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ABSTRACT 

Photographic observations of the  a n t i t a i l  of Comet Kohoutek (1973f), 

obtained by F. D. Miller, University of Michigan, a t  t h e  Cerro Tololo 

Interamerican Observatory, a r e  photometrically s tudied and t h e  r e s u l t s  

compared with t h e  working model of t h e  a n t i t a i l ,  formulated by the  wr i te r .  

The applied technique of photometric reduct ion i s  described and t h e  r a d i a l  

and t ransverse  p r o f i l e s  of t he  a n t i t a i l ,  corrected fo r  t he  e f f e c t s  of t h e  

va r i ab l e  i n t e n s i t y  of t he  sky background, a r e  derived. The most important 

r e s u l t  reached so f a r  is  a quan t i t a t i ve  confirmation of t he  previously 

suggested hypothesis,  arguing t h a t  dus t  p a r t i c l e s  i n  the  a n t i t a i l  suffered 

a s ign i f i can t  l o s s  i n  rad ius  due t o  evaporation near t he  per ihel ion passage. 

We f i nd  t ha t  only p a r t i c l e s  i n i t i a l l y  l a rge r  than 0.1 t o  0. IS mm i n  diameter 

-3 
( a t  an assumed dens i ty  1 g cm ) survived. Numerically, however, t h i s  

r e s u l t  is  st i l l  t en t a t i ve ,  because t h e  dynamical e f f e c t  exerted by p a r t i c l e  

evaporatiou remains t o  be accounted for .  

Other a c t i v i t i e s  undertaken i n  t he  reported period a r e  a l s o  mentioned, 

and t h e  plans fo r  the  next semiannual period a r e  b r i e f l y  l i s t e d .  

iii 



PART A. COMPARISON OF THE WORKING MODEL FOR THE ANTITAIL OF COMET KOHOUTEK 

(1973f) WITH GROUND-BASED PHOTOGRAPHIC OBSERVATIONS 

I. Introduct ion 

A working model has recent ly  been formulated f o r  t he  a n t i t a i l  of 

Comet Kohoutek (Sekanina 1974, re fer red  t o  hereaf te r  a s  Paper I; see  a l s o  

Semiannual Report No. 5).  The model is based on the  Finson-Probstein (1968) 

theory of dust  comets and f i t s  reasonably wel l  the  semiquantitative descr ip t ions  

of the a n t i t a i l  by a number of observers. Yet some fundamental t e s t s  of the  

working model of t he  a n t i t a i l ,  such a s  r a d i a l  br ightness  va r i a t i ons ,  t ransverse 

p r o f i l e s  and time va r i a t i ons  i n  the  surface br ightness ,  were missing i n  Paper I 

because quan t i t a t i ve  photometry was unavailable a t  the  time of the  paper 's 

completion. Some of these  tests a r e  included i n  t he  present report .  

The photographic mater ia l  studied here  cons i s t s  of t he  p l a t e s  secured 

a t  the Cerro Tololo Interamerican Observatory, near La Serena, Chile ,  under 

the  s u  .ervision of F. D. Miller.  

A t o t a l  of 12 p l a t e s  were taken a t  Cerro Tololo with the  University of 

Michigan Curtis-Schmidt telescope (61191 cm, £13.5, 96'!6 per mil l imeter)  

between January 16 and February 15, 1974. Five p l a t e s ,  taken on January 23, 

24, 26 and on February 12 and 15, a r e  098-02 panchromatic emulsions combined 
0 

with an RG1 f i l t e r  t o  provide the  maximum s e n s i t i v i t y  near 6600A. The o ther  

seven p l a t e s ,  taken on January 16, 17, 20, 21, 23, 25 and 27, a r e  standard 



103a0 emulsions without any f i l t e r .  A l l  t he  p l a t e s  were ca l ib r a t ed  wi th  

t he  use of 1 4  photometric spo t s  from the  Weston tube sensitometer.  

The red-sensi t ive p l a t e s  have been of primary i n t e r e s t ,  both because 

of t h e i r  spanning a longer i n t e r v a l  of t i m e  and because of t h e i r  b e t t e r  

showing the  a n t i t a i l .  The guiding of t he  January 24 p l a t e  was somewhat 

imperfect, so  t ha t  only the  remaining four  p l a t e s  - two i n  January and two 

i n  February - have been photometrically s tudied.  The four  observations a r e  

l i s t e d  i n  Table I. 

Of much concern is of course t h e  very low a l t i t u d e  of the  comet. A t  

t he  end of the  exposure, t he  comet was only s l i g h t l y  over 10' above the  

horizon on p l a t e s  15520, 15687 and 15703, and about 6'?5 above the  horizon 

on 15554! Only thanks t o  t he  exce l len t  sky a t  Cerro Tololo t h e  p l a t e s  a r e  

s t i l l  photometrically valuable.  Yet t he  very low a l t i t u d e  of the  comet is  

a source of two po ten t i a l  complications f o r  t he  photometry of the  p l a t e s ,  

namely the  e f f e c t s  of d i f f e r e n t i a l  r e f r ac t i on  and s t rongly va r i ab l e  sky 

br ightness .  

The e f f e c t  of d i f f e r e n t i a l  r e f r ac t i on  has been quan t i t a t i ve ly  analyzed 

following the  procedure described i n  Appendix A. Numerically, r e f r a c t i o n  has  

been found t o  a f f e c t  the  angular d i s t ance  from the  nucleus on the four p l a t e s  

by less than 1%, and the  pos i t i ona l  angle by not  more than 0?1 a t  t he  angular 

d i s t ance  of 1' from the  nucleus and not more than 0'?2 a t  2O. 

The e f f e c t  of va r i ab l e  sky br igh tness  proved considerably more severe. 

It so  happened t h a t  t h e  b r i g h t e s t  s ec t i on  of the  a n t i t a i l  d i rec ted  almost 

exact ly  toward the  horizon on a l l  t he  p l a t e s ,  so t h a t  the maximum br igh tness  

gradient  of t he  sky projected unf oreshortened along the  a n t i t a i l .  I n  addi t ion ,  
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a l l  exposures began s t i l l  during t h ?  astronomical tw i l i gh t  (with the  

sun 's  depression between 15' and 17'), and almost the  whole 15520 exposure 

was taken during the  twi l igh t  ( the  sun 's  depression a t  midexposure 17'). 

To demonstrate t he  ex ten t  of in te r fe rence ,  we mention t h a t  t h e  r e l a t i v e  

gradient  of t he  sky br ightness  on p l a t e s  15520 and 15554 reached a record 

r a t e  of 7 per cent  per degree of a l t i t u d e ,  while a t  t h e  same time the  

i n t r i n s i c  sur face  br ightness  of t he  a n t i t a i l  amounted t o  only some 4 - 6% 

of the  sky br igh tness  a t  15 arcmin from t h e  nucleus and about 1 - 2% at  25 

arcmin . 

111. Photographic photometry of t h e  Cerro Tololo p la tes .  The technique 

The technique of reduct ion of t he  Cerro Tololo p l a t e s  has e s s e n t i a l l y  

been d i c t a t ed  by the  troublesome observing conditions.  Because of the  

complicated charac te r  of t he  sky-brightness va r i a t i ons  near t he  horizon, i t  

has been v i r t u a l l y  impossible t o  use the  standard two-dimensional scans t o  

map the  background "noise" over t he  a rea  occupied by the a n t i t a i l  (see Fig. 1 ) .  

Prefe rab le  - because considerably more reveal ing - a r e  one-dimensional r a d i a l  

t rac ings ,  passing through the  comet's nucleus and e f f e c t i v e l y  covering the 

whole a n t i t a i l .  Each r a d i a l  scan i s  defined by the  pos i t i ona l  angle,  and the  

"noise" v a r i a t i o n s  i n  the  respec t ive  s ec t i on  of t he  a n t i t a i l  can reasonably be 

in te rpola ted  from the  known background outs ide  t he  a n t i t a i l  (see Fig. 2). 

Nearby s t a r e  of known pos i t ions  have been used t o  f i x  the  pos i t i ona l  angles .  

The pos i t i on  of t he  comet on t h e  p l a t e s  was measured r e l a t i v e  t o  the  nearby 

s t a r s  and reduced rou t ine ly  with t he  use of t h e  method of dependences. The 

r e s u l t  has a l s o  been checked by computing the  expected pos i t ion  of t he  comet 
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SCALE. 
t 1 

I 4 
0 10' 20' 30' 

Figure 1.  A two-dimensional scan of Plate  15687. Scanning aperture 9 .7  
by 9 .7  arcsec. The a n t i t a i l  points t o  the bottom, the regular 
dust t a i l  t o  the top of the scan. The numbers indicate the 
re la t ive  surface brightness, uncorrected for the sky background. 



PLATE 15687 



from Marsden's (1974) d e f i n i t i v e  o r b i t .  The measured and computed pos i t ione  

agree within 2 arcsec on p l a t e  15520, 7 a rcsec  on 15554, 8 arceec on 15687 

and 1 3  arcsec on 15703. These r e s idua l s  can e n t i r e l y  be accounted fo r  by 

the  uncer ta in ty  i n  the  loca t ion  on the  p l a t e s  of t he  nucleus i n  t h e  s t rongly  

overexposed coma of almost 2 arcmin i n  diameter. The extended image of t he  

comet's head i s  responsible  f o r  an uncertainty i n  the  d i s tance  s c a l e  of t he  

scans, amounting t o  severa l  per  cent  a t  10 arcmin from the  nucleus and dropping 

down t o  somewhat more than 1 per cent a t  30 arcmin. Together with the  images 

of t h e  or ien ta t ion- f ix ing  s t a r s ,  which appear a s  t r a i l s  a few arcmin i n  

length on the  four p l a t e s ,  t he  comet's image is a l so  responsible  f o r  an  e r r o r  

i n  t he  pos i t i ona l  angle of t he  scans, which is estimated a t  not more than 

about +0:5. Recal l ing the  e f f e c t s  introduced by d i f f e r e n t i a l  r e f r ac t i on  

(Section 11), we may conclude tha t  they a r e  much smaller  than the  operat ing 

e r r o r s  and can therefore  be s a f e ly  neglected. 

A p r a c t i c a l l y  important parameter of any photometric procedure is  t h e  

s i z e  of the  scanning diaphragm. Its choice is governed by a balanced compromise 

between the  requirement of a s u f f i c i e n t l y  high reso lu t ion  power on the  one 

hand and t h a t  of a smooth background image reasonably f r e e  from the  e f f e c t s  

of emulsion granulat ion on the  other .  After  some experimenting, the  diaphragm 

used i n  the  r a d i a l  scans was fixed a t  60 by 60 microns, i .e. ,  5.8 by 5.8 arcsec.  

The pho toe l ec t r i c s l l y  ca l i b r a t ed  spo t s  have been measured with a 

Macbeth densitometer. The obtained c h a r a c t e r i s t i c  curves a r e  p lo t ted  i n  

Fig. 3. 
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Figure 3. The characteristic curves for the four Cerro Tololo plates. 



I V ,  Photographic photometry of t h e  Cerro Tololo  p l a t e s .  The r e s u l t s  

The photometric procedure desc r ibed  i n  Sec t ion  111 has  been app l i ed  t o  

t h e  f o u r  Cerro  Tololo  p l a t e s  and t h e  r e s u l t ;  a r e  l i s t e d  i n  T z t l e s  I1 t o  V. 

The smoothed b r i g h t n e s s  d a t a  a r e  miss ing f o r  a r e a s  of t h e  a n t i t a i l  where i t s  

photogrsphic-density curve  i s  very  poor ly  determined,  e i t h e r  because of the  

excess ive  f a i n t n e s s  of t h e  a n t i t a i l  o r  due t o  a  s t r o n g  in*  l r ference  wi th  a  

s t a r ' s  t r a i l .  

The d a t a  of Tables  I1 t o  V have been f i r s t  compared wi th  t h e  r a d i a l  

p r o f i l e s  of t h e  working nodel  (Fig. 4D of Paper I ) .  A l l  four  p l a t e s  

c o n s i s t e n t l y  show the  e f f e c t  d isplayed i n  Fig.  4 f o r  one of t h e  scans  of 

Table 11: the  observed r a d i a l  g rad ien t  p rogress ive ly  i n c r e a s e s  wi th  d i s t a n c e  

from t h e  nucleus.  The s u r f a c e  b r i g h t n e s s  v a r i e s  approximately i n  inverse  

propor t ion t o  the  d i s t a n c e  from the  nucleus  a t  angular  d i s t a n c e s  l e s s  than 

a b t ~ u t  l o ' ,  and approaches t h e  model's i n v e r s e  2 .8  power law a t  about a  h a l f  

of a  degree  from t h e  nucleus.  The q u a n t i t a t i v e  dependence of t h e  r a d i a l  

g r a d i e n t  on t h e  angular  d i s t a n c e  v a r i e s  somewhat wi th  t h e  p o s i t i o n a l  ang le  

and t o  some ex ten t  a l s o  changes from p l a t e  t o  p l a t e .  Since  the  adopted 

assumption of n e g i i g i b i y  small m i s s i o n  v e l o c i t i e s  i n ~ l i e s  a c l n w  c o r r e l a t i o n  

between t h e  r a d i a l  v a r i a t i o n  of t h e  b r i g h t n e s s  i n  the  a n t i t a i l  and the  

~ o p u l a t i o n  index s of t h e  p a r t i c l e  mass d i s t r i b u t i o n  m-S dm, t h e  observed 

c h a r a c t e r  of t h e  r a d i a l  g r a d i e n t  sugges t s  a  s t r o n g l y  v a r i a b l e  s i n  t h e  

p a r t i c l e - s i z e  range under c o n s i d e r a t i o n ,  a  case  t h a t  has  not  been d i scussed  

i n  Paper I. 

Although t h e  v a r i a b i l i t y  of t h e  r a d i a l  g r a d i e n t  makes f u r t h e r  comparison 

of t h e  working model w i t h  our photometric r e s u l t s  r a t h e r  d i f f i c u l t ,  we have 
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PLATE 15520 
p a .  27505 

3' 4' 6' 10' 20' 30' 

ANGULAR DISTANCE FROM NUCLEUS 

Figure 4 .  A typical  example of the radial variation i n  the a n t i t a i l  brightness 
(solj,! c i r c l e s ) .  The law of variat ion derived from the working 
 no^, 21 is  given for reference. 



used some of t h e  da ta  of Tables I1 t o  V t o  compile Figure 5. It shows the  

p r o f i l e s  of t he  a n t i t a i l  a t  20 arcmin from the  nucleus, a s  a  funct ion of 

pos i t iona l  angle. The general  impression from the  comparison of the  

observations with t he  working model is tha t  t he  a n t i t a i l  appears t o  be, 

pr imari ly  i n  February, broader than an t ic ipa ted .  When an attempt has  been 

made t o  fo rce  t he  2.8 power law through the  br ightness  curve of t he  a n t i t a i l  

near 30 arcmin from t h e  nucleus, t he  agreement with the  working model's 

t ransverse p r o f i l e s  became subs t an t i a l l y  be t t e r .  However, s ince  t he  br ight-  

ness  d a t a  a t  such l a rge  d i s tances  from the  nucleus a r e  r a t h e r  uncer ta in ,  t h i s  

experiment has l i t t l e  i f  any p r a c t i c a l  s ignif icance.  

V. Ca l ibra t ion  s t a r s  f o r  t he  Cerro Tololo p l a t e s  

To c a l i b r a t e  t he  sur face  br ightness  of the  a n t i t a i l  i n  absolute  u n i t s ,  

two t o  th ree  s t a r s  have been se lec ted  on each photograph. Because of very 

dense cores  of s t a r  t r a i l s  on Curtis-Schmidt p l a t e s ,  only very f a i n t  s t a r s ,  

of estimated red magnitudes 13 t o  14, can be chosen f o r  ca l i b r a t i on .  Pursuing 

a two-step procedure, w e  f i r s t  intend t o  use these s t a r s  t o  c a l i b r a t e  the  sky 

background (a t  t he  p a r t i c u l a r  spot  on the  p l a t e )  and then t o  use t he  sky 

background t o  c a l i b r a t e  the  a n t i t a i l  by converting the  r e l a t i v e  i n t e n s i t i e s  

of Tables I1 t o  V t o  absolute  un i t s .  

S t r i c t l y ,  each ca l i b r a t i on  s t a r  should have been scanned across  a s  w e l l  

a s  along its t r a i l .  However, inspect ion of t he  magnified t r a i l s  of the  

c a l i b r a t i o n  s t a r s  i n  a  measuring machine has shown tha t  v i r t u a l l y  nothing can 

be gained by scanning the s t a r s  along t h e i r  t r a i l s  over simply measuring t h e i r  

lengths ,  once the c ross  scans a r e  ava i lab le .  
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POSITIONAL ANGLE FROM NUCLEUS 

Figure 5. Transverse pro f i l e s  of the a n t i t a i l  on the Cerro Tololo p lates  
a t  an angular distance of 20 arcmin from the nucleus. Solid 
c i rc l e s :  measurements; curves: working model. 



To ge t  a meaningful p r ~ f i l e  of t he  c a l i b r a t i o n  s t a r s  i n  the  d i r e c t i o n  

perpendicular t o  the  t r a i l ,  a slit diaphragm has been used i n  the  c ros s  scans. 

The width of t he  slit  i n  the  scanning d i r ec t i on  has  been f ixed a t  10  microns 

(or j u s t  below 1 arcsec) ,  a s i z e  s i g n i f i c a n t l y  smaller  than the  apparent width 

of t h e  t r a i l s  of t he  ca l i b r a t i on  s t a r s  (which is typ i ca l ly  50 microns). To 

avoid t he  e f f e c t  of emulsion granulat ion,  t h e  length  of the  diaphragm along 

the  t r a i l  has  been kept a t  200 microns (or about 19.3 arcsec)  , which represen ts  

about 10 per cent  of an average t r a i l  l ength  on the  p la tes .  Due t o  d i f f e r e n t i a l  

r e f r ac t i on ,  t h e  s t a r  t r a i l s  a r e  not  q u i t e  s t r a i g h t .  Each s t a r  was scanned near 

the  middle of i ts t r a i l  and i n  t he  d i r ec t i on  perpendicular t o  t he  tangent t o  

the  t r a i l  a t  t h a t  point .  D i f f e r e n t i a l  r e f r a c t i o n  a l s o  a f f e c t s  the  measurer! 

length of t he  star t r a i l s ,  which depend, i n  addi t ion ,  on t he  s t a r  br ightness .  

An example of a scan of a c a l i b r a t i o n  s t a r  is  shown i n  Fig. 6. The photometric 

reduct ion of the  scans of t h i s  type is described i n  Appendix B and the  obtained 

r e s u l t s  a r e  l i s t e d  i n  Table V I .  The coordinates  of t he  c a l i b r a t i o n  s t a r s  - 
none of which is l i s t e d  i n  t he  SAO catalogue - have been determined by t h e  

method of dependences (using up t o  10 ambient re fe rence  s t a r s )  and should be 

good t o  within 1 arcsec  i n  each coordinate,  except perhaps f o r  t he  s t a r s  on 

p l a t e s  15554, where t h e  accuracy may be somewhat lower. Since t he  magnitudes of 

the  c a l i b r a t i o n  s t a r s  remain t o  be measured, t he  c a l i b r a t i o n  cannot be pursued 

t i ~ i  the  end a t  present .  The l a s t  column of Table V I  g ives  HB-H*, t h e  d i f f e r ence  

between the  magnitude per square a rcsec  HB of t he  sky background of r e l a t i v e  

sur face  br ightness  IB and the  aagnitude of t h e  c a l i b r a t i o n  s t a r  H,. Both 

magnitudes should of course r e f e r  t o  the  s e n s i t i v i t y  p r o f i l e  of t he  p l a t e s  with 

0 

the  maximum near 6600A. 
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VI. Preliminary physical  i n t e r p r e t a t i o n  of t h e  observed r a d i a l  

p r o f i l e s  of t h e  a n t i t a i l  

The progressively increasing gradient  of the  r a d i a l  scans is so  f a r  

the  bea t  es tab l i shed  property of t he  a n t i t a i l .  The physical  s i gn i f i cance  

of t he  gradient  v a r i a t i o n s  emerges from a r e l a t i o n  among the  modified sur face  

dens i ty  of t he  emitted p a r t i c l e s  (which is proport ional  t o  the  r e l a t i v e  

br ightness) ,  t h e i r  emission f l ux  and s i z e  d i s t r i b u t i o n ,  and the  a r ea  they 

occupy i n  the  plane of t he  sky, a s  formulated by Finson and Probsteiri (1968) 

fo r  small par t ic le -e jec t ion  ve loc i t i e s .  A s  long a s  we  consider only l a rge  

p a r t i c l e s ,  f o r  which t h e  acce le ra t ion  r a t i o  1-p of s o l a r  r ad i a t i on  pressure 

t o  s o l a r  g rav i ty  does not  exceed $0.01, t he  r e l a t i v e  br igh tness  i n  a  p a r t i c u l a r  

d i r e c t i o n  away from the  nucleus can be described by a  very simple expression. 

F i r s t ,  t he  emission f l u x  is i n  t h i s  case constant ,  because t h e  r a d i a l  d i r ec t i on  

is  p r a c t i c a l l y  i d e n t i c a l  with a  synchrone. Second, t h e  projected a rea ,  occupied 

by the  p a r t i c l e s  is  proport ional  t o  1-p. Third,  f o r  a  constant p a r t i c l e  dens i ty  

the p a r t i c l e  diameter 6 is inversely proport!.onal t o  1-v,  because t he  

s c a t t e r i n g  e f f i c i ency  of l a rge  p a r t i c l e s  f o r  r ad i a t i on  pressure is  p r a c t i c a l l y  

independent of i h e  p a r t i c l e  s ize .  And four th ,  t he  d i s tance  R of the  l a rge  

p a r t i c l e s  from the  nucleus i s  proport ional  t o  1-p. The r e l a t i v e  br igh tness  

a t  d i s t ance  R is then 

I ( R b  f (1-v) (l-p)-l ,  (1) 

where f(1-p) is  r e l a t ed  t o  t h e  pa r t i c l e - s i ze  d i s t r i b u t i o n  funct ion g(6) 

thus: 



We establ ished i n  Paper I t h a t  there  was o r e l a t i v e  excear of heavier 

p a r t i c l e s  i n  t he  a n t i t a i l ,  which we in te rpre ted  a s  poss ib le  evidence f o r  a 

s ign i f i can t  l o s s  of radius of the  duet p a r t i c l e s  due t o  rwaporation near the  

perihel ion passage. With a eu f f i c i en t  body of observat ional  information we 

now can test t h i s  hypothesis more quant i ta t ive ly .  

Consider an i n i t i a l  (pre-evaporation) d i s t r i b u t i o n  function of p a r t i c l e  

diameters of t he  form 

g(6)db Q, FUd6,  (3) 

where u is a constant.  Consider fu r the r  t h a t ,  a s  a r e s u l t  of in tense  so l a r  

heating over a l imited period of time, an outer  layer  %A6 i n  thickness 

evaporates away from each pa r t i c l e .  This  amount is indeed indepzndent of 

the  p a r t i c l e  s i z e  f o r  mater ia l  of given s t r u c t u r e  and composition. 

of i n i t i a l  diameter 6 b s  now a smaller diameter y - 6-A6, and the  

s i z e  d i s t r i b u t i o n  (3) changed t o  

The logarithmic s lope of t h i s  d i s t r i b u t i o n ,  

depende on diameter y and i s  r e l a t ed  t o  the  i n i t i a l  exponent u by 

Since y = c(l-p)-l  (C i e  a constant and 1.-v now r e f e r s  t o  y ra ther  

we can wr i t e  aquation (6) as 

A p a r t i c l e  

pa r t i c l e -  

(6) 

than t o  6). 



On t h e  ocher hand, we now have I Q yS  g(y), so t ha t  t he  r a d i a l  br ightnese 

gradient  is 

Deriving t ( y )  f o r  a number of angular d i s tances  on each of t he  scanned 

p r o f i l e s ,  ass igning the proper value of 1-p (depending not  only on t h e  

d i s tance  R, but a l s o  on the  time of ebservat ion and on t h e  pos i t i ona l  angle 

1 of the  scan),  and p lo t t i ng  the  r e ~ u l t i n g  p a i r s  1-r VS.T , we can test t h c  

hypothesis of p a r t i c l e  evaporation by comparing such a p lo t  with the  1ine:lt 

r e l a t i o n  predicted by equation C ) .  The p lo t ,  based on the four p l a t e s  at,- 

including only the s ec t i ons  of the  a n t i t a i l  where its r e l a t i v e  br ightness  

exceeded 2 per cent of the sky background ( t o  avoid u n r e a l i s t i c  g rad ien ts  

f r m  ve::y f a i n t  a reas ) ,  is  exhibi ted i n  Figure 7. A least-square so lu t ion  

i r ~ d i c a t e s  a complete absence of nonl inear i ty  ( the  mean e r r o r  of t he  quadrat ic  

term cune out  4.5 times a s  l a rge  as the  term i t s e l f ) ,  and provides the  

~wmerZca1 va lues  of two important c h a r a c t e r i s t i c s  of the population of l a rge  

dus t  p a r t i c l e s  i n  Comet Kohoutek: exponent u of the i n i t i a l  pa r t i c l e - s i ze  

d i s t r i b u t i o n  req. (311 and the evaporation l o s s  i n  p a r t i c l e  diameter A 6 .  The 

two q u a n t i t i e s  derived from both the  separa te  p l a t e s  and the  whole s e t  a r e  

l i s t e d  i n  Table V I I .  The t ab l e  a l s o  includes the  population index s of the 

d i f f e r e n t i a l  particle-mass d i s t r i b u t i o n  m'sdm, which r e l a t e s  t o  the  pa r t i c l e -  

s i z e  exponent u of (3 ) .  

and the  acce le ra t ion  r a t i o  (1-p)-, corresponding t o  the  l a r g e s t  pa r t i c l ea  

that evaporated completely (1.e.. whose 6 = A6). 
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Taken a t  t h e i r  face  value, t h e  d a t a  of Table VII appear t o  i nd i ca t e  

r a the r  cons is ten t ly  t h a t  the  population index is near 2.3 and the  s ize-  

d i s t r i b u t i o n  exponent u near 5, and t h a t  only t he  p a r t i c l e s  i n i t i a l l y  

l a rge r  than 100 t o  150 microns i n  diameter survived t h e  exposure t o  s o l a r  

heat.  Comparison with Figure 7 of Paper I suggests t h a t  t h e  e f f e c t i v e  

vaporizat ion heat  of the  a n t i t a i l  p a r t i c l e s  amounts t o  about 46 kcal/mole. 

However, there  is an uncer ta in ty  involved i n  these  r e s u l t s ,  which is  due 

t o  t he  f a c t  t ha t  any p a r t i c l e  evaporation a l s o  a f f e c t s  t he  p a r t i c l e ' s  f u t u r e  

dynamics, because i t  implies  a change i n  t he  magnitude of the  r ad i a t i on  

pressure.  Therefore t he  present  r e s u l t s  a r e  still preliminary, and the  

derived l o s s  r a t e  of p a r t i c l e  r ad ius  due t o  evaporation may only be an 

order-of-magnitude estimate.  I n  the  improved model of the  a n t i t a i l  t he  

dynamical e f f e c t  of p a r t i c l e  evaporation (var iab le  1-p) must be accounted 

for .  
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PART B. OTHER ACTIVITIES I N  THE REPORTED PERIOD 

Besides the  extensive i nves t i ga t ion  of the  a n t i t a i l  of Comet Kohoutek, 

t he  following a c t i v i t i e s  were a l s o  undertaken. 

1. Computer programs 

The package of computer programs, used f o r  t he  ca l cu l a t i on  of p a r t i c l e  

o r b i t s ,  now works f o r  p a r t i c l e  acce l e r a t i ons  1-u exceeding 1 (negative 

g rav i t a t i on ) ,  and f o r  both short-period and nearly-parabolic o r b i t s  of 

comets. 

2. A general  study of the  anomalous t a i l s  of comets 

This study, continued from the  previous period, has resu l ted  i n  a 

paper "The pred ic t ion  of anomalous t a i l s  of comets", published i n  Sky and 

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

3. The anomalous t a i l s  of short-period comets 

The general  r u l e s  f o r  t h e  appearance of t h e  anomalous t a i l s  have been 

applied t o  a l l  t h e  short-period comets of t h e  pas t ;  many of these comets should 

have displayed an anomalous t a i l  on a number of occasions,  but no observat ions 

of such t a i l s h a v e e v e r  been reported. It is t e n t a t i v e l y  concluded t h a t  t he  

short-per iod comets f a i l  t o  emit r e l a t i v e l y  heavy p a r t i c l e s  (of a submillimeter 

and l a rge r  s i ze )  i n  s i g n i f i c a n t  amounts. 

4. The problem of t he  t a i l s  of t h e  d i s t a n t  comets 

The r e s u l t s  of t h e  hypothesis of t h e  i c y  t a i l s  of t h e  d i s t a n t  comets, 

proposed i n  Semiannual Progress Report No. 4 (March 15 t o  September 14, 1973), 

has  been updated and w i l l  be sho r t l y  submitted f o r  publ ica t ion  i n  Icarus  under 

the  t i t l e  "A Study of the  Icy T a i l s  of the  Dis tan t  Comets". 



PART C. PLANS FOR THE NEXT PERIOD (SEPTEMBER 15, 1974 TO MARCH 14, 1975) 

1. To continue (and complete a s  soon a s  possible)  t he  study of the  an t i -  

t a i l  of Comet Kohoutek. 

2. To study t h e  a n t i t a i l  of Comet Arend-Roland (1957 111) and t o  compare 

t h e  r e s u l t s  with those f o r  Comet Kohoutek. Three high-quality photo- 

met r ica l ly  ca l i b r a t ed  p l a t e s  of 1957 I11 a r e  ava i l ab l e  from the  

co l l ec t i on  of D r .  F. D. Mi l le r ,  Universi ty  of Michigan. 

3.  To study the  motions of dus t  p a r t i c l e s  under the  e f f e c t s  of evaporation 

(var iab le  1-u), and t o  der ive  t he  vaporizat ion parameters (vaporization 

r a t e ;  l a t e n t  heat  of vaporizat ion of t he  mater ia l ) .  

4 .  To study the  synchronic bands i n  t h e  t a i l s  of some comets i n  terms of 

t h e  hypothesis of vaporizing p a r t i c l e s .  

5. To complete ( i f  time allows) t h e  s t a t i s t i c a l  study of the  anomalous 

t a i l s  of comets, aimed a t  our b e t t e r  understanding of t h e  process of 

e j e c t i o n  of heavy p a r t i c l e s  from comets. 

It is  not believed t h a t  a l l  t he  above problems w i l l  be completely 

solved by the  end of t he  next semiannual period. The a c t u a l  p r i o r i t y  t o  

each of t he  above po in t s  of inves t iga t ion  w i l l  be assigned during t h e  

period so  t h a t  t he  whole p ro j ec t  is  run most e f f i c i e n t l y .  

I n  addi t ion ,  at t h e  i n v i t a t i o n  of D r .  B. D. Donn, Goddard Space F l igh t  

Center, a revleb paper w i l l  be given on t h e  progress  i n  t h e  study of come- 

t a r y  dus t  t a i l s  a t  t h e  IAU Colloquium No. 25 (Study of Comets), held i n  

l a t e  October 1974. 



Appendix A. Effects of differential refraction on the distance and 

directional determinations in the antitail at low altitudes 

Because of the sharp increase in the refraction correction of the 

spherical coordinates at low altitudes, it is desirable to establish the 

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

Let al, 61 be the refraction-free coordinates of the comet's nucleus, 

I ' l l  

up, 62 those of a point in the antitail, and r,L:,Llarly al, ti1, a2, 62 the 

corresponding coordinates affected by refraction. The corrections fot 

refractior are therefore Aai = ai-a;, A6i = 6i-6; (i = 1.2). Since we 

consider onb small arcs, we can write for the refraction-free angular distance 

A of the point (a2, 62) from the nucleus 

Denoting the refraction-affected distance of point (a2, 62) as A' and 

we find the refraction correction in distance to amount to 

Similarly, the refraction-free positional angle p of the point ( ~ ~ ~ 6 ~ )  relative 

yo the nucleus is 



Because of (A-2) , i ts  r e l a t i o n  t o  the  refraction-af f ected pos i t i ona l  

angle p' is expressed a s  

haz-Aal A62-A6 
tan  p tan p' (1 + - 1 

I '  
s 

a2- a 1 6; -6' 1 

and, with p and p' i n  degrees, the  r e f r ac t ion  cor rec t ion  i n  d i r e c t i o n  

becomes 

Aa -ha As2-A6 
p p '  - 28f65 s i n  2p' ( - 1 

I I 
1 

a2-a1 6;-6; 

The cor rec t ions  hai, A6i follow from the  c l a s s i c a l  equations of t he  

spher ica l  astronomy: 

Aui = -COS 4 s i n  ti sec 6j cosec z' R i i' 
I Asi = ( tan  6; co t  zi - s i n  ( see 6$ cosec z ; )R~,  

where ( is  the  geographic l a t i t u d e  of the observing place, ti and z; t he  

hour angle and zeni th  dis tance,  both refract ion-affected,  and R the r e f r ac t ion  

cor rec t ion  i n  the  zeni th  dis tance,  which, except very near t he  horizon, can 

be approximated by 

R = A t an  z' + B tan3 z', (A-8) 

where A and B a r e  constants.  



Appendix B. Photometric ca l ib ra t ion  of the  sky background 

We assume t h a t  a  s t a r ' s  image on a  ca l ibra ted  p l a t e ,  guided on a  moving 

objec t  (comet), shows up i n  the  form of a  t r a i l  of length L and c h a r a c t e r i s t i c  

width W (arcsec).  We f u r t h e r  assume t h a t  a  photometric scan acrobz a  sec t ion  

of the trail  is ava i lab le  and t h a t  t he  diaphragm used has been a  slit  of 

length & and width w (arcsec) ,  where e < < ~  and w<<W. Converting the photo- 

graphic d e n s i t i e s  across  the  measured p r o f i l e  of the  s t a r  t o  r e l a t i v e  i n t e n s i t i e s  

and f i x i n g  the  l e v e l  of the  sky-background noise on the scan, we wish t o  

est imate the contr ibut ion of the  scanned sec t ion  of the  s t a r  t o  the  br ightness  

of the ambient background IB. We assume t h a t  the excess r e l a t i v e  i n t e n s i t y  

I across  the s t a r ' s  p r o f i l e  f i t s  a  probabili ty-type curve, 

where x (arcsec) is read from an a r b i t r a r y  o r ig in  xo, I is the  peak r e l a t i v e  * 
brightness  a t  che center  of the  s t a r ' s  p ro f i l e ,  and a is the width f ac to r  

(arcsec) .  Establ ishing I ( x )  f o r  a number of x  from the scan we can determine 

I* and a by l e a s t  squares. Equation (B-1) can be wr i t t en  a s  

logeI (x) = A + Bx + cx2, 

where 
2 

0 
A = logeI* - - 
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so tha t  B~ 
I* = -P (A - - 4C 1 



and 

u = (-ZC)-~. 

The integrated in t ens i ty  i n  the scanned sec t ion  of the  s t a r ' s  t r a i l  is 

and t h e  br ightness  contr ibut ion of the  whole t r a i l  of t he  s t a r  is re l a t ed  t o  

the  s t a r ' s  magnitude H : * 

where c i s  a constant. The surface br ightness  of the  ambient sky background 

HB (magnitude per square arcsec)  can s imi l a r ly  be expressed through the  

r e l a t i v e  br ightness  IB and the  s l i t  dimensions 

The e l imina t ion  of c from (B-7) and (B-8) then gives immediately the  r e s u l t :  



Appendix C. Normalized size-density distribution of vaporizing particles 

Consider particles, whose diameters 6 and densities p have originally 

satisf led a distribution law 

g(p6) d(~6) = Cg(~6)-U d(p6). (C-1) 

where u and C are constants. Consider further that the particles vaporize 8 

until their final diameters y and densities a are related to the pra-wapo- 

ration values thus: 

UY I ~6 - A(PQ, (C-2) 

where A(p6) is a constant. Obviously, all the particles for which p6 < A(p6) 

vaporize completely, whereas the post-evaporation distribution of the 

particles with p6 > A(p6) becomes 

g(w) d(W) = Cg COY + ~ ( ~ 6 ) 1 - ~  d(ay). (C-3) 

In order that this distribution be normalized, 

the constant C must satisfy the relation 
8 

The distribution of radiation-pressure accelerations 1-p, associated 

with the particle size-density distribution (C-3) is 

f(1-u) d(1-e) = C; Y g(oy) d(l-~;, 

(C-7) 

where Cf = c;*c~ and (1-p)- is the radiation-pressure acceleration exerted 

on the largest particles that later evaporated completely [ p6 = A(p6)]. 



Normalizing distribution (C-7) we obtain 

so that 

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 


