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

N

PART TWO

. ZDENEK SEKANINA

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

Director Prof. Dr. J. M. Mohr

PREFACE TO PART TWO i

This paper is the continuation of the thorough analysis of cometary problems, the first part of
which was published in this journal last year. :

Part One contained the portions-as follows:

(1) Preface to Part One.

(2) Chapter One. History and E~volution of Photometry of Comets. -

(3) Chapter Two. A Comet Dust-Gas Model. Fundamental Methods of Determining Its Physical
Parameters.

(4) Chapter Three. Influence of the Dust on the Photometric Properties of Comets. Solution
of the Dust-Gas Model in Detail. .

(5) Chapter Four. Some Applications of a Comet Dust-Gas Model. Comets with -Strong Cont-
inuous Spectra..

(6) Chapter Five. Interaction between a Comet and Dust Constituent of Interplanetary Matter.

(7) Chapter Six. Development of the Cometary Atmosphere during the Approach of a Comet
to the Sun.

(8) Chapter Seven. General Results and Conclusions (Part One). .

This continuation comprises next four chapters:

(1) Chapter Elght Changes of Physical Characteristics of Comets Due to the Changes of Solar
Activity,

(2) Chapter Nine. Systematic Variations in Brightness Connected with the Comet’s Interior
Structure.

(3) Chapter Ten. General Results and Conclusions (Part Two). :

(4) Chapter Eleven. A Catalogue of Physxcal Characteristics of Comets from the Years 1610 to
1954.

In the first of the four chapters the influence on comets of the periodicity ef the solar actlvity
is discussed in detail. I am comparing various results reached so far and trying to make a hypo-
thesis consistent with the most abundant observational material available at present. The clas-
giflcation of cometary characteristics is also given accordmg to the form of the curve during an
eleven-year solar cycle.

Irregular short-term variations of the comet bnghtness ‘connected with the solar actwnty
(Beyer's method) are studied together with ,,solar** periodic changes. Short- term fluctuations in

* the colour-index of the Arend-Roland comet and the perihelion asymmetry of the Iight curves
of comets are discussed separately. in the second of the four chapters.
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- On principle I try to give the observational material used, and if it is not possible because of
the extent of the paper I consistently indicate the reference. The synopsis of 'physical character-

" istics of comets distributed according to the solar cycles is appended (the last chapter). It may

serve for contingent further statistical investigations.

CHAPTER EIGHT

CHANGES OF PHYSICAL CHARACTERISTICS OF COMETS
DUE TO THE CHANGES OF SOLAR ACTIVITY

8.1. Introduetion

Many quantities characterizing in any way whatever changes of the .
cometary activity within the eleven-year solar cycle were the subject of
studies carried out by vagious authors. The number of discovered comets
in dependence on the phase of the solar cycle, for instance, was studied by
Link and Vanysek (1947), Link (1952), and later on by DoBrovorsky (1954,
1958), the variations of the absolute magnitude of short-period comets
were studied by DoBrovorLsky (1957), and the variations ot the dispersion
of the observed brightnesses of comets by Bever (1933, 1937a, 1937b,
1938, 1942, 1947, 1950a, 1950b, 1955), and on the basis of his material also
by Dosrovorsky (1958). Some relations within the brightness of the Encke
comet associated with the solar activity were studied by Link (1948).
The variation of the diameter of the coma of the Encke comet during the
eleven-year cycle was investigated in Bouska's and SveEsTka's work (Bouska,
SvEsTKa, 1949), and the change of many physical parameters of the comet
1943 I with the solar activity during several months was analyzed by
Bouska (1950a). '

All these works specialized in the solution of a certain part of the pro-
blem, and the results are, on the whole, rather divergent. Until now, the
best agreement has been obtained in the study of the number of discovered
comets in dependence on the phase of the solar cycle. Here, it became ap-
- parent that the curve of cometary discoveries reveals during the cycle
a double-wave. This fact clearly results from all the mentioned studies
(Link, Vanysek, 1947, Link, 1952, DoBrovoLsky, 1954, 1958), and also
is fully confirmed in this paper.

The present chapter has three main parts, which deal with the following
aspects of the problem, respectively:

1. The systematic course of cometary characteristics W1thm the eleven-
year cycle, their long-term changes in the odd and even cycles, and the
way in which the eighty-year period of solar activity reveals itself in co-
metary statistics.

2. The variation of the absolute brigtness, fluctuations of the dispersion




of the observed brightness estimates and variation of the head diameter
of the Encke comet as related to the changes of solar actxvxty in the eleven-
year cycle.

3. Discussion of the Beyer method of cometary brlghtness dlspersmn as
a criterion of cometary activity.

8.2 The statistical dependence of the cometary characteristics on the solar aetivity
in the eleven-year eycle

First, 563 comets are studied, comprised in VsexusviaTsky's Catalogue
of absolute magnitudes of comets (VsEkHsvIATSKY, 1956, 1958), which were
observed within the interval of 1610 till 1954, that is, during 31 eleven-
year solar eycles, and which had not been looked up in the ephemeris.
This criterion is very important, since short-period comets (with an orbi-
tal period of an order smaller than 100 years) which, particularly in the last.
decennia, were looked up almost exclusively in the ephemeris, have quite
different physical parameters.

In this part of the study, on the whole eleven cometary characteristics
are investigated which, with regard to their essential features, may be
classified into three groups:

A) characteristics of the comet as a whole;

B) characteristics of the cometary head;

C) characteristics of the cometary tail.

The characteristics under A) are as follows:

a) N, — number of comets discovered per year;

b) 7, — value of the function of the visual importance of the tails of
the comets observed within one year; the tail visible with
naked eye has 7 = 2, that visible with a te]escope =1,
and a comet without tail has 7 = 0; :

c) r — the heliocentrical distance of the comet at the tnme of dis-
covery; .

d) 4 — the geocentrical distance of the comet at the tlme of dis-
covery;

e) H,, — the absolute magmtude of the comet accordmg to VSEkH-
sviaTsKY's definition, see VSEKHSVIATSKY (1956, 1958);

f) m — the apparent magnitude of the comet at the time of discovery;.
g) n — the seasonal index introduced by DOBROVOLSKY‘(1957

The characteristics under B) are as follows:

h) D — the maximum apparent coma diameter;

i) D, — the maximum linear coma diameter.
Finally, the characteristics under C) are as follows:
j) € — the maximum apparent length of the cometary tail;



k) S — the maximum linear length of the cometary tail. )
As can be seen, some of the characteristics under A) are in a certain
relation to the group B), eventually C) as well. This is particularly the
" function of .the visual importance of tails. We, however, consider this
quantity as a characteristic of the appearance of the comet and classify
it, therefore, under A). Similarly, the magnitudes m, and H,, which ap-
proach the characteristics of the cometary coma are, as tradition requires,
classified under A), too. ' ‘
For each of the 563 comets, moreover, the phase-shift @ with regard to
the minimum of the sunspot numbers R has been determined, which is
. defined by the formula:

=T
(8.1) ¢ =2

P is the length of the respective eleven-year cycle of solar activity, T the
time of minumum solar activity, and {, the time of measurement of the
given characteristic. In the case of quantities Ny, r, 4, and m it is the
time of discovery of the comet, in the case of quantity H,y, the middle from
the interval of the observation of the comet, in the case of quantities D,
and S it is, as a rule, the moment close to the time of the passage of the
comet through the perihelion, and in the case of quantities z,, D and C,
in addition, the time of minimum geocentrical distance of the .comet ‘plays
a part. Generally, from the succession of moments 7" we select such a mo-
ment that '

T<l,<T+P

The dependence of each of the mentioned eleven characteristics on the
phase of the eleven-year solar cycle has been studied both for all cycles
together and separately for the odd and even cycles. Out of the 563 comets,
269 are available in odd cycles and 304 in even.

Table 39 is a synopsis of the distribution of the total number of comets
under consideration according to the place of discovery.

Table 39. Distribution of comet discoveries

Region Discoveries
West Europe 50.3 per cent _
‘North America 24.5 per cent
South Africa 8.7 per cent
East Europe 8.1 per cent
Far East 3.1 per cent
Australia and New Zealand 2.7 per cent
South America 2.3 per cent
Near and Middle East 0.3 per cent
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Fig. 33. Curves of cometary characteristics in an average eleven-
year cycle (weighted values).
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Quantitatively, the approximate form of the curves of each of the studied
characteristics (generally already designed as X ) will be describéd by the
following parameters:

1. &,(X) — position of the 1nd1v1dual extremes, i = 1,2, .
2. Ay(X) — semi-amplitudes of the individual extremes,
3. X — mean value of quantity X within the cycle.



In the following, index i, if odd, stands for the minimum, if even, for the
maximum.

The course of each characteristic from group A) with the phase of the
average solar cycle has been determined both by weighted and not-weighted
values. The weighted values, in which each cycle is represented by a weight
equal to the number of actually studied comets, somewhat overvaluate
the latest solar cycles; the not-weighted values, in which all solar cycles
are represented by an.equal weight, rather considerably overvaluate the
old cycles.

The course of the characteristics. from groups B) and C), as well as the
course of all characteristics within the odd and even cycles, is derived —
owing to less abundant material — only from weighted values.

8.2.1. Statistics of the number of discovered comets, and
functidon of the visual importance of cometary tails

The number of discovered comets, reduced to one year, N,, reveals
within the eleven-year cycle a characteristic double-wave which is very
well apparent both in the weighted values (Figure 33, Table 40) and in the
not-weighted values (Table 40). This fact fully confirms the previous in-
vestigations carried out in this respect. Quite analogous is also the course
of the function of the visual importance of tails 7, as follows from Figure 33
and Table 41. Parameters of the two magnitudes are included in Table 42.

In the odd and even cycles, too, the courses of quantities IV, and 7, are

entirely analogous, as can be seen from Figure 34 and Tables 43—46, so
that their appearance may be described together.

Table 40
Statistics of IV,

Weighted values Not-weighted values
int @ :

(2 R N, D N,
0.951—0.250 0.106 1.63 + 0.08 0.102 1.51 4 0.14
0.051—0.350 0.202 1.75 + 0.04 0.201 1.84 4 0.09
0.151—0.450 0.292 1.77 4 0.03 0.296 1.79 4 0.10
0.251 —0.550 0.380 1.58 4 0.11 0.392 1.73 £+ 0.13
0.351—0.650 ©0.490 1.53 4- 0.09 0.493 1.56 4+ 0.06
0.451—-0.750 0.606 1.59 4- 0.12 0.597 1.64 + 0.08
0.551—0.850 0.695 1.74 4- 0.04 0.697 1.69 4 0.06
0.651 —0.950 0.788 1.72 4- 0.06 0.800 1.71 4 0.05
0.751—0.050 0.886 1.58 4- 0.06 0.894 1.45 4 0.12
0.851—0.150 0.998 1.54 + 0.04 0.998 1.50 + 0.14




Table 41
Statistics of 7,

~ Weighted yalues " 'Not-weighted values
int @ - — -
D ‘ T, D 7,
0.951—0.250 0.111 1.34 £ 0.07 0.106 1.35 + 0.15
© 0:.051—0.350 0.207 1.42 4 0.05 0.205 1.65 4+ 0.05
0.151—0.450 0.297 1.51 4+ 0.02 0.300 1.61 4+ 0.06
0.251—0.550 0.385 1.37 4 0.09 0.396 1.44 + 0.14
0.351—0.650 0.495 1.21 4 0.12 0.497 1.15 4 0.10
0.451—0.750 0,611 1.25 4+ 0.15 0.601 1.21 4+ 0.15
0.551—0.850 0.700 1.37 4 0.14 - 0.701 1.27 4 0.14
0.651—0.950 0.793 1.47 4+ 0.08 0.804 1.39 4+ 0.08
0.751—0.050 0.891 1.31 4+ 0.05 0.898 1.15 4- 0.08
0.851—0.150 0.003 1.26 4 0.02 0.002 1.256 4 0.13
Table 42
Parameters of curves N, and 7,
Weighted values | Not-weighted values
N; T, N, ‘!v.
D, 0.975 0.988 0.931 0.923
D, 0.255 0.286 0.236 0.241
D, 0.487 0.532 0.512 0.532
D, 0.730 0.785 0.754 0.783
Ay 0.12 0.10 0.25 0.25
A, 0.17 0.17 0.17 0.36
A, 0.11 0.18 0.10 0.26
A, 0.17 0.13 0.15 0.08
J-\T,,Tr; 1.64 1.35 1.64 1.35
" Table 43
Statistics of IV, in odd and even cycles,
Nll
int @ /] :
odd cycles even cycles
0.951—0.250 0.11 1.43 4- 0.09 1.82 4+ 0.13
0.051—2.350 0.20 1.67 4+ 0.10 1.82 + 0.13
0.151—0.450 0.29 1.58 4 0.12 *  1.854 0.11
0.251—0.550 0.38 1.45 4- 0.18 1.71 4 0.10
0.351—-0.650 0.49 1.40 4 0.14 1.66 4 0.12
0.451—0.750 0.61 1.47 4 0.15 1.69 4 0.14"
0.551—0.850 0.70 1.71 4 0.04 1.77 4- 0.12
0.651—0.950 0.79 1.63 4 0.04 1.79 + 0.11
0.751—0.050 0.89 1.51 4 0.11 1.64 4 0.03
0.851—0.150 0.00 1.47 4 0.09 1.61 4 0.02




a) in the even cycles, on the whole, more comets have been discovered
than in the odd cycles—see also Link (1952) — and 7, attains, on the aver-
age, higher values in the even cycles;

b) the mean amplitude is in the odd cycles deeper than in the even
cycles;

¢) in the odd cycles both maxima (in @ ~ 0.3 and @ ~ 0.8) are ap-
proximately equally high, while in the even cycles the first maximum is
somewhat higher;

Table 44 .
Statistics of 7, in odd and even cycles
Tﬁ
int @ (]
odd cycles even cycles
0.951 —0.250 0.11 1.21 4- 0.08 1.47 4- 0.12
0.051 —0.350 0.21 1.39 £+ 0.05 1.46 1 0.12
0.151—-0.450 | 0.30 1.38 + 0.05 1.64 4 0.08
0.251 —0.550 0.39 1.27 + 0.12 1.46 + 0.10
0.351 —0.650 0.50 1.01 4 0.12 1.41 4- 0.11
0.451—0.750 0.61 1.09 £ 0.17 - 1.42 4 0.11
0.551—0.850 0.70 1.26 + 0.18 1.49 4 0.10
0.651 —0.950 0.79 1.39 4- 0.10 1.54 4 0.07
0.751—0.050 0.89 1.19 4 0.09 1.43 4 0.01
0.851—0.150 0.00 1.17 4- 0.08 1.34 4 0.05
Table 45
Parameters of curves IV, in odd and even cycles
Odd cycles Even cycles
D, 0.07 0.96 !
o 0.22 0.28
D, 0.49 0.51
D, 0.72 : 0.76
A, 0.15 0.18
A 0.16 0.22
A, 0.13 0.10
A, 0.20 0.06
N, 1.53 1.75

d) the phases of the individual extremes are practically independent on
the cycle-type, with the sole exception of, perhaps, the minimum in @ ~ 0.

8.2.2. Statistics of the heliocentrical and geocentrical dis-
tances of comets at the time of discovery

The mean heliocentrical and geocentrical distances at the moment of
discovery of the comets reveal, in distinction to the curves N, and 7,
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Table 46 *
Parameters of curves 7, in odd and even cycles
. 0Odd cycles . Even cydles
D, 0.98 0.99
D, 0.25 0.30
D, 0.53 0.54
D, 0.78 0.78
A, 0.08 0.14
Ay 0.19 0.17
Ay 0.28 0.07
A, 0.17 0.08
7, 1.24 1.47
Table 47
Statiq‘tics of r .
‘Weighted values Not-weighted values
int @
[ r N [ r
.
A.U. A.U.
0.951—0.250 0.105 . .405 4+ 0.033 166 0.090 1.374 4+ 0.038
0.051 —0.350 0.202 436 4+ 0.011 179 0.197 1.382 4 0.033
0.151—0.450 0.293 .435 4 0.011 181 0.301 1.372 4- 0.030
0.251 —0.550 0.381 .375 4+ 0.034 162 . 0.386 "1.312 4 0.034
0.351 —0.650 0.489 .363 4 0.033 167 0.489 1.353 + 0.038
0.451—0.750 0.604 .311 4 0.026 161 0.600 1.294 4 0.039
0.551—0.850 0.694 .335 + 0,019 177 0.689 1.330 4 0.034
0.651 —0.950 0.788 .329 4 0.016 174 0.796 1.302 4+ 0.022
0.751—0.050 0.886 .338 + 0.012 160 0.898 1.310 £ 0.017
0.851—0.150 0.997 .367 £ 0.024 157 0.994 1.339 4 0.033
Table 48
Statistics of 4
Weighted values Not-weithted values
. int® ;
D a4 N D a4
A.U. _ AU
0.951—0.250 0.105 1.168 4 0.043 166 0.090 1.153 4 0.066
0.051—-0.350 0.202 1.197 4 0.020 179 0.197 1.181 4 0.047
0.151—0.450 0.293 1.195 4 0.019 181 0.301 1.184 4 0.049
0.251 —0.550 0.381 1.103 4 0.071 162 0.386 1.067 4 0.080
0.351 —0.650 0.489 1.069 4+ 0.071 157 0.489 1.075 4 0.080
0.451—0.750 0.604 1.017 4 0.045 161 0.600 0.987 4 0.044
0.551 —0.850 0.694 1.089 4 0.014 177 0.689 1.043 4 0.008
0.651 —0.950 0.788 1.118 4 0.010 174 ~0.796 1.064 4 0.020
0.751—0.050 0.886 1.101 4 0.023 160 0.898 1.041 4+ 0.031
0.851—0.150 0.997 1.144 + 0.042 157 0.994 1.113 + 0.056




within the eleven-year cycle a single wave the phase of which, in respect
to the sunspot-number curve, is shifted in phase. At the point, where in
the characteristics IV, and 7, the secondary maximum was located (i. e.
in @ ~ 0.8), now only a slight local increase of the values may be found,
eventually an inflexion. Again, there is no basic difference in the course
of the curves obtained from the weighted and not-weighted values (Figure
33 and Tables 47—49).

Within the odd as well as even cycles, the mean heliocentrical and geo-
centrical distances also reveal single waves, as can be seen in Figure 34.
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Fig. 34. Curves of characteristics of comets as a whole in odd
and even cycles.
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Table 49

Parameters of curves r and 4

Weighted values Not-weighted values
: r a4 ro. 4
D, 0.633 0.584 0.602 0.600
D, 0.245 0.242 - 0.190 0.250
A, 0.060 0.119 . 0.045 0.105
A, 0.076 0.082 0.046 0.111
rA 1.370 1.122 1.337 - 1.092
)
/
Table 50
Statistics of » in odd and even cycles
0Odd cycles Even cycles
int @ /] -
r N r N
A.U. A.U.
0.951 —0.250 0.11 1.408 4+ 0.075 72 .403 4~ 0.023 94
0.051—0.350 0.20 1.430 4 0.046 85 .441 4 0.037 94
0.151—0.450 0.29 1.381 4 0.035 81 .478 4 0.016 100
0.251—0.550 0.38 1.280 4 0.047 74 .455 4+ 0.032 88
0.351—~0.650 0.49 '1.237 + 0.047 71 .468 4 0.041 86
0.451—0.750 0.60 1.178 4 0.019 73 422 4 0.049 88
0.551—0.850 0.69 1.239 + 0.027 84 422 £ 0.047 93
0.651 —0.950 0.79 1.299 + 0.040 80 .354 4 0.007 94
0.751—0.050 0.89 1.299 4 0.044 75 .372 + 0.013 85
0.851—0.150 0.00 1.375 4+ 0.070 73 .360 4+ 0.015 84
. Table 51
Statistics of 4 in odd and even cycles
0Odd cycles Even cycles
int @ /]
a4 N A N
A.U. A.U.
0.951 —0.250 0.11 1.163 4+ 0.103 72 .172 4 0.022 94
0.051—-0.350 0.20 1.214 4 0.051 85 182 4 0.024 94
0.151—0.450 0.29 1.206 4+ 0.051 81 .187 4~ 0.024 100
0.251—0.550 0.38 1.047 4 0.091 74 .150 4 0.057 88
0.351—0.650 0.49 1.020 + 0.091 71 .109 4 0.055 86
0.451—0.750 0.60 0.952 + 0.060 73 71 4 0.035 88
0.551—0.850 0.69 1.021 4+ 0.002 84 51 4 0.028 93
0.651—0.950 0.79 1.036 + 0.012 80 .189 4 0.019 94
0.751—0.050 0.89 0.983 + 0.049 75 .06 + 0.011 85
0.851—0.150 0.00 1.072 £ 0. 083 73 .207 4 0.011 84
\
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In the odd cycles, the variation of both distances is about twice as prom-
inent as in the even cycles. At the same time, the mean value of both di-
-stances is in the odd cycles smaller, so that their maxima lie in both types
of cycles on the same level. As for the phase-shifts of extremes, they attain
approximately the same values in both cycle-types; in the even cycles, .
however, the extremes are flatter and consequently difficult to define,

which is so, first of all, in the case of the maximum of the mean geocentrical
distance (Tables 50—53).

Table 52
Parameters of curves r in odd and even cycles

0Odd cycles Even cycles
D, 0.59 0.82
D, 0.18 0.30
Ay 0.14 0.08
A,y 0.13 0.06
-7 1.31 : 1.42
Table 53
Parameters of curves 4 in odd and even cycles
/
0dd cycles Even cycles
D, 0.59 \ 0.57
D, 0.23 0.26
Ay 0.12 0.04
Ay 0.15 0.05
a 1.07 1.16

82.3. Statistics of the absolute magnitudes of comets

The dependence of the absolute brightness of comets on the solar act-
ivity may — from the physical point of view — be considered the most
important, since it provides us with an idea of the average state in the
number of the radiating particles in the coma within the individual phases
of the solar cycle. In the total absolute magnitude, of course, the brightnes-
ses of both coma constituents take a part, namely, the gaseous and dust
components. Actually, in the changes of H,,, particularly the changes of
the gaseous coma are reflected. In the visual region, in fact, the solar con-
stant reveals minute variation which, of course, are true also of the light
scattered on the dust particles in the coma. Therefore, the only factor that
may induce changes in the dust-coma brightness during the cycle is a sy-
stematic dependence of the number of photometrically effective dust

12
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particles.in the coma on the phase @. The gaseous component, on the other
hand, may reveal changes in the brightness owing to systematic changes
both in the number of gas molecules in the coma and in the ratio of the
radiating molecules to the total number of molecules during the cycle.
This second cause precisely is associated tp the fluctuations of the ultra-
violet solar radiation (A ~ 900 A), which is the exciting radiation for the
gas molecules constituting the coma.

Table 54
Statistics of Hy,

N Weighted values . "~ Not-weighted values
int®d ~
] H,, Zw /] H,,
0.951 —0.250 0.128 7704 4 0727 312 0.104 7705 + 0729
0.051—0.350 0.224 6.93 4 0.16 346 0.211 6.83 4- 0.15
0.151-0.450 0.312 6.98 4- 0.16 363 0.314 6.83 4 0.16
0.251—0.550 0.398 7.34 4 0.14 323 0.400 , 7.35 4+ 0.26
0.351—0.650 0.504 7.50 £ 0.18 306 0.502 7.60 + 0.28
0.451—-0.750 0.623 7.73 4 0.05 313 0.614 7.83 4 0.15
0.551-0.850 0.715 7.48 4 0.15 353 0.702 |- 7.54 + 0.14
0.651 —0.950 0.802 7.29 + 0.12 344 0.809 7.12 4 0.15
0.751—0.050 : 0.898 7.33 4 0.18 308 0.911 7.25 4 0.23
0.851—0.150 |, 0.014 7.29 4- 0.21 284 0.008 7.11. 4 0.24
Table 55
Parameters of curve Hy,
) ‘Weighted valueé Not-weighted values

o, | - 0.607 . 0.596

D, 0.233 ‘0.262

A, 0=51 0™64

A, 0236 ' 0™52

Hy, 728 724 . l .

From the material we obtain the course of H,;, with a phase of cycle as
presented in Figure 33 and Table 54. The not-weighted values, again, reveal
a very similar course to the weighted values. Furthermore, in Figure 33
and Table 55 it can be seen that similarly as in the case of quantities r
and 4, the mean absolute magnitude, too, reveals, on the whole, a single
wave which again is phase-shifted relative to the curve of sunspot numbers
for about the same value as both preceding curves.

Within the odd cycles, the mean absolute magni".ude of comets reveals
a very similar. course as do the heliocentrical and geocentrical distances.
In the even cycles, in distinction to r and 4, the curve H,, has a rather
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Table 56
Statistics H,, in odd and even cycles

0dd cycles Even cycles
int® (] >
Hy, z, H,, z
0.951 —0.250 0.13 7719 + 0742 138 6792 + 0™15 174
0.051—0.350 0.22 6.90 4- 0.19 162 6.96 4 0.16 ° 184
0.151—0.450 0.31 6.87 4- 0.19 156 7.06 4- 0.14 207
0.251—0.550 0.40 7.28 £ 0.18 145 7.38 4 0.11 178
0.351—0.650 0.50 7.70 + 0.30 135 7.34 4- 0.11 171
0.451—0.750 0.62 8.02 4- 0.10 142 7.48 4- 0.06 171
0.551—0.850 0.72 7.78 4 0.21 165 7.22 4- 0.12 188
0.6561—0.950 0.80 7.28 £+ 0.23 153 7.29 + 0.14 191
0.751—0.050 0.90 7.41 4 0.34 141 7.27 4+ 0.15 167
0.851—0.150 0.01 7.30 4 0.37 136 7.27 4 0.17 148
Table 57
Parameters of curves H,, in odd and even cycles
0Odd cycles Even cycles

D, 0.62 0.60

D, 0.27 0.16

A, 065 0731

A, 0=62 0™33

Hy, 737 7=21

sharp maximum. As for the size of the amplitudes, their phases and mean
value of absolute magnitude, the picture is quite analogous to that of the
heliocentrical and geocentrical distances (Figure 34 and Tables 56, 57).

82.4. Statistics of the apparent magnitudes of comets at
the time of discovery

In the determination of the dependence of the mean apparent magnitude
of comets at the time of discovery on the phase of solar activity, a rather
great obstacle consists in the considerable inaccuracy with which the indi-
vidual apparent magnitudes are determined. While in the preceding pa-
ragraph we analysed a material in which the intrinsic errors of the indi-
vidual absolute magnitudes ranged on the average from 1073 to +075,
the apparent magnitudes comprise errors of at least 4-1". The deformation
of the curves due to observational errors, too, is a probable reason for the
finding that the apparent magnitude has been until now the only quantity
studied in the present paper, in which a considerable quantitative dis-
agreement is found in the course of the weighted and not-weighted values,
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Table 58
- Statistics of m

Weighted values Not-weighted 'values
int @
(/] m N D m
0.951 —0.250 0.105 7791 4+ 0™16 168 0.090 7™82 4 0™16
0.051 —0.350 0.202 . 7.85+4 0.15 181 0.197 7.65 + 0.17
0.151—0.450 0.293 8.02 4 0.07 181 0.301 . 7.834 0.16
0.251—0.550 0.381 7.89 4 0.03 162 0.386 7.82 + 0.15
0.351—0.650 0.489 8.04 4- 0.08 157 0.48Y 8.31 4 0.18
0.451 —-0.750 0.604 | 8.05 4 0.08 162 0.600 8.28 + 0.19
0.551—0.850 0.694 8.07 4 0.06 179 © 0.689 8.24 4+ 0.19
0.651—<0.950 0.788 8.09 4+ 0.07 ., 176 0.796 -7.97 4 0.04
0.751—0.050 . 0.886 8.12 4 0.07 161 0.898 7.98 + 0.03
0.851—0.150 0.997 7.93 + 0.17 159 0.994 7.77 + 0.12
Table 59
Parameters of curve m
Weighted values Not-weighted values
|
D, ~ 0853 0.538
D, 0.177 0.194
A, o015 0™46
Ag 0~18 0™32
m ‘ 8200 7™96.
Table 60
Statistics of m in odd and even cycles
~ 0Odd cycles Even cycles
int @ D
m N m N
0.951 —0.250 0.11 7791 4 0™26 73 72“91 4+ 0™16 95
0.051—0.350 0.20 7.79 + 0.26 86 7.91 4 0.15 95
0.151—0.450 0.29 7.86 4+ 0.26 80 8.14 4 0.08 101
0.251—0.550 . 0.38 7.52 4+ 0.03 74 8.21 4 0.05 88
0.351—0.650 0.49 7.95 4+ 0.23 71 8.12 4 0.05 86
0.451—-0.750 - 0.60 8.07 4 0.17 74 8.04 4 0.01 88
0.551—0.850 0.69 8.08 4 0.14 ‘86 8.07 4- 0.03 93
0.651—0.950 0.79 7.95 + 0.07 82 8.21 4 0.09 94
0.751—0.050 0.89 7.87 4+ 0.09 76 8.33 + 0.07 85
~ 0.851—0.150 0.00 7.74 + 0.14 75 8.10 4 0.21 84

both, in fact, in the phase of extremes and in their amplitudes (Figure 33,
Tables 58, 59). _

In the odd and even cycles, the course of the apparent magnitude with
the cycle-phase is even so irregular (Figure 34, Tables 60, 61) thatyit cannot
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Table 61
Parameters of curves m in odd and even cycles

, Odd cycles Even cycles
D, 0.65 0.88
D, 0.38 0.15
Ay 0724 om24
A, 0™36 0730
m 7788 8210

be characterized by some current curve. For the mentioned reasons, the
curve of apparent magnitudes cannot, for the time being, be detailedly .
investigated.

825 Statistics of the seasonal indices

In his work analyzing the short-period variations of absolute magnitudes
of comets with shortest orbital periods DoBrovoLsky (1957) tries to prove
that these variations are not correlated to the sunspot number nor to
the values of the Holetschek criterion of the conditions of visibility of
comets (HoLETscHEK, 1916), but to the so called seasonal index which for
comets with ¢ < 1 A. U. is introduced in an opposite way than for comets
with ¢ > 1 A. U. In its essence, the seasonal index characterizes, properly
speaking, the inclination of the zodiac to the horizon which, thus, according
to Dobrovolsky, is the chief factor determining the value of the absolute
magnitude established from observations. For comets with ¢ <1 A. U,
it attains the highest value in January, for comets with ¢ > 1 A. U,, in
July. Its values, introduced by DosrovoLsky definitorically in a scale of
0 to 6 are listed in Table 62. In 17 out of the total number of 33 comets

Table 62
Seasonal index
Month g=1A.U. g>1A.U.
January 6 0
February 5 1
March 4- 2
April 3 3
May 2 4
June 1 5
July 0 6
August 1 5
September 2 4
October 3 3
November 4 2
December 5 1

16



with an orbital period shorter than 15 years, DoBrovoLsky finds:short-
period fluctuations of the brightness, and for-dach of them he constructs
correlations between the absolute brightness and the seasonal index. The
degree of this correlation may be best judged. in the casé of the Encke
comet in Figures 1 —2 of his study, where, in addition, two other quantities,
the curve of the Holetschek criterion and that of the sunspot numbers,
are presented. From these pictures one obtains the ‘impression that all
three criteria approximately equally well correlate. with the absolute
brightness of the Encke comet (for moredetails see Paragraph 8.11.1.).
DorrovoLsky refers in the beginning of his work already to KoNoPLEVA's
work (KonopLeva 1954) who pointed at the fact that within the interval
of the years of 1901 —1934, the brightness of the Encke comet and the
sunspot numbers did not reveal any correlation, and similar correlations
cannot be found, according to her, in other short-period comets, either.

DoBRovoLsKY, moreover, constructs in his work dependences of the ab-
solute magnitudes on the seasonal index for some more of the 17 short-
period comets. These graphs have been constructed even in the case of
comets in which the absolute brightness is known only from four returns
and, fhoreover, one cannot find that its secular decrease would have beén
reduced off, so that in some of the cases it is difficult to differentiate the
bend due to this decrease from that due to the short-period fluctuation.
From four or six values, in fact, the secular decrease cannot be derived
with sufficient reliability. If we take into consideration, moreover, that the
fluctuations of the brightness are of the same order as the intrinsic errors
in the absolute magnitudes of VseknsviaTskys catalogue, we must arrive
‘at the conclusion that a study of these fluctuations is justified only just
.in the case of the Encke comet, in which a sufficiently long series of H,,
"values is available. . T : ’

Table 63
Statistics of seasonal indices

Weighted valties - Not-weighted values
intd -
D n Zw D n
0.951—0.250 0.128 3.20 £~0.12 312 0.104 3.19 4 0.10
0.051-0.350 0.224 3.02 +.0.11 346 0.211 3.02 + 0.11
0.151—0.450 0.312 . 3.02 4+ 0.10 1 363 0.314 2.98 4 0.08
0.251—0.550 0.398 3.19 £ 0.11 323 .| . 0.400 348+ 0.13
0.351 —0.650 0.504 3.33 + 0.04\ 306 ' 0.602 3.34 4 0.06
0.451—0.750 0.623 3.37 4+'0.04 <3813 0.614 3.45 4 0.04
0.551—0.850 0.715 3.29 + 0.05 353 0.702 3.41 + 0.03
0.651 —0.950 0.802 3.22 4 0.08 344 0.809 \ 3.26 + 0.13
~ 0.751-0.050 ~ 0.898 3.20 4 0.08 /| 308 0.911 ~ 3.18 4 0.11
0.851—0.150 0.014,; 3.28 + 0.09 284 0.008 3.17 4 0.10
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In this paper the course is given of the mean values of the seasonal index
during the solar cycle, determined .from the 563 investigated comets. This
course is presented in Figure 33 and Table 63, from which it is evident that
the course of the mean seasonal index of the analyzed comets is precisely
opposite to that of the mean absolute brightness (see Table 64, too). Thus,
from a material about ten times more abundant, we obtain a result which
is in absolute conflict with the result obtained by Dobrovolsky.

The curves of the seasonal index within the odd and even cycles presented
in Figure 34 and Table 65, again attain their minimum almost precisely

v Table 64
Parameters of curves of seasonal indices

‘Weighted values 1 Not-weighted values
4
D, 0.268 0.277
D, 0.593 0.627 o
A, : 0.25 0.29
A, 0.18 s 0.25
n "3.21 3.22
Table 65
Statistics of seasonal indices in odd and even cycles
0Odd cycles Even cycles
int @ . D '
n | 2w n Zw
.0.951—0.250 0.13 3.36 4+ 0.12 135 3.08 4 0.14 177
0.051—0.350 0.22 3.22 4 0.13 162 2.85 4 0.08 184
0.151—0.450 0.31 3.22 4+ 0.15 156 2.87 4-.0.08 207
0.251—0.550 0.40 3.40 4 0.17 145 3.01 4- 0.11 178
0.351—0.650 0.50 3.53 4 0.11 135 3.18 4 0.04 171
0.451—0.750 0.62 3.55 4 0.11 142 3.23 4- 0.01 171
0.551—0.850 0.72 3.39 4- 0.11 165 3.20 - 0.01 188
0.651—0.950 0.80 3.35 4 0.13 153 3.13 + 0.05 191
0.751—0.050 0.90 3.22 4 0.06 138 3.19 4 0.10 170
0.851—-0.150 - - 0.01 3.38 4 0.11 133 3.19 4- 0.10 151
Table 66
Parameters of curves n in odd and even cycles
" 0dd cycles Even cycles
D, 0.27 0.26
D, 0.57 0.62
Ay 0.20 0.32
I A, 0.24 0.14
| n 3.36 3.09
!
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at the phase in which the curves r, 4 and H,, (brightness) reveal a maximum,
and vice versa (Table 66). Besides, in the odd cycles there appears a second
prominent minimum (at @ ~ 0.9) which in the even cyeles is almost in-
discernible. ‘ :

826. Statistics of the maximum apparent.hnd linear eoma
diameters

For. each comet of our statistics in which, according to VSEKHSVIATSKY
(1958), the dimensions of the coma were measured, from the series of
" its measures the maximum value was selected, in the case that the coma
was of an elliptic shape, again its maximum diameter was taken into
account. The material, prior of being dealt with, was submitted to a stat-
istical analysis, in the course of which the comets with D > 15, observed
from distances 4 < 0.2 A. U., and all comets observed from distances
4 <£0.10 A. U. were eliminated. These values, of which there were 12, in
fact, would have undoubtedly distorted the statistics of D = D(®) though
their magnitude associated neither with the solar activity, nor with the
meteorological conditions, but with the extraordinary small geocentrical
distance of the comet. ,

Since the literature-on 133 comets did not offer the values D, our statistics
comprised a total of 418 comets. The way of treatment was entirely ana-
logous to that in the case of the characteristics of group A), with the sole
difference, that the course of the characteristic was derived only from the
weighted system of values. The dependence of the size of the maximum
apparent diameter of the cometary coma on the phase of the solar cycle
was, again, studied both for all cycles together and separately for odd and
even cycles. From the results given in Figures 33, 35 and'Tables 67—69

Table 67
Statistics of D |

Weighted values
i int® T - — )
. D D . N
? I’
0.951 —0.250 0.1 4.58 + 0.57 118
0.051—0.350 0.2 4.70 4 0.52 124
0.151 —0.450 0.3 5.02 4 0.40 127
0.251 —0.550 0.4 4.95 + 0.38 121
0.351-0.650 0.5 4.80 4 0.45 122
0.451—0.750 0.6 4.71 4 0.49 127
0.551 —0.850 0.7 4.48 + 0.26 140
© 0.651—0.950 0.8. 5.04 4 0.22 136
© 0.751—0.050 0.9, 4.87 + 0.38 - 124
0.851—0.150 0.0 4.36 4+ 0.57 116 .




Table 68
Statistics of D in odd and even cycles

0Odd cycles Even cycles
int® [/
D N D N
. ’ ’ ’ ’ ’
0.951 —-0.250 0.1 4.66 + 0.58 52 4.51 4 0.70 86
0.051—0.350 0.2 4.60 4 0.54 59 4.77 4 0.57 65
0.151—0.450 0.3 5.55 4 0.34 55 4.62 + 0.57 72
0.251 —0.550 0.4 5.18 4 0.28 56 4.74 4+ 0.75 65
0.351—0.650 0.5 5.10 4 0.30 58 4.52 4 0.86 . 64
0.451—0.750 . 0.6 4.78 + 0.08 62 4.63 4 0.84 65
0.551—0.850 0.7 5.06 + 0.23 67 3.95 4'0.37 73
0.651—0.950 - 0.8 5.64 + 0.27 59 4.59 4- 0.19 77
0.751—0.050 0.9 5.71 4 0.26 54 4.22 + 0.47 70
. 0.851—0.150 0.0 4.77 4+ 0.61 54 4.00 + 0.48 61
Table 69
Parameters of curves D
Cycles
° all odd even
D, 0.03 0.16 0.98
D, i 0.32 0.35 0.33 .
Dy 0.69 - 0.60 0.70 '
D, 0.85 0.88 0.84
A, 0739 0’51 0746
A, 0/29 0’49 0’37
Ay 0/25 -0’33 0’51
A, 0/32 0’64 0’19
D - 475 5711 4’46

it is apparent that the dependence D = D(®) reveals a suggestion of a
-double-wave which, however, owing to the large dispersion of values D
is rather problematic. )

The dispersion in the values of the maximum finear diameters of the
<comas available of 444 comets is substantially smaller than in the case of
the apparent diameters. While the ratio between the mean and highest
values was .

D:D,,,=1:2,
it now is, in the linear diameters, only
Dy : Dypax = 1 : 12
‘The disturbing effect of different geocentrical distances is in this case elim-

inated, too, so that the material is ready for direct treatment; the results
.are contained in Figures 33, 35 and Tables 70 to 72. In them, the values D,
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Table 70
Statistics.of D,

‘Weighted values ; 3
intd -
, 4 D, : N
- E.U.
0.951 —0.250 0.1 30.7 4+ 4.3 121
0.051—0.350 0.2 31.9 4 3.3 128
0.151—0.450 0.3 32.3 4+ 3.2 136
0.251—0.550 0.4 26.9 4 1.7 131
0.351—0.650 " 0.5 26.9 4 1.6 135
0.451—0.750 0.6 25.0 4- 0.4 . 136 . .
0.551 —0.850 0.7 27.3 4 1.3 162
0.651'—0.950 0.8 2984 14 145 -
0.751—0.050 f 0.9 28.2 4+ 2.8 131 |
0.851—0.150 0.0 27.7 +,2.9 117
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Fig. 35. Curves of characteristics of the cometary head and tail in
odd and even cycles.
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Table 71

Statistics of D, in odd and even cycles

) 0Odd cycles Even cycles
int®d . [/

: D, N . D, N
- ' E.U. . EU
0.951 —0.250 0.1 30.3 4+ 5.2 55 30.9 4 4.2 66
0.051—0.350 0.2 31.04- 44 63 32.7 4 3.2 65
0.151—0.450 0.3 33.3 + 4.0 60 314 4 2.8 76
0.251 —0.550 0.4 26.1 4- 2.1 59 7.6 + 1.7 72
0.35k—0.650 0.5 26.1 4 2.0 62 7.6 4+ 1.7 73
0.451—0.750 1 0.6 25.0 4 1.4 65 24.8 4 0.8 71
0.551—0.850 0.7 26.2 4 0.4 74 28.2 + 2.7 78
0.651—0.950 0.8 28.0 4 1.4 65 31.2 4 2.2 80
0.751—0.050 0.9 26.2 + 2.1 59 29.8 4 3.7 72
0.851—0.150 0.0 26.1 4+ 2.2 56 29.0 4- 4.0 61

Table 72
Parameters of curves D,
Cycles !
all l odd even

D, 0.59 0.62 0.59

D, 0.28 0.27 0.19

A, 3.6 2.8 4.6

A, 3.8 5.7 3.5

D, 28.6 ! 7.8 9.3 .

are expressed in linear radii of the Earth. From these figures and tables it
results that the dependence D, = D,(®) is of a similar character as function
H,, = H,(®), that is, actually a single-wave, in this case with a somewhat
more pronounced suggestion of a secondary maximum at @ = 0.8. Thus,
in the course of the eleven-year cyele of solar activity, a greater linear
diameter of the comet’ corresponds, too, to a greater absolute brightness.

A certain disagreement with the form of curves H,, = Hy(®) may be
found only in the ratio of their amplitudes in the odd and even cycles which

in the case of D, are practically equal.

8.2.7. Statistics of the maximum apparentandlinear lenght
of cometary tails

The maximum angular length of the tails of all 563 comets under observ-
ation, if put together, reveals approximately the same dispersion as the
maximum apparent coma diameter. The ratio between the mean and
maximum value of C is

c:C, =1:28
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It is for this reason that first of all the observatronal matenal must be
again submitted to discussion. The angular length of the. cometary tail -
depends, in addition to the observational conditions, also on its linear
length S, and on its space-orientation relative to the Earth. In the case that
the tail is averted directly away from the Sun, which usually is the case,
the second condition is reduced to the determination of the mutual position
of the members of the system Sun-Earth-comet; then, the length C may
be determined from the well-known formula

(8.2) cotg C = %‘cosec k + cotg k .

where k is the phase angle at the comets. .

Let us investigate, first of all, the influence exerted on the course of the'
curve C = C(®) by the dispersion in the actual length S of the cometary
tails; this dispersion, in fact, attains the exceptionally high value:

5:8,,,=1:74.

From cometary physms it is known that exceptlonally powerful tails are: -
observable only in some of the very bright comets having a considerable
supply of gas. Although a sudden rise in the solar activity may result in
certain anomalies in the tail of such a comet, together with a certain further
extension of this tail, the existence . itself of such anomalously powerful
tails cannot be directly associated to the solar activity or to the observational
conditions. Therefore, it is indispensable a priori to eliminate such comets
from the statistics. So as to reduce the value of dispersion to the acteptable
size of S : S, = 1:10 we must content, ourselves with comets having
S < 0.100 A. U. In curve S = S(®) in this case the maximum amplitude
is 4S = 0.0017 A. U. at a mean value of S = 0.010 A. U., which in curve
C = C(®) may reveal itself by a maximum relative uncertainty of +20

/

Table 73
Statistics of C (for $<0.10 A.U.)
. Weighted values
int @
D C N
) 0 o
0.951—0.250 0.1 © 0.72 4 0.11 142 -
0.051—0.350 0.2 0.72 £ 0.11 157
0.151—0.450 0.3 0.85 4 0.07 . 157 .
0.251 —0.550 0.4 0.72 4- 0.06 . 138 7
10.351—0.650 - 0.5 0.67 4 0.07 136"
0.451—0.750 . 0.6 0,85 4 0.17 144 i
0.551—0.850 0.7 192 ¥ 0.25 159 .| -
0.651—0.950 0.8 1.27 4- 0.23" © 153
0.751—0.050 0.9 1.08 4- 0.28 137
0.851—0.150 0.0 0.58 + 0.04 135
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per cent, which, as such, cannot explain the ascertained course of the curve

C = C(®), the values of which are given in Figures 33, 35, and Tables
73—75. ‘

- Table 74
_Statistics of C in odd and even cycles
Odd cycles : Even cycles
int® (]
c N c N
o o o o
0.951 —0.250 0.1 0.65 4 0.03 62 0.77 4+ 0.18 80
0.051—0.350 0.2 . 0.72 4 0.04 74 0.72 4+ 0.18 83
0.151—0.450 0.3 0.86 4- 0.06 69 0.84 4+ 0.13 88
0.251—0.550 0.4 0.90 + 0.06 64 . 0.56 + 0.07 74
0.351 —0.650 0.5 0.77 + 0.12 64 0.59 4- 0.07 72
0.451—0.750 0.6 0.78 + 0.12 68 0.90 4+ 0.23 76
0.551—0.850 0.7 1.09 4 0.26 78 1.33 + 0.25 81
0.651—0.950 0.8 1.27 4 0.19 73 1.28 4 0.29 80
0.751—0.050 0.9 1.16 4- 0.24 67 1.01 4 0.33 70
0.851—0.150 0.0 0.71 4 0.07 65 0.45 + 0.08 70
I
Table 75
Paremeters of curves C
Cycles
all odd even ‘
@, 0.03 0.09 0.02
D, 0.25 0.37 0.23
D, 0.48 0.55 0.45
D, 0.77 0.81 0.74
Ay 0°31 0025 0%41
Ag 0001 0°02 0°03
A, 0°21 0°15 0°33
A, 0°41 0°38 0°52
c 0°87 0°90 0°85

The restriction in the linear length of the tails to S < 0.1 A. U., of course,
offers no security that the statistics of the apparent length of the cometary
tails would be devoid of all anomalies. Actually, the changes in curve
C = C(®) may be due to the already mentioned exceptional position of
the Sun, the Earth and the comet. These effects are added up with me-
teorological factors, and the resulting curve C == C(®) is, then, their re-
flexion-picture. Therefore, this curve, though it reveals a suggestion of
a double-wave which we would expect in the case of a direct dependence
of the tail-lengths on the meteorological factors, cannot, in itself, sérve as
a proof of the influence of weather on the cometary characteristics.
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. The maximum linear length of the tail is already freed from the influence
of the geometrical situation within the system Sun-Earth-comet, it contains,
however, in itself, the effect of the meteorological conditions. This effect,
similarly as in the case of the linear coma diameters, cannot bé entirely
eliminated. We only may reduce it by confining ourselves to comets of an
angular length that did not surpass-a certain limit on the sky. In the same
way, we also shall eliminate eomets with abnormally powerful tails. So
as to obtain a ratio of € : Cp,, = 1 : 10 between the average and maximum
values, we must confine ourselves to ¢ < 10°. Function S = S(®), then,
has a course, which with its form again reminds the function H,, = H,(®P);-
thus, to a greater absolute brightness corresponds a longer tail (Figure 33,
Table 76). Figures 34—35 indicate that agreement with curve Hy, =

. Table 76
Statistics of S (for C < 10°)
Weighted values
int @
(< S N .
: A.U. :
0.951 —0.250 0.1 - 0.0216 + 0.0030 153
D 0.051—0.350 0.2 -0.0320 4 0.0072 - 169
' 0.151—0.450 0.3 0.0279 4 0.0082 165
0.251—0.550 0.4 0.0300 -+ 0.0082 r 146
0.351—-0.650 0.5 0.0120 4 0.0022 - 139
0.451—-0.750 0.6 0.0131 4 0.0026 146
0.551—0.850 " 0.7 0.0156 4 0.0033 162
0.651 —0.950 0.8 0.0186 4 0.0015 158
0.751—0.050 0.9 0.0196 4 0.0016 146
0.851—-0.150 0.0 0.0221 4- 0.0030 146
Table 77 P
Statistics of S in odd and even cycles
Odd cycles Even cycles
int & /]
S "N - S N
A.U. A. U.
0.951—0.250 0.1 0.0251 4 0.0073 . 67 0.0189 + 0.0022 86
0.051—0.350 0.2 0.0374 + 0.0077 81 0.0271 4 0.0079 88
0.151—0.450 0.3 0.0288 4 0.0088 . 74 0.0272 4- 0.0077 91
0.251—0.550 0.4 .0.0305 + 0.0087 68 0.0295 4 0.0078 78
0.351—0.650 0.5 0.0092 4 0.0023 65 0.0145 4+ 0.0020 74
0.451—0.750 0.6 0.0096 + 0.0023 68 0.0162 + 0.0024 78
0.551 —0.850 0.7 0.0143 + 0.0042 80 0.0169 4 0.0025 82
0.651—0.950 0.8 0.0180 + 0.0025 75 0.0191 4 0.0008 83
0.751—0.050 0.9 0.0180 - 0.0026 70 0.0209 + 0.0018 76
i 0.851—0.150 0.0 0.0254 + 0.0070 69 0.0191 + 0.0023 77
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= H,o(P) is attained also in the ratio of the depth of the amplitudes within
the odd and even cycles. A further finding of interest is_the fact that the
meteorological agents affect the resulting curves fundamentally less than
the curves of the linear coma diameters, as well as of the absolute magnit-
udes.

The course of S in the odd and even cycles is included in Table 77. The
parameters of the S-curves are in Table 78.

Tahle 78
Parameters of curves S
Cycles
all odd even
D, 0.54 ' 0.54 0.56
D, 0.28 0.27 0.28
C A, 0.010 0.014 0.007
A, 0.012 0.016 0.009
S 0.0214 0.0219 0.0211
: 1]

8.3. Causalities in the form of the curves of cometary characteristies within the
solar eyecle-

A study of the form of the curves of cometary characteristics revealed
that during the solar cycle not all of them change in the same way. Nine
cometary characteristics reveal a qualitatively equal form of curves in both
cycle-types. From the form of the curves it is apparent that these charac-
teristics are divided into two classes:

1. Characteristics of the first class. The curve reveals within the cycle
a double-wave with maxima at @ ~ 0.3 and @ ~ 0.8, while, at the same
time, both are either equally high, or the second is higher. This class con-
tains the characteristics as follows: cometary discoveries NV, the function
of the visual importance of tails 7,, the maximum apparent diameters
D, and the maximum apparent length of cometary tails C; out of them,
the most reliably determined are the first two characteristics, while the
remaining may be considered rather only probable elements of this class.

The mutual agreement as well as differences between the individual
characteristics of the first class may be assessed from Table 79. In it, for
each characteristic, the phases of all four extremes, their weights, the mean
relative semi-amplitude expressed in per cent, and the total number of
comets used for the computation are given. The agreement in the position
of the extremes, determined from the individual characteristics is very
good both in the odd, and even cycles separately as well as together. From
column A'it is obvious that the greatest changes within the solar cycle are
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Comparison of parameters of the characteristics of the first class. -

\

Table 79

Characteristic | Cycles | @, | w(®,) | D, [w(di,) D, | w(@,)| D, | w®d, Zﬁ N
N all 0.98| 3.0 [026| 4.9 |049| 1.1 [0.73] 34.]| 9% 563
(weigl';ted odd 10,07 1.7 {022 1.6 [0.49| 0.9 0.72 5.0 | 11 %|.259
. values) - -
: even 096 | 7.2 |0.28| 2.0 |051| 0.8 |0.76] 0H" 8 9% 304
N all 093] 2.1 024| 1.9 |051| 3.0 |0.75| 2.7 |10 %] 551
(not-wevighted odd — — — — — — — - -1 =
’ values)
even — — — — — - — — — -
all 099| 50 |0.29| 85 |053| 1.4 |079| 1.6 |11 9| 563
. ;
(weig‘fxted odd 098| 1.0 {025 3.8 |0.53| 2.1 [0.78]| 1.6 |15 %| 259
values
) even 099 2.8 | 0.30| 2.1 [054] 0.6 |0.78| 1.1 8 %| 304
all 092 2.8 |0.24| 65 | 053] 2.2 |0.78| 0.9 |18 %| 551
T - .
(not-weighted | odd | - = == = | =1 = 1=1-=
* “values)
even - - - — - — — - - —
D all 0.03.| 0.7 {032 0.7 |069| 1.0 |0.85]| 1.1 7 %| 418
(weighted odd 0.16| 0.9 [0.35| 1.6 {060 4.1 | 0.88]|. 2.5 |10 %] 192
values -
) even 0.98 1.0 | 0.33 0.6 | 0.70 14 }0.84 0.6 8 9%| 226
c all 0.03| 52 |025| 0.1 |0.48| 3.0 |0.77 1.7 | 27 %] 486
(weighted odd 0.09| 8.3 |0.37| 0.3 |055| 1.3 |0.81| 20 [229% 228
values - -
) even 1002 4.1 |023| 02 |045| 4.7 |0.74| 1.9 |38 9| 258

revealed in the angular lenéth of the tails, the least in the angular coma

diameters. The resulting values of the phases determined from all charac-
teristics of the first class are for all cycles together as well as for the odd
and even cycles separately given in Table 80. .It becomes evident that in-
the odd cycles, the basic minimum is shifted for 0.1 period in the direction
of the increasing phase with regard to the same minimum in the even
cycles. In the remaining three minima, there are no systematic differences
in their position in the odd and even cycles.

Table 80
Resulting values of phases of extremes in the curves of the characteristicslpt the first class

Cycles - D, D, D, D,

all 0.98 4+ 0.01 - 0.27 4 0.01 0.52 + 0.02 , 0.76 £ 0.01
odd 0.08 + 0.01 0.27 + 0.02 0.56 + 0.0 0.78 + 0.01
even 0.98 4 0.01 0.29 4 0.01 0.51 4 0.04 0.77 4+ 0.01




2. Characteristics of the second class. The curve reveals during the cycle,
in principle, a single wave with a prominent maximum at ¢ ~ 0.2 and
a minimum at @ ~ 0.6; at ® ~ 0.8, there is either a local maximum with
an amplitude substantially smaller than that of the primary maximum,
or even only an inflexion. This class, contains first of all, the curve of the
absolute brightness Hy, then the curves of the heliocentrical r and geo-
centrical 4 distances of the comet at the time of discovery, as well as the
curves of the maximum linear coma diameters D,, and of the maximum
linear length of tails S. The curves of these characteristics reveal altogether
higher amplitudes in the odd cycles and, with the exception of S, their
mean levels are somewhat higher in the even cycles. The curves are, mo-
reover, characterized by several prominent deviations from the curves of
the sunspet numbers:

a) it is, first of all, a considerable phase-shift which in the maxima of
both curves exceeds 0.1 of the period and in the minima even almost 0.4
of the period; .

b) this phase-shift is of such nature that both to the maximum and min-
imum in the curve of sunspot numbers corresponds precisely the mean
value of each of the characteristics of the second class;

c¢) while the curve of the sunspot numbers reveals a steeper increase and

a slower drop, in our curves just the reverse is the case.

All these deviations from the curve of sunspot numbers R are also fully
reflected in the value of the correlation-factor y as well, indicating the
relationship between the sunspot number and the value of the charac-
teristics of the second class. For the absolute magnitude and both distances
at the time of discovery of the comet, the mentioned correlation factor
attains in an average cycle the following values:

»(R, Hy) = —0.12 + 0.04,

w(R,r) = +0.07 + 0.04,
w(R, 4) = +0.07 + 0.04,

in the odd cycles
Yw(R, Hy) = —0.04 4 0.06,
w(R,r) = 40.05 4 0.06,
y(R,4) = 40.06 + 0.06,

and in the even cycles .
' (R, Hy) = —0.17 + 0.06,
w(R,r) = +0.09 + 0.06,
, y(R, 4) = +0.03 4 0.06.

Thus, altogether a very low (practically zero) degree of correlation is
concerned; therefore, the influence of solar activity on the cometary char-
acteristics of the second class decidedly cannot be understood as a linear
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" relation between them and the sunspot number. The mutual réiaﬁions
between the individual- characteristics of the second class can be seen in

Table 81

Comparison of parameters of the characteristics of the seqond class
Characteristic Cycles D, (wd)| D [wDy)| A | B | A | N
. - all 063 | 26 | 025 | 69 | 5%/ 0.74 |0.4 %| 558
(weighted odd 059 | 65 | 0.18 | 25 |11 % | 0.85 {0.2 %| 256
values) .even 082 | 89 | 030 | 33| 59%] 091 {0.5%]| 302
. all 060 | 12 | 019 | 1.4 | 3%]| 0.70 |1.1 %| 507
(not-weighted odd - — e - — - -
values) : oven T — — — — - - —
P all 058 | 29 | 024 41| 99%] 080 |0.9¢9| 568
(vziilﬁsq odd 0.59 | 1.9 | 023 | 20 |13 %] 0.77 |3.0 %| 256
even 057 | 27 | 026| 1.7 | 49%/| 0.95 (1.7 %]/ 302
: 4 all 060 | 24 ] 025 | 23 |109%|.0.78 |1.4 9| 507
(not-weighted odd . - — - - - - —-. -
values) =
even - - - - - | - - -
H, all 0.61 | 7.3 | 0.23 1 4.4 )399% 0.82 -274 %| 563
(vxilir;:;ad) odd 0.62 | 65 | 027 | 3.3 |6l % 0.81 |6.4 %| 259 |
, even ®* | 060 | 44 | 0.16 | 2.2 |31 %/ 0.73 {3.89%| 304 .
. | an 060 [ 40 | 026 | 34 |539%/| 0.82 |6.4.9 515
(not-weighted. odd i N - - - - - =
values) * - ]
even - - | - -, - - = -
D, all 059 | 72 | 028 | 12 |13 % | 0.81 |3.6 %] 444
(weighted odd 062 | 23 | 027 | 1.4 |189%]| 0.78 |3.7 %| 206
values) - oven [ 0.59 | 51 | 0.19 | L1 |14 % 0.82 |4.0 %| 238
s all 054 | 42 | o028 ]| 15 |529%/| 095 |1.8 %| 510
(v:eailil;tsd odd fo.54 6.1 | 027 | 1.9 |69 9% | 0.85 |0.09%| 239
even 056 | 32 | 028 | 1.2 [389%]| 0.90 |l6.1 % 271

‘Table 81, where for each of them the phases of the extremes of the single
wave and their weights, the mean relative semi-amplitude- A of the single
‘wave, then, the phase @, of the local maximum (eventually ‘of the in-
flexion) on the increasing part of the curve and its relative semi-amplitude
A, (if A, = 0, it is a case of an inflexion point), and, finally, the total num-
_ber of comets used for the computation are given. In the absolute magni-
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tude, the value of amplitudes A and A, must be understood as variations
of the brightness. Column A indicates that during the solar cycle the greatest
changes may be found just in the absolute brightness of the comets and
in the linear length of the tails. The results of Table 81 persuade us, more-
over, that the amplitude of the local maximum at @ ~ 0.8 is of a lower
order than that of the principal extremes, since for their ratio we obtain
on the average the value 0.08 4 0.01. As for the phases of the extremes,
there is between the individual characteristics again, on the whole, a good
agreement, although the dispersion of the valuesin the even cycles in some-
what greater. The resulting values of the phases of the extremes are pre-
sented in Table 82.

Table 82
Resulting values of phases of extremes in the curves of the characteristics of the second class
Cycles D, D, D,
all 0.59 4- 0.01 0.25 4 0.01 0.80 4 0.02
odd 0.59 + 0.01 0.24 + 0.01 0.81 4 0.01
even 0.67 4 0.04 0.25 + 0.02 0.86 + 0.03

The most essential difference between the characteristics of the first
and second class, encountered up till now, is the unequal period which is
reflected in their form: the characteristics of the first class have a period
of 5.5 years, those of the second class of 11.

In two characteristics, namely, the apparent brightness of the comét
at the time of discovery and the Dobrovolsky seasonal index, qualitative
differences in the form of the curves in both cycle-types are encountered.
In the apparent brightness, these differences may be explained by the great
inaccuracy in the original values, that is, by observational errors. In the
seasonal index, they are probably due to the unappropriate, too rough way
of defining of this quantity which, in all probability, does not correspond
to the actual state of things. '

8.4. Analysis of the material for the study of long-period changes-

In using for the determination of the form of curves of the cometary
characteristics within the eleven year solar cycle the method described in
Section 8.2., we tacitly assumed that in the results both the individual
differences between the comets and the secular changes as well as the dif-
_ ferences associated with the unequally intense solar activity in individual
cycles will become balanced. .
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As long as the individual differences do not reveal a maximum relative
- dispersion from the average value exceeding more than one order — and
the characteristics of those comets not satisfying this condition have been
eliminated from the statistics — ‘their influence on the resulting form of
the curves (provided the material is abundant enough) may be considered
as of a secondary nature. ' '
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Fig. 36. Secular changes of the cycle-values of the characteristics Iv,, 7,, m. '

The influence of the secular changes in the cometary c¢haracteristics of
group A) on their course within an average eleven-year cycle may. be ob-
served by comparing their weighted and not-weighted values; from this
comparison it cannot be seen that during the long periods systematic
changes in the depth of the amplitudes and in the phases of extremes of
the curves would occur. Systematie differences between the weighted and
not-weighted values reveal themselves, however, in the average value of
the characteristics, X, during the cycle (quantities N, and 7, excepted,
in which the average values of the system of weighted and not-weighted
values have been definitorically put equal to one another), which further
down will be called the cycle-values of the cometary characteristics.

These systematical changes in the cycle-values X within the system of
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weighted and not-weighted values are, of course, a consequence of the
continuous progress in observational methods. Important is the fact that
in this historic progress participate both the introduction of revolutionary
discoveries into the methods of observation (use of telescopes in obser-
vations of and scanning for comets, photographs of comets, and the like)
and the activity of the so called ,,comet hunters* which.causes jumps to
appear in the curves, even if, in addition to this, the evolutional component
becomes active, too. '

The study of curves of the individual cometary characteristics within
the odd and even cycles showed (particularly in those of them which were
most reliably' determined) that there exist systematical differences between
the two cycle-types both in the amplitude of the extremes and in the cycle
values of the quantities which now will be more detailedly examined.

The secular changes of the cycle-values of ten cometary characteristics

. (without the seasonal index) are presented in Figures 36, 37, and 38. For
reasons apparent from the following, in each diagram the time course, too,
of the maximum monthly sunspot numbers is plotted. In all quantitites,
the values for the odd cycles are given in empty circlets and are connected
by dashed lines, and those valid for the even cycles in full circlets and full
lines. The number at each point indicates the number of comets from which
the cycle-value has been computed; in the case of the absolute magnitude,
it is the sum total from the estimates of accuracy of the individual values
in VSEKHSVIATSKY's scale (VSEkHsvIATsKY, 1956, 1958).

In the curves N, and 7, (Figure 36), again with a very similar course,
incessantly alternating periods of a length of about 50 + 30 years are
apparent, during which, the sign of the difference of the cycle-value N,,
as well as 7, in both cycle-types remains the same. The character of the
curve of the apparent magnitudes (Figure 36) may — with regard to their
intrinsic errors — be guessed with more justification not earlier than from
the period 1800 on. Until 1850, the cycle-values of the apparent brightness
of comets are higher in the odd cycles whereupon, from 1850 on, the reverse
is true. The deviations, however, are altogether less than 1™. On the whole,
from Figure 36 a certain relation between the course of the differences of
the apparent magnitude, one the on side, and of the quantitites N, and 1,,
on the other, may be ascertained in the odd and even cycles in that respect
that with a greater number of discovered comets the average brightness
at-the time of discovery increases. ¢

From the other characteristics of group A), the time-course of which is
presented in Figure 37, an interesting course is revealed only by the absolute
magnitude: with the exception of two comparatively short time intervals
(30 years on the whole), the absolute brightness of comets is systematlcally
greater in even cycles
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Fig. 37. Secular changes of the cycle-values of‘the characteristics r, A, H,,.

The cycle-values of the characteristics of the cometary coma and tail
(Flgure 38) became observable only from the fifties of the 18th century on.
While in all characteristics of the comets as a whole the secufir changes
could be very well observed thanks to the already mentioned development
of observational methods, in these characteristics this effect is either less
~ prominent which fact is strengthened, moreover, by the great dispersion

of the cycle-values (quantitites C and S), or it is not visible at all (quantity
D, and, practically, D, too). This circumstance may be explained by the
selection of the material from which the abnormally high individual values
have been eliminated in accordance with the criteria mentioned in” Pa-
ragraphs 8.2.6. and 8.2.7. and which in the old cycles were (in per cent) much
more frequent. ' .

Cycle-values of ten cometary tharacteristics are presented in Table 83,
together with the most important parameters of solar cyé}es (number of
. the: cycle, time-interval, type, period, maximum monthly sunspot number
and its average value within the observation-intervals of comets). The
values of the cycle characteristics, determined from three or less individual
values, are given in. parenthesis; column  IN. shows the total number of
comets discovered within the cycle. The cycles before 1755 are, in accordance -
with GNEvysHEV and OL (1948), denoted by zero and negative numbers.
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Fig. 38. Secular changes of the cycle-values of the characterlstics af the
cometary head and tail.

8.5. Method of study of long-term changes in the differences of the cometary
characteristics in both eycle-types

Long-term changes in the differences of the cycle-values of the cometary
characteristics in the odd and even cycles in dependence on the changes of
solar activity in both cycle-types were investigated through the introduc-
tion of the values defined by relations (8.3): '

aNy =9 N,(O) y(e) ’

N,(0) + Nyfe) ’
— 71/(0) _ Ty(e)
[ ] aTy L= —————Ty(O) —*"Ty(e-) ’
om = —[m(o) - m(e)]r
(8.3) : or. =r(o) —rle), - :
04 = A(o) — A(e), - , -

0H,y = —[Hy(0) — Hyle)],

4D = Do) — D(e),

6D, = Dyfo) — Dyfe),

dC = C(o) — C(e), . : T
| 0S8 = S(o) —S(e). ' P




In these equations, the cycle-value of quantity X is in the odd cycle
designated X(o), in the even cycle X(e). We shall determine the values
0X, for instance, for every tenth year. In defining quantities 0V, and o-,,
with regard to the further procedure of the treatment, a reduction has
been carried out in the increase of the differences |V (o) — N,(e)|, or
|z,(0) — 7,(e)l, which is roughly proportional to the secular growth of
N,, or 7,. In the other characteristics, secular changes in the differences
|X(0o) — X(e){ are not apparent any longer, although the cycle-values as
such of these characteristics are affected by the mentioned changes.

Let us denote, furthermore, the maximum monthly sunspot number
within the cycle as R,,., and let us write analogously

aRmax = Rmax(o) - Rmnx(e)'

Now, if we plot against dR,,, successively the differences dN,, ..., 8S,
we obtain relations, of which some are presented in Figures 39—42. The
crosses designate the values from the period 1630 —1730, when the number
of comets within a cycle was 6 at the utmost, the empty circles the values
from the years 1740 —1840 (number of comets 4—20). and the full circles
the values from the period 1850—1930 (number of comets 29—48). The
‘ strong drawn lines in these
+2_ ' diagrams are regression lines
’ of the relation in the case that
we attribute to all values with-
in the diagrams the same
weight (so this is an analogy
to the system of not-weighted
values), the thinly drawn lines
" are, then, the regression lines
of the relation in the case that
we attribute to the values from
the years 1630—1730 a zero
weight, to those from the
years 1740—1840 a weight of
1 and from the period 1850 —
—1930 a weight of 2 (analogy
to the system of weighted va-

lues). This second case does
not consider at all the form
: of correlation within the pe-
+50  riod extending to 1730. For

ORma each of the ten cometary cha-

Fig. 39. Correlation between dR,,, and @N,. racteristics, the correlation
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coefficient of the dependence of their- differences in the odd and even
cycles on OR,,, has been computed. Moreover, in the dependence
om =0m(dR,,,) the corrglation coefficient also has been determined
from the values of the whole period 1630—1730Q, with the exception of the
years 1680 till 1720. In these years, in the odd cycles only 3 comets were
discovered, namely, in 1689, 1695 and 1718. The last two of them were at

T T T T T
-50 +80
: ORmax
Fig. 40. Correlation between dR,,,, and ar,
Table 84
Coetficients of correlations .X = f(dR,...)
Not-weighted values Weighted values
1(0R ,..) (_'L) '
v i N 7] v N 4y
Ay , A4y
aN, T 056 + 0.12 47| 31 —0.57 4+ 0.15 38| 20 | 42
ar, —0.67 + 0.10 . 6.7 31 —0.72 4 0.11 ’ 6.5 20 . 6.6
—0.52 4 0.13 4.0 31 :
om { TomeE ooy | 13! 3 ~081:£008 | 100 | 20 | 77
ar +0.07 + 0.18 04 31 +0.71 4 Q.11 8.6 20 1.6
04 +0.44 + 0.16 2.9 31 +0.29 4+ 0.21 1.4 20 2.0
OH,, —0.06 + 0.18 03| 31 —038£0.19 | 20} 20 0.8
oD +0.28 4 0.25 1.1 14 +0.28 4 0.256 1.1 14 1.1
aD, —0.40 4 0.21 1.9 16 —0.43 + 0.20 2.1 16 2.0
ac —0.58 + 0.15 3.9 20 - —0.65+ 0.13 5.0 20 4.4
as —0.23 + 0.21 1.1 20 —0.19 3 0.22 0.9 20 1.0
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the time of discovery ex-
traordinarily bright objects
.and caused, thus, a con-
siderable increase of the
value dm. After elimination
of these five values, we
obtain regression lines,
drawn in Figure 41 in da-
shed. Table 84 comprises for
each correlation — in addi-
"tion toits coefficient y (with

L L 1 1) L) I L 1 LR Ll

-S0 0 +50 . mean error) — also the ra-
IR max tio from the value of this
Fig. 41. Correlation between AR, and dm. coefficient and the ‘error
. - , and the number of
Ay

values from which it has been established, both for the system of weighted
and not-weighted values. The last column of the Table shows the geome-

trical mean from the ratios Z%p_

Each of the values 0X characterizes in its way the long-term changes,
either in the activity of the comets, or in the quality of the observational
conditions in the odd and even cycles, and the value dR,,,, as difference
in the height of the cycles, is the parameter of the changes in the solar
activity. All these quantities are introduced only to the just mentioned
- purpose, and it would be useless to try to interpret them in a different way,
in the samie way as it would be senseless to speak of an odd and even cycle -

at the given time simultaneously.
In analysing the properties

of each of the ten dependen-
ces in Figures 39—42 we shall.
assert the following.two view-
points:

+2°

+1°'- -
a -

0 a) the reality of the depen-

dence, given, in principle, by
the value of the quotient from
the size and error of the cor-

- relation coefficient;
i . b) the distribution of values
-50 0 R +50 with regard to 0X = 0, con-
’ max tingently the value of the

Fig. 42. Correlation between dFnex and C. zero-point.

38



7

The first criterion is thoroughly analysed in Table 84. According to the

size of the coefficients of the individual correlations and ratios _21%-” all

quantities under consideration are divided into two cla§Ses:
«) the quantities 0N, dz,, dm and 0C have altogether négative and in
the absolute value greater than 0.50 correlation coefficients, and the geo-

metrical mean from ratios —‘— ranges in them from 4.2 to 7.7; on the aver-

Ay
age it is 5.8;
B) the quantities or, 04, aHm, 6D 0D, and dS, on the other hand, reveal -

a substantially lower -degree of correlatlor_x, the mean from ratios ——

: 4y
is in them altogether low, ranging from 0.8 to 2.0 and having an average
of 1.3. '

Of a real relation w1th the differences of the sunspot number one may
speak only in the case of the quantities of class «). The quantities of class

for. 3N, %, am,3r, 30,3,

= for am(N=26) o 80 for 30, * e dc, ds =
N 5= A 55 N
oz #_ Jq.n— ,-d-.— —v#-— Zo
80 0 +80 -8 0 +80 -80 0 +80 -80 0 +80 -8 0 +8&0
ORaax : )
- ) -
o~ ‘ : o
N - ¢ : N
o= —*— -h'— =0
3 -1 0+1+2 -1 04142 O - QM2® 08 O -08 )
. ON, o7 om Imn-26) or aA
' -
0 . ~ \ -0
Ny o >N
0= _.,*_ Zo
21" 0P -2 02 -0 0 +0 -f O ef' 2" -004 0
oHy oD aD, ac as

Fig. 43. Frequency distribution of the values dX and 6Rm, within the system of not-weighted
values.

B), either are not a simple function of the sunspot numbers, or their cycle-
values are affected by a real dispersion of such degree that the systematical
differences are hereby completely offaced.

The investigation of the cometary characteristics from the second point
of view will be carried out on the basis of Flgures 43 and 44. In the first
of them, the frequency-curves of the differences of each of the ten cometary
characteristics and of the corresponding differences of the sunspot numbers
are presented for the system of not-weighted values, in the second the
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same curves for the system of weighted values. Since the cycle-values of
the characteristics of the cometary coma and tail are determined rather
unreliably, the uncertainty in their establishment may unfavourably
affect the form, {00, of the frequency-curves, so-that in our consideration
we shall rely, first of all, upon the curves of the characteristics of comets as
a whole.’ '

o_ for: N, am, 0,2, Wy, . ©
: ac,as .’ 3
v x
0= co
20 2
N - - N
0> o
-101 -10: -fo'f.z- awm 04.0 +04
0- E.ﬂ
N - N
" oZ zo

Q

\ * -2 042 ‘0 + -1 0°+1°+2°
oH, a0, o 8

Fig. 44. Frequency distribution of the values 0X and dR,,, within the system of weighted values.

Let us, first of all, turn our attention at those quantities that were, from
the first view-point, classified into the class «). Beside an evident asymmetry
of their frequency-curves towards positive values it may be seen that —
with the exception of quantity dC — the mode lies in the region of negative
values. At the same time, there is an altogether good agreement in the
position of the modus in both systems of values. The quantities of class )
also reveal an asymmetry of frequency-curves; in distinction to the quan-
tities of class «), however, the curves are now extended in the opposite
direction, towards strongly negative values. The modus lies, this time,
in the region of zero-values (with the exception of quantity d H;, in which
the influence of curve dm may be discerned). With only slight corrections, -
we thus obtain from the second criterion again a division of the cometary
characteristics into two classes «) and p).
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8.6. Properties of the eurves of the charaeteristies of classes a)/and B)
! ' , . ’

In order to be able to draw certain conclusions concerning the real cor-
relation established in Section 8.4., the form ef the correlation relations
must be investigated more in detail: =~ -

1. The quantities N, and 9z, drop rather steeply with mcreasmg OR, .;;
from the position and the mutual gaping of the regresSion straight lines we
may determine the most probable course. of the correlation straight line.
Thus, to an increase of dR,,, for 10 units corresponds, in the system of
-not-weighted values, a drop of 4N, for 0.21 + 0.11 and a drop of d7, for
0.21 4+ 0.08; in the system of weighted values the corresponding decreases
are somewhat lower: 0.13 +.0.07 and 0.17 4- 0.05. In the region of the
most frequent values R, (according to Figures 43, 44) the values 9N,
as well as dr, are strongly negative; from the system of not-weighted values :
results N, = —0.43 4 0.20, 97, = —0.41 4 0.14, from the system of
weighted values —0.28 + 0.15 and —O0.46 4- 0.12. This, consequently,
means that in an average even cycle, for 30—40 per cent more comets are
being discovered than in an odd cycle. Link (1952) obtained from the years
1755—1951 a difference of about 25 per cent.

2. The dependece of quantity om on d0R,,, reveals the hlghest value of
correlation coefficient. This certainly is a surprising finding,, if we recall
the fact that during the eleven-year cycle the apparent brightness of
comets at the moment of discovery did not reveal any interpretable de-
pendence on its phase. This fact is the more prominent, as the highest values
‘are, by the coefficient of correlation attained in the system of weighted
values, that is, in later values which have been determined more reliably,
nontheless it classifies the apparent magnitude in this respect into that
group of characteristics which are the indicators of night-cloudiness. We
accept this relation, as there exist certain presuppositions for it which are.
absent in any other objective way of eXplanation it is, for instance, evident
that, from the statistical point of view, the increase of the absolute bright-
ness of comets due to the rate of physical processes taking place in them
(which are directly associated to the intensity of the exciting solar radiation)
cannot reveal itself under the same observatlonal conditions in the bright-
ness of the comet at the moment of dlscovery, since, at the same time, the
respective heliocentrical and geocentrical distances, too, are increased.

Our process of lognc reasoning runs now as follows: the increase of night-
cloudiness causes — in addition to the decrease of the number of newly
discovered comets — also changes ih their average apparent brigthness at,
the moment of discovery. While the variation of the cometary discoveries
may be explained by referring predominantly to a low and continuous
cloudiness, we must, in the case of apparent magnitudes, operate 'with
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a high cloudiness which affects the ,,clearness of the sky‘‘. Then, the as-
sertion must be true that an increase of high cloudiness results in an in-
crease of the limit of apparent brightness of comets at the moment of
discovery. If we presuppose a positive correlation between both types of
cloudiness and precipitations as well, we must arrive at the conclusion that
in cycles with a higher precipitation activity, the limit of apparent bright-
ness of comets at the moment of discovery must be hlgher If we compare
this assertion with what has been said in respect to cometary discoveries
(which is also true of the cometary tails) we shall find that the correlation
coefficient between dR, ,, and dm must be provided — owing to the def-
inition of dm — precisely with an opposite sign than the correlation coef-
ficient between OR,,. and ON,, or dr,, or 4C. From Table 84, how-
ever, just the contrary may be ascertalned

In the foregoing, the fact has been mentioned that there is not known
any other objective way of explanation of this dependence. The paradox
that arose between the results following from consideration and those
obtained from the material may be explained only if we resort to the sub-
jective factors. We assume that 1ts effect is based on two fundamental and
very simple experiences:

a) comets, in distinction to stars, are diffuse objects;

b) the brightness of comets at the moment of discovery has up till now
been estimated from comparisons with the surrounding stars.

Under worse observational conditions — particularly owing to light
clouds — the eye perceives the brightness of diffused objects considerably
more weakened than the brightness of point-objects. Therefore, in order
to make the mentioned paradox explicable, we must assume that the -
effect of the meteorological conditions (as such) on the apparent brightness
of the comets at the time of discovery is smaller than the effect of this
subjective factor (which, of course, itself is due to the changes of these
conditions). Thus, for instance, an increase of high night-cloudiness (it
may be understood both in the sense of its extent on the sky and in the
sense of duration) would increase, objectively, the average observed
apparent brightness of comets at the moment of discovery, at the same
- time, however, the human eye underrates its value while comparing its
brightness with that of the stars for more, no doubt, than for the degree
for which it increased owing to the presence of cloudiness. Moreover, the
sub]ectlve factor may also affect the value of the zero point.

The foregoing consideration is, of course, only of a purely qualitative
nature, and it would be highly useful to verify it quantitatively by experi-
ments (for instance, on terrestrial objects).

From the material there results that to a change of 0R_,, for 410
units corresponds a change of dm for —0713 to —0728, and that in the
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-region of most frequent values dR_,,, dm ranges within the limits from
0" to —1". '

3. Quantity C — in spite of the difficulties arisen during the treatment
of the material — shows, on the whole nicely, a course analogous to that
in the class of quantities 6N, and dz,. To an increase of R, for 10 units
corresponds a decrease of dC for 0°.26 + 0°.13 in the system of not-weight-
ed values, and for 0°.25 4-0°.10 in the system of weighted values. In
the region of most frequent values 0R,,, (according to Figures 43 and 44),
quantity dC acquires the value —0°45 + 0°.40 in the system of nof-
‘weighted values, and —0°.40 4- 0°.20 in the system of weighted values.
In an average even cycle, thus, the most probable angular length of co-
metary tails in the sky attains a value exceeding the 1.5 multiple of its
size in the odd cycles.

4. The quantities of class B), that is or, 4 0H,,, 0D, 0D,, and ¢S do not
reveal, as already mentioned in Section 8.5., any systematical course with-
the change of 0R,,,, nor does from their frequency curves — with the
exception of the absolute magnitude — result any inclination towards
positive or negative values. It is just only in the differences of the absolute
brightness that a prominent inclination towards negative values becomes
apparent. In all probability here, too, the action of the subjective factor,
presupposed in the apparent brightnesses, makes itself felt, although, with

‘regard to the fact that H,, is frequently being determined from a long
series of observations carried out more carefully than in the case of the
first orientative value of the brightness, its influence is somewhat reduced.
This assertion is in agreement with the fact that the mutual relation bet-
ween the cycle values of both cycle-types is in the period of the years
1850—1950 in the characteristics m and H,, very analogous.

It is interesting to note that the first three quantities revealed during
the eleven-year cycle, too, a very low degree of correlation with the course

of the sunspot numbers, and that the average value of ratio —j% amounted
only to about 2.1. \

Finally, let us compare the properties of the curves -of the individual
characteristics during the eleven-year cycle with the just investigated
properties of their cycle-values in both cycle-types during a longer period
of time. In Section 8.3. we have divided nine cometary characteristics into
two classes; into the first class those characteristics have been classified
the curves of which in the course of the eleven-year cycle reveal a double
wave, into the second, the characteristics the curves of which form a single
wave. From Sections 8.4. and 8.5. and from the i)resent it follows that the.
characteristics belonging into the first class and into class «) aré, in prin-
ciple, identical, and the same is true also in the case of the characteristics
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belonging into the second class and into class g). If we apply the termino-
logy of Section 8.3., the main conclusion of the study of the differences
of the cycle-values of cometary characteristics in both cycle-types for the
interval of the last three hundred years is the following: these differences
in the characteristics of the first class reveal a real correlation with the
difference of the maximum sunspot numbers of both cycle-types in the sense
“that to a higher value of the characteristics corresponds a lower R,,,, and
that in even cycles, their mean cycle-value is, then, greater than in the odd
cycles; in the characteristics of the second class,.-there does not exist any
real correlation between these differences and the differences of the ma-
ximum sunspot numbers of both cycle-types, nor can there be ‘discerned
a systematical difference between their cycle-values in both cycle-types.

Interesting is the difference of the behaviour of the curves 0D and dC.
In Section 8.3., both these characteristics — with certain reservations —
have been classified into the first class; while in the case of quantity *9C
this classification has been proved as correct, quantity 6D — apparently
owing to the great dispersion inside the cycle-values — does not correlate
- with 0R,,, and is, thus, the first exception.

The second exception is the quantity dm. Its character is, in its sub-
stance, quite exceptional. Owing to the reality of the observed relation,
it belongs into class «), provided, however, that the consideration in point
2 of the present section is valid, it may be taken for a representative of
a special sub-class of the first class of cometary characteristics. '

8.7. Reflex of the eighty-year period of solar activity in cometary statisties

The relation between the changes of the cycle-values of the cometary
characteristics of the first class and the changes of the maximum sunspot
numbers of both cycle-types does not réveal directly anything of the effect
of long-term periodical changes of solar activity upon cometary charac-
teristics. _ ‘

There .are, however, two circumstances that lead me to the study of the
problem of the influence of the eighty-year period of solar activity on the
cometary characteristics. It was partly the endeavour for an analogy of the
dependences under consideration regardless of the cycle-type, partly the
results obtained by Link (1956) on the principle of cometary climatology,
when the large four-htindred-year-period of solar activity had been found.

In the search for a relationship between the characteristics 0X and
dR,,., we were not obliged — when computing the cycle-values — to
take into consideration their secular changes (excepting dN, and dt,),
as we were working with relative values. This was the chief merit of the
method. Since we work now with absolute values, the disturbing effect of
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the secular changes must be reduced particularly in order to eliminate the
inflexions in the curves of the time-course of cometary discoveries caused
by the introduction of new observational methods.
The influence of the eighty-year period will:be observed in two statlstlcal
sets from 1610 till 1957: '
a) in comets, the apparent brightness of ‘which exceeds 5"’ for a short
interval of time at least; .
! b) in comets, the tails of which were visible with the naked eye for
* a short time-interval at least. .

In spite of the material-reduction, the course of the number of discovered
bright comets with the phase of the eighty-year period of solar activity
may be quantitatively observed only in the axis of abscissae, that is, in
time, while in the axis of o . Y,
ordinates, the mentioned
dependence can be observ-
ed only qualitatively. For
the determination of the
minima in the curves of sets .
a) as well as b) we shall use
the same method as used
by Link in his work (LiNk,

. 1?56); on the axis of abs- v 0ot a2 e ™
ccissae we shall plot the years i ety 08302 ) ¥ = ko
and on the axis of ordinates Fig. 45. Curve of the set of comets brighter than 5=
the serial number of the dis- :
covered comet of the given set. The slope of t.hls monotonously rising curve
indicates in each point the rate of growth of the discovered comets and is —
besides the reflex of the social factor which, owing to the carried out re-
duction of material in the course of the period 1610 —1957 changes ¢ompa-
ratively slowly — an indicator of night-cloudiness in shorter time-intervals.
In this curve, a series of thresholds may be found which represent periods
with an exceptionally low number of bright comets eventually of comets

~ with bright tails, that is, periods of a high night-cloudingss. Since, from

1610 on we have at our .disposal values of the sunspot: numbers of cycles

(WALDMEIER, 1955) — even if, at the beginning, only approximate values —

we may observe the correlation between the eighty-year period of solar -
activity deteymined by smoothed out.values of the sunspot numbers and

between the assumed climatic vamatmns, characterized by the cometary .

thresholds.
The curve of the set of comets brighter than 5 is shown m Flgure 45,/
the curve of the set of comets with tails visible with the na eye, in

Figure 46. In the upper part of both graphs, the form of the eighty-year
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period is plotted, determined from the smoothed out maximum sunspot
numbers R,,.; below the axis of abscissas are two rows of black points,
of which the first indicates the time-moments of the centre of thresholds
in the curve of the represented cometary set, and the second the time-
moments of the maxima of the eighty-year period resulting from the
sunspot numbers.

Prior to proceeding to the evaluation of the results, let us briefly remark
that in the curves of both cometary sets, there are, in addition to these most

%0

. ~ 120, .
e
m: 2.

N -
.
ol ———r
©00
. . .
amelery lofs 1643 o )
soor vty (1630) = (%0

Fig. 46. Curve of the set of comets with tails visibl
with naked eye. - .

prominent thresholds, many others of them which correspond to the
eleven-year solar cycles. These fluctuations have been studied quantita-
tively in both axes in Section 8.2. By the method of cometary thresholds,
however, in the mentioned work by Link (1956), the change of the length
of the eleven-year cycles in the period from —235 till 1948 were studied.

From Figures 45 and 46 it can be seen that the prominent thresholds
in the curves of both cometary sets reveal an eighty-year periodicity that,
however, from the view-point of time occur with a certain retardation
following the maximum of the eighty-year solar period. The properties of
the curves of both sets are in detail presented in Table 85, the individual
columns of which comprise:

T, — the epoch of the maximum of the eighty-yeay period of solar
activity;

T, or T, — the epoch of the centre of the threshold of the set of comets
brighter than 5™, eventually of the set of comets with tails visible with
the naked eye;

AT, or AT, — the phase retardation: AT, =T, — Ty, ATy = Ty — T,;

P, — the difference in time of two successive maxima of the eighty-
year period of solar activity;

P,, or P, — the difference in time of the centres of two successive thres-
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holds in the curve of the set oficomet,s brighter than 5%, or of the set of -
comets with tails visible with the naked eye. ‘ :

Table 85

Eighty-year periodicity of the prominent thresholds in the curve of the set of comets brighter
than 5™ and of comets with tails visible witl_l the naked eye

T T, T, T, AT, AT, P, P, P,
I (1630) 1643 1643 (+13) | (+13)
1 1712 1721 1719 +9 +7 (g) Zg Zg
II 1775 1784 | 1785 + 9 +10 79 87 87
v 1854 1871 1872 +17 +18 (89) (81) 80)
A% (1943) | (1952) | (1952) | (+ 9) | (+ 9) ,f'
Avgrage +11 +11 78 77 77

Regardless of a certain retardation, at the epoch of the maxima of the
eighty-year period a certain increase of night-cloudiness may be observed;
we found a similar phenomenon by another method in the eleven-year
cycle, and the same relation was found by LNk in the mentioned 410-year
period of solar activity as well. .

By comparing the results in Section 8.2. and 8.7. and the results obtained
by Link (1956), the mutual relation between the phase-retardatlon may be
- established:

a) of the secondary minimum (in @ = 0.5) in the curve of the cometary
" characteristics of the first class following the maximum of solar activity
in the eleven-year cycle;

b) of the centre of the thresholds in the curves of both se¢ts of prominent
comets following the maximum of solar activity in the elg‘hty—year peried
and

c) of the beginning of increase of cloudiness following the begmmng of
the rise of solar activity found by comparison of the frequency of cometary
discoveries and of the frequency of aurora boreahs in the large 410 year
solar period. ‘

All these retardations, in fact, amount to about one seventh of the res-
pective period.

The eighty-year pen0d1c1ty of cometary thresholds may be in Figures
2—4 of Link's work observed as far as into the period round the year
500 A. D. Prior to this date, the situation was complicated by a rapid
decrease of records on cometary discoveries. This problem, however, is
not any longer within the sphere of the research of the present study,
since, prior to 1600, the periodicity of cometary thresholds with the eighty-
year periodicity of solar activity cannot be compared. '
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8.8. Interpretation of the form of eurve H, = Hy,)(P). Basie equation of enerqj
balance ) ‘

From the physical point of view the most important quantity of come-
tary characteristics of the second class is the absolute magnitude, H,,,
which is therefore taken as a subject of study. As the variation of the
brightness of the gaseous part of the coma mainly contributes to the
variation of the total absolute brightness during an eleven-year cycle
(Section 8.2.), the main sub]ect of our study is the brightness of the gaseous
coma and its dependence on the solar activity. ‘

The most available way to solve the problem of the dependence of the
brightness of the gas part of cometary coma on the phase of a solar cycle,
@, is to determine the balance of the changes in a number of radiating
molecules in the coma. At every infinitesimal interval of time the number
of them, NN, increases with increasing intensity of exciting solar radiation,
Ie, and decreases according to which percentual part of them.is dLssocxated
per unit of time, so that it is possible to write in general

(8.4) dN(®) = a. d(I},) — bF(®) . N(@) d,

where a, b are positive constants and F(®) is the funQ‘tion giving the change
of photo-dissociation of molecules during a cycle. To apply formula (8,4)
to the material, exponent j must be ascertained and the second term on
the right side of the equation must be replaced by the expression with
known quantities. Exponent j may be derived from the dependence of
radiating (more exactly, evaporated) molecules of gas on the heliocentric
distance. If we assume the invariability of the solar constant during ob-'
servations of a comet and leave out of account effects conneeting with the
drop of the concentration of gaseous molecules in surface layers of a co-
metary nucleus and the thermal inertia of the process of evaporation, we’
may apply Levins formula (Levin, 1943, 1948) according to which the
brightness of gaseous coma changes at the neighbourhood of heliocentric
distance of 1 A, U. as follows;

: 1 1 L 1
(85) I ~ exp [(Z ++ T?ITZ) In 7],
where L ist the heat necessary for evaporation of 1 Mol of gas, R, the gas
constant, T, the absolute temperature of the surface of cometary nucleus

at r=1 A. U. As the intensity of the solar radiation changes with the
hehocentnc dlstance accordmg to formula

Io ~r-2,
it results
1 1 L
(8.6) J=8 T IRT
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in proportion I ~ K. For non-period and ‘long-period comets forming the
desicive majority of material used it follows fromd Oorr's, ScumipTs and
VaNysEK's studies (Oort, Scumipt, 1951, Scaminr, 1951; Vanysek, 1952).0on .
the average L = 3500 cal/Mol; as for other quantities in (8.6) we can ad-
mit the followmg approximate values R. = 2 cal/Mol , grad, T, = 350 °K,
exponent j is equal to :
87) ' =g
Therefore we do not make a great mistake if we assume the lmear depen-
dence between I and I to a first approximation. . v

Let us assume further that the average life-time.of gaseous molecules
i. e. the interval during which they are able to radiate in cometary atmo-
sphere, is constant during the whole solar cycle. Then, whether the pho
dissociation of molecules occur in the cometary head region or in the tail,
the relative part of them, which does not contribute to the: radlatlon of
the coma, can be in the simplest form expressed by the relation

' - dN
(8.8) ' -5 ~ B >0,
so that equation (8.4) has the form: =, _
T AN dly
(8.9) @ = d; BN(®). - ,

This formula is correct even in the case of vanablhty of.the average life-
time of molecules, if it reachs such values that. the - dlssoclatxon occurs out
of the coma region. Otherw1se the average life-time, 7, must be introduced
into equation (8.4) as a further agent affecting the total number of radlatmg
molecules in the coma, regarding the relation

(8.10) - ' dN ~ dr. '
_ Considering (8.7), (8.8),and (8.10) and replacing the number of mole-

cules N, by the brightness of (gaseous) coma, I,,, we can write

(8.11) dIo = aly — pl,, d® + ¥ d.

This is the basic equatlon for the study of relation H,, = Hyo(®). Coef-
ficients «, B, and y”.depend on the choice of the units of Iy, le, T and &.
According to VaNysex (1960) we can approximately wnte P .

(8 12) ’ T. I"' =a’,

where a’ is a constant. The sunspot number is taken as a- parameter cha-
.ractenzmg the solar, radiation. The relative intensity of that xs assumed
in the form of

(8.13) Io=1+EkR,

\
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which was successfully used by ALLEn (1946, 1948) and HuLBurt (1955),
in studying the influence of the short-wave solar radiation on the critical
frequency of individual ionospheric layers.- By inserting (8.12) and (8.13)
into differential equation (8.11) we obtain after integration

Fl 1 . 7o) AR
(8.14) ful®) = exP[_ﬂqj]'{"f("‘ - 5“71@’) 3 °xP [#9)d9 +

+ const} ,

where the constant is equal to the average absolute brightnéss of comets
at the time of minimum seolar activity.

8.9. Discussion and applieation of the balance formula to the material

General equation (8.14) cannot be used for the calculation of coef-
ficients «, B, and »’, while very uncertain values of dH,,/d® hamper an
application of differential form (8.11) to the material. Further on, we shall
therefore attempt to solve the problem in an approximate way neglecting
individual factors on the right 51de of equation (8.11) and investigate the
following special cases:

I. If the change of exciting solar radiation has the main influence on the
change of cometary brightness, then

(8.15) ‘ I,, = const + «kR,
which is in absolute variance with the preceding results of this chapter.
II The assumption that the influence of excitation or ejection out of

coma of a constant part of a total number of molecules on the change of
- the absolute brightness is neghglble in comparlson with the influence of

the two other factors, i. e. § ~ 0, gives the relation (we puty = % a’y’):

(8.16) L, = const + ale + 2yIt.

In this case, the form of the Im-curve is not equal to that of the curve of
sunspot numbers; however, only one corresponding I, exists to a given -
sunspot number. But Fig. 34 shows that two different values of I, cor-
respond to each sunspot number, so that this assumption is inacceptable,
too.

II1. The assumption neglecting the influence of the length of life-time
of molecules in the form of the I;-curve gives the following expression:

(8.17) I, = const, + consty e-?? 4+ akR — afk f R(D) ef*d®.

Its validity is confined to a long life-time of radiating molecules and 1t
must be characterized by a low value of coefficient y in general equation
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(8.11), which is not fulfilled; expression (8.17) cannot therefore be consuier-
ed as the correct form of the dependence we are looking for.

IV. Let us consider finally that the change of the average life-time of
molecules during the solar cycle contributes mainly to the change of
absolute brightness I, : '

(8.18) Cdly ~ d-r,

so that the following expression we can obtain from equation\ (8.11):
- dR o

(8.19) Im ~ —E .

The fact that the mean values of the characteristics of them?cond class’
correspond to the maximum and minimum solar activity is considered as
one of the main properties of these curves (Section 8.3}.° Connectmg thls
empirical fact with relation (8. 19) we arrive 4t the formula -

\ dR .
(8.20) v ’ Ilo'\.= ;Xo + Yn d¢ , : v i
where X, is the mean from the cycle-values of\alr)vsollute brightness; and
(8.21) Y, = i;‘—

Now we shall prove tHat this assumption corresponds best of all wnth
observations. At the same time we must note down that relation (8.18)
gives quite a different variation of the average life-time of molecules than
formula (8.12).

" Sunspat_number R is determmed from Cuvo.lxovh 1mmatenally mo-
dified mterpolatlon formula (Cuvoskovi, 1952, 1956)

(822 F(®)= Ryt 58— Ra) (1 — o —Jr—(?"—fa—d,

where R, and R, are minimum and maximum monthly sunspot numbers
respectively, and constant a connects with the asymmetry of the curve:
_ Py B -
TT =0, : ',
- @Dy is the phase-distance between a maximum and preceding minimum of
solar activity. The last ten cycles (from: ‘years 1843--1954), during which
the majority of comets of our statistics were' discovered; are taken for the
‘determmatlon of averages of paramet,ers R,, Ry, and a. Results are
included in Table 86. -
The secondary maximum (or point of mﬂexmn) in curves of cometary
characteristics of the second class can be explained by the influence of
. observational conditions (Section 8.2.). It is reasonable to eliminate these
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Table 86
' Parameters of solar cycles from years 1843 to 1954

. 0dd cycles, Even cycles Average cycle
R,. 5.1 4 1.1 | 43407 47406
R, 116.9 L 6.4 93.3 4+ 10.4 105.1 4+ 6.3
a 0.542 + 0.031 0.694 + 0.057 0.608 4 0.033 .

. Dy 0.352 4 0.013 , 0.410 4+ 0.020 0.378 4+ 0.013
/ .

changes b)’r’ the assumption that curve H,, = H,y(®) is the sum of :a simple
gine curve (influence of solar radiation on the processes in coma) with semi-
amplitude B and a' double sine curve (meteorologlcal influences) with
semi-amplitude C. If we denote a phase of the minimum in a simple and
double waves as @, and P, respect,lvely we get

(8.23) Hy = A + Bcos 2n(® — @) + C cos 4n(d — B,).
In equation, (8.20) brightness I, is then equal to

0.4 ;
(8.24)  he—exp[— oy Ma |, o
where o : . ‘ »
(8 25) ' My, = Hl.,-— C cos 4n(® — B,).

" In Flg 47 the values of Mm are plotted by full circles and those of Hy,
by open circles. Relation (7.20) is represented in Fig. 48 separately for
odd and even cycles The method of least squares glves the resulting values
of parameters as follows

v = (+1.14 £ 0.02) .10-3,
(8.26) - ' Y., = (+1.10 £ 0.07) .10
in the odd C}/clesz,_énd' L o
" = (+1.30 + 0.01).10-3,
8.27) .- Y, = (+0.95 + 0.06) . 10-¢
in the even cycles. Correlation coefficients are 0.93 4 0.03 and 0.95 + 0.02
respectlvely A guarantee of expanding the curve Hy, = H,(®) in a snmple
and double waves must be shown by an agreement of value A from (8.23)
with the average cycle-value of absolute magnitude of comets (Table 57);
analogously the validity of formula (8.20) is checked on.an agreement of
X, from (8:26) or (8.27) with the average cycle-value of absolute brightness.
A comparison . of cycle-value ) denved directly from material with both
just-mentioned quantities is given in Table 87
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For the determlnatxon of
ratio Bl it is necessary to
know the value of coefficient
k from relation {8.13),-which
can be derived from the ave-
rage solar cycle by applying
a .general form of balance
equation (8.11). By inserting
of (8.12),(8.13), and (8.24)into
{8.11) we obtain the balance
equation in the form of:

_r0 ..

Fig. 47. Variation of the average abso-
lute magnitude of comets in odd cycles

- (at the top) and in even cycles (at
: 25 the bottem); H,, are the magnitudes
obtained directly. from the material,

M,, are those corrected for a double-

wave.
Table 87
Average absolute magnitude of comets during solar cycle determined in dmerent ways’
Hy
Cycles )
o . A X,
. . ' : . '
m m,; ‘| m m , | m m e
! odd 7:37 4 0.08 7.40 4 0.03 ~ 7.36 + 0.02
even ;121 j: 0.04 ’ 7.23 + 0..01A o 7.21_;[: 0.01
! | :
dH dR: -f 0.4
8.28) .- — =My |- {As + A1 + kR)H
( ) dd 1+ 35 Jo &P | mog {4: + s( + kR)T*},

where

‘ A; = 42.5 mod B,
(8.29) { : A, ="—2.5mod ak,
A; =425 mod yk

By the method of least squares we determine sums. of squares of. dlﬁerences \
between empirical and computed derivatives dH,/d® for various selected
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values of parameter k and then we plot them against k. The minimum glves
the most probable value of k at once. In this way we get

(380) ' k = 0.0080 + 0.0001,

so that the variation of the ,;monochromatic“ solar constant of exciting
radlatlon during the average cycle yields

(8.31) Toy : Toy = 1.77 4 0.05.

4R
o

0.0018
\ - 70
0.00%4 M,
L - '
0.0010. even cycles  -74

N R B N B o
-200 0 +200 +400

Fig. 48. Dgpendence of the average absolute brightness of comets on the change of the
sunspot number during an eleven-year cycle.

On the assumption that k is independent of the type of a cycle we obtoin
the following values of ratio ffa:

(8.32a) B _ 7270 4 470
in the odd cycles, and
(8.32b) 5 _ 8420 1 540

~in the even cyfles.
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8.10. Conclusions from the statistical investigation

‘From the investigation of eleven cometary characteristics in dependence
on the solar activity the following most important conclusions were arrived

at:

‘1. On the basis of the properties within the eleven-year cycle, most
characteristics classify themselves into one of two classes 1, II. The pro-

perties of both classes are described in Table 88.

2. The same classification is arrived at by a study of the long-periodical
changes of cometary properties in the odd and even cycles as well (see

again Table 88).

il

Table 88 °
, . Properties of both classes of cometary characteristics
Class
Property ~
1 . II
/
form of curve in the cycle double-wave single wave .
period of variations 5.5 years 11 years

sign-characteristic of curve

both maxima equally high,
or the second higher

in® a 0.8 local maximum
with amplitude lower in
order, or infgxion

ratio of amplitudes of curve
in odd and even cycles

in wide ranges, on the
average 1 :1

/

on the average 2 : 1

degree of correlation of
differences 9.X of ¢cycle
values with dR_,,,

~

high, as to sign negative

very low

frequency distribution
of 0.X

extension to positive
values

extension to negative
values

mode of frequency
distribution

in negative values

round zero

representation of
.characteristics

Ny, %, C, (D?), (m?)

¢

r, A; Hm, DO, S
/i .

-

tentative interpretation

7

indicators of night-
-cloudiness

indicaters of solar activity
(direet influence on proces-
ses within the comet)




3. DoBRoOVOLsKY's seasonal index reveals with respect to the absolute
brigtnéss of comets in the statistics of the whole VsexHsviaTsKY's catalogue
(from 1610 on) opposite properties than in the set of short-period comets
(DoBrovoLsky, 1957); from the view-point of correlation with the solar
activity it cannot be classified into either class.

4. The elghty-year period of solar activity is reflected in the penodlcxt.y
.of the thresholds in the curve of the set of comets brighter than 5™ and
of the set of comets with powerful tails; the centres of the thresholds lag
for about one seventh of the period behmd the maxima of solar activity.

5. For explaining the form of curves of cometary characteristics of the
second class during an eleven-year solar cycle it is necessary to consider
generally three constituents of the balance of the molecular cometary ra-
diation: the direct excitation effect of the solar short-wave radiation, the
influence of the change of the life-time of excited molecules during a cycle,
and the molecular waste-effect.

6. The more detailed comparison of the observational material with the
theory shows that the change of the life-time of radiating molecules has
the predominant influence on the change of the intensity of the radiation
of comets, so that the intensity of a cometary radiation depends linearly
on the change of an exciting solar radiation; the mean value of the intensity
of a cometary radiation during a cycle derived by this method agrees very
well with that derived directly from the observational material.

7. The ratdo of coefficients f/x results on an average of about 8000 in the
~system of units used.

8. The given methad makes it possible to derive the variation of the in-
tensity of the exciting solar radiation during a solar cycle from the form
of 'the curve of the absolute brightness of comets assuming the validity of
. (8.13); its numerical value yields about 1 : 1.8.

As for the interpretation of the dependence of the cometary characte-
ristics of the first class on the solar activity, let us only remark that as
early as 1947, Link and Vanysek (1947) pointed to the fact that the cha-
racteristic curve of the number of comets discovered per year revealed
a correlation with the HeLLmann, well-known period of precipitation in
Europe (HELLMANN, 1909), and explained it by the cloudiness accompa-
nying the precipitation. A detailed analysis of this problem is out of the
scope of investigation of this study.

8.11. Periodic changes in the aectivity of the Encke comet

The @-curves of all eleven characteristics, investigated in the preceding
sections of the present chapter, have been analyzed on the assumption
that their forms are not affected by the actual differences between the in-
dividual comets of the set. The extent to which this assumption is correct
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can be verified only by studying the same curves of one comet in w}uch
the following basic conditions must be fulfilled: '

a) a large enough number of measurements of a given characteristics of
the comet must be available over a long enough period of time;

‘b) the effects associated with the development and ,,agelng“ of the
comet must be dependably eliminated.

"'Only the Encke comet satisfies both these. condltmns Physxcal data of
more than 40 returns are at our disposal at present, and the secular changes
of this comet are roughly continuous. The influence of solar activity on the
Encke comet will be mvestlgated in the following characteristics:

+A) in the fluctuation of the absolute brightness of the comet;
> B) in the fluctuation of the observed brightness dispersion of the comet;
C) in the ﬂuctuatlon of the linear diameter of the cometary head.

8.11.1. Variation of the absolute brighness
v . :

For the study of the brightness variation of the Encke comet its absolute
magnitudes were used as ascertained in 41 returns during 1819—1954.
These magnitudes are included in VsExHsvVIATSKY's ,,Catalogue of Absolute-
Magnitudes of Comets‘* again.

The continuity of the secular decrease of the absolute brlghtness of this
comet is evident from Fig. 49; therefore, the dependence of the absolute
magnitude, H,y, on time may be expressed in the form of a progression.
Let us limit it to a quadratlc term: : , ]

(8:33) | Hall) = a + bt + e(diy, o
At =t — 1,, t is the moment of observation, {, = 1900.0. If Atis exi)ressed
in hundreds of years, the coefficients of eqnatlon (8.33) are as follows:

@ = +9°98 + 0%06. |
(8.34) . b= 4294 4014,
"¢ = +1.09 +0.32.

The absolute magnitudes H,, obtained for each # from the 'parémeters (8.34)
are included jn column C of Tab. 89. For each return of the comet its phase-
shift referred to the precedmg minimum of sunspot numbers, @, the ob-
served absolute magnitude O, weight in the scale of Vsexknsviatsky (1956,
1958), w, and residual O — C are also presénted in Tab. 89.

Further, here is discussed the endeavour of DoBrOVOLSKY (195'7) to prove
that the ascertained variations of H,, are in'no correlation either with the
sunspot number R, or with the Holetschek criterion of the conditions of
visibility AT (HoLErscHEK, 1916), but that they are correlated with the
seasonal index (Paragraph 8.2.5.). - .
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DoBrovoLsky'sstudy of the correlation was, however, based on the mere
appearance of the curves so that it was rather subjective. Moreover, he did
not eliminate the-secular variations of the absolute magnitude, and he
reffered the seasonal index to the time of perihelion passage instead of to
the middle of the interval of observations. This caused the values of the
seasonalindex obtained by DosrovoLsky to be turned by +1 to +2 degrees,
and in one case even by 5 degrees.

The correlation between the residual O — C on the one hand, and the
sunspot number, the conditions of visibility and the seasonal index on the

_ . : other, can be objectively esta-

7. blished by determining the
% 4 correlation coefficient y. If we
denote the seasonal index for

TO

the perihelion passage and
that for the middle of the
obsgrvational interval n, and
n respectively, the following
correlation coefficients are ob-
tained from the data of Tab.

" .
1850 1900

t (years)

1950

89 and those applying to the
returns in 1786, 1795 and

Fig. 49. Course of the absolute magnitude of the

Encke comet. 1805:
[0 — C, R] = —0.39 + 0.09,
[0 — C, AT] = —0.36 4+ 0.09,
(8.35) v[0 — C, n)] = —0.18 + 0.10,
$[0 — C, n] = +0.08 £ 0.10.

The relations O — C,= f(R) and O — C = f(AT) are the only ones that
come into consideration.

In Table 82 it has been shown that during the solar cycle the curves of
. the cometary characteristics of the second class reach the maximum values’
at &, = 0.25 + 0.01 with the semi-amplitude corresponding to about
0".5. Thus, 'let us assume to a first approximation the following time
course of the residuals: ' '

(8.36) 0 —C=d.cos2n(® — D).

The semi-amplitude of the fluctuations is

(8.37) d = —0"38 £+ 0".01
and the phase of the maximum
(8.38) @5 = 0.248 4 0.005.
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The smothed-out dependence of the residuals O — C on the phase of

the solar cycle is given in Table 90 The corresponding correlatlon coef-
ficient is

(8.39) y[0 — C, cos 2n(P — 0,25)] # —0.55 + 0.07.

The form of the smoothed-out|curve of the residuals O — C is shown in
Fig. 50. These results prove beyond any doubt that the character of the
residuals is the same as that of the characteristics of the second class.

osf ,'f\ ‘%
03 E ,{/ i +/

los

e 124

* Thus, the ascertained bright-

ness fluctuations of the Encke
comet can be interpretéd as
a sign of physical processes.
within the comet (Section

'B8.).
" The analysis of these flu¢-

tuations has even a certain
bearing for prediction the

Jor course of the absolute magni-

“tude. The general formula des-

-cribing the dependence of the

absolute; brightness of the

" Encke comet on time has the
following form:

(8.40) Hy(l) = a + bAt + c(Ai) + d cos 22(® — By),

where the constants are equal to (4f is again expressed in hundreds of
years): : :

.
N 3 /
01[ : ol

Fig. 50. Residuals O — C as related to the phase of
the solar cycle.

a -—|+10"‘ 03 + 0™.05,
b = +2.85 4 0.12,
¢ = +0.87 4 0.27,
d = —0"50 +0".05, .
@, = 0.250 + 0.016. .
Since formula (8.40) is of only appraximate character, its appllcablllty for
prognostic purposes is limited to about 2000.

(8.41)

[
8.11.2. Fluctuations of the dispersion of the observed
brightness estimates

Bever (1933, 1937a, 1937b, 1938, 1942, 1947, 19508, 19501) 1955 con-
sidered the average absolute value of the departures between the bnght—
ness estimates and the smoothed-out photometric curve'to be.a pargmeter
‘characterizing the observed brightness of a comet. This method though
correct in principle, has certain dlsadvantages which will be dlscussed in
the next section. - , /
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: Table 89 :
Residuals.of the absolute magmtude of the Encke comet in mdxwdual returns

L Hiyo _
t o . : R AT n, n
: o c o—-C t [ 3
-m m m
‘1819.0 0.664 8.9 8.31 +~0.31 2 28 | +2 6 5
1822.5 . 0.943 | .9.0 8.36 +0.64 1 71 —6 2 1
1825.6 0.218 75 8.40 —0.90 2 22 | +25 2 1
1828.9 0.525 | 85 8.44 +0.06 2 52 { +4 6 4
1832.5 0.864 |. 9.5 8.49. | +1.01 1 27 —6 2 1
1835.6 0.174 | 7.7 8.54 —0.84 1 59 —2.5 1 0
1838.8° 0.509 | '9.4 8.59 +0.81 2 81 +6 5 3
.1842.3 .| 0.870 {- 9.5 8.65 +0.85 1 24 -3 3 4
1845.5 0.162 | 8.3 8.70 —0.40 2 31 -3 1 0
1848.8 0.421 85| 8,76 —0.26 3 116 +5 4 3
1852.1 - 0.689 |. 9.8 8.82: | +0.98 1 68 0 4 5
1855.6° | 0466 94 | 889 +0.51 2 2 -5 (] 0
1858.7 0.240 8.7 8.95 —0.25 2 72 | +4 3 | 2
1862.0 0.534 | 9.1 | .9.02 +0.08 2 66 +1 5 5
< 1865.3 0.832 9.0 9.09 —0.09 | 1 34 —6 2 3
1868.6 © | 0.121' | 9.0 9.16 —0.16 2 33 +2 2 "1
‘1871.8 < 0.396 8.8 2.24 —0.44 2 94 +6 5 3
1875.2 0.685 9.9 9.32 +0.58 2 26 -3 3 - 4
1878.6 | 0.978 | 10.1 9.40 +0.70 1 0 —4 0 1
1881.8 0.266 9.8 | .9.48 +0.32 2 58 +5 4 2
1885.1 0,582 9.7 9.56 +0.14 3 54 0 4 5
°1888.6 | 0.906 9.7 9.66 +0.04 3 3 -5 1 1
1891.6 0.169 9.1.| 9.74 —0.64 3 49 +4 3 1
1895.0 0.442 9.3 9.83 —0.53 2 60 +1 5 5 -
1898.5 0.734 | 10.7 9.93 . |. 4+0.77 1 18 -6 2 1.
1901.6 0.995 9.1 | 10.03 —0.93 3 1 +2 2 1
1904.9 0.265 9.8 | 1013 |. —0.33 3 46 +4 6 4.
1908.4 0.565 | 10.8 | 10.23 | +0.57 2 48 | —6 2 1
1911.6 0.835 | 10.2 | 10.33 —0.13 3 . 4 —2 1 1
1914.8 0.118 | 10.1 | 10.44 | —0.34 2 10 +6 5 3
1918.2 0.455 | 10.6 | 10.55 +0.05 | 2 78 -3 4 | 5
1921.6 0.800 | 11.2 | 10.66 +0.54 2 23 —5 0 1
1924.7 0.108 ['10.7 | 10,77 —0.07 2 23 +4.5 4 2
1928.1 0.437 | 11.8 | 10.89 +0.91 3 72 +1 5 6
1931.7 0.792 | 11.3 | 11.02 +0.28 2 16 —6 1 2
1934.6 0.076 | 11.6°| 11.13 +0.47 2 8 +2.5 2 1
1937.8 0.386 | 10.4 | 11.25 —0.85 2 100 +6 5 3
1941.2 0.711 | 12.4 | 11.38, +1.02 2 41 -3 3 4
1947.8 0.349 | 10.6 | 11.63 —1.03 3 159 45 4 3
1951.1 0.675, | 11.0 | 11.77 —0.77 2 83 0 4 6 I
1954.1 0.973 | 12.9 | 11.89 +1.01 2 8 -5 0 5

" Nevertheless, let us apply this method to the Encke comet. The material
used consisted of 114 brightness estimates from 19 returns of the comet
before, 1915,,collected by HorLeTscuek (1916), 43 estimates from 1937 till

1951 carried out by BEver (1942, 1950a, 1955), and 23 observations made
during 1947, taken over from a few Copenhagen Clrculars (THERNOE, 1947,
- VinTER HaNseNn, 1947a, 1947b)
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Tahle Gl . .
Average dlspersions am’ ol the Encke comet

—d
t P . Am” w R
‘ . m . -
1805.8 0610 | - 026 1L\ | - 35
1825.6. 1 0.2)8 0.30 - 2 | .22
1828.9 0.525 - - 0.07 2 52
1838.8 -~ 0.509 0.16 . R 81
"1848.8 0.421° 0.48_ 2. 116,
1852:1- +0:689 - | . 0.31 1. 68,
1868.7 0.240 0.53 1 72
1862.0 . 0.534 0.69 1 a6
1868.6 0.121 0.12 1 33
1871.8 0.396 - .0.46 27 . 94
1878.6 0.978 0.26. 2 0
. 1881.8- 0.266 0.25 2 | 58
1891.6 0.169 - 0.20 2 " 49
1895.0 0.442 0.62 3 60
1898.5 0.734 0.03 1 <118
1901.6 0.995 0.42 2. 1
1904.9 0.265 0.47 3 [ T46
1914.8 . “0.118 0.41 1 10 - ,
| - 1937.8 70,385 0.11 2 100 .
1947.8 0.349 0.32 3 ' 169
1947.8 9.349 0.66 3 159 -
1951.1 _-0.675 0.07° 3 © 83 .

The numerical results are listed in Tab. 91; the individual columns give:
the middle of the interval of observatiops, ¢, the phase-shift referred to*
the preceding minimum of solar acthty, o, t,he average disp(ersmn of the
brightness estimates, 4m, its weight, w, and the correspondmg average.
sunspot number, R. - =

Assuming the dependence Am =.Am(®) in the form of

(842) . Am(®) = Am+A(Am)cos2n(¢ )

S N
+04 Je04
. -+ Fig. 51 vernge dispersion Am

R e e e as relatedtothephaseofthesolar
_eycle. N

! a et
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we obtain

m = 0°.29 - 0°.02,
(8.43) A(Am) = 0".14 -+ 003,
= 0.307 + 0.034,

so that parameter P, is in good agreement w1th the parameters of the
cometary characteristics of the second class. Nevertheless, the values -
(8.43) must be taken with great reserve owing to the defects of the method
(Section 8.12.). The curve Am = Am(®) is given in Fig. 51 and Table 92.

Table 90
Dependence O — C = f(®) for the Encke comet
int @ (] o-c¢Cc - w
m m

0.901—0.200 0.051 —0.0794-0.079 26
0.001—0.300 0.178 —0.2794-0.056 23
v 0.101-0.400 0.234 —0.4654-0.048 28
0.201—-0.500 0.355 —0.2824-0.077 26
0.301—0.600 0.464 —0.0444-0.079 28
0.401—-0.700 0.540 +0.1584-0.068 28
0.501—0.800 0.644 +0.3154-0.067 25
0.601—0.900 0.757 +0.2914-0.088 20
0.701—0.000 0.877 +0.3024-0.083 25
0.801—0.100 0.936 +0.2024-0.095 20

8.11.3. Variation of the co;metary-head diameter

On the basis of the material assembled by Bouska and Svestka (1949),
and supplemented by a few values taken by the author from the mono-

* graphy of VsekHsviaTsky (1958), the time course of the coma diameter

Table 92 *

Dependence Am = Am(®P) for the Encke comet
int @ ] Aam w

i . m m

0.901 —0.200 0.065 0.286+0.028 8
0.001—-0.300 - 0.215 0.331+40.026 12
0.101—0.400 0.260 0.4044-0.028 17
0.201 —0.500. 0.334 0.4874-0.022 18
0.301—0.600 0.441 0.4584-0.040 15
0.401—-0.700 0.506 0.3784-0.045 12
0.501 —0.800 0.579 0.2194-0.051 8
0.601—0.900 0.678 0.2004-0.058 3
0.701—0.000 0.936 0.2784-0.048 5
0.801—0.100 0.987 0.3404-0.031 4
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of the Encke comet is mvestigated rednced to the umt. of geocentrlc di-
stance. From this material it follows that there- takes place a g'radual
decrease of thé coma diameter (Tab. 93) whlch may be assumed in’ the
form analogous to (8. 33): ' T v '

(8.44) - D(l) = « + pAt + y(4t)?,
where again At =1 — {,, {, = 1900.0. The individual coefficients are as -
follows (4t is- again expressed in hundreds of years):

Y. Table 93
Residuals.of the coma diameter of the Encke comet
in individual returns o
. D . )
Designation - N
. o (5 0-C
—
1825 111 2.2 2.70 —0.50 s 2
1829 34 .| , 268 +0.72 7
1838 1.9 2.59 —0Q.69 8
1842 I 1.0 2.55 —1.55 1
1848 11 3.9 4.49 , F1.41 5
1852 1 2.3 2.46 ~0.16 1 -
1855 II1 1.4 - .42 —1.02 6
. 1858 VIII 1.3 2.39 —1.09 4
1862 1 2.5 2.35 4" 40.15: 20
1868 111 3.9 2.28 - +1.62 5
1871 V 1.9 22 | . —-035 2
1875 11 3.2 221 | 4099 | '3
1878 11 1.7 .17 —0.47 . .2
N 1881 VII 2.9 2.13 +0.77- 4
1885 I 1.5. 2.09 i " —0.59 8
1888 II 1.3 . 2.05 —0.75 .3
1891 II1 1.7 2.01 —0.31 3
1895 1 2.6 1.97 ,+0.63 5
1898 II1 1.2 1.92 —0.72 2
1901 II 2.0 1.88 +0.12 6
1905 I 2.3 - 1.84 +0.46 15
1908 I 1.0 1.79 £0.79 5 )
1914 V1 23 1.71 .+0.59 4 '
1918 I 1.3 1.66 —0.36 3
1924 111 1.5 1.57 —-0.07 2
1928 11 1.0 1.52 —0.52 5
1934 11X 0.5 1.42 —0.92 1
1987 VI 1.7 1.37 +0.33 9
1941 V 0.9 1.32 T —0.42 3
1947 XI , 1.8 . 1.22 +0.58 3!

+1'.90 £0.09, /
—1.39 + 0.24, y
= —030 +056. |

(8.45)

R ™ R
I
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The residuals are listed in Tab. 93. The individual columns give the de-
signation of the Encke comet, the observed coma diameter, that computed
according to (8.44), the residual 0. — C, and the number of observations N.

The correlation of the coma-dimension residuals with the sunspot
number, with the Holetschek criterion and the Dobrovolsky seasonal
index is given by the following correlation coefficients:

40 —C, R _+025:g011
(8.46) . [0 — C, AT] = +0.27 + 0.11, ,
90 — C, n] = 40.19 + 0.12.

Each of these coefficients is too low to indicate an actual degree of cor-
relation; this fact is to a considerable extent due to the uncertainty of the
coma dimension estimates. If the departures O — C are again assumed
. in the form of a sine curve, the general expression of the course of the
cometary head diameter is

{8.47) | D(l) = « + At + y(41)* + 8 cos 2n(P — D),
where '
a = + 1'.81' 4+ 0.09,
' g = —1.47 £+ 0.23,
{8.48) : - Y yp = —0.65 + 0.56, -
_ 6 = +40.44 £+ 0'.10,

b, = 0.323 + 0.034.

The difference between the value of the phase-shift @, and the values
derived in another way is not great enough to exclude the identity of the
character of these. fluctuations with the cometary characteristics of the
second class. '

)

8.11.4. Conclusu)ns

1. The tlme course of the absolute brightness of the Encke comet may
be split into two superimposed curves: the secular. decrease, and the
periodical fluctustions of a period equal to the length of the eleven-year
solar cycle. As to the amplitude and the phase-shift referred to the sunspot-
number curve, the curve of the departures O — C- perfectly agrees with
the curves of the cometary characteristics of the second class (Section -
8.10). There is no doubt that the character of both quantities is the same.

2. In addition, a relatively high degree of correlation makes it possible
to apply the general formula describing the absolute magnitude variation
for prognostic purposes. .

3. BEYER's method of the observed brightness-estimation dlspersmn
applied to 21 returns of the comet gives a course of the 4m-dependence
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on the phase of the solar cycle that is very s1m1lar to that of the cometary
characteristics of the second class.

4. An analogy between the variation of the coma dlameter and that given
under 1. is vague; it is obvious that the ascertained form of the course of
the coma dimensions is strongly affected by the conditions of visibility,
and by other effects resulting from the non-homogeneity' of the material.

8.12. Beyer’s method of cometary brightness dispersion as a eriterion of eometary
.. aetivity

Within the interval from 1933 till 1955 BEevYEr (1933 1937a, 1937b,
1938, 1942, 1947, 1950a, 1950b, 1955) was publishing the photometrie
curves of 43 comets constructed on the basis of his measurements of the
total coma brightness. The treatment of the material was carried out in
the standard manner, i. e. by determining the photometric parameters
Hyand n. The departures of the individual measurements from the smoothed-
out straight line are considered by BEver the product of the activity of
a comet, and the average of their absolute values given its certain charac-
teristics.

An undisputed advantage of this method is the fact that all the obser-
vations were carried out by the same author and in the same way. On the
other hand,.this method has several dxsadvantages which may be sum-
marized as follows:

a) from the papers dealing with the dust-gas model of & comet (e. g
Vanysek, 1952, Vanysex, HReBik, 1954, Hruska, VANYSEK, 1958) and with
the statistics of the photometric exponents {Vanvsek, Hresix, 1954,
Hruska, Vanysek, 1958, Hruska, 1957) it follows beyond any doubt that
the photometric exponent of any comet is a fuction of heliocentric distance.
Since BEYER considers the exponent to be constant, the average dispersion
Am will change; this alternation will be different for various comets be-
cause the photometrical exponent depénds also on the intensity ratio
between the dust and gas components, as well as on the type of gas present
in a cometary head; |

b) various comets react in different way on the variation of solar activity
(Schwassmann—Wachmann 1 as against a number of absolutely faint
comets). There are even instances that the reaction of a certain comet on
the change of solar activity differs at various periods. A typical example
is the comet Whipple —Fedtke —Tevzadze 1942 gas described by Bouska
(1950). Prior to the perihelion passage (1942, December — 1943, February)
the comet revealed considerable anomalies in the course of its brightness,
while the sunspot number did not surpass 35 over thie whole interval, no
large sunspot group passed through the Sup s céntral meridian in the di-
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rection towards the comet, and the efficiency of chromospherical flares
in the same direction exceeded the value of 100 only once. On the other
hand, after the perihelion passage (1943, February — 1943, May), the
fluctuations of the comet brightness were much smaller, though the am-
plitude of the sunspot number variation amounted to about 70, 14 large
sunspot groups went through the Sun-comet meridian, and the efficiency
of flares once exceeded 200 and several times reached values over 100.
The effects of this character seem to occur expecially in the absolutely
bright comets;

¢) the variation in the transparency of the Earth’s atmosphere may
considerably affect the observed brightness dispersion, especially if it has
a systematic course-(the so-called subjective factor, see Section 8.6.);

_d) an undetermined part of the resulting dispersion is produced by in-
cidental departures; to give their influence on the value of the average
dispersion is' a completely insolvable problem. '

*Each of the given disadvantages of the method is the more promment
the less abundant and less homogeneous the material used. _

When -investigating the course of the average ' brightness dlspersmn
during the solar cycle, the differences between the .reactions of various
comets on the solar radiation represent the greatest obstacle. Therefore
the investigation of the only, as far as possible absolutely faint comet
must be relatively the most successful (Section 8.11.). The same dependence
may be statistically studied on the basis of the representative material,
i. e. of that including a few hundred of comets at least. Such material,
however, is not readily accessible. /

So far, the material of the brightness dlspersmn obtained by BEYER,
has been treated in two ways:

a) in dependence on the sunspot number dispersion, &z (BEYER, ibid.);

b) in dependence on the phase of the solar cycle, ® (DoBrovoLsky, 1958).

The results of BEYER's study show a certain course of the increase of the
average dispersion 4m with increasing dispersion ¢,, some of the studied
comets, however, are beyond this dependence so that the resulting cor-
relation coefficient amounts to:

(8.49) y[Am, g = +0.32 + 0.09 (p. e.).

In his paper DoBrovoLskY asserts that these ,,special** comets are not
the exception, but the reflex of the double-wave course of Am during the
eleven-year cycle; according to DoBrovoLskY, the curve of Am = Am(®)
supports the form of the curve of comets discovered during the solar cycle
(Tab. 1 of his work). The dependence Am = Am(®), constructed by Dosro
voLsKY, gives indeed two maxima; however, the correlation coefficient
between 4m and the number of discovered comets NV (as a typical cometary
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characteristic of the first class) leads to the followmg rather unfavourable
result:

!

(8.50) y(4m, N] = +0.04 + 0.10 (p. e.). .
Table 94
List of the brightness dispemons of 55 co!neta of Beyers obsorvational series '
* Comet 1 Am R (/] Comet - 1 Aam R [
m m ) !
1932 V 1932.7 | 0.07 4 | 0.89 || 1948 IX 19488 | 0.18 | 138 | 0.45
1932 VI 1933.4 | 0.06 10 | 0.96 || 1948 X 1949.1 | 0.22 | 182 | 0.48 }
1932 X 1933.2 | 0.06 | 22 | 0.94 || 1948 XI 1949.1 | 0.42 | 182 | 0.48 §
1933 1 1933.4 | 0.10 10 | 0.96 || 1949 IV 1949.8 | 0.13 | 118 | 0.55 |
19351 1935.3 | 0.08 12 | 0.14 1949 V1 1949.6 | 0.19 132 | 0.63 |
1936 11 1936,4 | 0.07 70 | 0.25 ]| 19501 1950.2 | 0.17 | 110 | 0.59 |
1937 11 1937.2 | 0.19 | 109 | 0.33 || 1950 VII. 1951.1 | 0.11 60 | 0.68
1937 1V 19374 | 0.26 | 130.| 0.35 || 1951 I .| 19506.4 | 0.14 } 91 | 0.61
1937V 1937.5 | 0.11 | 138 | 0.36 || 1951 II 1951.2 } 0.25 |, 93 | 0.69
1937 V1 1937.6 | 0.11 74 | 0.37 || 1951 II1 1951.1 | 0.07 60 | 0.68
1939 1 1939.0 | 0.10 77, 050 || 1961 IV \ 1951.3 | 0.}7 | 109 | 0.70' L
1939 I11 1939.2 | 0.19 | 118 | 0.62 || 1952 I 1952.4 | 0.16-] 23 { 0.80 |
1939 V 1939.3 | 0.06 | 101 | 0.53 || 1952 111 ' 1952.5 [ 0.31 22 | 0.81
1941 1 1940.7 | 0.10 68 | 0.66 || 19652 V 1952.6 | 0.31 36 | 0.82 |
1941 11 .| 1941.0 | 0.12 45 | 0.69. | 1952 VI 1952.7 | 0.28 65 | 0.83 |
1941 1V 1 1941.1 | 0,07 33 | 0.70 || 19531 1953.0 | 0.58 34 | 086 |
1941 VIII 1941.3 | 0.21 67 | 0.72 || 1953 IIX . 1958.5 | 0.09 13 | 091 |
1941 VIII 1941.6 | 0.10 38 | 0.75 || 1954 IT¥ 1954.2 |.0.21 11 | 0.98
1943 1943.1 | 0.48 | 27 | 0.89 || 1954 VI 1964.1 | 0.41 0 | 0.97
1946 11 1946.2 | 0.10 74 | 0.20 || 1954 VII 1954.7 | 0.11 2 | 0.03 [
1946 VI 1947.3 | 0.14 | 201 | 0.30 || 1954 X 1954.2 | 0.21 11 | 0.98
19471 ' 1947.1 | 0.17 | 133 | 0.28 [|. 19551 1955.1 | 0.14 21 | 0.07 |
1947 1 1947.6 | 0040 | 164 | 0.33 | 1955 III 1955.5 | 0.11 32 | 0.10
1947 111 1947.2 | 0.22 | 150 | 0,29 || 1955 IV 1955.7 | 0.39 43 | 0.12 |
1947 VII | 1947.6 | 0:.15 | 164 | 0.33 || 1955 V 1956.7 |.0.66 431 0.12 |:
1947 X1 ° | 19476 | 0.32 | 164 | 0.33" || 1955 VI 1955.7 | 0.13 43 | 0.12 |
1948 1 1948.3 | 0.4 | 174 | 0.40 || 1956 IV - 1956.4 | 0.48 | 137 | 0.18 |
1948 V 1948.2 | 0.32 | 150 | 0.39 || 19567 I ©1957.3 | 0.21 | 175 | 0.27 |
1948 V 1948.7 | 0.15 96 | 0.44 (| 1957d . 1957.7 | 0.13 | ?36\{ 0.30 }
1948 V 1949.1 | 0.15 { 182 | 0.48 i .
4

Let us add into BEYER's statistics theresults of his latest papers (BsYER,
1958, 1959). The complete list is included in Table 94, where individual.
columns give the designation-of the comet, the moment of the middle of
observations, the average dispersion 4m, the average sunspot number
and the phase-shlft of the middle of the observations relative to the pre-
ceding minimum of solar activity. The smoothed-out relation Am =
= Am(®) is presented in Table. 95, and in Fig. 52 by full circles. The
maximum dispersion 4m coincides with the minimum solar acﬁvity, while.
the . minimum of 4m occurs at about 0.2 of a cyclé after the maximum of
solar activity.
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Table 95
Refation Am = Am(®) from Beyer’s observational material

int @ ] Am N
m m

0.96—0.25 0.079 ©0.2174-0.031 15
0.06—0.35 0.232 0.2284-0.024 19
0.16—0.45 0.324 0.2084-0.017 19
0.26—0.55 0.400 0.19840.013 24
0.36—0.65 0.480 0.1804-0.015 16
0.46—0.75 0.607 0.1564-0.013 19
0.56—0.85 0.715 0.1714-0.014 15
0.66—0.95 0.779 0.1974-0.024 18
0.76—0.05 0.909 0.2294-0.028 15
0.86-0.15 0.002 0.2284-0.032 17

The same apalysis may be carried out on the basis of a thorough study
on the photometrical curves of 45 comets from 1858—1937, published by
BoBrovnikorF (1941, 1942). This study comprises a careful analysis of
4447 individual visual observations of comet brightness. Although the
measurements were made by 160 observers the obtained results are con-
:sidered reliable (LEvin, 1947). The-average dispersions 4m determined - for

i

\ Table 96
List of the brightness dispersions of 45 comets of Bobrovnikoff’'s observational series
Comet t 4dm | R (] Comet t Am ‘R b
R m . m

1858 VI .. | 1858.75 | 0.18 |86 | 0.246 1912 II 1912.91 | 0.30 4 0.942
1861 IT .. | 1861.57 | 0.30 {78 | 0.497 1913 IL 1913.40 | 0.34 0 0.983
1862 II1 1862.64 | 0.11 [63| 0.593. || 19131V 1913.76 | 0.28 3 0.016
1874 111 1874.48 |.0.20 {38 0.622 || 1913VI 1913.78 | 0.23 3 0.018
1881 HI 1881.61 | 0.24 |58 | 0.253 1914 II 1914.42 | 0.15 | * 8 0.082
1884 I _ 1882.92 | 0.26' (42| 0.376 1914V 1914.67 | 0.24 10 0.107
;] 1886 I1 1886.22: | 0.09 [57| 0.684 1915 11 1915.56 | 0.22 72 0.196
1886 IX 1886.91 | 0.31 | 6| 0.749 1917 11 1917.41 | 0.15 | 115 0.381
1890 11 1890.81 | 0.49 |11| 0.100 1917 111 1917.50 | 0.27 | 117 0.390
1893 II 1893.57 |,0,20. | 89 0.328 1919 III 1919.70 | 0.22 55 0.610
- 18981 | 1898.33 | 0.36- {20 0.721 1921 11 -1921.34 | 0.15°| 27 | 0.774
“1899°1 ¢ | 1899.34 ' 0.2] [1I| .0.805° || 19251 . 1925.40 | 0.21 | 43 | '0.176
. 1900 IT . 1900.65 ] 0.15 | 4| 0.913 1930 II 1930.03 | 0.13 | 65 0.630
1902 IIT ' |°1902.81 | 0.12 (16 0.093 "~ | 1930 III 1930.32 | 0.21 38.]" 0.659
4.1903 IV ;| 1903.55 | 0.19.|28 | 0.15% 1932 V 1932.69 | 0.24 .4 { . 0.891
1904 1 1904.62 | 0.13 |58| 0.245 || 1932 VI 1933.23 | 0.09 10 0.944
1906 VII | 1906.92 | 0.03 {52| 0.439 1932 X - 1933.06 | 0.32 12 | - 0.927
1.1907 1V , |7 1907.74 | 0.07 [76| 0.508 .|| 1935 I 1935.17 | 0.17 | 22 0.132
1908 ITI | 1908.89 | 0.1% |46 0.604 1936 11 1936.52 | 0.21 52 0.262
1910 I1 1910.17 | 0.19 |26 0.712 1937 11 1937.26 | 0.18 | 109 | ,0.333
1911 IT 1911.57 |- 0,34 | 4| 0.829 || 19371V 1937.41 | 0.26 | 124 0.347
1911 v | 191177 | 0.23 | 3| 0.846 1937V 1937.60 | 0.11 | 138 0.365

1911 VI 1911.80 | 0.20 3 '0.849 i ' :
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45 comets investigated by BOBROVNIKOFF are listed in Table 96. The in-
dividual columns give the same quantities as Table 94. The correlation
coefficient

(8.51) Y[R, Am] = —0.20 + 0.10 (p. e.)

is again low, but it sugge.ts the course of 4m = Am(®P) which is similar
to that we found from BEYER's supplemented material (Table 97). Fig. 52,

in which the smoothed-out course of Am from BoBrovNIKOFFs material
is shown by open circles, proves it quite well. The agreement of both curves
is excellent both in the phase-shift and m the amplitude and zero—pomt :

/s
: Table 97
Relation Am = Am(®) from Bobrovnikoff’s observatxonal materlal
intd > Am N
m . m-
0.951—0.250 0.119 0.2274-0.019 13
0.051—0.350 0.204 -0.21330.015 ~ 15
0.151—0.450 0.299 0.18930.011 15
0.251—0.550 0.373 0.190+0.017 12
0.351—0.650 0.501 . 0.164+0.017 12
0.451—0.750 0.632 ' 0.19230.018 12
0.551—0.850 | o712 0.205+0.014 15
0,651 —0.950 0.816 | 0.2261+0.015 15.
0.751—0.050 0.903 0.23740.015 13
0.851—0.150 0.011 0:24040.020 13 |,
. )
o The cause of the ascertai-
0 1 . . .
——t Tt ned course of the dispersion
F ] Am can hardly be determined
ad it at present; however, on the
L 4 . .o . e
unw: + {% % * ‘} + ‘]l + m". basis of a comparison of the
E* §++ + { + - forms of these curves with
os b } } t los that of the Encke comet (Sec-
[ o BOBROVNIKOFF tion 8.11.), and with re.spect,
e to what has been said of
0 ! BEYER's method in the pre-

Fig. 52. Course of the cometary brightness estimates  sent section, it seems probable

_dispersion during the eleven-year solar cycle. that the problem consists in
the influence of a systematic effect inherent in the observational condi-
tions.
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CHAPTER NINE

. "SYSTEMATIC VARIATIONS IN BRIGHTNESS
CONNECTED WITH THE COMET'S INTERIOR STRUCTURE

9.1. Subjects of the study

_ In Chapter Eight the behaviour of comets has been studied as an in-
dicator of solar activity, regardless of the specific phys1cal features of theirs
as of a special group of cosmic bodies. In this chapter we shall deal with
two phenomena in the comet’s brightness, in which the physical properties
of the comet’s nucleus are expressed:

1. Short-term changes in the colour-index of comets.

2. Perihelion asymmetry of the photometric curves of comets.

Up to now, no attempt has been made as for the application of any comet
model to the colorimetric measurements of a comet head and tail. Here are
studied the relations between the colour-indices of the Arend —Roland
comet of 1957, and the comet dust-gas model is applied to their physical
interpretation.

Concerning the latter question the pure gaseous model has been applied
the reason being an endeavour after the mmphclty of the mathematical
solution of the problem

9.2. Short-term changes in the colour index of the ecomet head and tail. Comet 1957 111

The photoelectric observations of the head (diaphragm 4’) and tail
(distance of about 30’ from the nucleus) of the Arend —Roland comet,
1957 I1I, were performed at the University Observatory in Brno, and the
obtained results were published by Vanysexk and Tremko (1958). The mea-
surements were carried out in three different effective wave-lengths in-

\ cluded in Table 98.

. A
Table 98
Spectral regions used for photoelectric photometry
of the Arend-Roland comet

Magnitude Acss Filter
4422 A BG12 (1 mm) + GG13 (2 mm)
5510 A | GG11 (2 mm)
|
4800 A ‘ without filter
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Table 99
List of colour-index measurements

Date (B—P) (P—v) (B = V)| Region
m: - m m .
1957 IV. 27. 819 +0.74 . 4007 | 4081 - head
27.837 +0.86 —0.14 +0.72 head
. 27.844 +0.78 -| —0.08 +0. 70 tail
29.860 +0.47 —026 - | 4021 head
29.872 +0.32 +0.06 Y 40.38 head
29.879 +0.41 —0.04 ‘. 40.37 |  head
V. 2.930 —0.02 - +0.06 +0.04 head °
2.936 +0.13 —0.38 —0.25 tail
2.960 —0.15 +0.34 +0.19 head
4.854 +0.47 © 4+0.39 - |- +40.86 head
4.863 #0.41 +0.45 +-0.86 head
25.923 +1.02 —-0.37 | +0.65 head
25.948 +0.42 | +0.42 - +0.84 tail

The observations. extended over the period from April 27t till May
30tt, 1957. For our purposes were used 10 measurements of the brightness
of the head, and 3 measurements of that of the tail, from which all three
colour indices (B —P), (P — V) and (B — V) were computed (however,
only two of them are indepedent). The indices are listed in ‘Table 99. If
plotted one agamst the other they give the relations presented in Fig. 53.
The full circles stand for values related to the cometary head, the open
ones for those related to the tail. The number at each circle indicates the
date of observation. The values of the indices in Fig. 53 are concentrated
along three straight lines, the first of which corresponds to April 27t
May 4t and May 25%, the second to April 29 and the third to May 2°4-
Furthermore, the interpretétion is given of the relations ascertained bet-
ween the individual indices.

9.3. Interpretation of the varlation in the colour indices (B—P), (P—V) and
(B—V). Results and conclusions '

Let us proceed from the conception that the dust-gas model of a comet
applies to each: of the three spectral regions, i. e. let us assume that both
molecular radiation and reflection on the dust part cles of the coma and
tail take place#n each of the studied regions. This assumption is supported
by polarization measurements in the integral light (BLana, Hruska, SVESTKA,
VANYSEK, 1958) and by the results of spectral analysis in the individual
spectral regions (RaJcHL, 19E>Sf

If we denote the brightness of the comet in the unit of geocentnc di-
stance as I, again, we can — according to (2.4), (2.5), (2.6) and (2.12)
of Part One — write ' :
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(9.1) L= L,r % ™™ 4 [,
Since according to (2.20) the ratio of the brightnesses of both constituents
_in a given heliocentric distance is
B(re-1)

(9.2) p(r) = k.r2 " B0
formula (9.1) transcribed into the magnitude scale gives:
(9.3) Hy = —251og I, + 1.25a log r 4 1.086B(re — 1) — 2.51og (1 + ).
If this equation is written for two effective wave-lenghts 4, 4y, we ob-
tain — after subtraction of the latter from the former — the colour index
(CI)y = H® — H”:

I(J)

(94) (CI)y = 2.5 log 3 + 1.086 (1 — [ BY — B¥] + 25 log L+ ¥7

1 + ,’Pfi* *
B 8-v) o -05 0 PV 45
————— T Tt
1) \<5 1+ +1] \i o1
2 1 P 4 1
L 7°\ o r AN :
(8-P) | 1(8-P) L - 4
L T 2 4‘ E
B-P) } 2\ 24 {e-p
L, o) -

L 4 1 3 J
oL 1o oL 40
L ] o~

i - 1 1] 1 1 -
<0. 0 +05
05 P-V)
0 (B'V) +
—— .
+051 1+05,
I 2/ ;
(P-V) L J (P‘.V)
L 29 .
0L 2 10
| / 29 - &
" vy 20
L Fo 25
-051 -05
L .| 1 1 1 1 }
0 (8-V) .

Fig. 53. Relations between three colour-indices of the head and tail of the comet 1957 III.
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Table 100
Parameters of the colour-index relations
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An analogous equation may -be wntten for
the wave—lengths Ms Ay :

 (CDy =251og ;(,,, + 1.086(1 — 7).

(9.5) 1+
' ) . 192

.[B B]+25log1+

If factor 1.086 (1 — r®) is eliminated, the

relation between both the indices can be

written in the form:

(9'6) ) (CI)U =ay, + ﬁm(CI)k‘h
where
mm=25[log L(l+97)
(97) I3 (1 + v )
putog L]

m I;:)(l + 'p(k)
and
: B® — B®
(9.8) bo=Fo—p

Let us denote

(Clis = (B ~ P), (Cl)y = (B — V)
(CDm = (P — V),

so that the indices i, j, k, [ pass through 1,
2, 3 and m is equal to that of the indices
i,J, k, I, which occurs twice in relation (9.6).

-The parameters of the straight lines in
Fig. 53 are listed in Table 100. Since the
indices (B —P), (P — V) and (B — V)
are interrelated by three equations of form
(9.6), the following five relations must
apply to a, and B, if our interprétation
is correct:

Ao(ﬂm) = ﬂzﬁa - ﬂ], = 0,
9.9 Ay(Bw) _1;_’3“_1—0’
() AB(m) —-ﬁ1+ﬂs’—'1=0,
Ag(ay) =0 + ag =0,
AA(“m’ ﬁm) = al(l' + ﬂe) — % = 0



“The values listed in Table 101 were for the parameters (9.9) obtained from
the data of Table 100. It is obvious that all the empirical values 4,, ..., 4,
range very closely about zero, and that all ascertained differences lie within
the limits of errors.

Table 101
Empirical values of identities A, (%, f,) =0
Date 1957 IV.27+4+ V. 4+ V. 25 1V. 29 V.2
: /
A, —0.06 4 0.39 —0.07 £ 0.37 0.00 + 0.07
A, +0.02 4+ 0.03 ° +0.04 + 0.15 0.00 4+ 0.03
A, 0.00 + 0.44 0.00 4- 0.42 0.00 4 0.08
Ay 0.00 + 0.34 . 0.00 4 0.14 0.00 4 0.01
A, ‘ —0.05 4+ 0.08 —0.03 £ 0.08 0.00 + 0.01

Thus, the obtained results support the interpreﬁation of the experimental
relations given by equation (9.6) The variability of the colour index can
be regarded as a reflex of the fluctuations in the amount of gas and dust

“in the head and tail of the comet connected with the release mechanism.
These fluctuations are also reflected in the numerical values of the para-
meters a,, B, which are not constant, not even during a single night.
However, since the characteristics of both radiation constituents in the
individual spectral regions appear in the coefficients &y, B, in the form of
a ratio, the above-mentioned fluctuations are minimum. Moreover, the
changes in the colour index during one night may be also affected by the
shift of the photometer diaphragm with respect to the cometary nucleus,
if several measurements are carried out in succession. Owing to this effect,
the physical conditions are registered in a few somewhat different parts
of the coma in which the instantaneous ratio of both radiation constituents
may differ quite considerably. ‘

Parameter 8, which is-a function of the heat of evaporation necessary
to release a certain amount of gas, is probably related to the initial velo-
city v, in the cometary tail. A comparison of one of the parameters g,
with v, derived in the paper of VanYsEk, GRyGaR and SExANINA (1959)
from the width of the tail (see Figure 3 of the paper) is given in Table 102.
For want of comparable data this relation cannot be verified in detail. Pa-
rameter «, quantitatively demonstrates the amount of gas and dust
ejected into the cometary head- and tail- regions. Besides the small number
of measurements, it is a range of unknown quantities in the expression
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Table 102
Compamon of the variability of parameter Bs
with the initial particle velocity in the cometary tail.

' v . v
Date 1957 B ks
1V. 27.9 —0.74 4 0.02 ‘ 12.0 405
IV. 29.9 —0.44 + 0.10 6.8 4 0.8
V. 29 —0.38 4 0.02 : 734+ 05
V. 4.9 —0.74 + 0.02 >9.0

for a«, ‘that prejudices the analysis of this problem. Thus, the results
obtained so far are of a qualitative character. The main result is the finding
that problems of multicoloured cometary photometry may be solved on -
the basis of a comet dust-gas médel.

9.4. Irregularities in the comet’s brightness near the perihelion passage. Physieal
considerations concerning the perihelion asymmetry of the light eurves of eomets

Almost all the formulae used for describing the form of the photometric
curve of comets have assumed a symmetry of the curve regarding the
perihel on passage. However, a lot of comets indicate a disagreement
between the time of maximum brightness and the time of perihelion
passage. If we omit irregular short-tetm fluctuations which are, as a rule,
most frequent near the perihelion passage and are in connection with
a peculiar structure of a certain comet itself, we may consider two general
phenomena which affect the form of the photometric curve, particularly
in the vicinity of the perihelion passage:

(a) The concentration drop of molecules in the surface layers of the
comet’s nucleus. -

(b) The thermal inertia of the nucleus bloeks in the process releasing
particles into the atmosphere.

The former of the two phenomena produces the precedmg of the time
of maximum brightness regarding the time of perihelion passage. On the
basis of his theory LEviN (1948) suggested a method of taking into account
the successive concentration drop of molecules. The photometric formula
of the comet gas model was completed by him by adding a correction
term. It was derived by means of numerical ‘quadrature and therefore
unsuitable for applying to a current treatment of photometric curves of
comets. Moreover, it includes the evaporation:heat of molecules, which,
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being unknown before a treatment of observational data, makes it im-
possible to enumerate the correction term at all. Only if some observations.
in larger heliocentric distances are available, an approximate solution may
be found by graphical means. ‘

Since 1948 nobody else has attempted to study this phenomenon and,
particularly, to compare some hypothetical models with observed photo-
metric curves of comets.

If the latter of the two phenomena has a predominant influence on the
form of the photometric curve, then the time of maximum brightness
follows the time of perihelion passage. No discussion of observational
data with respect to this phenomenon has been proviéed up to now. Al-
though this effect has been observed in behaviour of many comets, authors
have reduced it, if they have done so at all, by adding a date term, as, for
example, Gapomsk1 (1947) in the case of the Whipple—Fedtke comet of
1943. Such a date term has no physical meaning and, because it is intro-
duced regardless of the concentration-drop factor, the real value of thermal
inertia is in this way underestimated.

The observed position of the brightness maximum on the photometric
curve with regard .to the perihelion passage is then given by summing
up the two phenomena. If its preceding is observed, the concentration
drop is more effective than the thermal inertia, while, on the other hand,
if the retardation takes place the inertia is of greater importance.

The character of the concentration-drop process is in the mentioned
study of LEviN based on quite clear theoretical ideas, and no further
comments are desirable on it from this point of view.

The problem of the thermal inerti§ of the processes is more complicated
because of its connection with the structure of the surface layer of the
comet’s nucleus, and such of its properties as thermal conductivity, specific
heat, porosity, albedo, way of deposition of gases, etc.

Conduction of heat inside the comet’s nucleus was discussed in a few
papers of DoBrovoLsky (1953, 1956, 1961) and Markovica (1957, 1958,
1959). Some important consequences of these studies will be here derived.

Assuming that all the heat incident upon the comet’s surface is spent for
heating the nucleus DoBrovoLsky (1953) gives the following expression
for the shift rate of isotherms:

dz 1 E _ _2 VKol -1
(9.10) E“Q‘Vt .exp[ _—41{01]'(1 ;f o de) ,

where z is the depth measured from the nucleus surface, ¢ is the interval
of time over which the surface source is emitting the solar heat towards
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the deeper layers of the nucleus, K, is the coefficient of temperature con- .
ductivity, defined. by the relation '
oo ‘ K

{9.11) K, = 2"

where K is the coefficient of thermal conductivity, ¢ the mass den31ty of
the medium, ¢ the specific heat.

Assuming that the comet’s nucleus is a black body, its period of rotation
is P, and axis of rotation perpendicular to the plane of orbit, the average:
shift rate of isotherms resulting from the thermal-energy balance during
the period of rotation is given by (9.10) after inserting ¢ = P[n. Conse-
quently, the ,transfer‘‘ of the isotherm from the nucleus surface to the
-depth X, will proceed over a penod of AT according to the relation:

nKo

(9.12) | X,,,—2 ane

'f(Xnn KmP)AT

-where

(@18 f(Xn, Ko, P) = exp| — {5 25| (1 - Vn,/— o evaz)

_Here AT is nothing but the retardation caused by the thermal inertia.
Equation (9.12) indicates that the ratio X_/AT is independent of the he-
liocentrical distance, or surface temperature, to a first approx1mat10n

However, the condition that all the heat comlng from tI;e Sun to the
.comet’s surface is spent for heating the nucleus is never fulfilted because

-of the thermal radiation of the nucleus and some other losses of energy.

‘Therefore the real depth of the isotherm will not be X,,, but only

(9.14) X =0X,, o <1. B

Further, under AT we will understand the interval of time during which
-a certain isotherm will reach the depth of the icy base, X. It means that
‘the release of gases of a certain intensity takes place for AT later than it
should do if no dust layer existed, and the observed photometnc curve is
-also retarded for AT.

Markovich (1957) has studied the thermal balance of the surface layer,
taking into consideration the losses of energy due to the thermal radiation -
of the comet’s surface. The flux of solar radiation has been expressed by
the Fourier series, and the depth L, defined as the depth where (d7/dz),., =
= 0, has been established from a property of the amplitude of the first
periodical term as: '

(9.15) L=_2_|/%P

mod n
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From the physical point of view, L is the thickness of the dispersion dust
layer at the nucleus surface, under which the icy base is situated. For
comets, in which the existence of such a dust layer can be assumed, the
validity of the equality as follows is obvious:

L X,

so that the period of rotationis mdependent of the coefﬁclent of temperature
conductivity:

(9.16) P = adT,
where
n ’ 1 2 21-% -1
(917)  a=%omod. exp[—m]. (1 —V—;f_ e—f'd;) -
—087a. '

In addition, with respect to (9.15)
(9.18) X =24 v/oKAT.

For the short-period comets, in which the dispersion surface layer has been
exhausted, this consideration fails. The coefficient of thermal conductivity
of the blocks of the nucleus is greater than that of the dispersion layer
of dust, and the dependence of the depth of gaseous supplies on the time
of retardation must be studied according to (9.12).

Hence, the parameters of both the concentration-drop process and the
thermal-inertia process have now absolutely clear physical meaning.

9.5. Methods of determinlng' the eoncentration drop and thermal inertia from the
form of the phetometric eurve

In accordance with LEvin we will study the two physical phenomena
on the basis of a gaseous model, not of a dust-gas model, There is no doubt
that a dust-gas model would describe the photometric curve better than
a gas model, particularly in comets with strong continuous spectra, but
the number of unknown constants would be too great to secure any re-_
liability of their values derived from the observations.

. We will start from the Levin formula corrected for a concentration-drop
term only (LEvin, 1948): ’ '

(9.19) H,(r) = Hy + pa(v'r — 1) + Fla(vr — \/q)] 44,

where H, is the initial absolute magnitude, i. e. the magnitude which the
comet would have at r = 1 A. U,, if it had the same supplies of gas as at
the time when it started approaching the Sun; AH is the decrease of the
comet’s brightness during the orbital period; u is the constant
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5 5000
(9.20)- ) E=3 mod 2002 BT,
R, the universal gas constant,. T, the absolute temperature of the comet’s
nucleus at =1 A U.; and a'is the ratio :

S . L

~ 5000’
L is the heat of evaporatlon (in cal/Mol). LEVIN gave no analytxcal form
of function F[a(Vr — V/q)] and I have recently succeeded in finding that
no exact expression for the F-function exists in a close form. As it is

shown in Fig. 54, the F—functlon may satisfactorily be approxnmated by
the formula as follows:

(921) |

(9.22) Fla(Vr — ‘\/q )] o L + @' (VF— Vg )],
as far as '
) 2
(9.23) r <(VE+ %) :
FOUF-R)
! 03 !
o8l 408
[ 1.1 % 06 H
Flotf-42 | g FletfF-R2
YA 104 .
o2% 402
o 0o

[ 05
salF-p .

Fig. 54. The curve of concentration drop of molecules according to LEVIN (full line), and

according to (9.22) (dash line).

The upper sign in (9.22) is valid for the pre-perihelion period, the bellow
sign for the post-perihelion period. The same rule is valid in all the other
formulae which follow. In Fig. 54 the Levin F-function is represented by
a full line, the approximation (9.22) by a dash line.

In accordance with the results of the discussion of the preVmus section
we assume that the thermal inertia of the evaporation process is constant
throughout the comet’s orbit, and equal to

T
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(9.24) 7= 3_1? kAT

AT is the retardation in days, k the Gauss constant. After introducing it
into the photometric formula (9.19) the formal appearance of the latter
will remain the same, but the heliocentric distance must be taken not at
the time of observation, ¢, but at the time

o QVQ—_
t‘—-ﬁ—‘t. )

Throughout this paper we consider parabolical orbits, which approxi-
mate quite satisfactorily most cometary orbits near their perihelion pas-

sage. For such an orbit the relation between heliocentric distance and time
is:

(9.25) re) = (e + V@ F o+ (=5 + VT F P — g,
or :
1,
(9.26) ur) = F 5 vVr— q(r + 29),
3)2 " . : -
—;— k(t — 1), I is the time of perihelion passage.

where T=—y

2J2 -

35 r) may be expressed through r(i) by

means of expanding in a series of z:

Heliocentric distance r (t —

~

(9.27) r(t — 55 ) =r)[l £ &O T+ &) 2 F &) T — &l T . .],
where
r 4 .
L(t) =57 r — q)'
8 1
. &f) =gr*g—5n)
. . 3 . 1
| E(D) = 5o rr — Mg — 57,
160 7 7
{ &4(1) 2—81‘—"“8(‘12 —gqr.—i—@r”). oo

Similarly we may write:

(9.27") r(t 2V72—?)= ri)[1 F &) 7 + &) 7 + ;s(t) 7 — N F. ]

The term of the fourth order guarantees — for current values 7 — the
aecuracy greater than to 40.001 A. U.
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The time of maximum observed brig’htness of a comet t,,,, is determmed
by the condxtxon (dH dld‘l’)tm = 0 3V— — 1), If we denote

Tw(4H) the shift of the time of maximum- bnghtness due to the concen-
tration drop, the followmg lmportant relation is valid among T Tu(4H)
and 7:

(9.29) _ Ty= Tm(4H) + . , ‘
If no thermal inertia took place the relation between the magnitude

decrease 4H and the helxocentnc distance of maximum lmghtness would
be of the form:

(9.30) AH = 10 pa's(Vr (AH)—V q)%,
.80 that : .
AH e \
31 : r Vq
(931) o rlam =[vg+1 liox
and, owing to the expression
- 114H )'/-
a\l0u
Table 103’ )
The time of maximum brightness -
g = 0500 A. U., L = 5,000 cal/Mol, r < 2.92 A. U.
. A |
P AT 0 | g l 100 ‘200 d 400 ‘T
d d - d T a 1 a
0131 —0.2 - +4.8 +9.8 : +19.8 +398 -
. (0.500) (0.513) © (0.553)- (0.682) | (1.017)
o1 - —0.7 +4.3 +9.3 4193 +39.3
: (0.500) (0.511) © {0.548) (0.675) " (1.008) -
o5 2.0 +3.0 I 480 +180 | - +380
< (0.502) (0.505) . (0.536) . (0.657) < (0.986) -
Lo —3.1 419 T 469 . | - 4169 +36.9
: (0.506) (0.502) (0.527) (b.641) (0.967)
2.0 --48 | . 402 +5.2 +15.2 +35.2
: (0.513) (0.500) (0.516) | . (0.618) |  _{0.940)
3.0 —6.2 =12 |7 v 438 | 4138 0 | 4338 °
: (0.522) (0.501) (0.509) - |, - (0:599) - (0.917) -
5.0 —8.7 —37 |  +13 %4113 ~ +31.3
. (0.542) (0.508) (0.501) (0.569) (0.872)
160 T =14 ~91 '} —41 |  +59° S ¥259
- (0.603) (0.544) - | (0.510) | -+ (0.520) + ) - (0.780)

€ 63-20- : , . ' 81



#.c = Table 104 o,
The time.of maximum brightness
q==lOOOAU L—5000cal/Mol r<400A.U

AT . . .
AH 0* 5 - |. " 100 200 400
m 1 "a d d d d
ool — 0.4 + 4.6 + 9.6 +19.6 +39.6
: {1.000) (1.003) - (1.014) (1.055) (1.203)
o s 1.7 S+ 33 -+ 83 +18.3 - +38.3
- (1.000) . (1.002) (1.011) (1.049) (1.192)
05 — 4.7 + 0.3 + 53 +15.3 +35.3
: (1.003) (1.000) (1.004) (1.034) (1.166)
Lo — 73 | —e3 | +27 +12.7 +32.7 -
: (1.008) (1.001) (1.001) (1.023) (1.144)
2.0 —11.3 — 6.3 — 13 + 8.7 +28.7
‘ (1.019) *¢1.006) (1.000), (1.012) (1.113)

3.0 “146 | Z 98 — 4.6 + 5.4 425.4
. (1.031) (1.014) (1.003) (1.004) (1.090)

5.0 —20.4 —15.4 © . —10.4 — 04" +19.6
: (1.059) (1.034) (1.016} (1.000) (1.055)

10.0 —32.6 —27.6 T —22.6 —12.6 + 74 -
‘ (1.143) (1.105) (1.073) (1.023) (1.008)

being small, v
.. lll
(9.32) Tu(dH) = — 3 V2 gl (1 . )

’ and, finally, according to (20),
v — %s
(9.33) ly — lg =5 [-—V-: T — ahgh ( 4H ]

Values i, — 4, as well as corresponding r,, are for L = 5000 cal/Mol and
a few combinations of ¢, 4H and = given in Tab. 103—105.
- In the four following sections four different methods are developed to
derive numerical values of 4H, 7, as well as H, and L.

9.5.1. Method of expanding in a series (M. E. S,)

Let us study the photometric curve of a comet, the observed magnitudes
being plotted against time:

H, = H,x).

Let us expand this function in a series at the time 7, and omit the terms -
of the fourth and higher orders. Then: -
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9.34) T Hy) = m.(r—ro)

where, accordmg to (10) and (13), the coe{ﬁcmnts are. i}

[A., = H+ pa(Vr—1) + [1 F a"-r,lu(l MV“)VJAH

B T ot T B 1y

(9.35) {A'=_r° %[_”a(l - ):F' 100 T00 4Ha"n "'(l - l.,)
1053/ S Lo |
A;=—;—(1i-ro" (1 ——_rlo)l [ (1 2 q)+1000 AHahro

U oh- V%;)‘“"-g(rg],- 3

f( )_—-14+10( ) +194 - 15( )

g( ) 406*620(‘1} 491‘1+1230(q) 525( )
To To/ : "o'

Now we will introduce the inertia effect 7 into (934), It v's remain the
moments of observation, the form of (9. 34) will. changa mt.o

(9.37) H,(t) = L‘A,[t - (1,, + )]

and

(9.36) -

i

. As we do not know the value of 7 — We know only that the order of this
magmtude is not higher than 10-* — we change the expression in the

brackets into v o
. | - ) [(:t——‘l’o)—‘;]. . . = y .'. .
and write oo - = .
' . ’ )
(9.38) Hyfr) = Z Bz — ), .
. where A R T : \ o
- B, = A, — AT+ A — AgT®, ” !
(9.39) . . Bl = Al —_— 2A‘t + 3A"" ’
' = A, — 34,7,
B, = Al i

PN

We must not forget that B, m*e taken at r, (and they result from the

6® » N

‘8'3 d



observational data), while A, are taken at 7, 4 7 (and they result from

{9.35)). Now (9.39) represents four equations for four unknown parameters,
H,y, L (or a), 4H and 7.

The computation of the parameters must be carried out by means of
successive approximations. First we may derive a from’ the quadratic

-equation: .
(9.40) Mut* + Npa + P =0,

‘where ) : !

o4y (ro,v—vr.,)( -1
+_2§f(r,) I_V )1_21q}. ‘

10 ry

. 1_1-"- oy oV

(941) { e ’9) {( rO[ - (E) |

T +l°(‘ Wg(rc)[l sh+m(-])
-5 5a

; 10 7, (ro)

P =%1-3{(3BIB, — BYr;® +—10= 1 —V%)’Bg [(I _

| BN
_L | ) (g( )) oL )]}

Let us point out that parameter B which is often used instead of L, is
- simply given through ua:

|

(9.42)

= 5m0d'ua'
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Table 105 -

The time of n%ax!m\lm bﬂgptneu '
¢g=2000A.U., L ,opoéaunol, r< 5.83A.U.

AT | t , ' : )
, 0¢ 5 A0t : 204 40¢
4H . . . ‘ , .
m ' d d d. . .. a. _ d.
-0.01 - 1.0 + 40 + 9.0 - +19.0 439.0
: (2.000) (2.001) (2.003); (2.014) " (2.055)
' o o — 4 +09 |+ 59 1 +16.9 1 4369
: 1 (2.001) (2.000) - {2.001) .~ (2.009) - (2.047)
05 112 — 8.2 - 12 4+ 88 | +288
: (2.006) - | (2.002) (2.000) - .| (2.003) - (2.031); !
1.0 —17.3 —12.3 - 173 = + &7 | #2227
: (2.011) (2.006) (2.002) (2.000) . (2.020)
’20 —26.7 —2L7 ¢ —16.7 — 6.7 +13.3
. (2.026) (2.018) (2.010) (2.002) [ (2.007)
3.0 —34.6 —29.6 —24.6 T —14.6 + 5.4
: (2.044) (2.033) _ | (2023 - (2.008) © (2.001)
5.0 —48.0 —430 —38.0 —28.0 - — 8.0
: (2.083) *(2.067) (2.052) (2.029) . (2.002)
10.0 —76.0 =710 —66.0 - . —b8.0 —36.0
: (2.200) (2:177) . (2.155). (2.112) 1 (2.047)

If we know g, we may compute the br,lghtness decrease per orbital period
from the relation: i

. u/‘ A
(1- V ) o |
« AH = a-"rifs. 108 L {81 B,r‘(l 'i) i %ua(l —
o N

16 r
(9.43) : g (ro)
_1)} .

T 107,

If we know a and 4H we can compute coefficient A, and then
. - A, — B,

9.44 T =2_"%
(9.44) 3B,

In the first approximation we put r, = ry(7) in (9.41) and (9 43),'i. e. we
assume 7 = 0. With @ and 4H derived in this way we establish a new 7,
from (9.44), determine ro(7, + 7,) according to (9.27) or (9.25), and compute
new values of a and 4H. They give a another value of 7, 7;, etc. The approx-
imations are finished when 7y, = 7;. Finally, the lmtlal absolute magm-
" tude is given by the formula: - s

H, = B, —% AH[I F a‘/s h-(l-——I/——) ]— ,ua(1/f°-—- 1) +A1-r——

. - Az‘fz + .Azta . »

Condition (9.23), of course, must be fulfilled. -

(9.45)



9.5.2. Method of symmetric positions (M. S. P.)

The method of expanding in a series requires a comparatively numerous
observational material in order that the values of coefficients B, should be
reliable, and accurate enough. Such a material is not, as a rule, available

cand’ therefore some other methods must be found to make it possible to
estabhsh the asymmetry parameters, AH and t.

‘Let us assume that we know the magnitude, H,(r), and the photometrlc
exponent n(r), at a certain heliocentric distance r both in the pre-perihelion
period and in the post-perihelion period. If index A belongs to the pre-
perihelion observations and B to those after the perlhehon passage, we

‘may write according to (9.19) and (9 27):

(9.46) 'u(r)' = ;{nﬁ [ua(l + AT + A7t — A7 — A7) — T(T AHale
Svr=vg)l,
@47) "= S lall = % A AP — AH) + 15 AHa'h
AV — vg)7,
(9.48) Hyalr) = Ho + l‘“\l/"( +1 T + 7,72 - 7T — 77Y) — pa +
_ + 5 2 H—§AHa/-(\/r_\/q)/.
(9.4‘9) H,p(r) = Hnl+ M\/r(llf‘ " +_n,t‘ +_17,t-" — 7t — ,u‘a +
. + o 4H + 5 AHGWF — V/q)h, .
_ where ‘ _
(9.50) ll:I(_l)‘H(‘;ﬂi)_ﬁﬂ." P14,
and
M =%""(" —q)h,
s ‘=—§r (3q — 2r)
5 { N = Sir S(r — q)'h(R1q — lOr)

2
T =gz " (231g" — 300r -+ 80r)

s = %r_lo(" — q)"(693¢* — 780gr + 176r%).
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In formulae (9.46) to (9.49) the concent.ratlon dmp term is not corrected
for inertia. If we did so the solution- would be much more complicated, .
but, on the other hand, the influence of the. correction would be quite
negligible, particularly in distances not too-élose to the perihelion dlstgu

“If we sum up (9.46) and (9.47), and (9.48) and (9. 495 as. well, and if we
further subtract (9.47) from (9.46), and (9.49) .from (9. 485 we obtain four
other equations, from which the equatlon of the fourth degree in 7 results
after the elimination of H,, 4H and a. It may be wntten m the form
appropnate for successive approxxmatlons ‘
\

(9.52) o o

g nt — 2, 1 —‘l/ ) 5 ’71’Is =49, (l —V ”;'
where_
: | _ 1 Hy,—Hsp ) -
(©83)  Cin, H) = o[ g . ,.,,)

If r is not close to ¢ the following valug may be ‘used as t,he first approx-

imation sultable for inserting into' (9.52): :
i

. - . -
(952) 7= cln B m [ - “om, (1 —V
The three other ma§mtudes are glven as follows
5 mod » n, 4+ ng .
= ~Ys - — =
(8:54) =2 ﬂ T o — - 3t + Bzt
\ N 2 5 1
= nB)] — @~y — ) "‘[2/10«/”(% — 04 — (H,y — H,p)),

(9.-56) Hy = pa[l — \/?(1 + 77:"’ - ’74"‘)] . AH +35 ( a4 + Hyp).

A quantitative treatment of real photomet.m curves 6f comets does not
directly give, as a rule, the photometric quantities H, andn precisely in
the same- distances prior to and after the pemhehon passage. But if the
difference between the two distances, r and r’, is small,’the reductlon of
the two photometric quantxtles may be carrled out according to the ior—
mulae as follows:

] . \
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| wir) = nie) |/,
H,(r') = H,(r) + 5 mod .-n(r)(l/;_: - 1), | |

i. e. we assume that the differential influence of the asymmetry magnitudes
between r and r is negligible.

In addition, the photometric exponent may be expressed through dH ,/dz,
or dH ,/dt according to the formulae:

3 r* | dH, )

(9.57)

(9.58). : nr) = F I0mod " /r—gq \ dr
or i

_- V2 (dH
(9.59) ) = F ey T (TA)

9.5.3. Method of four points (M. F. P.)

The advantage of the preceding method is the fact that we need not know
the behaviour of a comet in a close vicinity of its perihelion passage. On -
the other hand, the reliability of the results obtained by that method de-
pends in a'high degree on the precision in deriving the photometric ex-
ponents n, and ng. ,

If we are not able to reach high enough accuracy-in this direction, and
if we know the form of the photometric curve in a close neighbourhood of
the perihelion passage, namely the shift of the time of maximum brightness
with regard to the time of perihelion passage, and the comet’s brightness
in the perihelion, we may develop another method.

Let us, in addition, know the comet’s brightness at a certain heliocentric
distance, r, far enough from the perihelion distance, both prior to the per-
ihelion passage and after it. Then four initial points are at our disposal, i. e.
three magnitude data and the time shift, so that we can derive all the
required quantities of the photometric formula from the equations:

— 3 - AH \
= —— —l/l 'II —_
(9.60) Ty =7 — 5 vZai (10”) ,

. 2 .= 22 - 1
(9.61)  H,(q) = Ho + pagh (_l 9970 — o4 q-‘r*)— pa + 5 AH,

and from (9.48) and (9.49).
" Each of the initial four data must be, of course, derived from the ob-
servational material by means of the compensation computation.

After the elimination of H,, 4H and a we obtain the following equation
for z:
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7= (m— n?) () "4t w1~ |2 )"+
\ (9'62) 1 +e A)[l—}/—+(ﬂ-‘——9“l/ )";’(”“ Py
ey

where y . . '

HAA“'HAB -
H4A+HAB—2H( )

The solution must again be carried out by means of successive approx1mat—
ions. Then the heat of evaporatxon is :

HAA—HAB [-—- \/2 Hs | s 2
ol = | ®(m — 7737’) - 5( -3 — 7)o
(9.64) | 2uyr 3 )

Hs)-1
(VT
,. .

the magnitude deci‘ease

(9.65) AH = 10,,”/_ «/.;1-,(, _ rm)'

and finally, the initial absolute magnitude

(966)  Hy =5 (H,y + Hap — 4H) + pall — AL + nie* — 929

(9.63) CH,) =

i

All the symbols used here are the'same as earlier in this paper.
./

9.5.4. Generalized method of photorﬂefric exponent (G. M. P. E.}

In the two last mentioned methods we have assumed some photometric -
properties of a comet to be known in a distance rather far from the per-
ihelion distance both prior to the passage through the perihelion and after
it. Let us now assume that a comparatively numerdus observational mater-
ialis available either prior to or after the perihelion passage, and that the
either prior to or after the perihelion passage, and that the behaviour of
the comet in a close neighbourhood of the perihelion is also known. Then -
we have the four following equations at our di$posal' - ;

(967) H,(r) = Hy + pav/r[1 + 7 + a3 F mf‘*— m‘] — pa +
s + 5 AH[1LF a(yF — V],
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) A "':‘- n(r) = ‘/r ”a (1 + = poy 37’8.:2 F 4’74 pur + 5’%_‘4):}—_-
9.68) . { . m " " ,.
. Fio AHa"'(w/r—v va)il
and (9.60) and (9.61) again. This system of equatlons represents; nothing
but a’ generalized method of photometric exponent (for a gas model), the
original form and solution of which for a comet dust-gas model is included

in Chapter Two of Part One of this study (SExanmNa, 1962).
The asymmetry paramet,er T may be computed from the equation as

follows:
=[] [ e

B N N A S

_( ,+3”'c' gq ,V_ 1,+( +5’7‘c~ 243 i
. Vil
where ' | o
(9.70) ' ¢, HA)=’Ha(r).— H,(q)

5 mod . n(r)

- The ﬁeat of evaporation is
1 ) _ B 3 _
a = '\/— [H (r) - Hd(q)] . [1 :i: ‘)ht' + "h-rs '_‘F 17818 —_ ndt‘ .
X . 22 2 '/b ‘.
© —V (1 gt g 4); 5(v ) a7 —

N =T

The other asymmetry parameter results from (9.65) and the initial absolute
magnitude from (9.61). For all the three last mentioned methods condition
(9.23) is valid as well.

9.5.5. Applicability of the methods

The applicability of each of the developed methods is given by the
observational data available. The required regions of r are for each method
given in Fig. 55 by full line (v = 0 stands for the perihelion passage).

A list of the initial magnitudes required, which must be found from the
form of the observed photometric curve, is included in Tab. 106.
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- -Concerning the accuracy of oy et
‘the four methods, the first place: i ey :
belongs to the method of expa- -
nding in a series, provided that
" the coefficients are established
accurately enough. On the con-.
trary, the most inaccurate me-
thod is that of four points, be-
cause it is based on ne gystem-
atic trend of brightness. The two
" other methods lie, as to their
aceuracy, between the two just |
mentioned: The M. 87 P. charac- .~ } -
terizes best the regions of the °
photometric curve far from the -
perihelion passage, “while the

G. M. P. E. corresponds best teo

the real photometric eurve within

the region between g and r (ris
the distance where the magni-

tude and expenent are given).  Fig. 55. The regions of the photometric curve ne-
) ’ cessary -for applying -the; developetkmethods, re-

. spectively
Table 106 )
Initial magnitudes, for thé methods used-
Method ol o Initial magnitudes
N : \ ‘ - ‘ . r.
M.E.S. B, of series Hy = ZB(vr —7,), i=10,1,2,3 | ’ /
N 4 N o, .
M.S.P. na(r), na(r)y Hau(r), Has(r)
\ M.F.P. Tmr Ha(q), Hpa(r)y Hyg(r) | .
G.M.P.E. Ty Hy(q); na(r) and Hy,(r), or: ng(r) and H,y(r)

N

9.6. Perihelion asymmetry of eleven eomets Speetn, periods ol rotltlan, and dis-
persion dust layer

The methods have been applied to the photometric (‘.‘ur%s"of eleve#n,
comets: 1858 VI, 1862 III, 1913 II, 1921 II, 1930 III, 1932 -V, 1937 IV,
1937 V, 1941 1V, 1941 VIII, and 1956 IV T ey are representedm Figs. 56, .
57, 58. L ,
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Fig. 56. Photometric curves of the comets: 1858 VI,
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Fig. 57. Photometric curve of the comet 1915 II.

Table 107 contains & sy-
nopsis of the asymmetry
characteristics as well as
the physical characteristics
of the gaseous model (T, =
= 320 °K) for the eleven
comets as result from the
four methods wused. In
addition to the resulting
valuesof L, Hy, AHand AT,

-the initial magnitudes fol-

lowing directly from the
observational - data. are
included in the table, too.
These are as follows: the
time of perihelion passage,
ly; the position of observa-
tions relative to the peri-
helion passage, per: A
means prior to the perihe-

‘lion, B after the perihelion;

the number of obseryations,
N: if nis added, the figure
gives the number of normal
places; the range of helio-
centric distances, int r; the
mean heliocentric distance,
r; the time distance of the
mean of the period of
observations from the peri-
helion passage, ¢ — #,; the
coefficients of the expan-
sion of the photometric
curvein aseries, B;;the pho-
tometric exponent, n; the
magnitude of the comet
reduced to a unit geocen-
tric distance, H,; the time

pistance of the moment of maximum brightness from that of perihelion
dassage, i, — I,; the reference. (Table 107 is placed on page 128.)

A list of spectral characteristics of these comets is given in TFable 108.
Individual columns indicate: the heliocentric distance, the position relative
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to the perihelion passagé; the
brightest emission bands, the

_ continuous spectrum, and the

- reference. The emission bands
are characterized by the res-

« *pective vibration transitions
and are arranged in accord-
-ance with their felative inten- -
sities. At the most five bands
“are given. The contihuqus
spectrum is classified in an
analogous scale to that of
Hruska and Vanysek (1958):

' 'u-t
Flg 58. Photometric curves of the comets: 1937 1V,
1941 VIII, and 1956 IV.

cont 1 — (very)’strong continuum, *

cont 2 — well pronounced continuum (relatxvely strong),
- cont 3 — (relatively) weak continuum, ,

cont 4 — very weak continuum (traces), '

' cont 5 — no continuum at all.

N

For the two remaining comets; 1858 VI and 1862 III, not inclyded m(‘
Table 108, no spectral data have been available, because they had been
-observed before the spectroscopic research of comets began. Concerning
the comet 1862 III, a high polarization aegﬁ'ep was found, as is seen from /
‘Table 109, so that relatively strong continuyum should have been expected.
On the other hand, the Donati comet of 1858 showed a number of pheno-~
‘mena in all probability of gaseous nature (ORLov, 1945, VSEKHSVIATSKY,
1958), and dust may have been of hardly any photometric importance.

Table 109 -
! . Polarization observations
; : : )
. Polarization .
Comet r per. degree . Author
: . \\ : . -
- 1862 111 0.96—0.97 B _ high ‘ MURMANN, 1863
1941 IV " 0.84—0.97 24.0 4 2.0 % OHMAN, 1941
1 e .

According to their spectral appearance the investigated comets may be
divided. into three groups. The strong-continuum group comprises the:
comets: 1862 III, 1937 IV, 1941 IV, and 1941 V]II; the weak-conbmuumv
.group the comets: 1915 I, 1921 II 1932 V, and 1937 V; and the non-
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Table 110

Rotation periods of minor planets

Minor planet

Rotation period

-

Reference

321 Florentina
22 Kalliope
354 Eleonora
16 Psyche
9 Metis
39 Laetitia
rd

511 Davida

433 Eros

4 Vesta

15 Eunomia -

44 Nysa

7 Iris

3 Juno
6 Hebe
324 Bamberga
20 Massalia
1 Ceres
40 Harmonia

25 Phocaea

11 Parthenope
2 Pallas
61 Danaé

14 Irene
17 Thetis

8 Flora

d d
0.1196 4 0.0004

0.1728
0.1778 + 0.0007
0.17930 % 0.00007
0.21153 4 0.00001

0.21410 4 0.00007

0.2153 4 0.0007

0.2196
0.22261

]
0.2535 + 0.0001

0.26750 4 §.00007

0.2973 + 0.0001

0.30042 4- 0.00007
0.3031
0.33
0.3374
0.3783
0.38066 4 0.00003

0.4144

0.444
0.46
0.4771

0.4779
0.5115

0.567

VAN HOUTEN--GROENEVELD,
VAN HOUTEN, 1958

AHMAD, 1954, GEHRELS, OWINGS, 1962

GROENEVELD, KUIPER, 1954b

VAN HOUTEN —~GROENEVELD,

. VAN HOUTEN, 1958

GROENEVELD, KUIPER, 1954a, 1954b,
GEHRELS, OWINGS, 1962

KUIPER, HARRIS, AHMAD, 1953, GROENE-
VELD, KUIPER, 1954a, 1954b, VAN
HOUTEN—GROENEVELD, VAN HOUTEN,
1958, GEHRELS, OWINGS, 1962

KUIPER, HARRIS, AHMAD, 1953, GROENE-
VELD, KUIPER, 1954a, GEHRELS,
OWINGS, 1962

WATSON, 1937, HURUHATA, 1940, GROENE-
VELD, KUIPER, 1954b

SLIPHER et al., 1951, STEPHENSON, 1951,
'KUIPER, HARRIS, AHMAD, 1953, GROE-
NEVELD, KUIPER, 1954a, GEHRELS, PE-
TERS, 1963

KUIPER, HARRIS, AHMAD, 1953, GROENE-
VELD, KUIPER, 1954a, VAN HOUTEN—
GROENEVELD, VAN HOUTEN, 1958 -

GROENEVELD, KUIPER, 1954b, SHATZEL,
1954, GEHRELS, OWINGS, 1962

KUIPER, HARRIS, AHMAD, 1953, GROENE-
VELD, KUIPER, 1954a, VAN HOUTEN—
GROENEVELD, VAN HOUTEN, 1958,
GEHRELS, OWINGS, 1962

GROENEVELD, KUIPER, 1954b, KUIPER et
al., 1958, GEHRELS, OWINGS, 1962

AHMAD, 1954, GEHRELS, PETERS, 1963

GEHRELS, OWINGS, 1962

GEHRELS, 1956, GEHRELS, OWINGS, 1962

AHMAD, 1954, GROENEVELD, KUIPER,
1954b, GEHRELS, OWINGS, 1962

GROENEVELD, KUIPER, 1954a, 1954b,
GEHRELS, OWINGS, 1962

GROENEVELD, KUIPER, 1954a, VAN
HOUTEN-—-GROENEVELD, VAN HOUTEN,
1958 : ~

VAN HOUTEN—~GROENEVELD, VAN
HOUTEN, 1958, WOOD, KUIPER, 1962

GROENEVELD, KUIPER, 1954b, KUIPER et

_ al., 1958, WOOD, KUIPER, 1962

‘WOOD, KUIPER, 1962

GROENEVELD, KUIPER, 1954b

GROENEVELD, KUIPER, 1954a, VAN
HOUTEN—GROENEVELD, VAN HOUTEN,
1958

AHMAD, 1954, VAN HOUTEN —GROENE-
VELD, VAN HOUTEN, 1958




Table 110 (continued)

* Minor planet Rotation period . Reference
d d ‘ -t
30 Urania 0.5695 + 0.0001 KUIPER et al., 1958, GEHRELS, OWINGS,
’ 1962
18 Melpomene 0.5917 KUIPER et al., 1958, GEHRELS OWINGS
1962
532 Herculina 0.69 4 0.03 * | GROENEVELD, KUIPER, 1954b ~
5 Astraea 0.75 GEHRELS, OWlNGS 1962
10 Hygiea 0.75 4- 0.04 GROENEVELD KUIPER, 1954b, KUIPER et
al., 1958 S
" 60 Echo : 1.25 . GEHRELS OWINGS, 1962 > '

continuum group: 1858 VI (probable), 1930 III, and- 1956 IV. The last
of the three groups is rather non-homogeneous due to great differences in
the molecule concentration in surface layers. -

" The existence of a dispersion dust layer may be assumed only in the
comets of the two first groups, for which the coefficient of thermal con-
ductivity and the o-parameter of Section 9.4. can be derived. In order
to apply relations (9.16) and (9.18), the period of rotation and the thickness
of the dispersion dust layer in addition to 47T must bg¢ known, too.

The statistical value of the rotation period of comets may be established
by an analogy to the minor planets. The periods of rotation of 31 minor
planets have been determined from the form of their light curves mostly
by a group of American astronomers headed by G. P. KuipeEr. The results .
are included in Table 110, in which the individual columns give: the des-
ignation and name of the minor planet the period of rotation (in days),
and the reference.

The distribution of the periods of rotation is.given by the followmg data:

mode. . . . . . ... .. .. ...022day
median . . . .. .........034day
arithmetic mean. ... . . . . . . . . 040 day
géometric mean . . . . . . . . . . . 0.35 day
most probable statlstlcal value v . . 033 day

For an incompressible and homogeneous mass of fluid the following .

rotation pemod results from the cons1derat10ns of JEANs (1919)
. . 2 -

(9.72) ' P=s18760 -
o is the mass density, G the universal gravitational constant. This ex-
pression represents the lower limit for the rotation period of actual bodies.
These minimum periods of rotatfon related to various densities are included
in Table 111. Consequently, the ratio between, the minimum rotation
period of a comet of density gz, and that of{a minor planet of density g,

. 7 6320 , ' . ‘ 97



is -
P s
9.73 “bmin (_911)
( ) P plmin e
Assummg the same relation is valid for the most probable values of the
perlods we obtain :
' . . Yy
9.74) P,y = 033 (%v_l) - 0.7 day,
where we put g, = 3.5 g/cm?, gz = 0.8 g/cm?.
The thickness of the dispersion dust layer may be determmed through
its mass, M, from photometric data (SEkaNINa, 1962):

_ Table 111
Minimum periods of rotation
° P '
g/cm3 days
|
8 0.09
3.5 0.14
1.0 "0.26
0.1 0.82
0.05 1.16
3v2
(9.75) x=3V2 RN
' 4n 0s. R

where R, is the effective radius of the comet’s nucleus; it can be assumed
to be 1 kilometre on the average (SEkaNINA, 1962). Photometric data give
the mass of photometncally effective dust particles in the comet’s atmos-
phere at the given moment as equal to about- 10°% gm for the comets of
the strong-continuum group, and about 10*-* gm for those-of the weak-
continuum group on the average (Vanysex, 1958, SExanIiNa, 1962). As-
suming the supplies of dust in the dispersion surface layer to be two or
three orders higher than the. instantaneous amount of dust particles in
the atmosphere, we come to the values of 1012 or 10'* grammes for the
probable mass IM of the dlsperswn layer in the two cometary groups,
respectlvely

9.7. Results and eonclusions A!mm the study of perihelion asymmetry

(1) Altogether eleven comets with varions spectra have been studied in
the present paper with respect to the investigation of the perihelion-

98 ‘ -



asymmetry phenomena of The comet gas model: the conoentratnon drop
of molecules, 4H, and the thermal inertia of the evaporation px’ocess, a4T.
Four various methods have been developed for denvmg the two char-
acteristics. ’

(2) Concerning their spectral appearance the eleven comets have been
divided into three groups: the strong-contmuum group, the weak-cont-
inuum group, and the non-continuum group. So far no systematic dif-
ferences have been found among the average: values of AT and 4H of the
three groups of comets, as is seen from Table }12.

(3) By neglecting one of the two asymmetry phenomena the other is
underestimated. This fact is apparent from Table 113, where the resultmg

- AH of ours is compared with that obtained by Levin (1948), who neglected
the influence of the thermal inertia process. '

Table 112
Average values of the asymmetry characteristics
Group AT A4AH. ’
—_— - B ’
-d d m m
strong continuum 74433 1.25 4 0,24
weak cantinuum - . 36415 1.48 4 0.47
no continuum _ 10.9 4 5.9 2.20 + 1.22
Table 113

Comparison of the brightness drop .

4K
1916 11 4 19371V

: m . m
present paper 2.08 1.37
LEVIN (1948) 1.8, - 1.2

(4) The brightness drop, 4H, is mmultaneously the physlcal expressxon
for the concentration drop of molecules in the surface layers of the cometary
nucleus. The other asymmetry characteristic, AT is a product of the
‘‘heat-utilization‘* factor, o (qualitatively mQxcahng what. part of the
incident solar radiation issspent on the evaporation of molecules, and what
part on heating the blocks af the nucleus), and of the thermal conductivity
coefficient, K. The two thermal characteristics as expressed through the
known quantities are given by the formulae: .

\
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' L ’ — ppl @nl)ll’
(9.76) | o=11572 (9_5 ,

and

, _ s M
(9.77) L o K =23 x10 SW,
‘where I is expressed in gm, R in km, g, and gz in gm/cm?, ¢ in cal/gm .
. grad, and P, and 4T in days; K results in cal/cm . sec . grad.

The “‘heat-utilization‘* factor results as 0.11 + 0.06 and 0.22 + 0.11
for the strong-continuum and weak-continuum groups, respectively. Ev-
idently, the accuracy of the numerical values is too low to conclude any-
thing on systematic differences in the factor. However, the incident solar
heat spent for the evaporation of molecules seems to be in any case greater
than that spent on heating the nucleus. '

The thermal conductivity coefficients as result for both groups of comets
from (9.77) are included in Table 114, which makes a comparison with
some other values possible. The data of mine are, as seen, quite consistent
with those of other authors, derived in other ways.

"Table 114
Thermal conductivity coefficient
K .
cal/cm . s . grad Note
Earth’s crust 4 x 103
lunar surface layer 8 x 108
1 HgO 5.7 x 10-3
) . ~10-8 WHIPPLE (1950)
nucleus surface layer { <104 DOBROVOLSKY (1956)
7 X 10-7 — 7 x 10~5 | present paper
(weak continuum — strong conti-
. nuum)
¢ = 0.2 cal/g.grad, gg = 0.8 g/cm? l

It is hard to say if systematic differences between the two groups of

comets exist in the period of rotation, or the size of the ,,heat-utilization*¢
factor, or the thermal conductivity coefficient, or if they exist at all. This
question must be solved in future.
() A typical value for the thickness of the dispersion dust layer may be,
according to (9.15), estimated at not more than a few tens of milimetres.
On the other hand, if the dispersion layer is absent and the blocks of the
cometary nucleus are directly exposed to the effects of the solar radiation,
the latter may penetrate mostly to the depths 6f

{9.78) . o X < 4(nK,P)"h,
or about 5 metres, as results from the upper limit of the Laplace integral
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of (9.13), if the thermal conductivity coefficient is assumed to be equal
to that of the Earth’s crust, and the maximum period of rotatién is put

equal to twice the maximum rotation period of the minor: planets hsted
in Table 110.

CHAPTER TEN

GENERAL RESULTS AND CONCLUSIONS
(Part two)

The most important results of the investigated problems and general
conclusions following from the analysis are here summarvzed The main
items are as follows:

(1) In dependence on the phase of the eleven-year solar cycle, the forms
of curves of eleven cometary characteristics of 563 cometg are investigated.
These curves are constructed separatély for odd and even cycles as well
as for the average solar cycle. By comparison of these curves, the assertion
is arrived at that they constitute, in principle, two classes. The quantities
of the first class reveal during the solar cycle a double wave, while the
quantities of the second class a prominent single Wave with a suggestion
of a second shallow maximum or inflexion only. Two quantities are ex-
¢ceptions to these rules, so that on the basis of their behaviour during the
cycle they cannot be classified in either class. One of them is the Dobro-
volsky seasonal index.

(2) A study of long-term changes of cometary characteristics of the 563
comets in the odd and even cycles showed that from the view-point of the
correlation of their changes with those of the sunspot numbers, and of the
frequency distribution of the differences of the characteristics in'both cycle-
-types, these characteristics are again divided into two classes which, in
principle, are identical with the first and second classes introduced above. -
‘Special attention is reserved for the apparent brightness of comets at the
time of discovery.

(3) The effect of the eighty-year period of solar activity is studied in
two sets, namely, in comets brighter than 5%, and in comets with tails
visible with the naked eye. From the curves of both sets there also results
an eighty-year period of the variations in night-cloudiness, the indicators
of which are both sets of comets; the minima, however, of the investigated
curves lag behind the maxima of the solar period for about eleven years.

(4) The physical interpretation is discussed of the form of the curve of
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the averag'e'absolute brightness of comets during the eleven-year solar
cycle. This curve represents the set of the cometary characteristics of the
second class. The basic relations aﬁectmg the resulting form of the curve
are described, the general equation giving the energy balance of the mole-
cular cometél‘y‘radiation is proved, and the discussion of a series of special
- cases is given. The form of the curve of the absolute brightness of comets
during a solar cycle shows that the most effectual ‘agent affecting the
change of the brightness of comets is the change of an average life-time
_of radiating molecules in a cometary atmosphere; under certain assumpt-
ions it is possible to derive the variation of ,,monochromatlc“ solar con-
stant of exciting radiation.

(5) As for the Encke comet, periodic variations both in the brightness
and in the coma diameter were analyzed in dependece on the solar activity.
After the elimination of secular changes the conclusion is arrived at that
the more conspicuous course within the solar cycle is indicated by the
absolute brightness, which resembles the cometary characteristics of the
second ¢lass. Analogous behaviour is shown by the coma diameter variat-
ions as well, but the correlation is comparatlvely vague.

(6) The apphcatlon of the Beyer method of the departures of observed-
brightness estimates from the smothed-out photometric curve leads to
the conclusion that the character of the brightness dispersion of the Encke
comet is again identical with that of the cometary characteristics of Class
Two. Another result follows from the analysis of two different sets of
comets, observational data of which were secured by BEYER and BoBRov-
NIKOFF, respectively. Either of the two materials, however, cannot be con-
sidered the representative set. It is likely that, owing to some disadvantages
of the Beyer method, discussed in the study, observational conditions may
interfere with the physical relation.

(7) Short-term variations in the colour index of the head and tail of the
Arend —Roland comet are studied from the period between April 27,
1957 and May 25, 1957. Photoelectric measurements of the brightness in
three different spectral regions are used with the effective wave-lengths

-as follows: B — 4420 A, P — 4800 A, V — 5510 A. Observational data
yield a linear relation between any two indices of (B — P), (P — V) and
(B — V). The parameters of these straight lines vary from day to day.
Numerical values of these parameters are derived, and the interpretation
of the ascertained relation is given on the basis of the comet dust-gas model.
A probability of the correlation between the slope of the straight lines and
the initial velocity of particles expelled into the cometary- tall region is -
stressed.

(8) A characteristic feature of observed light curves of comets is the
fact that the time of maximum brightness (reduced to a unit geocentric
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~ distance) differs from the ‘time of perxhehon passage. Fhe dlﬁerence is the

result of the 1rregular1t1es in the comet’s brightness in the. vxclmf,y of the
perihelion passage, first of all, of two phenomena of systematlo character:
the concentration drop of molecules in the surface layers of the comet’s
nucleus, and the thermal inertia of the nucleus blocks during the evaporat-
ion process. They are characterized by the brightness decrease per orbital
period, 4H, and the inertia time retardation, 4T, respectively. The phy-
sical meaning of the two curve-asymmetry characteristics is discussed,.

“and the connection of AT. with the period-of nucleus rotation and the -

thermal conductivity coefficient is derived. Four methods have been de-
veloped how to compute the two asymmetry characteristics from the form
of the photometric curve of a comet, gas model. Elevén comets have been
investigated, being divided into three groups: .according. to the’ intensity

‘ratio between the continuous and emission-band components of the spec-

trum. On the basis of statistical values of the rotation period of a comet
(determined as compared with minor planets), and thg thickness of the
dlspersmn dust layer (computed from photometric data) in addition to
AT, the thermal conductivity coefficient, K, and the ‘‘heat-utilization‘*
factor, o (indicating what part of the incident solar radiation i is spent on

* heating the nucleus and what part on the évaporation of ice), are derived.

The resulting values of K are consistent with those obtained by WHIPPLEI
(1950) and DosrovoLsky (1956) in other ways

CHAPTER ELEVEN

A CATALOGUE OF PHYSICAL CHARACTleS’i‘DCS OF COMETS
FROM THE YEARS 1610— 1954 L .

~

11.1. Comments on the Catalogue . ‘ : ‘ I

For purposes of the statistical investigation of the solar-cometary
relationships I have collected all the physically important data available,
concerning the comets from the years 1610.8 to 1954.4, i. e. observed
during 31 eleven-year cycles of solar activity, included in-t'.he, Vsekhsviat-

“sky Summary Catalogue of the' Absolute Magnitudes of Comets (S. C. A.

M. C.) and discovered regardless of the ephemeris. The .data are taken
mostly from the monography of Vsexusviatsky (1958). With respect to
the purpose of the present catalogue it is drawn up accordmg to the in-

‘tervals corresponding to the respective solar cycles:
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For each of the 31 eleven-year solar cycles the Catalogue gives:

(1) The extent of the cycle, i. e. the epoch of its beginning and end,
with the accuracy to tenths of a tropical year (WaLpbMEIER, 1955).

(2) The length of cycle, Po, with the accuracy to tenths of a tropical
year (WALDMEIER, ibid.).

(3) The number of comets, NN, registered in The Summary Catalogue
of the Absolute Magnitudes of Comets (VsExkHsviaTsky, 1958) within the
cycle.

(4) The sum of the weights, w, of absolute-brightness estimates of the
comets observed during the cycle, in the VsEkHsviATskY scale: 1 — very
inaccurate estimate, error 1™ or more; 2 — accuracy about 0™.5; 3 — relat-
ively accurate, error 0™.1 to 0™.2. /

For each of the 563 comets, comprised in the Catalogue and grouped ac-
cording to the succession of the cycles of solar activity, the data are given
as follows:

(1) The serial number of the comet in the S. C. A. M. C.

(2) The definitive designation of the ecomet.

(3) The perihelion distance of the comet with the accuracy to thous-
andths of an astronomical unit. '

(4) The orbital period in tropical years for periodic comets, or the
numerical eccentricity for non-period comets.

(5) The phase-shift of perihelion passage time of the comet relative to
the beginning of the respective cycle defined by relation (8.1) with the
accuracy to thousandths of a cycle.

(6) The time of perihelion passage of the comet with the accuracy to
hundredths of a tropical year.

(7) The difference ‘‘time of comet dlscovery minus time of perihelion
passage‘ in’ troplcal years with the accuracy to hundredths of a tropical
year.

e‘(8) The difference ‘‘time of centre of the observation period minus
time of perihelion passage‘‘ in tropical years with the accuracy to hundreths
of a tropical year. ‘

(9) The total apparent magmtude of the comet at the time of dlscovery
with the accuracy to tenths of a magnitude at the utmost. The values in
parentheses are very uncertain. .

(10) The function of the visual importance of cometary tails in the
Vsekhsviatsky scale: 0 — a comet without tail, 1 — the tail visible with
a telescope, 2 — the tail visible with naked eye.

-(11) The heliocentrical distance of the comet at the time of discovery
in astronomical units with the accuracy to hundredths of an astronomical
unit.

(12) The geocentrical distance of the comet at the time of discovery in

-~
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astronomical units with the accuracy to hundredths of an astronomical
unit.

(13) The total absplute magnitude of the comet according to the S. C.
A. M. C. with the accuracy to tenths of a. magnitude.

(14) The weight of the comet absolute-brightness estimate in .the
’Vsekhsvmtsky scale.

(15) The maximum apparent coma diameter in minutes of arc if no sign
is added, or in seconds of arc if a colon follows- The values in parentheses
are very uncertain. \

'(16) The maximum linear coma diameter in equatorial radii of the
Earth; to express it in lsilometres the value must be multiplied by a factor
of 6378, in minutes of arc per astronomical unit by a factor of 0.147, and
in astronomical units by a factor of 0.000 043. The values in parentheses
are very uncertain.

(17) The maximum apparent length of the cometary tail in degrees if
no sign is'added, or in minutes of arc if a colon follows. The values in pa-
rentheses are very uncertain. ~

(18) The maximum linearlength of the cometary tgil in astronomical units.
The values in parentheses are very uncertain.
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Appendix

The two parts of “Some Problems of Cometary Physics Investigated’
on the Basis of Photometric Data‘‘’ are a version of the author’s thesis
to obtain the scientific degree of ‘‘Kandidat fyzikalné matematickych
véd* (Candidate of Sciences in Physics and Mathematics, CSc.). The ori-'
ginal version of the thesis, which has been defended in November, 1963,
and the heading of which is ““An Analysis of Some Problems of Come-
tary Physics Based on Photometric Data‘‘, will not be published. It dif-
fers mostly only in details from this version in a few chapters. The only
essential difference consists in.including two more sections to the chap-
ter dealing with the brightness variations connected with the comet’s
interior structure in the original version. The sections analyze the secular
variations in the absolute brightness of short-period comets on the basis
of the conception of desorption of gases from the solid nucleus. The
study is published separately in the Bulletin of the Astronomical Insti-
tutes of Czechoslovakia Vol. 15 (1964), 1.
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Method of expanding in o series

Table 10/

The asymmetry and photometric characterlstios of eleven comets

. ' i '
Comet h E N| iotr rop=h B, } B B, By ’ LN, l Al Ar Re. |
! ! ‘
l | } |
(W AT, AL dim m gl ' m | m | 4 !
| !
1941 VIII | 1941 Sept, 3.20 B (22| 0.93-1.94 | 1.196 | +45.7. 7.604+0.02 !+l.928-j—_0.055 +0.07440.072 -0.322-}_0.106! 370 | 648 ) 062 | 19 ) BEYER, 1642 i
| |
'1956 IV} 1956 June 19.18 A[35| 119194 | 1484 | -60.3) 7.36+0.03 | —2.289--0.052 | +0.201+0.083 | +0.585+0.075 | 6930 | 4.64 i 0.81 | 192 | BEYKR, 1954
i ' ' i
Methud of symmetric positions
Comel h N, (fiNgir)| intr, int p, Pl nr) ) nlr) Hyslr: L | H, |40 Ar Rel.
LT | ’ AL AL 1AL d m m m m jeafMoll m | m; d
18R V1 | 1858 Sepl. 3046 | 4n | bn ; 0.61-081 | 0.58—0.85 | 0.688] = 16.5 | 3.8040.17 | 1.9140.02 | 4544012 | 24940.02 | 6510 | 3.6110.97) 0.1| BOBROVNIKOFF, 1942
1915 11 | 1915 July 17.66 5n | 6n | LIB~-246 i 1.43-2.60 | 2061 F1138 § 2404022 | 7244006 | 2.984.0.36 | B.52-0.08 | 2400 | 5.08| 2.08) 6.9 BOBROYNIKOFY, 1042
10371V | 1937 June 20.08 | 70 | Bn | L74-212 | 1.74-2.02 | 1.881| F 56.6 | 2.534£0.31 | 8254008 | 3414021 | 8784001 | 2800 [ 6.06| 1.37 89| BOBROVNIKOLF, (942
1956 IV | 1956 June 19,18 | 19 | 13 | 1.30~187 | 141-187 |1.86b| F 68.3 | 541+0.4] |6.850.04 | 5.8540.15 | 7.704£0.02 | 6110 (4,10 1.15) 2.3 | BEYER, 1950
Method of four points
Comet h LN | Nl [ NQ) L | Hyn Hylr) Hylo) la—h L By |4l AT Rel.
i
1 | ]
UT AU dlm m{man|[m m d djcalMdim m d
1862 111 | 1862 Aug. 2341 o hnoyo6n| Gn 1013 FI8L | 54840.08 | 591+0.05 | 4804001 | ~28405 | 18930 | 532 | 053 | 0.0 | BOBROVNIKORF, 1942
1921 11| 193] May 1042 W [ In | 4n | 8n [LOBO; FRR6 | 7051004 | 7731005 | 6991005 | ~47£40 | T670 | 623 | 140 | 26 | BOBROVNIKOFF, 1942
1932 ¥ 1932 Sept. 1.85 Sn | 30 | dn . l10n | LOBG! T8 | BISEO0L| 8.73+0.01 | 7601002 | ~1.0£03 | 21550 | 575 | 224 | 50 | BOBROVNIKOFF, 1942
1937 ¥ 1937 Aug. 15.86 5n | 3n | Gn ! 3n 09387 TR0 | 6174002 | 6284000 6.13i0.02} -68402 | (450)| 6.06 | 0.13 | 0 | BOBROVNIKOFF, 1942!
1 | ! i i
1941 VIID | 1941 Sept, 3.2 9 B |7 |8 1.233; T49 ' 7624002 | 7.704£001 | 6,63-40.02 —2.li2.0| 3340 1 6.61 0.75: 42 ' BEYER, 1042
|
Generalized method of photometric exponent
Comet b i Nir) [ Nig) | N{ty) | intr Pt nin Hylr) Hylg) =4 | L ‘ B, | 40 | 4T Rel.
U.T. Al AL d m m | m m d d fcalMoll m | m d
1862 111 | 1862 Aug. 2341 |B| Bn | bn | 5n | 0.96-1.02 | 1013 |+18.1f 14664126 | 59140.05 | 4804001 | -28405 ;18100{ 453 | 1.68 | 2.2 | BOBROVNIKOFF, 1942
1930 T | 1930 Merch 28,79 |B| lln | 20 | 3n | 050~119 | 0.780) 4261 4931004, 7.294001 | 5.3740.02 | +5.7£0.2 | 6630 5.84 | 464 | 123 | BOBROVNIKOFF, 1942
1411V | 1941 Jen. 2785 [B| 7n ) On | 6n | 0.83-125 | 0.080|+314) 3204011 5874002 | 5.2840.00 | +8.0+043 5210{5.07 1.84 | 167 | BEYER, 1942
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NEKTERE PROBLEMY FYZIKY KOMET RESENE
NA PODKLADE FOTOMETRICKYCH UDAJU

CA'ST DRUHA

Z. SEKANINA
! Souhrn

Tato prace je pokratovanim analyzy fady otazek kometarni fyziky, jejiZ prvni &ast byla publi-
kovana v tomto ¢asopise v minulém roce (Sekanina, 1962). Nyni vénuje autor nejvice mista vlivi
zmén sluneéni ¢innosti na zmény v jasu komet. Tato otdzka je zkoumana jednak na obsahlém
materidlu 563 komet, jednak na pozorovanich komety Encke v jejich 44 navratech k Slunci
& jednak na fluktuacich pozorovanych jasnosti dvou soubori komet (Béyerova metoda). Dale
jsou v praci zkoumany kratkodobé fluktuace v barevném indexu hlavy a chvostu komety Arend —

Rolandovy a velmi éasty jev — asymetrie svételné kfivky komet (po redukci na jednotkovou
geocentrickou vzdalenost) vuéi perihelu.

Pokud to nevede k pfili§ sloZzitym a na pozorovaci material t&zko aphkovntelnym vzorcﬁm, jsou
tyto problémy Feleny na podkladé pracho-plynového modelu komety. Jinak je poutito zjedno-
dusenf ve formé& plynového modelu, z jehoZ platnosti oviem mame pravo usuzovat i na aplika-
bilitu modelu pracho-plynového. Posledni kapitola obsahuje katalog fyzikalnich charakteristik

563 komet z let 1610— 1954, jez byly objeveny nezavisle na efemeridé. Muze slouZit jako material
pro fadu statistickych uvah.

HEKOTOPHIE NPOBJIEMbl KOMETHOM ®WU3WKH PACCMATPHBAEMBIE -
HA OCHOBAHUM ®OTOMETPHUUECKUX HJAHHBIX

Yacrtb BTOpas

3. Cexanuna

Pesome
. / - ’

Hacrosmas paGoTta sBAfeTCA NPOAONMKEHHeM aHAJIH3a PANa BOMPOCOB KOMETHON (DH3HKH,
nepsas 4acTh KOTOPOro GHJia omyGJHKOBAaHA B STOM XypHaJe Ha npouuioM roay (Cexanmsa,
1962). 3nech HanGojiee MecTa NOCBAIEHO BJIHAHHIO HSMEHEHHN COJIHEWHON AKTHBHOCTH Ha
HsMeHeHHsl 6Jecka KoMeT. DTOT BONPOC HCCJAEAYeTCS OTYACTH HA MHOrOYHCJIEHHOM CTaTHCTH-
9eckoM MaTtepHaJie 563 koMeT, 0TIaCTH Ha HaGJOAeHHAX KOMEeTH JHKe B 44 ee BO3BpaIeHHAX

'k CosHUy, H OTYacTH Ha QJUIOKTyauusx HaGJaofRaeMBX fIpKOcTel AByX KOJUIEKUHA KoMer
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(mMeron Beitepa). lajee B pa6oTe HCCIEZOBAHH KOPOTKOBPEMEHHHE H3MEHEHHsI IIOKa3aTens
1BeTa B roJioBe M XBocTe KoMeTH Apenna-Posana, H oueHb gactoe siBJeHHe — acCHMMETPHS
KpHBO#i GJiecka KoMeT (anBGJLEHHOI‘O K €QHHHIe TeOlleHTPHYECKOro pPacCTOSIHHSI) MO OTHO--
LIEHHIO K NEePHIeJHIO. ’

Iloka He MPHXOAHMTCA K OUEHb CJOXHHIM, K Ha6Ji0RaTeNIbHOMY MaTepHaly NJIOXO NPHMEHH-
TeJIbHHM (GOopMyJiaM, 3TH Npo6JeMH PelIaloTcss Ha OCHOBAHHH NbIJIe-Ta30BOA MOJENH KOMETH.
B nporuBHOM cayuae HCnoJb3yercs ynpollleHHe B BHAe ra3oBofi MOJENH, NO AeACTBHIO KO-
TOpOfi MH HMeeM NpPaBO CyJAHTb RaXe Ha NPHMEHHMOCTb mbijie-ra3oBoii MoaenH. Ilocaeausas
rJ1aBa COAEPXKHT KAaTajNor (PH3MYECKHX XapaKTePHCTHK 563 xomer neproma 1610—1954, xoro-
pHe ObIJIH OTKPHTH HE3aBHCHMO OT 3¢eMepHAH. KaTa.nor MOXeT CJAYXHTb MaTepHaJioM s
psifia CTaTHCTHYECKHX HCCJIeHXOBaHHA.
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