal lattice of the material, g the dimension of a dust particle, ^ the mass 
density of a comet monolithic nucleus. Bo8.8HfBBBG (̂19&l) on the basis of the 
study of aurora-borealis spectrum determined the velocity of solar protons to be 
3.108 cm/sec. DOBBOVOLSKY (1953c) assert* that a great deal of the impact-
energy of protpns is spent on the ionization of nucleus particles, and according 
to S.LAIGHTBB (1952) only the last 104 eV of the total energy of proton is after 
its impact on tne material spent on the increase of the temperature. The proton 
space concentration we shall write in the form of 

ffto=?o.r-?> (6.17) 

where q0 = 10* cm"8
 (SHKLOVSKT, 1952) and 0 depends cm, the forces acting 

within the cloud of corpuscles (the rate of dispersion). 

On the other hand, from (3.11) and (4.19) we get, since n* *•- v: 

^-m^;-10"^- ' (, l8) 

Comparing (6.16) with (6.18) and putting respective numerical values we obtain 
finally 

Hd =- 11.6 + 2.5 p log r + 5 log A. (6.19) 
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The number of molecules, ngy may be expressed formally in the form of (6.10). 
The result is t 

Hg = 10.7 + 2,50 log r + 5 log A. (6.20) 

The process produced by corpuscular radiation gives the values of the same 
order as the pulverization process due to the collisions with micrometeorite 
showers of the space density 10* times higher than that of interplanetary mat
ter. However,~there is an important difference between the two processes: while 
the meteorite-impact process is the more efficient the smaller heliocentric di
stances are considered, the corpuscle-impact process is stopped when the total 
number of molecules in the cometary atmosphere exceeds the order of 1017, i. e. 
in heliocentrical distances about 3 A. U., because then the atmosphere stops 
being transparent for the fast protons. 

All the numerical results just given are of an approximate character. It is 
likely that both the pro<tesses take part in the comet radiation in large helio
centrical distances. 

For establishing derivatives (6.1) a variability of the initial particle velocity, 
g, must further be discussed. 

The initial velocity of dust particles expelled by the meteorite-impact pro
cess, which is represented in Kg. 21, indicates practically no change with the 
heliocentric distance. Withiji heliocentric distances of 1 —10 A. U., for instance, 
it changes as the inverse 1/40 power of the heliocentric distance. An analogous 
result may be expected in releasing the dust by the corpuscle-impact process. 
As for the release of the gas, in both the processes a certain (and constant) tem
perature must be reached for thermo-dissociation to start, so that also a certain 
(and constant) velocity, corresponding to the dissociation temperature, must be 
obtained by molecules. Thus, in (6.5) g may be always put equal to a constant. 

From (6.13) and (6.14) on the one hand and from (6.19) and 6.20) on the 
other we can see that the amount of both the dust and gas in the cometary 
atmosphere changes for A given process in the same way. Therefore, we may 
further consider the dust only, when deriving the expressions for (6.5). 

Whatever process produces the release of the dust the number of photometri
cally effective dust particles in the coma at the given moment is equal to (Sec
tion 3.3.): 

1 € 

nd is the photometrical exponent of the dust part of the cometary atmosphere 
defined by the well-known formula. So we can write 

^-^T'-{hH-(T)>-[-IJ^d'Hf)*}<-> 
1 

As the case of fp\2 '-» 0 is physically impossible it must be < 1 and 
equation (6.22) can be written in an approximate form 

J ? - = ( 2 - » d ) { l + ^ i . r - » . e x p [ | - ^ d r ] } , (6.23) 
1 
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л = n » ( -

where the latter term in curly brackets is in practice negligible regarding 
a unit. 

In this way, comparing (5.50) with (6.23) we get for the meteorite-impact 
process approximately " 

y ( r ) = y - J ? \ (6.24) 

while, comparing (6.19) with (6.23) we find for the corpuscle-impact process: 

0(r) = 2 — A?\ (6.25) 

Hence, the first stage of the development of a oometary atmosphere m^kes it 
possible to determine the average power of the change of the micrometeorite 
space concentration in a given range of heliocentric distances-simpler from 
(6.24). It must yield y-* 0+ to be in keeping with values of y derved in another 
way (Section 5.3.). This is the first criterion of the correctness of our theoretical 
considerations in the present problem. -

6.2.2. Second stage 

At heliocentric distance rx an intense evaporation of molecules starts from 
the cometary nucleus into the atmosphere, ifiis process can be mathematically 
described again by equation (6.3) or (6.4), so that the coma has the form of 
a circle. However, for n it must be now inserted from LEVIN'S formula (Section 
2.1.): 

]cT Y'« h 

where n0 is the concentration of molecules in the surface layer of the nucleus, L 
the heat of evaporation necessary to set free gas, M0 the gas constant, T again 
the temperature of the nucleus surface, m the mas&of a molecule, and k Boltz-
mann's constant. Further, 

t ~*"*, ^ (6.27) 
_ f. . • -

where <x is identical with a of (2.3), if the initial velocity is that of a thermal 
character. If g is given by the kinetio energy. obtained during the photo-disso
ciation process it is independent of the heliocentrical distance (LEVIN, 1947) 
and 5 = 0. According to (6.4), (6.26) and, (6.27) the following relation holds 
good: 

D0 ~ rV.(*-*) exp[—Br"], (6.28) 

where B = ' m , T0 is the temperature of the nucleus surface at heliocentric 

distance of 1 A. U. The expression for the derivative we are looking for is equal 
to: 

A* = *(« — a} — aBr". , . (6.29) 

From (6.29) the photometrical exponent of the gaseous part of cometary 
atmosphere, ng, can be determined at heliocentrical distance re€(rt,rx) within 
the second stage of the coma development: 

n*(rJ=\«-(A?%. (6.30) 
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The second criterion of the correctness of our theoretical considerations is gi
ven by a comparison of the total photometiical exponent, n, determined from 
the form of the photometrical curye of a comet, with exponent nq derived in the 
above-mentioned way at the same heliocentrical distance. The basic equation of 
the dust-gaseous model of a comet (Section 2.2.) gives the following relation 
valid for every heliocentrical distance (excepting minute heliocentrical distan
ces in which the problem is more complicated): 

n0(r) 2> n(r), (6.31) 

wljere the equalitycorresponds to the pure gaseous model. ; 

If the total photometrical exponent is determined at heliocentrical distance 
r'0 close to r0, exponent no(r0) can be expressed through (Af\ in the form: 

n0(r0) = Y 5 - ( ^ r * < ^ V <6'32> 
Consequently, the validity of relation (6.31) at heliocentrical distance r0 is 
a necessary condition for the correctness of our considerations. 

6.2.3. Third stage 

The dimensions of a cometary head enlarge with the increased number of 
photometrically effective molecules in a coma up to its "saturation" which is 
given by physical quantities as follows: 

a) by an initial particle velocity, morp exactly, by a particle velocity on the 
boundary of the nucleus sphere of activity; 

b) by ratio I + p between accelerations of the solar gravitation field and the 
solar radiation pressure; 

c) eventually, by ratio /i'/f2 between the solar gravitation field and the re
pulsive force of the cometary nucleus. 

Considering only the agents given under a) and b), the distance of the top of 
the cometary head from the comet nucleus is expressed by BESSEL'S well-
known formula (BESSEL, 1836): 

f o = 2 ^ ( 1 + ^ ) ' ( 6 ' 3 3 ) 

4* is the universal gravitation constant; according to (6.27) we get the result: 

A? = 2 —a, (6.34) 

where again a = a, or a = 0 according to the character of velocity g. 
OBLOV'S new theory of the cometary head (OKLOV, 1935, 1937, 1945), which 

is based on assumption c), gives for the same parameter of a cometary head an 
expression considerably different from that given by (6.33) 

^-^^-IT+T)* (636) 

so that the resulting derivate 
j-f- = y (6.36) 

is independent of velocity g ofindividual comets. 
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Relation (6.35) was derived by OBLOV fгom the diffeгential equatîon foг 
tћe motion of a particle along thíe radius vector in the cometary atmo pher 
(Section 4.2.). By integrating it he got 

l * ' - - r-Yм~~~r~ + ~~~ì; + ~~Ç' ( в Э Т ) 

wheгe M is th ratio 

M = —=—̂ţ—— = const. (6.38) 

Moгeover, it applie with an acouгacy of the oгdeг of M thaţ the гadius of action 
of the com t, given by the point where the two accelerations equal, is 

§m = VM. (6.Ҙ9) 

The numeгical values of the respective magnitudes in (6.37) aгe of the fol-
lowing orders: r ^ i l A . TJ., f0 w 10-* — І0-» A. U., M ** 10- u — 10-м 

<A. U.)a. OBLOV féltt justified by these value in neglecting ome minor teгms in 
a modífied foгm of (6.37), and tłius got foгmula (6.35). ^ 

This formula was criticized by DOBBOVOLSKY (1953a). He bjected that the 
error due to ÖHŁOV'S negl cting the minor terms was of the same ordeг aв £& 
which made of (6.35) a mere empirical formula. The coгrectness of (6,36) from 
th empirical viewpöint will be discussed in the next two sections. New w 
prove its correctn ss from the mathematical point of view, pгovidec^w oømply 
with the postulates of the differential equatюn. Modifying гelation (6.37) we 
get the following cubic equation accurate to the order of 4ff0: v 

Ң+2yЖ$ — trУMЬ + Mr=Ó.:..;- (6.40) 

БЪľst we establish the exponents of relation 

lo =y*«MҢ (6.41) 

to th ord r of M/f \ w have 

*= т[l + T "Ç"] " T (± oл % " ^ (642) 

and to that of f o 

ß =^[l + ү • 4 - ] ^ T ( ± 0 Л % ^ ) ' (643> 
Hence we may write f0 ~ r̂ ЛfУ*. The y-cæfficiebt can be determined affceг 
inserting (6.41) into (6.40). W put y* = 2 — e, determine e froпí 

з _ e = y~~r^yuщ M->l*.e 

and may write , 

y = УT— -~ r~Ъ M1!* я* JT (±0.1 % ЩÄŁ) . , (6.44) 

Con equently, the Oгlov formula is corr ot wh й onlÿ the infiпit simalfl 
higher than the thiгd oгder are negl cted. Ęxpresskиis (6.42), (6.43) and (6.44) 
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show that the first and third terms in equation (6.40) are of the order of M*l; 
while the second and fourth of that of M, and therefore negligible. This di
rectly leads to equation (6.35), which is accurate to the order of Jf's that is 
within 1 to 3 per cent. 

Hence, by the determination of j f • in the third stage of the coma develop
ment from the material we can arbitrate either formula, (6.33) or (6.35), 
describes correctly the variations of coma dimensions in this stage. 

6.2.4. Scheme of the coma development 

The scheme of the dependence of coma dimensions on the heliocentric di
stance according to the given theoretical conception is shown in Fig 26. As can 
be seen the passage between two neighbouring stages is characterized by breaks. 
In Fig. 26 two different forms of the third stage are considered; they are denoted 
as Ula and Dlb, and represent relations (6.36) and (6.34) respectively. Nume
rical values of the parameters of the curve from Fig. 26 are included in Tab. 32; 
a is taken from the paper of LEVIN (1948). 

Heliocentrical distances rl9 r2, corresponding to the breaks between indivi
dual stages of the development of a cometary atmosphere, are important para
meters of the development curve. We shall call them the "limiting" heliocentri
cal distances. If we consider the complicated physical conditions inside the co
metary nucleus as well as on its surface, we find that the numerical values of 
the "limiting" distances are determined by the factors as follows: 

a) structure of the comet nucleus, which gives the course of the nucleus-sur
face temperature; 

b) the amount and the way of deposition of gas in the nucleus; 
c) chemical composition of the released gas and the dissociation-process 

starting early after evaporation from the nucleus; 
d) the comet-nucleus dimensions.. 
A macroscopic mass distribution in the comet nucleus as well as its microsco

pic composition, i. e. porosity of the meteorical material, thermal conductivity, 
fusibility, etc., are understood by the structure of the nucleus. It is obvious 
that the more similar the nucleus to the monolith, the more difficult conduction 
of heat, the smaller distances rlf r2. The effect is the more conspicuous, the less 
porous material. 

As the gas is, as a rule, 
the predominant agent of the 
cometary radiation, its total 
amount included in the comet 
is an important factor de
termining the absolute bright
ness of the comet. Even we 
could put both the quantities 
equal, if the way: of deposition 
of gas in the comet nucleus had 
a significant influence. This pro
blem consists of several parts, 
from which the most important 
question is if the gas in the co-

Fig. 26. Scheme of the coma development. met nucleus is absorbed or ad-

< • » < . 
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sorbed (Chapter One). In the latter case the release of gas is feasier and the 
'Timiting" distances become larger. 

Table 32 
Parameters of the scheme of the coma-development curve 

Stacr I П 
7 

Ш ą * Ш b 

int r, A. XJ. 
Do(0), km 

• Ì 
(X 

B 

r > 3.1 
10,000 

0.6 
2.0 

2.0 < r <3.1 
20,000,000 

0.6 
10.0 

ff'<^<2.0, 
200,000 

g < r < 2 . 0 
100,000 

0.5 

The "limiting,, distances; .farther, depend on the repulsive pressure of the 
solar radiation, 1 + /i, acting on the radiating molecules, and on yelocity g on 
the boundary of the sphere of the comet-nucleus activity. Since the radiation 
pressure is the function of the effective cross-section of the molecule and since 
the "initial" velocity, if that of the thermal character, depends on the mass of 
a mole of gas, if that obtained in the dissociation-process, depends on the indi
vidual links of this process, we arrive finally at the parent-molecules released 
from the nucleus as the further factor affecting the observed "limiting" helio-
centrical distances. 

After all, we must admit that the comet-nucleus dimensions, or, more 
exactly, its total mass, can also influence on the "limiting" distances. On the 
basis of the study of meteorites RICHTER (1953) found that 1 gramme of the 
meteoritic material contained about 10** molecules. Consequently, a comet of 
greater mass should be, statistically, saturated by a greater amount of sorbed 
gas. 

To a first approximation, the conditional equation for rx can be established 
from (6.4) by comparing (6.21) with (6.26), and that for r% by comparing relation 
(6.33) or (6.35) with (6.4) after inserting expression (6.26) into it. 

6 . 3 . MATERIAL AND TREATMENT OF OBSERVATIONAL DATA 

On the basis of an appearance of a series of cometary heads described by 
various authors OEIJOV (1913) drew thp conclusion that the contour .of a come
tary head was better expressed by a datenary than by a parabola. If we denote 
the angular distance between the cometary nucleus and the top of a cometary 
head as fl and the angular coma diameter measured across the nucleus per
pendicularly to the radius-vector of a comet as D, the paraboloid is always 
characterized by the ratio 

D = 2 ^ ° - A ' /AAK\ 

where £0 is the linear distance of the top of a head from the nucleus and r\0 is 
the parameter of a paraboloid. In the case of a eatsnary, ratio JD/JS depends on 
the choice of its parameter. ORLOV therefore introduces the reduction coefficient 
q to be able to apply his theory to ratios ije/f0 rather different from (6.46). If 
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we denote the phase-angle Sun-comet-Earth as k then it holds good (OBLOV, 
1945): 

fo = - y - ? - s m — s i n f c , ( 6- 4 6) 

where A is the geocentrical distance of a comet and q depends on ratio D/E and 
on phase-angle k; its values are tabulated in the book by OBLOV (ibid.). The 
coma diameter is then equal to 

where 
D0 = Q.D.Л, 

Q — qвìa. k. 

(6.47)" 

The majority of comets usually appear as diffused nearly circular objects for 
which rsttio D/E ranges from 2.0 to 2.5. Values of Q for both limiting values of 
ratio DJE are included in Table 33, from which it follows that Q -a 1 can be 
put with a sufficient accuracy in equation (6.47). 

Table 33 
Dependence of Q — q sin k on the phase-angle 

Q 
k k k 

DIE - 2.0 D/E - 2.6 
k 

30° 1.12 0.92 160* 
35 1.11 0.95 145 
40 1.10 0.97 140 
46 1.09 0.98 135 
60 1.08 1.00 130 
65 1.06 1.00 126 
60 1.06 1.00 120 
66 1.03 1.00 115 
70 1.02 1.00 110 
76 > 1.01 1.00 105 
80 1.01 1.00 100 
86 1.00 1.00 96 
90 1.00 1.00 90 

For each of the three stages of a coma development the parameters of curve 
D0 =- D0(r) are further determined; its approximate form used is 

log D0(r) = log 2>0(0>+ A?Лog r, (6.48) 

which is quite sufficient to compare our theory with observational data. 
The following material was used to verify our theoretical conclusions: 
a) 507 visual measurements of coma dimensions of 22 comets obtained by 

BEYER (1950a, 1955, 1958, 1959) from the years 1947 — 1956; 
b) 16 photographs of the coiriet 1942g taken at the Sonneberg Observatory 

(HOFFMEISTEB, 1956); 

c) 65 photographs of the Halley comet 1909c obtained by MtHamilton Cross-
ley Reflector and MtWilson 60-inch Reflector (BOBROVNIKOFF, 1931); 

d) 120 estimations of coma dimensions of the Encke comet from the years 
1795 — 1914 collected by BOXTSKA and SVESIKA (1949). 
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Fig. 27. Development of the atmosphere of comet Hal-
ley 1909c. 

« . 1942g 

6 . 4 . NUMERICAL RESULTS AND DISCUSSION 

Table 34 contains the, resulting values of parameters of the development 
curve of coma dimensions of 23 comets studied; individual columns give the 
preliminary and definite designation of a comet, the stage of a coma develop
ment (denotation accord- y 

ing to Fig. 26), the para
meters of a coma deve
lopment curve, the geo
metrical mean and the 
range of heliocentrical di
stances used, the time-
orientation of measure
ments regarding the pe
rihelion passage of a co
met (A — prior to the 
perihelion passage, B — 
after the ^rihehon pas
sage)', the number of me
asurements, and a note if 
the comet is a short-pe
riod one. The coma dia
meter at r = 1 A. U. is 
expressed in minutes of 
arc; the values corres
ponding to the first and 
second stages are extra
polated next .to all cases. 

Curves D0 = D0(r) of 
the following comets are 
represented in Figures 27 
to32:Halley 1909c,Whip-
ple-Fedtke 1942g, Bester 
1947k, Honda - Bernas-
coni 1948g, Minkowski 
1950b, and Pons-Brooks 
1953c. 

The first stage of the 
coma development may 
be studied only in three 
comets; the results are 
included in Table 35, in 
which the exponents /? 
and y, and corresponding 
effective heliocentrical di
stance, r€ff9 are given. In 
fact, for y we obtain the 
values close to those de
rived in another way; ne
vertheless, the few me
asurements of D0 at large 

И l H И I Щ I И - M -
O.H OJв 018 

logr 
020 0J22 

Fig. 28. D v lopment of the atmoвpheгe 
of oomet Whippl -Fedtke 1942g. 
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Fig. 29. Development of the atmosphere of comet 
Better 1947k. 
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heliocentrical distances ma
ke it impossible to carry out 
the analysis of this problem 
in detail. 

A comparison of the total 
photometrical exponent 
with that of the gas coma 
is given in Table 36; ng is 
computed according to (6.32) 
at heliocentrical distance r0. 
Total exponents are taken 
over from BEYER'S papers 
(BEYER, 1950a, 1955, 1958, 
1959) for the majority of 
comets used, from the aut
hor 'spaper (SBKANiK.4,1959; 
see Chapter Two, too) for co
met 1942g, and from BOB-
ROVNIKOFF'S study (BOB-
ROVNIKOFF, 1942) for comet 
1909c; in addition the ex
ponent computed by the 
author on the basis of Ho-
LBTSCHEK'S material (Ho 
LBTSCHBK, 1916) for the last-
mentioned comet was also 
taken into account. Of cour
se — the time-orientations 
both of the n-material and 
of the fy-material are the 
same for each comet of the 
set. From sixteen cases in
cluded in Table 36 eight give 
conspicuously ng > n, eight 
give ng& n within errors but 
no case shows ng < n, so that 
the second stage of a coma 
development fully supports 
the validity of relation(6.31). 
Exponent ng was again com
puted using a = 0.5. MAB-
KOVICH (1958, 1959), how
ever, asserts that this value 
is physically incorrect and 
that the most probable one 
must lie, in fact, between 
0.1 and 0.2 (see Section 2.1., 
too). To ascertain the change 
of ng(r0) with the change of 
«, let us derive difference 
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Fig. 30. Development of the atmocphere of oomet 
Honda-Bernasooni 1948g. 
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Fig. 31. Development öf the atmoяpheгe 
of oom t Mшkowski 1950b. 
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Arig = ng(aj) — ng{a^ from (6.32): 

Jn9=J«[L + (l—^.(-ifOr.], (6.49) 

where 
Aa = ax — otţ* 

!Por J« = 0.4 the maximum Ang = 0.6 results from Tables 34 and 36, which is 
not more than an average error of ng\ therefore, the change of A a does not 
affect our above-mentioned assertion. 

Table 35 
Numerical values of exponents ft and y 

Com t re1t •' «'e//> y(rff) 

1909c 
1947І 
1962 

3.84 
1.36 
1.96 

1.77 ± 0.17 
2.34 ± 0.36 

1.5 ± 1.5 

0.27 ± 0.17 
0.84 ± 0.36 

0.0 ± 1.5 

The coma development in the third stage makes it possible to collate expres
sions (6.33) and (6.35). From the data of Table 34 the most probable value of 
A?9 follows as 

A?' = 0.66 ± 0.23, (6.50) 

which agrees quite well with (6.36); to reach an agreement between (6.50) and 
(6.34) it would be necessary to assume a = 1.3, which is absurd. Consequently, 
the collected material conspicuously supports OBLOV'S thoughts (O.RLOV, 1945). 

The problem of comet Pons-Brooks 1953c is very interesting in this connec
tion. TTh.e third stage of its coma development occurred when the comet was 

Table 36 
Comparison of photometrical exponents n and ng 

Comet Г0 
л (r0) ПgiГę) 

1909c 1.71 6.62 ± 0.21 6.43 ± 0.60 
2.16 6.81 ± 0.11 7.20 ± 0.68 

1942g 1.62 6.00 ± 0.03 7.06 ± 0.40 
1947І 1.04 6,32 ± 0.38 6.14 ± 0.90 
1947k 1.43 2.97 ± 0.20 4.98 ± 0.96 
1948d 2.84 4.44 ± 0.13 4.64 ± 0.61 
19481 2.17 3.66 ± 0.62 3.20 ± 0.18 
1949a 2.69 6.36 ± 1.19 7.92 ± 1.07 
1949c 2.41 6.63 ± 0.23 6.04 ± 0.47 
1960b 2.97 1.64 ± 0.49 2.87 ± 0.23 
19бlf 1.15 11.05 ± 2.00 8.09 ± 1.15 
19611 1.47 6.67 ± 0.36 8.40 ± 1.09 
1952 1.83 13.73 ± 2.64 10.90 ± 0.43 
1964Һ 4.12 4.33 ± 0.77 6.60 ± 0.90 
19ббf 1.83 7.24 ± 0.60 13.62 ± 1.73 
1956a 1.62 6.38 ± 0.19 20.60 ± 1.15 
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at the heliocentrical distance of 2.4 A. XL; the changes of the coma diameter 
corresponded to ORLOV'S law (6.36). At the heliocentrical distance of 1.6 A.U. 
a sudden enlargement of the coma dimensions occurred, so that tHey were 
about twice as large as before; in this situation the coma diameter changed 
again according to (6.36). We may assume th& at r = 1.6 A. U. the change in 
the nature of excited gases occured, or a sudden, very intense and standing emis
sion of gas from new bulky sources took place, or, which is the most probable 
case, both effects were present. The tumultuous activity of this comet is suffi-
piently illustrated in Fig. 32, in which a series of local fluctuations are superim
posed on both linear paths. x 

Physical differences between periodical comets on the one hand and long-
period and non-period comets on the other conspicuously affect data of the 
"limiting" heliocentrical distances, rl9rt (Paragraph 6.2.4.). The coma-develop
ment curve (Kg. 26) for "new" comets is considerably shifted towards larger 
heliocentrical distances in comparison with that of periodical oomets. In 
Table 37 heliocentrical distances r^ ra, difference rx — r2, and the orbital pe
riod round the Sun, P, are given for eight comets, even though incompletely. 
An analysis in detail is again impossible oaring to an insufficient abundancy of 
homogeneous material. 

Table 37 
* ''Limiting'9 heliocentrical distances 

. . . . - ч • • 

Comet fx rш 
Ъ—Гt v P 

1947І 1.11 0.93 0.18 
У 
3.305 

19511 •>173 1.59 >0.14 8.172 
1956a >2.31 2,16 >0.15 69.47 
1909c 2.67 1.78 0.89 76.03 
1952 1.88 <1.67 >0.21 1,445 
1947k >2f.Ю 1.91 >0.19 — 
19ббf >2.33 2.21 > 0 Л 2 — 
1948d >3.83 3.11 >0.72 

The ascertained effect could be expected and differences among periodical, 
"old" and "new" comets found on the bask of photometrical data (OOBT, 
SCHMIDT, 1951, VAN^SEK, 1952) are quite supported in this way. This effectis 
in connection with the facts that the supplies of gas of periodica) comets are 
present only in depths of a nucleus, and that the gases of the great heat of eva
poration are the question. Systematic differences in values rt — r8 can be ex
plained analogously. I 

The same effect can be shown when using the average heliocentric distance 

of the second stage of development, r, because r *-* -5- (fi-Mi). Distance r may 

be derived for 15 comets used; the result included in Table 38 convincingly 
shows the increase of r with increasing semi-major axis a of the cemetary orbit. 

If the coma diameter "permitted" by equation (6.35) is rather considerable 
and if the mean life-time of molecules is relatively short, then the third stage 
of the development need not occur. On the other hand, the aecond stage of de
velopment is absent only in those comet? whidh radiate me.tefyl.gr reflex light 
of the Sun. / 
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Table 38 
Average heliocentrical distance r as related to the semi-major axis of the cometary orbit 

int Цa - r Cometв 

<0 
0 

<0.0010 
0.0011—0.010 
0.011—0.10 
0.11—1.0 

2.91 
2.81 
2.61 
1.60 
2.23 
1.29 

1949a, 1950b 
1947k, 1948d, 1949c, 1964Һ, 195бf 
19481 
1942g, 1952 
1909c, 1956a 

, 1947І, 19бlf, 19511 

6.5. CONCLUSIONS 

1) During the motion of a comet round the Sun the cometary atmosphere 
passes three stages of its development: the first stage is characterized by the 
action of external forces (collisions of a comet with micrometeorite showers, or 
solar proton streams), the second one begins by the intense evaporation of gas 
from the cometary nucleus due to internal comet forces, and ends when the co
ma attains the dimensions given by the mechanical theory; the third stage is 
that of a "saturated" atmosphere. 

2) The first stage passes through within relatively large heliocentrical di
stances and the coma diameter changes only very slightly; this change deter
mines the variation of the concentration of the dust in interplanetary space, or 
that of the space concentration within the solar-corpuscle streams with the he
liocentric distance in a given range of r; but few homogeneous measurements 
of coma diameters make great difficulties to obtain reliable numerical results. 

3) Considerable enlargement of the gas coma dimensions characterizes the 
second stage; now the change of the coma diameter is in close connection 
with the photometrical exponent of the gaseous coma; if the trend of the tempe
rature of a nucleus surface is known the heat of evaporation of excited mole
cules can be derived. 

4) The third stage occurs after the "saturation" of a cometary atmosphere 
and its dimensions always decrease with the approach the perihelion passage. 
The rate of this development in the majority of comets used is much better 
described by ORLOV'S theory than by that of BESSBL and BBBDIKELTN; in some 
cases the third stage need not take place. 

5) The "limiting" heliocentrical distances separating the neighbouring stages 
of the coma development are in a conspicuous correlation with the orbital 
period of a comet and they give a qualitative picture about the supplies of 
gas within individual comets; the OORT-SCHMIDT classification of comets into 
"new" and "old" ones is independently supported; the analysis ef the average 
heliocentrical distance of the second stage of the development gives the same 
effect as the analysis of the "limiting" distances. ' 

6) The asymmetry of the jcurve of a coma development regarding the peri
helion passage changes from case to case; it is obvious that this problem is in 
some connection with the molecular concentration drop in the surface layer 
of the nucleus as well as with the thermal inertia of the process of their 
evaporation analogously as the asymmetry of the photometrical curve (LEVIK, 
1947). 
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CHAPTER SEVEN 

GENERAL RESULTS AND CONCLUSIONS 

The most important results of the investigated problems and general conclu
sions following from the analysis are here summarized. All the performed cal
culations indicate the ability of the odmet dust-gag model- or somewhere even 
of its simplification, the gas model, to explain observed effects. The main 
items are as follows: -

(1) The basic formula describing the properties of the photometrical curve 
of the comet dust-gas model is derived in a few forms, with various number of 
the so-called physical parameters. These are: (a) absolute magnitude of the 
comet model; (b) ratio between the intensity of both the constituents of the 
non-hqniogeneous model; (c) heat of evaporation of the gas forming the gaseous 
constituent of the model; (d) rate of the surfaoe-temperature drop of the comet 
nucleus; (e, f, g) parameters of the solid constituent of the comet model, de
pending on such magnitudes as the initial amount of the dust layar, heat con
ductivity, specific heat, density, micro- and macroscopic structure of the meteo
ric material, etc. • 

(2) The photometrical formula with three unknown parameters, given under 
(a), '(b) and (c) can satisfactorily describe the form of the photometrical curve 
of a comet with a weak continuous spectrum, or without a continuous spectrum 
at all, i. e. of a comet in which the photometrical efficiency of the gas is much 
greater than that of the dust. The general form of the photometrical formula 
must be applied to a comet with a strong or at least well-pronounced conti
nuous spectrum, i. e. to a comet in which the photometrical efficiency of 
both the constituents is of the same order. x 

(3) Two comets have been selected to verify the methods derived. The Whip-
ple-Fedtke comet of 194& was one with no substantial influence of the dust on 
its brightness, while the Arend-Roland comet of 1957 was characterized by 
a strong continuous spectrum. The performed analysis has given a few inte
resting results described in Sections 2.5. and 3,8. respectively. 

(4) The gas constituent is described by the generalized, well-known Levin 
formula, while a semiemiprical formula has been found to characterize the varia
tion of the solid-constituent brightness on the heliocentric distance. In accor
dance with the formula the photometrical exponent of the dust coma reaches 
its maximum at about 1.3 A. U. on an average, and drops more quickly towards 
the small heliocentric distances. An exact form of the n -̂curve changes from 
case to case and it is hard to give any limits at present. 

(5) A statistical analysis of the total pix>tometrical exponents of the comets 
'with the orbital period longer than 1,000 years has also been carried out. At 
least two different groups of comets have been found in accordance with the 
frequency distribution of n. A statistical dependence has been established of the 
photometrical exponent of the group of "typicaFMong-pOTOt.Hs^ets on the 
heliocentric distance. Considerations eoncernmg the differences between the 
pre- and post-perihelion periods have been discussed on the basis of the obser
vational data available. In order that the empirical dependence nd = nd(r) 
might be corrected for the phase-effect, the dependences of the phase-angle on 
both the heliocentric and geocentric distances have been investigated. 
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(6) To be able to study more quantitative relations between the comet's ra
diation and its physical structure, the functions of dust, E(r), and that of gas, 
0(r); have been introduced. The former represents a combination of the basic 
physical characteristics of the "solid*' radiation constituent: (a) effective ra
dius of the nucleus, i. e. the radius of a monolithic spherical nucleus; (b) 
mean dust particle dimensions; (c) equivalent thickness of the layer of photo
metrically effective dust, i. e. the thickness of the layer of a theoretically ma
ximum concentration of particles at the surface of a monolithic nucleus; (d) 
entire number of photometrically effective dust particles in a cometary atmos
phere; (e) albedo of the nucleus and dust particles; (f) phase-effect of the nuc
leus and dust particles; (g) mass density of the nucleus and dust particles, etc. 
The latter of the two functions consists of the basic characteristics of the "gas" 
radiation constituent: (a) heat of evaporation necessary to release a certain 
amount of gas molecules from the comet-nucleus surface; (b) mass of an ave
rage molecule; (c) concentration of molecules in the surface layer of the comet 
nucleus; (d) photometricalefficiency of a radiating molecule; (e) ratio between 
the number of radiating and evaporated molecules, etc.; and of some other 
magnitudes, as the absolute temperature of the comet nucleus at a unitof helio
centric distance. 

(7) On the basis of the worked-out conception of the non-homogeneous co
metary atmosphere and the Orlov considerations concerning the comet nucleus, 
the method of determining the total mass of the nucleus as well as of the dust 
layer has been derived and applied to a number of comets with strong conti
nuous spectra. The mean diameter of investigated comets lies between 2.2 ahd 
4.0 kilometres and the dust-cloud mass of comets with the strongest continuous 
spectr& is 10*° gm on an average. 

(8) The problem of physical consequences of a collision between the comet 
nucleus and a dust particle in interplanetary space is solved. On the basis 
of the physical theory worked-out by STAimjKOViCH the expression is derived 
for the total loss of the comet mass due to the pulverization process originated 
owing to collisions with micrometeorites. It is indicated that the pulverization 
process itself is not sufficient for explaining the amount of the dust in atmosphe
res of copaets ascertained photometrically and spectroscopically. In case of 
short-period comets, which are exposed to effects of the process for their whole 
"life", it may be the initial stage in forming a thin dispersion dust layer. The 
process may also be responsible for a number of comet outbursts, and shapes 
the face of the surface of the comet nucleus. 

(9) The dimensions of the cometary atmosphere as related to the heliocen
tric distance have been studied, too. They change during an approach of a co
met to the Sun in three stages. The first stage is characterized by the action of 
external forces (collisions of a comet with micrometeqrite showers, or solar 
proton streams). In this stage the cometary atmosphere passes through within 
relatively large heliocentrical distances and the coma diameter changes quite 
slightly. This change determines the variation of the concentration of the dust 
in interplanetary space, or that of the space concentration within the solar-
corpuscle streams with the heliocentric distance in a given range of r. In the 
second stage of the development the intense evaporation of gas from the nuc
leus of a comet begins so that the dimensions of the head rapidly enlarge with 
ĵ he decrease of the heliocentrical distance. As soon as they reach the value 
£iven by the mechanical theory of cometary forms, the third stage occurs dur-
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ing which the coma diameter falls relatively slowly with the further approach 
to the Sun. While the variation of the ráma dimensions is a function qf the 
photometrical exponent of the gas coma in the second stage, and therefore the 
coma diameter varies from case to case, a comparison of the theory with 
observations shows that the validity of OHLOV'S formula is, in practice, general 
in the third stage, so thai the coma dianleter of all comets changes in the same 
way now. The "limiting" heliocentrical distances corresponding to breaks be
tween individual stages of the development curve of "new" comets are consi
derably shifted towards larger heliocentrical distances in comparison with 
"old" comets. 
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N Ě K T E R É P R O B L É M Y K O M B T Á R N l F Y Z I K Y ftEŠENĚ 
N A P O D K L A B É F O T O M E T R I C K Ý C H Ú D A J Ů 

ČÁST P R V N Í 

Z. SEKANINA 

Souhrn 

V práci je řešena řada otázek kometami fysiky. Fotometrická měřeni, která slouží za 
podklad pro studium problému, jsou analysována z hlediska jednotné fysikami teorie, 
pracho-plynového modelu komety. Nejdůkladněji je v práci řešen jeden ze základních 
problémů fotometrie komet; charakter závislosti jasnosti komet na heliocentrické di
stanci. Velká pozornost je věnována vlivu prachu na fotometrické vlastnosti kometární 
atmosféry. Kromě toho je podrobně rozebrán i problém vzájemného působení mezi 
jádrem komety a meziplanetární hmotou a změny rozměru kometami hlavy se vzdále
ností od Slunce, jež úzce souvisí s fptometrickými parametry komety. Schopnost pracho-
plynového modelu vysvětlit všechny uvedené efekty se plně potvrzuje. 

НЕКОТОРЫЕ ПРОБЛЕМЫ ФИЗИКИ KOMET РАССМАТРИВАЕМЫЕ 
НА ОСНОВАНИИ ФОТОМЕТРИЧЕСКИХ Д А Н Н Ы Х 

Часть первая 

3 . Секанина 

Р е з ю м е 

В работе решен ряд вопросов физики комет. Фотометрические измерения/ ко
торые служат основой для изучения проблем, анализируются с точки зрения 
единой физической теории, пыле-газовой модели кометы. Наиболее обстоятельно 
в работе решена одна*из основных проблем фотометрии комет, характер зависи
мости блеска комет от их расстояния до Солнца. Большое внимание обращается 
на влияние пыли на фотометрические свойства кометной атмосферы. Кроме того 
подробно изучена также проблема взаимодействия между ядром кометы и между
планетной материей, и изменения размеров головы кометы в зависимости от рас
стояния до Солнца, которые находятся в тесной связи, с фотометрическими па
раметрами кометы. Способность пыле-газовой модели объяснить все приводимые 
эффекты полностью потверждается. 
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