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Photographic observations of the anti- tail of Comet Kohoutek ( 1973f ), obtaitled 
at the Cerro Tololo Inter-American Observatory, are photometrically reduced 
and the results compared with a recently formulated working model of the anti- 
tail. The applied technique of photometric reduction is described, and the radial 
and transverse profiles of the anti-tail, corrected for the effects of atmospheric 
extinction and the variable intensity of the ambient sky, are derived. Brightness 
variations in time are also studied, The most important result reached so far is a 
quantitative confirmation of the previously suggested hypothesis, arguing that 
dust particles in the anti-tail suffered a significant loss in radius due to evaporation 
near the perihelion passage. We find that only particles initially larger than 
100-150/~m in diameter (at an assumed density of I gcm -3) survived. Numerically, 
however, this result is still preliminary, because the dynamical effect associated 
with particle evaporation remains to be explained. It  is also tentatively suggested 
that. the emission rate of the dust from the comet was probably comparable with 
the rates derived earlier for Comets Arend-Roland (1957 III)  and Bennett 
(1970 II). 

I. INTRODUCTION 

A working model was recently formu- 
lated for the anti-tail  of Comet Kohou tek  
(Sekanina, 1974; referred to hereafter  as 
Paper  I). The model was based on the 
F inson-Probs te in  (1968) theory  of  dust  
comets  and fitted reasonably well the semi- 
quant i ta t ive  descriptions of the anti-tail  
by  a number  of  observers, including the 
Skylab I I I  astronauts.  I n  the present paper, 
the radial and transverse brightness pro- 
files and the t ime variat ions in the surface 
brightness of the anti-tail  are established 
from plates of  the comet taken  at  the Cerro 
Tololo In te r -Amer ican  Observatory,  near 
La Serena, Chile, and the working model is 
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then tested quant i ta t ively .  The photo-  
graphic material  studied here was secured 
under  the supervision of  the second author.  
The photometr ic  reduct ion and physical  
in terpreta t ion are due to the first author.  

I I .  TttE MICHIGAN PROGRAM OF 
PHOTOGRAPHIC OBSERVATIONS OF COMETS 

The plates described in Section I I I  form 
par t  of  a program of comet observations 
init iated by  the second author  in 1950 with 
the Cur t i s -Schmidt  telescope (61/91cm, 
f/3.5, 96 ' :6mm -~) of  the Univers i ty  of  
Michigan. ]in addit ion to unfiltered "b lue"  
plates, exposures have been taken  th rough  
red filters to suppress the CO t emissions of  

135 



136  SEKANINA AND MILLER 

T y p e  I tails re lat ive to the  sca t te red  Still- 
l ight of  the  T y p e  I I  tails, on which the 
fo rmer  are of ten superposed.  The ex ten t  to 
which the  suppression is successful has 
var ied f rom one comet  to ano ther  (Miller, 
1958, 1962). The  deve lopmen t  of  a model 
of  dus t  tails by  Finson and Probs te in  (1968) 
has s t imula ted  interes t  in the  s t udy  of the 
Michigan mater ia l ,  and  analyses  for Comets  
Seki-Lines 1962 I I I  ( J ambor ,  19731 and 
Benne t t  1970 I ]  (Sekanina and Miller, 
1973) have  a l ready appeared.  

From the first, the come t -p rog ram plates  
have been pho tomet r i ca l ly  ca l ibra ted  with 
a 14-tube spot  sens i tometer  designed by 
E. B. Wes ton ;  when the telescope was 
t rans fe r red  f rom Michigan to Cerro Tololo, 
the sens i tometer  accompan ied  it. Since the 
precision of the sens i tometer  cal ibrat ion is 
critical, the pho tome t r i c  scale was meas-  
ured photoelect r ica l ly  by  W. Liller in 1951 
and 1955 and b y  S. M. Simkin in 1965. The 
average  devia t ion  f rom the mean  scale of  
the three  independent  m e a s u r e m e n t s  for 
each spot  is ± 0 . 0 4 m a g ;  a more detai led 
discussion of  the cal ibrat ion tests  can be 
tbund in a pape r  b y  Miller (1967). A calibra- 
t ion exposure  is made  for each comet  
pho tog raph  th rough  the  same filter used in 
the comet  exposure  and on a plate  t aken  
from the same box and  developed with the  
comet  [)late. The  length of the cal ibrat ion 
exposure  is the  same as that, for the comet.  

I I I .  THE (~ERRO TOLOLO PHOTOGRAPHS 

A tota l  of 12 ca l ibra ted  pla tes  were t aken  
a t  Cerro Tololo wi th  the  Cur t i s -Schmid t  

telescope between J a n u a r y  16 and Feb- 
rua ry  15, 1974. Five plates,  t aken  on 
J a n u a r y  23, 24, and  26 and  F e b r u a r y  12 
and  15, are 098-02 panch roma t i c  enmlsions 
combined with an RG1 filter to provide  
m a x i m u m  sensi t iv i ty  near  661~(1A and 
to cut off the visible spec t rum below 
A ~ 5900A. The pho tomet r i c  sys tem thus  
obta ined  is similar to the R sys tem of 
Johnson  and Mitchell (1962). The other  
seven plates,  t aken  on J a n u a r y  16, 17, 20, 
21, 23, 25, and 27, are s t anda rd  103a-O 
emulsions wi thout  filter. The  red-sensit ive 
pla tes  are of  p r i m a r y  interest,  both  
because they  span a longer in terval  of  
t ime  and because they  show the anti- tai l  
bet ter .  The  guiding of the , l anuary  24 
pla te  was somewha t  imperfect ,  so only the 
o ther  four plates, two in J a n u a r y  an(I two 
in Februa ry ,  have  been photometrical l .v 
studied. The four observa t ions  are listed 
in Table  1. 

Of  much concern has been the very  low 
a l t i tude  of the comet.  At  the end of the 
exposure,  the comet  was only slightly over  
1() ° above  the horizon on plates 15520, 
15687, and 157(i13 and abou t  7 ° above  the 
horizon on 15554! Thanks  to the excel lent  
sky a t  Cerro Tololo, the  plates are still 
photomet r ica l ly  valuable,  but  the very 
low a l t i tude  of the comet  is a source of two 
potent ia l  complicat ions  for the  p h o t o m e t r y  
of the  plates, name ly  the  effects of  dif- 
ferential refi 'action and s t rongly var iable  
sky brightness.  In addit ion,  a tmospher ic  
ext inct ion,  which is severe a t  these alti- 
tudes even in the red section of the 
spec t rum,  also needs to be accounted for. 

TABLE I 

(~ERRO TOLOLO ]~E|)-SENSITIVE PHOTOGfCAPHS OF (~OMET ]%OHOUTEK 

(098-02 EMULSION "tVITH AN RGI FILTEU) 

Date UT 
Platte 1974 

15520 Jan. 23.0495 
15554 Jan. 26.0614 
15687 Feb. 12.0572 
15703 Feb. 15.0566 

C, omet's posit, ion 1950 .0  Phas(' 
/1 r angle Altitude at 

R.A. I)eel. (AU) (AU) ~ m i d e x p o s u r e "  

23n40~. 67 +@ 46~5 O.853 O.837 71 ~2 1316 
0n07 .m3(~ +3c 12:2 0 .894 (k909 66 .2  I 1~8 
lh54m21 +12~01:9  1.257 1.278 45 ~ 16~3 
2h07T40 + 1 2  57~7 1.334 1.338 43'14 16~2 

Exl)oSur(~ 
(mm) 

20 
50 

60 
60 

" Not corrected tbr t~ depressed horizon. 
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The differential-refract ion effect has 
been quan t i t a t ive ly  analyzed following the  
procedure  described in Appendix  A. 
Numerical ly ,  ref ract ion has been found 
to affect the angular  distance from the 
nucleus on the four plates by  less t han  1%, 
and the position angle, by  no more than  
0.1 ° at  an angular  distance of  1 ° f rom the 
nucleus and no more than  0.2 ° a t  2 + . 

The effect of variable sky brightness 
proved  considerably more severe. I t  so 
happened  t ha t  the br ightes t  section of the 
anti- tai l  was directed almost  exac t ly  
toward  the horizon on all the plates, so 
t ha t  the ma x im um brightness gradient  of 
the sky projec ted  unforeshor tened along 
the anti-tuil.  In  addit ion,  all exposures 
began during astronomical  twilight (with 
the Sun's  depression between 15 + and 17°), 
and almost  the whole 15520 exposure  was 
taken  during twilight (with the Sun's  
depression at  midexposure  17+). To demon- 
s t ra te  the ex ten t  of  interference,  we 
ment ion tha t  the relat ive gradient  of  the 
sky brightness on plates 15520 nad 15554 
reached a ma x im um ra te  of 7% per degree 
of  al t i tude,  while a t  the same t ime the 
intrinsic surface brightness of the anti- tai l  
amoun ted  to only some 4 -6% of the  sky 
brightness a t  15' f rom the nucleus and 
abou t  1 -2% at  25". 

I V .  T H E  TECHNIQUE OF PHOTOMETRIC 
REDUCTION 

The technique for reducing the plates 
was essentially d ic ta ted  by  the t rouble-  
some observing conditions. Because of  the 
complicated character  of  the sky-bright-  
ness var ia t ions near  the horizon, it was 
v i r tual ly  impossible to use the s tandard  
two-dimensional  scans to map  the sky 
"noise"  over  the area occupied by  the 
anti- tai l  (see Fig. 1). Preferable,  because 
more revealing, are one-dimensional  radial 
tracings, passing th rough  the comet ' s  
nucleus and effectively covering the whole 
anti-tail .  Each  radial  scan is defined by  
the position angle, and the "noise"  varia- 
t ions in the respective section of the anti-  
tail  can be reasonably  in terpola ted  from 
the known field brightness outside the 
anti- tai l  (see Fig. 2). Nea rby  stars of  

PLATE 15 

/ •  I000 

S(;~,LE 

0 I0 '  2 0  ~ 5 0  / 

Fro. 1. A two-dimensional scan of plate 15687. 
Scanning aperture is 9'.'7 by 9'.'7. The anti-tail 
points to the bottom of the scan, and the regular 
dust tail to the top. The numbers indicate the 
relative surface brightness, uncorrected for the 
contribution from the sky. 

known positions have been used to  fix the 
position angles. The position of  the comet  
on the plates was measured relat ive to the 
ambient  stars and reduced rout ine ly  with 
the use of  the me thod  of  dependences.  The 
result  has also been checked b y  comput ing  
the expected  topocentr ic  position of the 
comet  f rom Marsden's  (1974) definitive 
orbit.  The  measured and computed  posi- 
t ions agree within 2" on plate 15520, 
7" on 15554, 8" on 15687, and 13" on 15703. 
These residuals can be accounted  for 
ent i re ly  by  the uncer ta in ty  in the location 
on the plates of  the nucleus in the s t rongly 
overexposed coma, which is a lmost  2' in 
diameter .  The diffuse image of the comet ' s  
head is also responsible for an uncer ta in ty  
in the distance scale of the scans, amount -  
ing to several percent  a t  10' f rom the 
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Fro. '2. Three  radial scans of plat( '  15687. Scannin~ aper tu re  is 578 by 5"8. Note  the  variat)le sky 
br ightness  (dashe<l C l l r V e S ) .  

nucleus and  dropping  to s om ewha t  more 
t han  1% a t  30'. Toge ther  wi th  the  images  
of  the  or ienta t ion-f ixing stars,  which 
appea r  as trai ls  a few minu tes  of  arc in 
length on the four plates,  the comet ' s  
image  is also responsible for an error in the 
posi t ion angle of  the  scans, which is 
e s t ima ted  to be no more  t h a n  abou t  ~0.5 °. 
geca l l ing  the  effects in t roduced  b y  dif- 
ferent ial  refract ion (Section I I I ) ,  we con- 
clude t h a t  those effects are much  smaller  
t h a n  the  m e a s u r e m e n t  errors  an(1 can 
therefore  be safely neglected.  

An i m p o r t a n t  p a r a m e t e r  of  any  photo-  
metr ic  procedure,  f rom a pract ical  poin t  of 
view, is the  size of  the scanning d iaphragm.  
I ts  choice is governed  b y  a compromise  
be tween the  r equ i rement  of  a sufficiently 
high resolving power  on the  one hand and 
t h a t  of  a smooth  image reasonably  free 
f rom the effects of  emulsion granula t ion  
on t im other.  Af ter  consult ing Miller's 
(1967) rule of  t h u m b  and some experi-  
ment ing,  the  d i aphragm used in the  radial 

scans was fixed a t  60Fro by  61)Fro, i.e., 
5?S by  5'~S. Wi th  this d iaphragm size, and  
af ter  account ing  for the effects of  inter-  
fering s tars  and  pla te  flaws, we could read  
the surface br ightness  of  the ant i - ta i l  f rom 
the radial  scans (such as the  ones in Fig. 2) 
with a precision of a few ten ths  of  1% of 
the sky  brightness.  Thus,  near  the direct ion 
of peak  in tens i ty  the  error in the relative 
surface-br ightness  da ta  of  the ant i - ta i l  is 
e s t ima ted  a t  abou t  ± 1 0 %  at  15" f rom the 
nucleus and a t  some ±25°/,) a t  25'. 

The photoelectr ical ly  ca l ibra ted  spots  
were measured  with a Macbeth  densi- 
t ome te r  to obta in  the  character is t ic  curves 
of  the plates,  and the photographic  dens i ty  
was then  conver ted  to relat ive intensities. 

V. ABSOLUTE (~,ALIBRAT]ON OF TH E 
PLATES 

To cal ibrate  the surface br ightness  of  
the ant i - ta i l  in absolute  units,  two or three  
s tars  have been selected on each photo-  
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graph. Because of very dense cores of star 
trails on Curtis-Schmidt plates, only very 
faint stars, of R magnitude 13 to 14, could 
be chosen for calibration. 

Strictly, each calibration star should 
have been scanned along as well as across 
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 scan- 
ning the stars along their trails rather than 
by simply measuring their lengths, once 
the cross scans are available. 

To get a meaningful profile of the 
calibration stars in the direction perpen- 
dicular to the trail, a slit diaphragm was 
used in the cross scans. The width of the 
slit in the scanning direction was fixed at 
10t~m (o1: just below 1"), a size significantly 
smaller than the apparent  width of the 
trails of the calibration stars (typically 
50t~m). To avoid the effect of emulsion 
granulation, the length of the diaphragm 
along the trail was kept at  200t~m (or 
about  19"3), which represents about 10% 
of an average trail length on the plates. 
The measured length of the star trails 
depends on the star brightness and is also 
somewhat affected by differential refrac- 
tion. An example of a scan of a calibration 
star is shown in Fig. 3, and the photometric 
reduction of these scans is described in 
Appendix B. 

The coordinates of the calibration stars, 
none of which is listed in the SAO Star 
Catalog, have been determined by the 
method of dependences (using up to 10 
ambient reference stars) and should be 
good to within 1" in each coordinate, 
except perhaps for the stars on plate 
15554, where the accuracy may be lower. 

The R magnitudes of the calibration 
stars were kindly supplied to us by 
W. Liller. In brief, his procedure was 
based on establishing a relation between 
the R magnitudes and the measured 
diameters of stars on the red prints of the 
Palomar Sky Survey. To determine the 
constants of this calibration relation, 
Liller used a number of stars from the 
Pleiades, whose V magnitudes and B - V  
indices (Iriarte, 1967) were converted to 
the R magnitudes with the help of a 
IB-V versus V - R  relation fitted to the 
bright stars of known multicolor magni- 
tudes (Iriarte et al., 1965). The absolute 
uncertainty of this calibration is estimated 
by Liller to be about ±0.15mag. Table I I  
lists the calibration stars, whose magni- 
tudes refer to outside the Earth 's  
atmosphere. 

An extinction rate of 0.07mag per air 
mass, also communicated to us by Liller, 
is applied to the measured R magnitudes 
of the anti-tail in order to correct them for 
the atmospheric absorption at Cerro Tololo. 
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FIG. 3. An example of a scan across a calibration star's trail. Scanning slit is 1';0 by 19'.'3; the long 
side of the slit is parallel to the trail. The dashed line is the adopted sky brightness. 
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T A B L E  11 

( ~ A L I B R A T I O N  S T A R S  

Cal ibra t ion  
s ta r  

A 
B 
(~ 

D 
E 
F 
G 
H 
J 

S ta r ' s  posi t ion 1950.0 

P la te  I{ .A. 1)eel. 

15520 23h42mlT.~90 +0~40'46':8 
15520 23h44maTe I 6 +0°48'10".'7 
15554 0n()5~53~42 + 3  ~ 18' l 7'.'2 
15554 0n06m50~05 +3°22'55'. '5 
15687 I "53m30741  +12°13'10':9 
15687 I n55~07-'.83 + 12':'03'40':8 
15703 2"06m01~57 + l 2°50'32'.'7 
15703 2"1)6m01~88 + 12°50'48".'6 
15703 2h08m07786 +13°23'45".'5 

A p p a r e n t  
l l  magn i tude  

<)utside E a r t h ' s  
a tmosphe re  

13.:14 
13.04 
12.95 
13.49 
13.29 
1:1.12 
13.93 
14.54 
13.69 

VI .  THE P~ESULTS 

The pho tomet r ic  procedure  described in 
the previous sections has been applied to 
the  four plates listed in Table I. The  
absolute units used for the surface bright-  
ness are S~0(red ), the  equivalent  number  
of  stars per square degree of the apparen t  
R magni tude  10. Figures 4-7 show the 
dis t r ibut ion of light in the anti-tail  on the 
four  nights as a funct ion of position angle 
( t ransverse profiles). A comparison with 
the expected profiles predicted from the 
working model shows a certain degree of 
similarity.  However,  the anti- tai l  appears  
---primari ly near  the nucleus to bc 
broader  than  ant ic ipated,  1)erhaps because 
of  the effect of nonzero ejection velocities 
of  the dust  particles, which was not  taken 
into account  in the formulat ion of thc 
model. Also, Fig. 4 suggests a ra ther  
s trong dependence of the position angle 
of the maximum brightness on the distance 
from the nucleus. On the othcr  han(t, the  
observed positions of the brightness maxi- 
rna on the two Februa ry  [)l~tes agree with 
the model within a few degrees, an(1 the 
observed profiles at  large distances from 
the nucleus (at)out 30') on l)late 156S7 arc 
fi t ted by the calculate(1 profilcs fairly well 
indee(I. 

The variat ions in the maximun~ surface 
brightness of the anti-tail  with angular  
distance from the nucleus arc displayed in 
Fig. s. The slope of  the radial profiles on 
the four nights agrees with the predicte(I 

+ T i I - - ~  . . . .  

PLATE 15520  

~o • a :  

55 5 '  L w 

t > 

5o' IO • • 

.. WORKING 
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230 270 280 290 5OO 310 

P O S I T I O N  A N G L E  (deg )  

Fl(;. 4. The d is t r ibut ion ,  in posi t ion angle,  of 
surface br ightness  in the  ant i - ta i l  of Comet 
K o h o u t e k  on plat(" 15520 at  several angular  
(l istanees t'rmn the  )tucleus. The surface bright-  
hess, expressed in '~',o units  (the (~(tuivalent 
) tumber  of  magn i tude  10 s tars  pet" sqllare degree), 
refers to a color sys tem similar  to t h a t  of 
, Iohnson 's  R magn i tudes  and is cor rec ted  for 
a tmospher ic  absorp t ion  (air mass  = 0). For the  
sake of  compar ison,  the  profile predict(~(l by the  
working mode |  is shown, in relat ive units,  at  the  
t)ott<ml. ()n the h)gari thmic scale, the predicte(I 
profile is vir tual ly  independen t  of  the (listanc(, 
f r om t i le  nueh)us. 
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FIG. 5. The distribution, in position angle, of 
surface brightness in the anti-tail of Comet 
Kohoutek on plate 15554 at several angular 
distances from the nucleus. For details, see the 
caption to Fig. 4. 
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FIG. 6. The distribution, in position angle, of 
surface brightness in the anti-tail of Comet 
Kohoutek on plate 15687 at several angular 
distances from the nucleus. For details, see the 
caption to Fig. 4. 

inverse 2.8 power  law a t  d is tances  f rom 
the  nucleus exceeding 20', bu t  the  surface 
br ightness  drops  more  slowly a t  smal ler  
distances.  I n  the  nex t  section, we s ubm i t  a 
t en t a t i ve  in te rp re ta t ion  of  this  effect in 
t e r m s  of a var iab le  popu la t ion  index s of  
the  differential  par t ic le  mass  d is t r ibut ion  
m-Sdm in the  mass  range  under  considera- 
tion, a case not  considered in P a p e r  I.  

Final ly ,  Fig. 9 is a plot  of  the  m a x i m u m  
surface br ightness  of  the  ant i - ta i l  as a 
funct ion of t ime  and  dis tance f rom the 
nucleus. The to ta l  error  is e s t ima ted  a t  
~:20% to ~ 3 0 %  a t  15' f rom the  nucleus 
and  a t  p r o b a b l y  more  t h a n  :~50% a t  30'. 
Unfor tuna te ly ,  the  17-day gap  be tween  
the  second and th i rd  o b s e r v a t i o n s - - t h e  
per iod of interference f rom the M o o n - -  
makes  the  ac tua l  curve of  t ime  var ia t ions  
r a the r  inde te rmina te ,  and  the  fits shown 
in the  figure are jus t  one of  m a n y  possi- 
bilities. However ,  we can be reasonab ly  
cer ta in  t h a t  the br ightness  was increasing 
fair ly rap id ly  in late  J a n u a r y ,  m u s t  have  

reached a m a x i m u m  somet ime  a round  
F e b r u a r y  1, and  was a lmos t  cons tan t  or 
somewha t  subsiding in mid -Feb rua ry .  
Compar ison of  the  observa t ions  wi th  the  
working model  shows some signs of  
resemblance  to the  predic ted  curves. The 
fit is be t t e r  for the as te ro ida l - type  phase  
law in late J a n u a r y  and  for a cons tan t  
phase  effect in m id -Feb rua ry .  

Because of  the  differences be tween the 
observa t ions  and  the  working model  in 
general  and  the  var iab i l i ty  of  the radial  
g rad ien t  in par t icular ,  the  re la t ion be tween 
the surface-br ightness  d is t r ibut ion and  the  
mass-loss ra te  of  the  dus t  f rom the comet  
is more  compl ica ted  t h a n  suggested in 
P a p e r  I and  will have  to be reassessed b y  
means  of  an  improved  model.  We note,  
however ,  t h a t  a cursory  compar ison  of the 
Cerro Tololo pla tes  wi th  the  Lowell 
O b s e r v a t o r y  pr in ts  (for the la t ter ,  see 
P a p e r  I) suggests  t h a t  the  surface-br ight-  
ness ra t io  of  the  ant i - ta i l  to the  sky  is 
likely to be lower t h a n  was adop ted  in 
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Ibm. 8. The m a x h n u m  surface br ightness in 
the anti-tail of Comet Kohoutek on the four 
plates as a function of the angular distance from 
the nucleus. The inverse 2.8 power law predicted 
by the working model is also plotted. 

Pape r  I by  a fac tor  of  a t  least 20, and  it 
thus  appears  t h a t  the emission ra te  of  the 
(lust should be reduced b y  a comparab le  
factor.  This conclusion would be in line 
wi th  a suggest ion pu t  tb rward  in P a p e r  I 
t h a t  the  appa ren t  o rder -of -magni tude  dis- 
c repancy  be tween the  d u s t - o u t p u t  ra tes  
f rom Comet  K o h o u t e k  on the one hand 
and f rom Comets  Arend-Ro land  and 
Benne t t  on the  o ther  was due to the  
inaccessibili ty,  a t  the t ime  of complet ion 
of  P a p e r  I ,  of  a reliable source for' absolute  
cal ibrat ion and  is therefore  not  real. A 
proper  account  of  evapora t ion ,  however ,  
will somewha t  increase the  final e s t imate  
for the  loss of  mass of  the  (lust f rom the 
c o m e t .  

VII .  P R E L I M I N A R Y  P H Y S I C A L  

I N T E R P R E T A T I O N  OF T HE  O B S E R V E I )  
IR, ADIAL P R O F I L E S  OF T HE  A N T I - T A I L  

The physical  significance of" tile pro- 
gressively increasing gradient  of  the radial 

scans emerges  from a model t b rmula t ed  by  
Finson and  Probs te in  (1968) for small  
par t ic le-eject ion velocities. The model 
relates the  modified surface dens i ty  of  the 
emi t t ed  part icles (which is propor t ional  to  
the  surface brightness)  to  their  emission 
flux and  size d is t r ibut ion and  to the area  
they  occupy in the  plane of the sky. As long 
as we consider only larger particles,  for 
which the accelerat ion rat io 1 - tx of  solar 
rad ia t ion  pressure to solar" gravit.y does not  
exceed ~0.01, the  relat ive surface br ight -  
ness in a par t i cu la r  direction away  from 
the nucleus is re la ted to 1 - / ~  in a simple 
way. First ,  the  radial  direction is practic-  
ally identical  with a synchrone.  Second, 
the  pro jec ted  area occupied by  the  par-  
ticles is p ropor t iona l  to 1 - F. Third,  for a 
cons tan t  part icle  densi ty,  the part icle  
d iamete r  ~ is inversely propor t iona l  to 
l --/x because the  sca t te r ing  efficiency of  
the large part icles  tbr rad ia t ion  pressure is 
pract ical ly  independent  of  the part icle 
size. And fourth,  the dis tance R of the  
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F w .  9. T h e  m a x i m u m  s u r f a c e  b r i g h t n e s s  o f  
t h e  a n t i - t a i l  o f  C o m e t  K o h o u t e k  a t  s eve ra l  
a n g u l a r  d i s t a n c e s  f r o m  t h e  n u c l e u s  as  a f u n c t i o n  
o f  t i m e .  T h e  d a s h e d  c u r v e s  s h o w  o n l y  one  o f  
m a n y  p o s s i b l e  f i t s  t o  t h e  o b s e r v a t i o n s .  F o r  c o m -  
p a r i s o n ,  r e l a t i v e  b r i g h t n e s s  v a r i a t i o n s  in  t i m e  
p r e d i c t e d  by  t h e  w o r k i n g  m o d e l  a r e  p l o t t e d  fo r  
t w o  i d e a l i z e d  ca se s :  t h e  a s t e r o i d a l - t y p e  p h a s e  
l aw ~ = l0  -°.°12: (a is t h e  p h a s e  ang le ) ,  a n d  a 
c o n s t a n t  p h a s e  ef fec t  (/) ---- cons t .  

large particles f rom the nucleus is propor-  
t ional  to  1 - / ~ .  The relat ive surface 
brightness a t  dis tance R is then  

I ( R )  ~ f ( 1  - t~) (1 - t~) -~, (1) 

where f ( 1 - / 4  is re la ted to the particle- 
size dis t r ibut ion funct ion g(8) as follows: 

f ( 1  - - U ) ~ 8 4 g ( 8 )  ~ (1 - -  ~[),)--4 g(8) .  (2)  

We established in Paper  I t ha t  there  was 
an excess of  heavier  part icles in the anti-  
tail, which we in te rpre ted  as possible 
evidence for a significant loss of  radius of  
the  dust  part icles due to evapora t ion  
near  the perihelion passage. Wi th  a 
sufficient body  of  observat ional  informa- 
tion, we can now test  this hypothes is  
more quant i ta t ive ly .  

Consider an initial (preevaporat ion)  
dis t r ibut ion funct ion of  part icle d iameters  
of  the  form 

g(3) d8 - 3-" d3, (;~) 

where u is a constant .  Consider fu r ther  
tha t ,  as a resul t  of intense solar heat ing 
over  a l imited period of  t ime, an outer  
layer /18/2  in thickness is lost by  evapora-  
t ion from each particle.  This amoun t  is 
assumed to be independent  of  the part icle  
size for material  of  given s t ruc ture  and 
composition. A part icle of  initial d iamete r  
8 now has a smaller diameter ,  7+ = 8 - / 1 3 ,  
and the particle-size dis tr ibut ion (3) 
changes to 

g(7+)dT+ ~ (7+ + / 1 8 ) - U d y .  (4) 

The logari thmic slope of this dis tr ibut ion,  

t(7+) = - 0  log e g(7+)/3 log e 7+, (5) 

depends on the d iameter  7+ and is re la ted 
to the initial exponent  u by  

t(7+) -- u/[1 + (/18/y)]. (6) 

Since I/=: C(1 - /~)-~ (where C is v i r tual ly  
a cons tant  for particles of  constant  densi ty,  
and 1 - / ~  now refers to y ra the r  t han  to 8), 
we can write (6) as 

~/t = (1/,~) + ( /1~/Cu)  (1 - t~). (v) 

On the  other  hand,  we now have I ~ y~ g(7+), 
so t h a t  the radial  brightness gradient  is 

0 1 o g e I ( R ) _  31ogeI(7+) 31og¢7+ 
W 

0 log~ R 0 log~ 9' 0 log~ R 

= 5 - t(fl. (s) 

Deriving t(7+) tbr a number  of angular  
distances on each of  the scanned profiles, 
assigning the proper  value of  1 - t ~  (de- 
pending not  only on the distance R, bu t  
also on the t ime of observat ion and on the 
position angle of  the scan), and plot t ing 
the result ing pairs 1 - t~ versus 1/t, we can 
tes t  the hypothesis  of part icle evapora t ion  
by  comparing such a plot with the linear 
relat ion predicted by  (7). The plot, based 
on the  four plates and including only the  
sections of  the anti- tai l  where its re la t ive 
brightness exceeded 2% of  the sky inten- 
si ty (to avoid unrealistic gradients  f rom 
very  faint  areas), is exhibi ted in Fig. 10. 
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A least-squares solution indicates a con> 
plete absence of nonlinearity (the mean 
error  of the q tmdrat ic  t e r m  came out  4.5 
t imes  as large as the term itself) and 
provides numerical values tbr two im- 
portant  characteristics of the populat ion 
of large (lust particles in Comet Kohoutek  : 
the exponent  u of the initial particle-size 
dis t r ibut ion  (3) and  the evaporation loss in 
the  part icle d i ame te r  AS. The  two quant i -  
ties derived f rom bo th  the separate plates 
and the whole set are listed in Table  I l l .  

The table also includes the populat ion 
index s of the preevaporation differential 
particle-mass dis t r ibut ion m-'~dm, which 
relates to the particle-size exponent  u 
of (a), 

, (u ~ 2)/a,  (.(~) 

and the acceleration rat io  (1 -/*)m,~ of the  
largest particles that  evaporated com- 
pletely (i.e., whose 8 = 28). 

Taken at face value, the data of Table [ l I  
appear to indicate rather consistently that  

T A B L E  I l l  

(~|{ARA(!TERISTICN OF THI~; DUST PARTI('IA,;S (AT AN ASSUMED I ) E N S I T Y  OF I gCll l  3) 

Plat( ,  

In i t i a l  s ize  In i t i a l  l~]vapoi '~t ion loss in 
d i s t r i b u t i o n  p o p u l a t i ( m  p a r t i c l e  d i a m e t e r ,  A8  
e x p o n e n t ,  ~ i n d e x ,  s (/*m) 

In i t i a l  r e p u l s i v e  force  for  
largest completely ew~porat, ed 

pa r t i c l e s ,  ( 1 -- F) . . . .  

1552O 4 . 7 2 ± 0 . 1 6  2 . 2 4 ± 0 . 0 5  1 0 3 ±  1(} 0 .0113  ± 0.001 | 
15554 5.17 _ 0.27 2.39 ± 0 .09  142 ± 13 0 .0082  ± 0 .0007  
15687 4 .79  + (L09 2.26 ± O.03 131 ± 8 0 .0089  ± 0 .0005  
157O3 5.06 ± 0.07 2.35 ± 0.02 147 ± ~i 0 .0080  ± 0 .0003  
All  4.81 ± 0 .06  2.27 ± 0.02 118 ± 4 0 .0099  ± 0 .0003  
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the  popula t ion  index is s ~ 2.3 (and the 
size-distr ibution exponen t  u _~ 5) and t h a t  
only those particles initially larger t han  
100-150tLm in d iameter  (at an assumed 
densi ty  of  1 g cm-3) survived the exposure  to 
solar heat.  Comparison with Fig. 7 of  
Pape r  I suggests t h a t  the effective vapor-  
izat ion heat  of  the  anti- tai l  particles 
amounts  to abou t  46 kcal mole -~ . However ,  
an unce r t a in ty  is involved in these results, 
owing to  the fact  t ha t  part icle evapora t ion  
also affects the part icle 's  fu ture  dynamics  
because it implies a change in the  magni- 
tude  of the radia t ion pressure. Therefore,  
the present  in te rpre ta t ion  is only pre- 
l iminary,  and the der ived loss ra te  of 
part icle radius due to evaporat ion,  as well 
as the actual  emission ra te  of  the dust,  is 
still subject  to fu r ther  analysis. The  
improved  model of the anti- tai l  will have  
to account  for the  dynamica l  effect of 
part icle evapora t ion  (variable 1 - t~). 

APPENDIX A 

Effects of Differential Refraction on 
Distance and Direction in the Anti-Tail 

at Low Altitudes 

Because of the sharp increase in the 
refi 'action correct ion of  the spherical co- 
ordinates  a t  low alti tudes,  it  is desirable 
to  establish the  effects of refract ion on the 
distance and directional  scales in the  
anti-tail .  

Le t  31, 81 be the refract ion-free co- 
ordinates  of  the  comet ' s  nucleus;  %, 8> 
those of  a point  in the ant i - ta i l ;  and, 
similarly, a~, 32, 32, 82, the corresponding 
coordinates  affected by  refraction. The 
corrections for refract ion are, therefore,  
43 i = a~ -- a~, /18 i = 8 i -- 8~ (i = 1, 2). Since 
we consider only small arcs, then  for the 
refract ion-free angular  distance A of  the 
point  (32,82) f rom the nucleus, we can 
write 

A'- = [ ( ~  + A=: )  --  (~; + A ~ , ) V  

× cos2 ½[(8; + z18,) + (32 + A82)] 
+ [(a; + 48~) - ( 8 / +  481)V. 

(A1) 

Denot ing the refract ion-affected dis- 
tance of  point  (32,82) as 4" and realizing 
tha t  

cos 1[(82 + 48,) + (a; + , % ) ]  
p 

cos ½(8; +8,.') z. cos81, 
t 1 t (~2 - ~;)2 cos  2 ~(a,  + 82) 

+ ( 8  2 - 8 ; )  2 = A  '2, (A2) 

148= = 4 8 1 1  -~ 182 = 8 ; I ,  
A 2 - -  4 t2 "~ 24"(A - -  A'), 

we find t h a t  the refract ion correct ion in 
distance amounts  to 

× c o s Z S ( + ( 8 2 - - 8 ~ ) ( A S z - - 4 8 1 ) ] .  (A3) 

Similarly, the refract ion-free position angle 
p of  the point  (%, 82) relat ive to the nucleus 
is 

t a n p  = (32 + A32) - (8; + 48, )  
1 × eos~[(8~ + A81)+ (32 + 482)]. 

(A4) 

Wi th  the approximat ions  (A2), the 
relat ion between the refract ion-free and 
the refract ion-affected position angles p 
and p" is expressed as 

t a n p  -: t an p "  

×(l+A~2--~x2_c~40:, 482 -~1 ~8' I'.' 

(A5) 

and, withp andp" in degrees, the refraction 
correction in direction becomes 

p -- p '  := 28.°65 sin 2p" 
- 4 = ,  - 

X 

APPENDIX B 

(A6) 

Calibration of the Ambient Sky Brightness 
from the Trail of a Star of Known 

Magnitude 

We assume th a t  a star 's  image on a 
cal ibrated plate, guided on a moving 
object  (comet), appears  in the form of  a 
trail  of  length L and characterist ic  width  
W (arcsec). We fu r the r  assume th a t  a 
photomet r ic  scan across a section of  the 
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trail is avai lable  (such as the  one in Fig. 3) 
and that  the  d iaphragm used is a slit o f  
length l and width  w (aresee), where  
l -; L and w ~ W. Convert ing  the photo-  
graphic densit ies  across the measure<t 
profile o f  the star to relat ive intensit ies  and 
fixing the level  o f  the  sky  brightness  I s on 
the  scan, we  wish to  establ ish the  ratio of  
the  br ightness  of  the  scanned section of 
the  s tar  to t h a t  of  the  am b i en t  sky. It  
appea r s  t h a t  the  excess relat ive in tens i ty  
l across the star's profile can be fitted by a 
probabi l i ty - type  curve,  

/(a') l ,  exp [ - ( x  - -  x 0 ) 2 / 2 ( ~  2 l, (131) 

where .c (aresee) is read f rom an a rb i t r a ry  
origin .%, I ,  is the peak  relat ive brightne, ss 
at the center of  the  star's profile, and ~ is 
the  width  fac tor  (arcsec). Es tabl ishing 
[(x) tbr a number (if a: from the scan, we 
can de te rmine  I ,  and e by  least squares.  
Equa t ion  (BI)  can be wri t ten  as 

log e l(x) = A + Bx + Cm e, (132) 
w h e i ' e  

A -: log,, l ,  - (XO212Cs2), 

B = a,0/~ -~, (Ba) 
(7 : :  1 / 2(y 2, 

so t h a t  

~111(1 
I ,  ex I)[A (B2/4C)I (B4) 

c r -  (--2(/) -1!2. (BS) 

The in tegra ted  in tens i ty  in the scanned 
section of the s ta r ' s  trail is 

( / / ' " ) ; &  .... 

and the br ightness  cont r ibut ion  of the  
whole trail  of  the  s ta r  is related to the stairs 
magn i tude  H , :  

(2rr)~/21,((J/u,)(L/l): c ~. 111 (,.4,,, (B7) 

where c is a c :mstant .  The  surface br ight -  
ness of  the  a m b i e n t  sky H s (magni tude  per  
square  aresee) can similar ly be expressed 
th rough  the  relat ive br ightness  I s and the  
slit dimensions 

l s l tw c × l 0  -0"4Hs. ( B 8 )  

The el iminat ion o f t  f rom (BT) and (B8) 
then  immedia t e ly  gives the  restllt 

H s = H ,  4 2.5 log~ 0 [(2rr) ~/z 1 ,  o L / l s ]  , 
(B.()) 

or, in terms of  the equiva lent  number  of  
stars of  magn i tude  10 per square degree, 

Sl0 :- 1.296 × l0  ll-°'4us 

5 '17°1s  10 ~°-°'4m (B10) 
l ,  ~L 
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