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ABSTRACT

Photographic observations of the antitail of Comet Kohoutek (1973f),
obtained by F. D. Miller, University of Michigan, at the Cerro Tololo
Interamerican Observatory, are photometrically studied and the results
compared with the working model of the antitail, formulated by the writer.
The applied technique of photometric reduction is described and the radial
and transverse profiles of the antitail, corrected for the effects of the
variable intensity of the sky background, are derived. The most important
result reached so far is a quantitative confirmation of the previously
suggested hypothesis, arguing that dust particles in the antitail suffered
a significant loss in radius due to evaporation near the perihelion passage.
We find that only particles initially larger than 0.1 to 0.15 mm in diameter
(at an assumed density 1 g cm-3) survived. Numerically, however, this
result is still tentative, because the dynamical effect exerted by particle
evaporatiou remains to be accounted for.

Other activities undertaken in the reported period are also mentioned,

and the plans for the next semiannual period are briefly listed.

iii
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PART A. COMPARISON OF THE WORKING MODEL FOR THE ANTITAIL OF COMET KOHOUTEK
(1973f) WITH GROUND-BASED PHOTOGRAPHIC OBSERVATIONS

I. Introduction

A working model has recently been formulated for the antitail of
Comet Kohoutek (Sekanina 1974, referred to hereafter as Paper I; see also
Semiannual Report No. 5). The model is based on the Finson-Probstein (1968)
theory of dust comets and fits reasonably well the semiquantitative descriptions
of the antitail by a number of observers. Yet some fundamental tests of the
working model of the antitail, such as radial brightness variations, transverse
profiles and time variations in the surface brightness, were missing in Paper I
because quantitative photometry was unavailable at the time of the paper's
completion. Some of these tests are included in the present report.

The photographic material studied here consists of the plates secured
at the Cerro Tololo Interamerican Observatory, near La Serena, Chile, under

the st ‘ervision of F. D. Miller.

A total of 12 plates were taken at Cerro Tololo with the University of
Michigan Curtis-Schmidt telescope (61/91 cm, £/3.5, 966 per millimeter)
between January 16 and February 15, 1974. Five plates, taken on January 23,
24, 26 and on February 12 and 15, are 098-02 panchromatic emulsions combined
with an RG1 filter to provide the maximum sensitivity near 66002. The other

seven plates, taken on January 16, 17, 20, 21, 23, 25 and 27, are standard
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103a0 emulsions without any filter. All the plates were calibrated with
the use of 14 photometric spots from the Weston tube sensitometer.

The red-sensitive plates have been of primary interest, both because
of their spanning a longer interval of time and because of their better
showing the antitail. The guiding of the January 24 plate was somewhat
imperfect, so that only the remaining four plates - two in January and two
in February - have been photometrically studied. The four observations are
listed in Table I.

Of much concern is of course the very low altitude of the comet. At
the end of the exposure, the comet was only slightly over 10° above the
horizon on plates 15520, 15687 and 15703, and about 6°5 above the horizon
on 15554! Only thanks to the excellent sky at Cerro Tololo the plates are
still photometrically valuable. Yet the very low altitude of the comet is
a source of two potential complications for the photometry of the plates,
namely the effects of differential refraction and strongly variable sky
brightness.

The effect of differential refraction has been quantitatively analyzed
following the procedure described in Appendix A. Numerically, refraction has
been found to affect the angular distance from the nucleus on the four plates
by less than 1%, and the positional angle by not more than 071 at the angular
distance of 1° from the nucleus and not more than 092 at 2°.

The effect of variable sky brightness proved considerably more severe.
It so happened that the brightest section of the antitail directed almost
exactly toward the horizon on all the plates, so that the maximum brightness

gradient of the sky projected unforeshortened along the antitail. In addition,
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all exposures began still during th: astronomical twilight (with the

sun's depression between 15° and 17°), and almost the whole 15520 exposure
was taken during the twilight (the sun's depression at midexposure 17°).
To demonstrate the extent of interference, we mention that the relative
gradient of the sky brightness on plates 15520 and 15554 reached a record
rate of 7 per cent per degree of altitude, while at the same time the
intrinsic surface brightness of the antitail amounted to only some 4 - 6%
of the sky brightness at 15 arcmin from the nucleus and about 1 - 2% at 25

arcmin.

III. Photographic photometry of the Cerro Tololo plates. The technique

The technique of reduction of the Cerro Tololo plates has essentially
been dictated by the troublesome observing conditions. Because of the
complicated character of the sky-brightness variations near the horizom, it
has been virtually impossible to use the standard two-dimensional scans to
map the background "noise' over the area occupied by the antitail (see Fig. 1).
Preferable - because considerably more revealing - are one-dimensional radial
tracings, passing through the comet’s nucleus and effectively covering the
whole antitail. Each radial scan is defined by the positional angle, and the
"noise" variations in the respective section of the antitail can reasonably be
interpolated from the known background outside the antitail (see Fig. 2).
Nearby stare of known positions have been used to fix the positional angles.
The position of the comet on the plates was measured relative to the nearby
stars and reduced routinely with the use of the method of dependences. The

result has also been checked by computing the expected position of the comet
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Figure 1. A two-dimensional scan of Plate 15687. Scanning aperture 9.7
by 9.7 arcsec. The antitail points to the bottom, the regular
dust tail to the top of the scan. The pumbers indicate the
relative surface brightness, uncorrected for the sky background.
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RELATIVE SURFACE BRIGHTNESS

409-063

120+

PLATE 15687
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Figure 2. Three radial scans of Plate 15687. Scanning aperture 5.8 by 5.8
arcsec. Note the variable sky brightness (dashed curves).
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from Marsden's (1974) definitive orbit. The measured and computed positions
agree within 2 arcsec on plate 15520, 7 arcsec on 15554, 8 arcsec on 15687
and 13 arcsec on 15703. These residuals can entirely be accounted for by

the uncertainty in the location on the plates of the nucleus in the strongly
overexposed coma of almost 2 arcmin in diameter. The extended image of the
comet's head is responsible for an uncertainty in the distance scale of the
scans, amounting to several per cent at 10 arcmin from the nucleus and dropping
down to somewhat more than 1 per cent at 30 arcmin. Together with the images
of the orientation-fixing stars, which appear as trails a few arcmin in
length on the four plates, the comet's image is also responsible for an error
in the positional angle of the scans, which is estimated at not more than
about *0?5. Recalling the effects introduced by differential refraction
(Section II), we may conclude that they are much smaller than the operating
errors and can therefore be safely neglected.

A practically important parameter of any photometric procedure is the
size of the scanning diaphragm. Its choice is governed by a balanced compromise
between the requirement of a sufficiently high resolution power on the one
hand and that of a smooth hackground image reasonably free from the effects
of emulsion granulation on the other. After some experimenting, the diaphragm
used in the radial scans was fixed at 60 by 60 microns, i.e., 5.8 by 5.8 arcsec.

The photoelectrically calibrated spots have been measured with a

Macbeth densitometer. The obtained characteristic curves are plotted in

Fig. 3.

(24
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Figure 3. The characteristic curves for the four Cerro Tololo plates.
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IV. Photographic photometry of the Cerro Tololo plates. The results

The photometric procedure described in Section II1 has been applied to
the four Cerro Tololo plates and the results are listed in TclLles II to V.
The smoothed brightness data are missing for areas of the antitail where its
photographic-density curve is very poorly determined, either because of the
excessive faintness of the antitail or due to a strong in* rference with a
star's trail.

The data of Tables II to V have been first cowmpared with the radial

profiles of the working model (Fig. 4D of Paper I). All four plates

" consistently show the effect displayed in Fig. 4 for one of the scans of

Table II: the observed radial gradient progressively increases with distance
from the nucleus., The surface brightness varies approximately in inverse
proporticn to the distance from the nucleus at angular distances less than
about 10', and approaches the model's inverse 2.8 power law at about a half
of a degree from the nucleus. The quantitative dependence of the radial
gradient on the angular distance varies somewhat with the positional angle
and to some extent also changes from plate to plate. Since the adopted
assumption of negligibly small emission velscities implies a close correlation
between the radial variation of the brightness in the antitail and the
population index s of the particle mass distribution m™% dm, the observed
character of the radial gradient suggests a strongly variable s in the
particle-size range under consideration, a case that has not been discussed
in Paper I.

Although the variability of the radial gradient makes further comparison

of the working model with our photometric results rather difficult, we have



o e e i e o

10

5 oo pas

-

) 8°0 0°1 6°0 T°1 (A" €1 7°1 ) 96°%C
6°0 271 6°1 9°1 6°1 z°¢C [ (A A4 £€1°0¢
8°'T 8°C 9°¢t 1"t g°t L€ 0% Lt 9°t ot cl
L't 7°S £°9 €°6 S 9 9°9 c°L €9 9°g LZ°TT
¢°9 1°6 1°0T L6 1T ¢°0T O°IT T°'0T ¢<°8 s0°8
8°0T 8°tT 7°%T 6791 T1°91 L°ST %91 ¢°6T  6°C1 %9°¢
€°9T ¢€£°6T L°61 T1°0C %°¢C 9°¢c 9°tc 8°0C 681 €0y
8o8TE T T0E Tot6C ToB8BL Lo6LT GoGLT To 69T %o€9T 856S¢C (urwo xe)

SNaToNu woxy

a18ue TeuOTiTsod ur ssaulydriq adejaANng 223uelsIp aeyuduy

s3TUn G°€OT = SnaOonu 3ayj 1e ssaulylraq £
Z%°0 L3ysuap orydealBojoud = sjyun QI jJo ssauay3raq aoeIANg

0ZSST @3e1d uo TrelTIUE QY3 jo ssauly3faq Idejang *II 9Tqel

[ g




ot o PN, T ¢

Lo e

Lo IR RTINS AT AR 1 agp v

L ¢

(487

S°01

$°81

€°6¢

8oY1¢E

* ‘ 6°0 Z°1 L1 9°0

) ‘ 9°1 1°C 8°¢ 71
L1 1°C L°C 9°¢ Ly 0°¢
7°¢ (A ] o'y 6°9 L8 ¢'9
9°9 £'8 £°8 VAR ST 9°tT
S°11 S LT C°tT L2t 9°%Z L°12
1°02 1°12 . . . .
%1z 0°62Z . . . .
8,80¢ 8o20¢ 85967 £,68¢C €09LC 9,992

a18ue TeuoF3ITsod uy ssaulylyiq adejINg

s3TUn $°QQT = SNATONu 3yl 3Ie ssaulydriq LS
09°0 L3ysuap orydeadojoyd = siyun QT 3Jo ssaujysdraq adejyIANng

#GG¢T @3eTd uo TTEITIUBR 9yl jJOo ssaulysdraq ddejans °I11 dTqel

6S°0¢
96 °%¢
€1°0C
0e°¢1
LZ°11
s0°8
%9°¢S

€0y

(uTuwoae)
SNaTOoNU WOXF
20uelsEp aelnduy

R

1 e AR NG $Th el Rt SR

11

s

RO

ey



— -

L°0
1
9°1
%'
0y
T°9
6°8
T £€°C1

1 L°S1

82 05642

6°0
71
1°T
0°¢
Ly
1°L
6°6
G'ET

[N AN

Sotll

8°0
1
L1
v°e
6°¢
6°S
6°8
€°¢T

8°CT

9,1L2

9°0
6°0
€1
0°¢
S°t
9°s
92°8
0°¢1

AR !

0689¢

a1%ue TeuOTIIsod uf ssaujzydraq adevjang

£t
0°S
[
€°01

£°ET

To%92C

g1Fun #°Q0T = SNITONU JYI e SSIUIYITIq LS
06°0 £3rsuap orydeadojoyd = sajun QT 3JO ssaulzyldyaq adoejang

1896T @3eTd uo [TeifjuR 9yl jo ssauydjaq aoeJIng

. . 9°0
s°0 970 6°0
8°0 0°t %1
(A 93 1°C
1°2 6°¢C 9°€
97t Ly 8°S
8°¢ 1°L <8
S°8 1°0T 1°¢
8 11 1°t1 %°S
6,162 9,L82 %ot
S i

o7 BT e A iy Lo o 5 S s

: t0°LE

) 66 °0¢

* 96°%¢
9°1 £1°0¢
L' 0t "ST
£y L1t
s'9 s0°8
001 %9°¢
Lo el €0y
6,092 (uywoae)

SNITONU WOIJ
aoue3lsTp aeTnduy

“AI 219®F]

12

e

e d
1

M e A a8

L et

LOICIER RS



[ R

2°0
9°0
0°1
L°1
0°¢

6"y

0°01

8°C1

005962

§°0
8°0
[
0°¢
£°¢
£°c
6°L
8°01

VAR !

05262

90
6°0
71
£°7
8¢
0°9
L8
11

Lyt

L5987

978ue TeuotiTsod ur ssaujyldraq saoejang

L°0

AN

6°6
8¢l

L°6T

%, 18¢

S3TUn g°*I0T = SNAITONU a3yl Je ssauIYITaq LS

8°0
£°1
0°¢
6°C
9%
69
L°6
8°¢C1

0°91

LollLT

6°0
7°1
1°2
(8%
0°¢g
'L
%°01
071

L L1

8o%7LC

6°0
€1
0°¢
1°¢
6°Y
LA
£°0T
£°ET

1°91

€569¢C

L0 €0° L€
1 65 °0€
8°1 96 ' %Z
8°C €1°02
9y 0€°ST
8°9 L2°11
S°6 S0°8

921 %9°G

GGt €0°Y

2ov9C (urwoae)

sNaTonu wox3y
aoueasTp reynsuy

08°0 £L3ysuap otydeaBojoyd = s3fun Q@[ Jo SsauUIYITiq aleFang

€0.6T @3e1d uo Tre3Taue ayl jo ssaulydfaq o9oeJIANg

s

‘A 9T4elL

13



i o, <o et

e e v oo et

30

¢
.
bl

-

SURFACE BRICHTNESS (ARBITRARY UNITS])

Figure 4,

409-06%
T 1 1 RS | R LA 1 T
™
\\ WORKING MODEL i
AN
TN
\
\
\
i
PLATE 15520 -
p.a. 275°5
1 1 i | 4 1 I 1 1 1
3 4' 6' 10' 20" 30'

ANGULAR DISTANCE FROM NUCLEUS

A typical example of the radial variation in the antitail brightness

(soli.! circles). The law of variation derived from the working
now 21l is given for reference.
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used some of the data of Tables II to V to compile Figure 5. It shows the
profiles of the antitail at 20 arcmin from the nucleus, as a function of
positional angle. The general impression from the comparison of the
observations with the working model is that the antitail appears to be,
primarily in February, broader than anticipated. When an attempt has been
made to force the 2.8 power law through the brightness curve of the antitail
near 30 arcmin from the nucleus, the agreement with the working model's
transverse profiles became substantially better. However, since the bright-
ness data at such large distances from the nucleus are rather uncertain, this

experiment hae little if any practical significance.

V. Calibration stars for the Cerro Tololo plates

To calibrate the surface brightness of the antitail in absolute units,
two to three stars have been selected on each photograph. Because of very
dense cores of star trails on Curtis-Schmidt plates, only very faint stars,
of estimated red magnitudes 13 to 14, can be chosen for calibration. Pursuing
a two-step procedure, we first intend to use these stars to calibrate the sky
background (at the particular spot on the plate) and then to use the sky
background to calibrate the antitail by converting the relative intensities
of Tables II to V to absolute units.

Strictly, each calibration star should have been scanned across as well
as along its trail., However, inspection of the magnified trails of the
calibration stars in a measuring machine has shown that virtually nothing can
be gained by scanning the stars along their trails over simply measuring their

lengths, once the cross scans are available.
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Figure 5. Transverse profiles of the antitail on the Cerro Tololo plates

at an angular distance of 20 arcmin from the nucleus.
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To get a meaningful pr.file of the calibration stars in the direction
perpendicular to the trail, a slit diaphragm has been used in the cross scans.
The width of the slit in the scanning direction has been fixed at 10 microns
(or just below 1 arcsec), a size significantly smaller than the apparent width
of the trails of the calibration stars (which is typically 50 microms). To
avoid the effect of emulsion granulation, the length of the diaphragm along
the trail has been kept at 200 microns (or about 19.3 arcsec), which represents
about 10 per cent of an average trail length on the plates. Due to differential
refraction, the star trails are not quite straight. Each star was scanned near
the middle of its trail and in the direction perpendicular to the tangent to
the trail at that point. Differential refraction also affects the measured
length of the star trails, which depend, in addition, on the star brightness.

An example of a scan of a calibration star is shown in Fig. 6. The photometric
reduction of the scans of this type is described in Appendix B and the obtained
results are listed in Table VI. The coordinates of the calibration stars -

none of which is listed in the SAO catalogue - have been determined by the
method of dependences (using up to 10 ambient reference stars) and should be
good to within 1 arcsec in each coordinate, except perhaps for the stars on
plates 15554, where the accuracy may be somewhat lower. Since the magnitudes of
the calibration stars remain to be measured, the calibration cannot be pursued
titi the end at present. The last column of Table VI gives HB'H*' the difference
between the magnitude per square arcsec HB of the sky background of relative
surface brightness IB and the magnitude of the calibration star H,. Both
magnitudes should of course refer to the sensitivity profile of the plates with

the maximum near 66003.

17

e i soiaNle



*punoadioeq
£ys peoidope @yl :3uly payseq °Treal 2yl ol TayreEIERd
3118 9yl 3Jo 2prIs Buoy ayl ¢o9sdae €°61 A9 T ITTS Suruuedsg

*I¥ea13 s,(1B1S UOTILIQITED ® §S0Ide ueds e jo ardwexs uy -9 2an3yg
JIVYL ¥YLS 40 H31N3D WOM4 JONVLSIA HVINONY
el 4 L0€ .02 Mol 0 WOl .02 el
1 1 { 1 — 1 i 1
- - ~ — oo1
-1 Oll
-1 02l
-1 Ol
£GGSI 31vd
a ¥V1S NOILVHEITVD - 0v!
| ] | 1 | 1 L ]

$90-60%

R e PN

R AR o o et L S0

SS3INLHOI¥E 30V4HNS 3AILVI3Y

18

oy .

et b i

[ R



W e o

z°9
AN
LS
$°9
$°9
9°9
£°L
1°L

Sa9

*a-%u

9°LST 02°0 ¥ 80°¢
0°2vt 0Z°0 # 9T°¢
T°181 %2°0 ¥ 10°¢€
9°1L1 Z1°0 * 9%°2

€°L91 T1°0 7 TE°¢

7°6%C L0°0 ¥ 9¢°¢
9°05¢ %0°0 ¥ €1°C
S €91 11°0 ¥ €6°¢

Sal9t 90,0 *+ 8%,C

1
‘ya8uay 0 ‘a1ojoey
TFe13  Yipma s, aeas
§,aels

S$'0 ¥ 8°LC
€0 F €11
9°0 # [°8T
S°0 ¥ 6°CY
¢°0 F £°0¢
%°0 ¥ %°6¢C
£°0 ¥ 8°¢9
€°0 ¥ 8°09
€°0 ¥ £°¢Y
«H
¢‘ssaulyg8raq
aayleraa

yead s,aelg

sajerd o070T0] 0113) 103J Si1eIS UOTIRIQITE)

%°601
£°901

£°901

mH ¢ punoad

-joeq £js 3o
ssaujysdraq
aaTleray

s Gy
9°8Y
L7t
8°0%
6°01
§°6S
[ANA

L°01

1 %4
0s
119
to
€T
[44
8T

8y

eT+

1+

T+

c1+

(AL S

£ +

£t +

0+

8,19%,0%,0 +

*199a

98°L0
88°10
LS°T0
£€8°40
I9°0¢
S0°09S
(A2

9T "Lt

90
90
13
£s
90
S0

VAl

£C

065 Tw €T

AR

0°0$6T uoritsod s, aeis

“IA 2Iqel

€0LST
£0LST
£0LST
L89ST
(89ST
%6SST
766ST
1FAL

0c6sT

23e1q

Iels
uoTIRIqITED

19



SRS

b e o

-—

VI. Preliminary physical interpretation of the observed radial
profiles of the antitail

The progressively increasing gradient of the radial scans is so far
the best established property of the antitail. The physical significance
of the gradient variations emerges from a relation among the modified surface
density of the emitted particles (which is proportional to the relative
brightness), their emission flux and size distribution, and the area they
occupy in the plane of the sky, as formulated by Finson and Probstein (1968)
for small particle-ejection velocities. As long as we consider only large
particles, for which the acceleration ratio l1-u of solar radiation pressure
to solar gravit; does not exceed ~0.0l1, the relative brightness in a particular
direction away from the nucleus can be described by a very simple expression.
First, the emission flux is in this case constant, because the radial direction
is practically identical with a synchrone. Second, the projected area, occupied
by the particles is proportional to 1-p., Third, for a constant particle density
the particle diameter § is inversely proportional to 1l-u, because the
scattering efficiency of large particles for radiation pressure is practically
independent of . he particle size. And fourth, the distance R of the large
particles from the nucleus is proportional to l-pu. The relative brightness
at distance R is then

IR £(1-0) (1-w)71, (L
where f£(1-u) is related to the particle-size distribution function g($)
thus:

£ (1-u)w6* g(8)v(1-u)""g(8). (2)

20



,,,,,,,,,

We established in Paper I that there was g relative excess of heavier
particles in the antitail, which we inrerpreted as possible evidence for a
significant loss of radius of the dust particles due to c¢vaporation near the
perihelion passage. With a sufficient body of observational information we
now can test this hypothesis more quantitatively.

Consider an initisl (pre-evaporation) distribution function of particle
diameters of the form

g(8)ds ~ §7446, 3)
where u 1s a constant. Consider further that, as a result of intense solar
heating over a limited period of time, an outer layer %Aé in thickness
evaporates away from each particle. This amount is indeed indepcndent of
the particle size for material of given structure and composition. A particle
of initial diameter § has now a smaller diameter y = &§-A6, and the particle-
size distribution (3) changes to

g(Y)dy v (y+a8) Vdy. (4)
The logarithmic slope of this distribution,

3 log, 8(Y)

t(y) = - , (5)
3 log, Y

depends on diameter y and is related to the initial exponent u by

u

t(y) = . (6)
1+48

<

Since vy = C(l-u)-l (C 158 a constant and l-pu now refers to y rather than to §),

we can write 2quation (6) as

1 1 AS
= + (1-p). ()
t u Cu

21
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On the other hand, we now have I ~ y> g(y), so that the radial brightness

gradient is

9 log, I(R) ? 1oge I(y) 3 logg Y
we - - - . -S-t(Y)- (8)
3 logg R 3 loge Y 9 log, R

Deriving t(y) for a number of angular distances on each of the scanned
profiles, assigning the proper value of l-u (depending not only on the
distance R, but also on the time of cbservation and on the positional angle
of the scan), and plotting the resulting pairs l-u vs.—%— » We can test the
hypothesis of particle evaporation by comparing such a plot with the lineo:
relation predicted by equation (7). The plot, based on the four plates ar.
including only the sections of the antitail where its relative brightness
exceeded 2 per cent of the sky background (to avoid unrealistic gradients
frrm very faint areas), is exhibited in Figure 7. A least-square solution
indicates a complete absence of nonlinearity (the mean error of the quadratic
term cume out 4.5 times as large as the term itself), and provides the
aumerical values of two important characteristics of the population of large
dust particles in Comet Kohoutek: exponent u of the initial particle~-size
distribution [eq. (3)] and the evaporation loss in particle diameter AS. The
two quantities derived from both the separate plates and the whole set are
listed in Table VII. The table also includes the population index s of the
differential particle-mass distribution m™%dm, which relates to the particle-
size exponent u of (3),
u+ 2
g = —, 9
3

and the acceleration ratio (l-u)max’ corresponding to the largest particlese

that evaporated completely (i.e., whose § = AS).

22
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Taken at their face value, the data of Table VII appear to indicate
rather consistently that the population index is near 2.3 and the size-
distribution exponent u near 5, and that only the particles initially
larger than 100 to 150 microns in diameter survived the exposure to solar
heat. Comparison with Figure 7 of Paper I suggests that the effective
vaporization heat of the antitail particles amounts to about 46 kcal/mole.
However, there is an uncertainty involved in these results, which is due
to the fact that any particle evaporation also affects the particle's future
dynamics, because it implies a change in the magnitude of the radiation
pressure. Therefore the present results are still preliminary, and the
derived loss rate of particle radius due to evaporation may only be an
order-of-magnitude estimate. In the improved model of the antitail the
dynamical effect of particle evaporation (variable 1-p) must be accounted

for.
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PART B. OTHER ACTIVITIES IN THE REPORTED PERIOD

Besides the extensive investigation of the antitail of Comet Kohoutek,

the following activities were also undertaken.

1. Computer programs
The package of computer programs, used for the calculation of particle

orbits, now works for particle accelerations 1-u exceeding 1 (negative
gravitation), and for both short-period and nearly-parabolic orbits of

comets.

2. A general study of the anomalous tails of comets
This study, continued from the previous period, has resulted in a
paper "The prediction of anomalcus tails of comets", published in Sky and

Telescope, vol. 47, pp. 374-377.

3. The anomalous tails of short-period comets

The general rules for the appearance of the anomalous tails have been
applied to all the short-period comets of the past; many of these comets should
have displayed an anomalous tail on a number of occasions, but no observations
of such tails have ever been reported. It is tentatively concluded that the
short-period comets fail to emit relatively heavy particles (of a submillimeter

and larger size) in significant amounts.

4. The problem of the tails of the distant comets

The results of the hypothesis of the icy tails of the distant comets,
proposed in Semiannual Progress Report No. 4 (March 15 to September 14, 1973),
has been updated and will be shortly submitted for publication in Icarus under

the title "A Study of the Icy Tails of the Distant Comets".
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PART C. PLANS FOR THE NEXT PERIOD (SEPTEMBER 15, 1974 TO MARCH 14, 1975)

1.

To continue (and complete as soon as possible) the study of the anti-

tail of Comet Kohoutek.

To study the antitail of Comet Arend-Roland (1957 III) and to compare
the results with those for Comet Kohoutek. Three high-quality photo-
metrically calibrated plates of 1957 III are available from the

collection of Dr. F. D. Miller, University of Michigan.

To study the motions of dust particles under the effects of evaporation
(variable 1-u), and to derive the vaporization parameters (vaporization

rate; latent heat of vaporization of the material).

To study the synchronic bands in the tails of some comets in terms of

the hypothesis of vaporizing particles.

To complete (if time allows) the statistical study of the anomalous
tails of comets, aimed at our better understanding of the process of

ejection of heavy particles from comets.

It is not believed that all the above problems will be completely

solved by the end of the next semiannual period. The actual priority to

each of the above points of investigation will be assigned during the

period so that the whole project is run most efficiently.

In addition, at the invitation of Dr. B. D. Donn, Goddard Space Flight

Center, a review paper will be given on the progress in the study of come-

tary dust tails at the IAU Colloquium No. 25 (Study of Comets), held in

late October 1974.
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Appendix A. Effects of differential refraction on the distance and
directional determinations in the antitail at low altitudes

MO NI NI SHRCIMCT

Because of the sharp increase in the refraction correction of the
spherical coordinates at low altitudes, it 1s desirable to establish the

effects of refraction on the distance and directional scales in the antitail.

Let a5 61 be the refraction-free coordinates of the comet's nucleus,
s 62 those of a point in the antitail, and i ilarly a;, 6;, a;, 6; the

corresponding coordinates affected by refraction. The corrections for
= Ld ! = - ! =
refractior are therefore Aay = a0, Ady 61 6 (1 = 1,2). Since we
consider only small arcs, we can write for the refraction-free angular distance

A of the point (az, 62) from the nucleus
2 2 (o -(a' 2:082%[ (5 +A5 )+(5 + (s’ -5 2, (a-
A [(a2+Aa2) (a1+Aa1)] cos !5[(51 Asl) (52+A52)] [(62+A62) (61+A61)] . (A-1)

Denoting the refraction-affected distance of point (az, 62) as A' and
realizing that
] ] ] ] 1
cos %[(51+A61)+(62+A62)]==cos %[61+62]s cos 8.,

'-,2 2 [ 1—'2= 12
(a,-a )< cos %(8 +52)+(62 61) A'2,

1

i

lAaz—Aal|<<|a;_a;‘, (A-2)
L

|a8,-88, [<<| 658, |,

A2-p'252 24" (A-A")

we find the refraction correction in distance to amount to

' v_' _ 21 l_! _ _
A-4 =.%5[(a2 a,) (8a, ba )cos 8.+, 61)(A62 AGI)]. (A-3)

Similarly, the refraction-free positional angle p of the point (a2,62) relative

0 the nucleus is

tan p = (%2070 ooq wl(s14as )+ (6 4n8,)]. (a-4)

1}
1

] ]
(62+A52)-(61+A61)

o s sy S R SN



Because of (A-2), its relation to the refraction-affected positional

angle p' is expressed as

Auz-Aa1 A62-A61
tan p = tan p' (1 + - — R (A-5)
a,- a, 62 -61

and, with p and p' in degrees, the refraction correction in direction

becomes
Ao =Aa AGZ—AG1
p-p' = 28265 sin 2p' ( 2. ll - ). (A~6)
a;-a §'-4"
1 2 1

The corrections Aaj, A§; follow from the classical equations of the

spherical astronomy:

Aay = -cos ¢ sin ti sec Gi cosec zi Rys

88, (tan Gi cot zj - sin ¢ sec 6; cosec zi)Ri, (A-7)

where ¢ is the geographic latitude of the observing place, ti and z; the
hour angle and zenith distance, both refraction-affected, and R the refraction
correction in the zenith distance, which, except very near the horizon, can
be approximated by

R = A tan 2' + B tan? 2', (A-8)

where A and B are constants.
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Appendix B. Photometric calibration of the sky background

We assume that a star's image on a calibrated plate, guided on a moving
object (comet), shows up in the form of a trail of length L and characteristic
width W (arcsec). We further assume that a photometric scan across a section
of the trail is available and that the diaphragm used has been a slit of
length £ and width w (arcsec), where £<<L and w<<W. Converting the photo-
graphic densities across the measured profile of the star to relative intensities
and fixing the level of the sky-background noise on the scan, we wish to
estimate the contribution of the scanned section of the star to the brightness
of the ambient background Iz. We assume that the excess relative intensity
I across the star's profile fits a probability-type curve,

(x-x4)2
I(x) = I, exp [- o B-1
(x) * P[T], (B-1)
where x (arcsec) is read from an arbitrary origin Xy I* is the peak relative
brightness at the center of the star's profile, and ¢ is the width factor

(arcsec). Establishing I(x) for a number of x from the scan we can determine

I, and o by least squares. Equation (B~1) can be written as

1ogeI(x) = A + Bx + Cx2, (B-2)
where
2
Xo
A= log I, -
e 202
X
B (8-3)
c=-_!
202
so that B2

B-1
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and
o = (-2C)7%, (B-5)

The integrated intensity in the scanned section of the star's trail is

I Tdx = (2n)*1*o, (B-6)

and the brightness contribution of the whole trail of the star is related to

the star's magnitude H :
*
b L -0.4H
(2m) Lo—g =c 10 0. 48, (B-7)

where ¢ is a constant. The surface brightness of the ambient sky background
HB (magnitude per square arcsec) can similarly be expressed through the

relative brightness I, and the slit dimensions

B

Iy

L

= c. 1070 4Hp, (B-8)

The elimination of ¢ from (B-7) and (B-8) then gives immediately the result:

Hy = H +2.5 log [ 2m) Iolw/Iy]. (B-9)



Appendix C. Normalized size-density distribution of vaporizing particles

Consider particles, whose diameters & and densities p have originally
satisfied a distribution law

g(p8) d(ps) = 08(96)'“ d(ps), (c-1)
where u and Cg are constants. Consider further that the particles vaporize
until their final diameters y and densities 0 are related to the pre-evapo-
ration values thus:

oy = pé - A(pS), (c-2)
where A(p8) is a constant. Obviously, all the particles for which p§ < A(pS)
vaporize completely, whereas the post-evaporation distribution of the
particles with pS§ > A(pS) becomes

g(oy) d(oy) = C; Loy + A(p&)]™ d(av). (c-3)

In order that this distribution be normalized,

T glov) d(oy) = 1, (C-4)
o}

the constant Cg must satisfy the relation
Cg = (u-1) [8G&H]. (c-5)

The distribution of radiation-pressure accelerations 1l-u, associated
with the particle size-density distribution (C-3) is
]
£(1-u) d(1-u) = C; (ov)* g(ov) d(l-u}, (c-6)

or because gy = C(l--u)'1

-y

(l-u)maxj-u d(l'll) > (C"7)

£(l-u) d(-w) = cp U4 [1 4

where Cf = C;-Cg and (l-u)max is the radiation-pressure acceleration exerted

on the largest particles that later evaporated completely [ p& = A(p§)].



Normalizing distribution (C-7) we obtain

Ce= 3 (3H @iy - cub, (c-8)

so that

-1 - - 1-u -
£Q-u) d@-w) = 3 () @-38 -wyu-t 1+ T

Finally, the important parameter appearing in the expression for the
mass-~loss rate of the dust and numerically equal to the ratio of the mean
cube to the mean square of the size-density distribution [see eqs. (8) and

(10) of Paper I], becomes

3 2 o 3C - 3 A(pS) -
(ov) 3/ (oy) %) (G )man v . (C-10)



