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1986 Apparition. Per ihel ion passage w i l l  occur on February 9, 1986, and at tempts  
t o  recover t h e  comet have already begun. Recovery is expected with some ce r t a in -  
t y  no l a t e r  than l a t e  1983 and could be a s  e a r l y  a s  l a t e  1980. A s  of t h i s  
wri t ing,  searches a t  the  c e l e s t i a l  posi t ion of Halley's Comet have es tab l i shed  
t h a t  it has n 9 t  yet reached a br ightness  of 24.5m.  

No more I f e e l  t he  potent s p e l l  

of Jup i t e r  o r  ?tars, 

O r  know the  magic peace t ha t  f e l l  

Upon m e  from the  S t a r s ,  

A f  i e r ce r  flame - a Comet Love 

Consumes my s p i r i t  now; 

i cry  t o  you still heavens above, 

"Oh! Halley's,  where a r e  thou?" 

Punch May 11, 1910 
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SU)(HARY AND CONCLUSIONS 

The next  decade w i l l  i nc lude  t h e  1955-86 a p p a r i t i o n  of Hal ley 's  Comet, 
vh ich  f o r  many reasons  is a  unique ob jec t .  S c i e n t i f i c a l l y ,  i t  is t h e  on ly  p e r i -  
o d i c  co-t t h a t  e x h i b i t s  t h e  f u l l  range of  cometary phenomena, i.e., l a r g e  coma, 
plasma and d u s t  tails.  H i s t o r i c a l l y ,  i t  h a s  been observed f o r  over  2,000 y e a r s  
and has  o f t e n  been t h e  source  of  g r e a t  pub l i c  i n t e r e s t  as w e l l  as a n  o b j e c t  of 
c u r i o s i t y ,  awe and f e a r .  In a d d i t i o n ,  t h e  o r b i t  of Hal ley 's  Comet is w e l l  d e t e r -  
mined and hence its r e t u r n  can b e  p red ic ted  wi th  confidence.  

PreparaLion f o r  such a major event  (which o c c u r s  only every  76 y e a r s )  w i l l  
g r e a t l y  enhance t h e  s c i e n t i f i c  r e t u r n  and pub l i c  a p p r e c i a t i o n  of i t .  Therefore ,  
a cotaprehensive program to prepare  f o r  t h e  next  a p p a r i t i o n  h a s  been i n i t i a t e d  and 
i t  is c a l l e d  t h e  I n t e r n a t i o n a l  Hal ley  Watch ( I W ) .  The g o a l s  of the  I W  are: 

(1) To s t i m u l a t e ,  encourage and coord ina te  s c i e n t i f i c  obse rva t ions  
throughout t h e  e n t i r e  a p p a r i t i o n .  

(2) To h e l p  i n s u r e  t h a t  observing techniques  and ins t rumenta t ion  a r e  
s t andard ized  whenever poss ib le .  

(3) To h e l p  i n s u r e  t h a t  t h e  d a t a  and r e s u l t s  are proper ly  documented 
and a r c  hived. 

(4) To rece ive  and d i s t r i b u t e  d a t a  t o  p a r t i c i p a t i n g  s c i e n t i s t s  and t o  
provide  informat ion t o  t h e  pub l i c  and media. 

(5)  To s t i m u l a t e  r e l e v a n t  instrument development where necessary .  

The IHW w i l l  assume an advocacy r o l e  f o r  t h e  s tudy  of Hal ley 's  Comet and w i l l  
p rovide  l i a i s o n  wi th  f a c i l i t i e s  (missions,  experiments,  and o b s e r v a t o r i e s )  o u t s i d e  
t h e  IHU o rgan iza t ion  i t s e l f  f o r  an  a c t i v e  program of s c i e n t i f i c  measurements 
dur ing  t h e  Halley a p p a r i t i o n .  For example, i t  w i l l  a c t i v e l y  encourage observa- 
t i o n s  of  t h e  comet from deep space  and e a r t h  o r b i t .  In s i t u  measurements and 
near-comet obse rva t ions  from b a l l i s t i c  i n t e r c e p t  miss ions  w i l l  make an important  
c o n t r i b u t i o n  t o  t h e  success  of t h e  IHW. 

In  a d d i t i o n ,  a  major t h r u s t  w i l l  be the  coord ina t ion  of t h e  ground-based 
obse rva t ion  e f f o r t .  Poss ib le  observing n e t s  inc lude  obse rvers  ded ica ted  t o  t h e  
fo l lowing s u b j e c t  a r e a s  and techniques  : ( I )  l a r g e  s c a l e  phenomena, (2)  near-  
nucleus  s t u d i e s ,  (3) spect roscopy,  (4)  photometry, spectrophotometry and po la r -  
imetry,  (5) r a d i o  s c i e n c e ,  (6)  radiometry,  and ( 7 )  as t rometry .  The IHW p lans  t o  
b u i l d  on t h e  exper ience  gained a t  t h e  1909-1911 a p p a r i t i o n  of Ha l l ey ' s  Comet by 
a l l o c a t i n g  s u i t a b l e  r esources  t o  t h e  reduc t ion ,  a rch iv ing ,  and p u b l i c a t i o n  of the  
observat ions .  F i n a l l y ,  the  1985-86 r e t u r n  provides  an  oppor tuni ty  t o  compare the  
p r o p e r t i e s  of t h i s  b r i g h t ,  a c t i v e  and h i s t o r i c  comet a t  two success ive  
a p p a r i t i o n s .  

The Science Working Grotrp f o r  the  IHW h a s  met i n  t h e  f i r s t  ha l f  of 1930 and 
t h e  Group s t r o n g l y  urges  o f f i c i a l  formation and funding of t h e  I n t e r n a t i o n a l  
Halley Watch. 



In  e a r l y  1985. Colnet Halley w i l l  c r o s s  t h e  o r b i t  of J u p i t e r  aud by t h e  end 
of t h e  same year  the  a c c e l e r a t i n g  comet w i l l  have passed t h e  a s t e r o i d  b e l t ,  t h e  
o r b i t  of Mars, and a r r i v e d  aga in  f o r  i ts once-in-a-lifetime v i s i t  t o  tile neigh- 
borhood of Earth.  It is a l ready  obvious t h a t  t h i s  c e l e s t i a l  even t  w i l l  be of 
enormous pub l i c  i n t e r e s t .  Ever s i n c e  t h e  a n c i e n t  Chinese astronomers recorded 
t h e i r  obse rva t ions  of Halley i n  240 BC, i t  has  been a source  of  c u r i o s i t y ,  a w e  
and f e a r .  Swinging p a s t  t h e  Sun only  once every 76 yea rs ,  t h e  you th fu l  comet h a s  
made t h e  b e s t  of its b r i e f  moments nea r  the  Sun by showing o f f  a b i t  - throwing 
ou t  enormous amounts of gases  and d u s t  before  r e t u r n i n g  t o  t h e  f r i g i d  dep ths  of 
space. 

Unlike the  l a s t  a p p a r i t i o n  i n  1910 when t h e  comet was e a s i l y  seen,  t h e  
coming 1985-1986 a p p a r i t i o n  w i l l  be ~ n i m p r e s s i ~ c  t o  the  c a s u a l  abserver .  The 
o r b i t  p ro jec ted  on t h e  plane of t h e  e c l i p t i c  is shown i n  Figs.  ' and 2, and a 
condensed ephemeris is given i n  Appendix A. The p o s i t i o n  of t: . ... Tet on t h e  
c e l e s t i a l  sphere  is shown i n  Fig. 3. The comet w i l l  be b r i g h t e s t  dur ing  t h e  
f i r s t  t h r e e  weeks of February 1986, when i t  is n e a r e s t  the  Sun ( c l o s e s t  approach 
occurs  February 9). Unfor tunate ly ,  t h e  comet cannot be  observed from t h e  ground 
then because t h e  Ear th  w i l l  be on t h e  o t h e r  s i d e  of t h e  Sun. However, t9 observ- 
ers who f i n d  a l o c a t i o n  away from c i t y  l i g h t i n g  and who a r e  equipped w i t h  binocu- 
l a r s ,  Halley w i l l  be a rewarding s i g h t  i n  November and December of 1985 and a t  
its b e s t  i n  March and e a r l y  Apr i l  of 1986. Those equipped wi th  a t e l e scope  w i l l  
wi tness  an even more impressive d i s p l a y .  Viewing c o n d i t i o n s  a r e  summarized i n  
Appendix B. 

Although the  appearance of Halley 's comet i n  1985-1986 w i l l  d i sappo in t  
some of the  wa i t ing  pub l i c ,  t h e  s c i e n t i f i c  r e t u r n s  from t h i s  a p p a r i t i o n  w i l l  be 
enormus .  Hal ley 's  comet is the  only  l a r g e  comet d i s p l a y i n g  t h e  f u l l  range of 
cometary a c t i v i t y  t h a t  is p red ic ted  t o  r e t u r n  t h i s  century .  Since i t  w i l l  not  
r e t u r n  aga in  u n t i l  2061, t h e  I n t e r n a t i o n a l  Halley Watch should be organized t o  
make the  most of t h e  coming 1986 oppor tun i ty  i n  terms of s c i e n c e  r e t u r n  and pub- 
l i c  information.  



Fig. 1. 
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Fig. 2. Schematic drawing of E a r t h  and H a l l e y ' s  o r b i t  1985-86. 
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I I .  BACKGROUND 

S c i e n t i f i c  o b s e r v a t i o n s  o f  Ha l l ey ' s  Comet have been c a r r i e d  o u t  f o r  
c e n t u r i e s  (Fig. 4) .  In  1695 t h e  Eng l i sh  as t ronomer ,  Edmond Hal ley  (Fig .  5) used 
p o s i t i o n a l  d a t a  ob ta ined  d u r i n g  t h e  a p p a r i t i o n s  observed i n  1531, 1607, and 1682 
t o  deduce t h a t  t h e s e  s i g h t i n g s  r e f e r r e d  t o  t h e  same comet. H e  pub l i shed  t h e  work 
i n  1705, p r e d i c t i n g  its r e t u r n  i n  1758-1759. H i s  p r e d i c t i o n  proved a c c u r a t e .  

I n  1035, t h e  comet w a s  e x t e n s i v e l y  observed  by F. W. Besse l  (F ig .  6) .  A t  
t h i s  a p p a r i t i o n  t h e  p h y s i c a l  s t u d y  of t h e  comet was begun, bu t  i t  became obvious  
t h a t  s i n g l e  o b s e r v a t i o n s  provided o n l y  a snapsho t  of  t h e  comet and t h a t  sequences  
were needed. 

The s c i e n t i f i c  need f o r  a n  o rgan ized  network of coo rd ina t ed  o b s e r v a t i o n s  i n  
t h e  s tudy  of  a comet w a s  sugges ted  by E. E. Barnard as e a r l y  a s  t h e  l a g o ' s ,  and 
j u s t  such  a network was organized  d u r i n g  t h e  1909-1910 a p p a r i t i o n  of Comet Hal ley  
(see  Appendix C). The j u s t i f i c a t i o n  of  t h a t  p r o j e c t  was e s s e n t i a l l y  i d e n t i c a l  t o  
what i t  is today - t o  p rov ide  a con t inuous  r eco rd  of  t h e  comet from which t o  b u i l d  
phys i ca l  models o f  observed phenomena. Although t h e  1909-1910 p r o j e c t  had w e l l  
de f ined  g o a l s  and had e s t a b l i s h e d  a c e n t r a l  committee, t h e  e f f o r t  f e l l  f a r  s h o r t  
of its in tended g o a l s  because  many o b s e r v a t o r i e s  d i d  n o t  c o o p e r a t e  w i t h  t h e  cen- 
t ral  committee and because edequa te  funding  and manpower were no t  a v a i l a b l e  t o  
use  t h e  enormous amount of d a t a  t h a t  was gene ra t ed .  Thus, i n  1915 t h e  Committee 
on Comets would r e p o r t :  

Subsequent developments have made i t  seem inexped ien t  t o  c a r r y  
o u t  t h e  program above o u t l i n e d .  The photographs  ob ta ined  a t  t h e  Lick 
Observatory and a t  Cordoba a r e  s o  numerous and e x c e l l e n t  t h a t  t hey  
must have c o n s t i t u t e d  a  l a r g e  p a r t  of t h e  m a t e r i a l  reproduced and,  
s i n c e  t h e s e  o b s e r v a t o r i e s  have i n d i c a t e d  a  purpose t o  reproduce  t h e i r  
own photographs and a s i m i l a r  p o l i c y  seems t o  be  contemplated else- 
where, t h e  Committee deems i t  unwise t o  unde r t ake  a d u p l i c a t e  p u b l i -  
c a t i o n ,  and e q u a l l y  unwise t o  make one from which t h i s  m a t e r i a l  is 
omi t t ed .  

It is impor t an t ,  as  w e l l  a s  encouraging ,  t o  r e a l i z e  t h a t  t h e  1909-1910 pro- 
j e c t  s u f f e r e d  from an  inunda t ion  of u s e f u l  d a t a  and n o t  from a  l a c k  of  i t .  An 
example of a  photographic  sequence ob ta ined  a s  a r e s u l t  of t h e  network o rgan iza -  
t i o n  by Barnard is shown i n  Fig .  7. The p l a n s  f o r  t h e  c o l l e c t i o n  of d a t a  were 
s u c c e s s f u l l y  c a r r i e d  o u t ,  bu t  t h e  d a t a  a n a l y s i s  and necessa ry  p u b l i c a t i o n s  were 
d e f i c i e n t  . The o n l y  comprehensive s tudy  d e a l i n g  w i t h  t h e  l a s t  a p p a r i t i o n  
appeared i n  1931 - 2 1  y e a r s  a f t e r  Comet H a l l e y ' s  p e r i h e l i o n  passage .  

Whereas t h e  1909-10 o b s e r v a t i o n s  of  Comet Hal ley  c o n s i s t e d  o n l y  of ground- 
based v i s u a l  and photographic  measurements, t h e  1985-86 o b s e r v a t i o n s  w i l l  i n c l u d e  
o b s e r v a t i o n s  from deep space ,  E a r t h  o r b i t ,  and yround o b s e r v a t o r i e s ,  cove r ing  t h e  
wavelength r e g i o n s  from t h e  r a d i o  through t h e  i n f r a r e d  and t h e  v i s u a l  t o  t h e  
u l t r a v i o l e t .  P lanning ,  c a r e f u l  o r g a n i z a t i o n ,  and wel l -coordina ted  o b s e r v a t i o n s  
w i l l  be r equ i r ed  t o  op t imize  t h e  s c i e n t i f i c  r e t u r n  from Comet H a l l e y ' s  b r i e f  
v i s i t .  













Besides t h e  s c i e n t i f i c  h i s t o r y  of Ha l ley ' s  Comet, t h e r e  is a much longer 
record i n  human h i s t o r y  of popular i n t e r e s t  and a s s o c i a t i o n .  A p i c t o r i a l  repre-  
s e n t a t i o n  of Colset Halley i n  684 AD appears  i n  t h e  1493 book e n t i t l e d  The Nurem- 
berg Chronic les  (Fig. 8), and t h e  1066 AD a p p a r i t i o n  is p ic tu red  on t h e  Bayeux 
Tapestry (cover i l l u s t r a t i o n ) .  

During May of 1910, t h e  t a i l  of t h e  comet was w e l l  developed and t h e  view 
from Ear th  was s p e c t a c u l a r  (Fig. 9 ) .  On Hay 18, 1910, t h e  Ear th  had an "encounter" 
with t h e  t a i l ;  we e i t h e r  j u s t  missed it or passed through i ts o u t e r  f r i n g e s .  To 
give a n  idea  of t h e  pub l ic  excitement a t  t h a t  time, a c o l l a g e  of f a c s i m i l e  news- 
paper head l ines  is given i n  Fig. 10. 

It is abundantly c l e a r  t h a t  a complete program f o r  t h e  upcoming a p p a r i t i o n  
of Hal ley 's  Comt  must address  t h e  i n t e r e s t s  of t h e  publ ic  and t h e  mass media. 
This marvelous oppor tuni ty  f o r  s c i e n t i f i c  educat ion of t h e  genera l  publ ic  must 
be included i n  t h e  planning. 







BARNARD PICTURES SIX HOURS 
OF 

HALLEY'S COMET 
TO-NIGHT IN THE 

COMET'S TAIL 

Taken at Yerkes Observatory 
May 4, They Tally with Observa- 
tion from Times Tower May 5. 

VIEWED BY MISS PROCTOR 

Negatives Show the Tail Extending 

20 Degrees. Equivalent to 24,000.000 

Miles in Length. 

m COMET'S TAIL 
ON 

WEDNESDAY 

Eumpamml Almrian Asmaoman 
A g r w ~ E m b W ~ I Y a S l l c f r r i n  

a-. 
TELL THE TIMES ABOUT IT 

And of Propossd Obsewationr- 
Verkes Observatory to Uw Bai- 
loom if tho Weather's Cloudy. 

TAl L 46,000,000 MILES LONG? 

Scarfed in a Filmy Bit of It, We'll 
Whirl On In Our Dance Through 

Space, Unharmed, and, Most 
of Us, Unheeding. 

Few New Yorfters Likely to 
Know It by Ocular Dernonstra- 

tion, for It May Be Cloudy. 

OUR MILLION-MILE JOURNEY 
- - -  

Takes Us Through 48 Trillion Cubic 
M~les of the Tail. Weighing All Told 

Half an Ounce! 

BALLOON TRIP TO VIEW COMET. 

Aeronaut Harmon Invites Cokgc 

Deans to Join Him in Ascmsion. 

MAY SEE COMET TO-DAY. 

H u n t d  Observers Thmk I t  May Be 
Visible in Afternoon. 

MAY BE METEORK: SHOWERS. 

Prof. Hall Doubts This. Thoqh. but 
Thee's No Danpr, Anyway. 

Y ERKES OBSERVATORY READY. 

Experts and a Battery of Cameras and 

Telescopes Already Prepared. 

CHICAGO IS TERRIFIED. 

Women Are Stopping Up Doors and 

Wirldows to Keep Out Cyanogen. 

Fig ,  10.  F a c s i m i l e  newspaper h e a d l i n e s  from t h e  New York T i m e s  coverage of 
H a l l e y l s  Comet i n  May 1910. 



111. SYNOPSIS OF COMET PROPERTIES AND PHYSICS 

S t u d i e s  of comets through t h e  y e a r s ,  conducted bo th  from ground-based 
o b s e r v a t o r i e s  and Ear th-orbi t ing s p a c e c r a f t ,  have e s t a b l i s h e d  t h e  c o n s t i t u e n t  
p a r t s  of comets - nucleus ,  coma, hydrogen c loud,  and tails. The cometary s t r u c -  
t u r e  is ind ica ted  schemat ica l ly  i n  F igures  l l a  and l l b .  

Modern theory  o f f e r s  a reasonably  good exp lana t ion  of t h e  cometary f e a t u r e s  
and t h e i r  v a r i a t i o n  wi th  time. The s t a r t i n g  poini: is Whipple's i c y  conglomerate 
o r  " d i r t y  i c e b a l l "  model of t h e  nucleus ,  thought t o  be approximately 5 km i n  
diameter f o r  Halley. A l t e r n a t e  i d e a s  have been discarded by most s c i e n t i s t s ,  a s  
on ly  the  Uhipple paradigm seems capable  of  e x p l a i n i n g  such d i v e r s e  cometary 
f e a t u r e s  a s  t h e i r  d e p a r t u r e s  from strict Newtonian motion, t h e i r  v a s t  gas produc- 
t i o n ,  and t h e i r  a s t e r o i d a l  appearance and behavior a t  l a r g e  h e l i o c e n t r i c  d i s -  
t ances .  A s  a  comet i n  i ts i n a c t i v e  s t a t e  approaches t h e  Sun i n  its o r b i t ,  sun- 
l i g h t  s u p p l i e s  r a d i a n t  energy t o  t h e  nucleus ,  and t h e  s u r f a c e  is heated.  A s  t h e  
approach cont inues ,  t h e  temperature of t h e  s u r f a c e  l a y e r s  i n c r e a s e s  t o  a value  a t  
which subli ination occurs .  In  t h e  l a t t e r  s i t u a t i o n ,  most of  t h e  i n c i d e n t  energy 
goes i n t o  t h e  subl imat ion of i c e s .  Usually t h e  a c t i v i t y  of  comets begins  a t  2.5 
t o  3 AU from the  Sun. This  f a c t  toge the r  w i t h  many o t h e r s  i n d i c a t e s  t h a t  t h e  
dominant c o n s t i t u e n t  of most comets is water i c e .  Delsemme has  propored t h a t  
t h i s  type  of i c e  is probably t h e  c l a t h r a t e  hydra te  v a r i e t y ,  i n  which minor con- 
s t i t u e n t s  can be  t rapped i n  t h e  c a v i t i e s  of a c r y s t a l  l a t t i c e .  The minor con- 
s t i t u e n t s  a r e  r e l e a s e d  when t h e  water  i c e  sub l imates ,  a s  observed. The s u b l i -  
mating i c e  a l s o  r e l e a s e s  t h e  d u s t  p a r t i c l e s  i n  t h e  " d i r t y  i c e b a l l .  " 

The sublimated gases  are mostly n e u t r a l  molecules which flow away from t h e  
nucleus,  dragging some d u s t  p a r t i c l e s  wi th  them t o  form t h e  coma. Photochemical 
processes  can a f f e c t  t h e s e  pa ren t  molecules anywhere. D e n s i t i e s  nea r  the  nucleus  
a r e  h igh enough t h a t  chemical r e a c t i o n s  a l s o  can occur.  The r e s u l t  is a change 
i n  t h e  molecular s p e c i e s  p resen t  a s  t h e  gas  moves away from t h e  nucleus.  

The s o l i d  p a r t i c l e s  l i b e r a t e d  from t h e  nucleus  a r e  of two types .  The 
smaller p a r t i c l e s  - d u s t  - a r e  blown i n  t h e  a n t i s o l a r  d i r e c t i o n  by s o l a r  r ad ia -  
t i o n  p r e s s u r e  t o  form t h e  d u s t  t a i l .  The l a r g e r  p a r t i c l e s  can o r b l t  t h e  Sun and 
s c a t t e r  s u n l i g h t  t o  produce the  zod iaca l  l i g h t .  Th i s  m a t e r i a l  is a l s o  d i spe r sed  
a long the  comet's o r b i t  t o  produce meteor showers upon e n t e r i n g  t h e  Ear th ' s  
atmosphere. Two annual meteor showers a r e  a s s o c i a t e d  wi th  Ha l l ey ' s  Comet, the  
Orionids and the  Eta  Aquarids . 

I f  subl imat ion of i c e s  from a comet h a s  been c a r r i e d  ou t  f o r  an  ex tens ive  
period of t i m e ,  t h e  i c e  supply is exhausted and t h e  "comet" may c o n s i s t  of  d u s t  
p a r t i c l e s  and perhaps a r e s i d u a l  nucleus  of rocky mate r i a l .  

The gas  f lowing away from t h e  comet i n t e r a c t s  s t r o n g l y  wi th  t h e  s o l a r  wind. 
For a t y p i c a l  comet c l o s e r  than 2 AU t o  t h e  Sun, an  important  f r a c t i o n  of t h e  
coma molecules s r e  ionized and t h i s  t r i g g e r s  a r e a c t i o n  w i t h  t h e  s o l a r  wind's 
magnetic f i e l d .  : ssence,  the  ion ized  cometary molecules cap tu re  t h e  i n t e r -  
p lane ta ry  magnetic f i e l d  and cause  t h e  captured f i e l d  l i n e s  t o  wrap around t h e  
nucleus  l i k e  a f o l d i n g  umbrella t o  form t h e  plasma t a i l .  This  process  is observed 
because trapped i o n s  such a s  CO+ s e r v e  a s  t r a c e r s  of the  f i e l d  l i n e s .  

A f a i r l y  d e t a i l e d  summary of t h e  processes  occur r ing  i n  comets is shown i n  
Figure  12. 
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Fig. 11. Schematic drawings of the principal gaseous and particulate features 
of a  typical comet on logarithmic and linear sca l e s ,  respectively.  



Fig. 12 .  Flow diagram showing fea tures  and processes  involved in the interact  ion 
of a comet with sunl ight  and the so lar  wind. 



IV. SCIENTIFIC RATIONALE FOR STUDYING COMETS 

I n  a d d i t i o n  t o  t h e i r  r e m a ~ k a b l e  d i s p l a y s  and t h e  a t t e n t i o n  t h a t  they have 
a t t r a c t e d ,  -omets p resen t  cha l l eng ing  problems. Understanding t h e i r  b a s i c  pro- 
p e r t i e s  is a  va luab le  undertaking i n  i t s e l f .  Moreover, a deeper  knowledge of 
phys ica l  and chemical processes  occur r ing  i n  t h e s e  f a s c i n a t i n g  o b j e c t s  may w e l l  
produce s i g n i f i c a n t  p rogress  i n  o t h e r  r e l a t e d  f i e l d s .  

A d e t a i l e d  s tudy of a comet should p r o ~ ~ i d e  important  keys t o  a n  unders tanding 
of t h e  o r i g i n  of our s o l a r  system, and perhaps,  l i f e  i t s e l f .  Comets and p l a n e t s  
probably formed from the  same gas  and d u s t  r e s e r v o i r .  However, p l a n e t s  and t h e i r  
s a t e l l i t e s  r e t a i n  a t  b e s t  a  b l u r r e d  record of t h e i r  b i r t h s ,  obscured by b i l l i o n s  
of yea r s  of evo lu t ion  dur ing  which e x t e r n a l  and i n t e r n a l  p rocesses  have reshaped 
t h e i r  i n t e r i o r s  and su r faces .  By c o n t r a s t ,  comets a r e  among t h e  most p r i m i t i v e  
o b j e c t s  remaining i n  our  s o l a r  system. Spending most of t h e i r  l i v e s  on t h e  edge 
of the  s o l a r  system, comets have escaped many of t h e  e x t e r n a l  processes ,  such a s  
s o l a r  i r r a d i a t i o n ,  t h a t  have a l t e r e d  the  p l a n e t s  n e a r  t h e  Sun. Because comets 
a r e  smal l ,  they may have escaped t h e  va r ious  i n t e r n a l  processes  t h a t  have d r a s t i -  
c a l l y  modified t h e  s t r u c t u r e  and composition c f  t h e  l a r g e r  p lane ta ry  bodies  s i n c e  
t h e i r  formation. In a d d i t i o n ,  the  o u t e r  s k i n  of a  comet is  removed dur ing  each 
c l o s e  passage by the  Sun thus  exposing f r e s h  m a t e r i a l .  Hence comets a r e  expected 
t o  p rese rve  t h e  chemical and phys ica l  c h a r a c t e r i s t i c s  wi th  which they (and t h e  
r e s t  of our  s o l a r  system) s e r e  formed. 

Comets may have been a  major source  of o rgan ic  m a t e r i a l s  i n  t h e  atmospheres 
of the  t e r r e s t r i a l  p lane t s .  Thus a  s tudy  of t h e i r  composition could provide  c l u e s  
t o  t h e  n a t u r e  of the  p r e b i o l ~ g i c a l  environment of Ear th .  Some cometary molecules 
may be t h e  p recursors  of t e r r e s t r i a l  l i f e  - al though t h i s  is only specu la t ion  and 
r e q u i r e s  a d d i t i o n a l  da ta .  

S i ~ c e  t h e  composition of comets appears  t o  be s i m i l a r  t o  t h a t  of i n t e r s t e l l a r  
c louds ,  t h e  study of comets may h e l p  so lve  major problems concerning molecule 
formation and t h e  na tu re  of i n t e r s t e l l a r  d u s t ,  c louds ,  and dark  nebulae.  

Observations of comets have a l ready  l e d  d i r e c t l y  t o  t h e  d iscovery and sub- 
sequent study of the  s o l a r  wind. S t c d i e s  of comet /solar  wind i n t e r a c t i o n s  could 
provide deeper understanding and improved phys ica l  models t h a t  would a l low each 
r e t u r n i n g  comet t o  be a  "f ree"  probe of t h e  i n t e r p l a n e t a r y  medium through which 
i t  t r a v e l s ,  a s  we l l  as a  probe of b a s i c  processes  i n  plasma as t rophys ics .  



g i t h  a per iod of approxilgately 76 years ,  Ccntet Halley has apparent ly  made 
e l h t i v e l p  few r e t u r n s  t o  t h e  s o l a r  neighborhood s i n c e  being perturbed i n  frsa 
the c l a d  of coa~ts surrounding o u t  s o l a r  system. It is  one of t h e  "f reshest"  
comets wi th  a period less than 200 years ,  and i t  is t h e  only short-period comet 
$nmm to  d i s p l a y  t h e  f u l l  range of cometsry phenomena ( i . e . ,  l a r g e ,  dense c o w ,  
both ion and d u s t  t a i l s ,  j e t s ,  and s t reamers) .  Clttier shor t -per iod comets do not  
show such a range of a c t i v i t y  and appear  t o  be much n e a r e r  t h e  end of t h e i r  physi- 
cal evolurion.  Halley is t h e  only r e a l l y  a c t i v e  comet t h a t  a l s o  has  a wel l -  
deterrained o r b i t  and has  demonstrated f a i r l v  r e l i a b l e  behavior over  a per iod of 
a t  f e a s t  two mil lennia .  I n  s h o r t ,  Comet Halley is t h e  only  f u l l y  a c t i v e  comet 
that can be F-:edicted wi th  confidence t o  r e t u r n  i n  our l i f e t i m e .  Other s h o r t e r  
per iod comets such a s  Encke, Tempe1 2, d B 8 r r e s t ,  Giacobini-Zinner, and T u t t l e -  
Giacobini-Kresak are e x c e l l e n t  t a r g e t s  f o r  d e t a i l e d  geochemical and morphological 
s t u d i e s  of evolved n u c l e i  and inner  c~>~:.se, but  they cannot be expected t o  have 
hgghly a c t i v e  n u c l e i  o r  well-developed -9nospheres  and tails.  

Subs tan t i a l  d a t a  concerning Halley was gathered a t  t h e  1909-1911 a p p a r i t i o n ,  
p r imar i ly  d i r e c t  photographs and spec t ra .  The c l a s s i c  sumaary of t h e  comet's 
p r o p e r t i e s  a t  t h e  I910 a p p a r i t i o n  was given by Bobrovnikoff i n  1931. Other com- 
p i l a t i o n s  a r e  c u r r e n t l y  i n  preparat ion.  A well-planned s tudy of Contet Halley 
a t  t h e  upcoming a p p a r i t i o n  w i l l  provide t h e  unique oppor tuni ty  t o  compare t h e  
p r o p e r t i e s  of a b r i g h t  and a c t i v e  comet a t  two success ive  appearances. 1910-1911 
observat ions  of Comet Halley a r e  shown i n  Figs.  13 through 19. 













F i g .  17. b e t  Halley on its way back i n t o  the  deep-freeze of i n t e r s t e l l a r  space. 
The f igure  shows one o f  the last photographs o f  t h i s  comet obtained a t  
Lowel l  Observatory in Flagstaff .  Arizona. on Hay 30. 1911, when the 
comet was at a b u t  Jupiter's distance f r m  the Sun. The pos i t  ion of 
the comet is marked. 







V I .  SCIENTIFIC OBJECTIVES OF COUETARY RESEARCH I N  THE 1980s 

Objectives f o r  t he  upcoming decade a r e  s t ra ightforward and c o n s t i t u t e  a 
consensus i n  the  s c i e n t i f i c  coarpurnity. They have been enunciated by numerous 
study groups including the  Comet Halley Science Working Group - 1977, the  Coawt 
Science Working Group - 1978, and the  Comet Science Working Group - 1979. 

The objec t ives  are : 

( I )  To charac te r ize  the  s t ruc tu re ,  basic  physical processes,  and chemical 
nature  of cometary nuc le i ,  and t o  determine the  changes t h a t  occur as 
a function of t i m e  and o r b i t a l  posi t ion.  

(2) To charac te r ize  t he  basic  proper t ies  of the cometary atmosphere and 
ionosphere and t h e i r  development with time and o r b i t a l  pos i t ion ,  
including production, s t ruc tu re ,  ex ten t  and changing chemical 
composition. 

3 To determine the  na ture  of comet t a i l s  and the  processes by which 
they a r e  formed, and t o  charac te r ize  the  i n t e r ac t i on  of comets with 
the so l a r  wind. 

Many of these ob jec t ives  can only be met by a f l i g h t  program, but study 
of time va r i a t i ons  then requi res  a rendezvous space mission, which is no longer 
an opt ion fo r  Comet Halley. The bes t  opt ion remaining is the  use of a flyby 
mission t o  c a l i b r a t e  synoptic observations made from earth-based and e a r t h  o r b i t a l  
observator ies .  



VII. INTERNATIONAL HALLEY WATCH PURPOSE AND ORGANIZATLON 

The purpose o t  t h e  I n t e r n a t i o n a l  Halley Watch is t o  promote worldwide 
cooperat ion.  corea*lnication, and s t a n d a r d i z a t i o n  (where u s e f u l )  i n  s t u d i e s  of 
Halley 's Comet. Coordination and c o m u n i c a t  ion extend from t h e  p resen t  p lanning 
and p r e p a r a t i o n  phase through t h e  obse rva t ion  per iod t o  include a r c h i v a l  pub l i -  
c a t i o n  of a l l  s c i e n t i f i c  Hal ley  obse rva t ions .  The g o a l s  of t h e  I H W  a r e :  

(1) To s t i m u l a t e ,  encourage, and coord ina te  s c i e n t i f i c  obse rva t ions  of 
Coiuet Halley throughout its e n t i r e  a p p a r i t i o n .  

(2) To i n s u r e  t h a t  the observing techniques  and ins t rumenta t ion  are 
s tandard ized  whenever appropr ia te .  

3 To i n s u r e  t h a t  t h e  d a t a  and r e s u l t s  are proper ly  documented and 
archived.  

(4) To r e c e i v e  and d i s t r i b u t e  d a t a  t o  p a r t i c i p a t i n g  s c i e n t i s t s  and pro- 
v ide  informat ion to  t h e  pub l i c  and media. 

(5) To s t i m u l a t e  r e l e v a n t  instrument development where necessary.  The 
I H W  is intended t o  be  i n t e r n a t i o n a l  i n  scope and, i n  a d d i t i o n  t o  sup- 
p o r t i n g  obse rva t ions  of  t h e  comet by ground-based obse rvers ,  t h e  IHtd 
w i l l  a c t i v e l y  encourage obse rva t ions  made from deep space  and Ear th  
o r b i t .  

The organ iza t ion  proposed i n  Fig. 20 is o f f e r e d  a s  t h e  s imples t  one ade- 
quate  f o r  t h e s e  g o a l s  and f o r  t h e  accomplishment of t h e  s c i e n t i f i c  o b j e c t i v e s .  
Since  t h e  I W  is ded ica ted  t o  maximizing t h e  s c i e n t i f i c  r e t u r n  from t h e  s tudy of 
Halley i t  w i l l  be  important  t h a t  i t  coord ina te  c l o s e l y  wi th  space  p r o j e c t  a c t i v i -  
t i e s  even though t h e  IHK i t s e l f  concen t ra tes  e s p e c i a l l y  on t r a d i t i o n a l  ground- 
based observat ion.  Th i s  is r e f l e c t e d  i n  the  proposed o r g a n i z a t i o n a l  s t r u c t u r e .  

The ZHM enab les  an important  symbiosis  between ground and space  observa- 
t i o n s .  Observations made d u r i n g  encounter miss ions  a r e  v i t a l  f o r  d e r i v i n g  maxi- 
mum s c i e n t i f i c  b e n e f i t  dur ing  t h e  Halley a p p a r i t i o n ,  and t h e  development of good 
d e j i c a t e d  missions and t h e  u s e  of  Spacelab o p p o r t u n i t i e s  a r e  s t r o n g l y  recommended. 

Each major ground-based d i s c i p l i n e  w i l l  be represented by a s p e c i a l i s t  who, 
i n  c o n s u l t a t i o n  w i t h  o t h e r  e x p e r t s  i n  h i s  f i e l d ,  w i l l  r e c m m n d  s p e c i f i c  objec- 
t i v e s ,  s t andards ,  and p r i o r  it ies f o r  obse rva t ions  made i n  t h a t  d i s c i p l i n e .  These 
d i s c i p l i n e  s p e c i a l i s t s  w i l l  be  t h e  o r g a n i z a t i o n a l  c o u n t e r p a r t s  of t h e  p r o j e c t  
s c i e n t i s t s  f o r  each major f l i g h t  a c t i v i t y  such a s  Spacelab,  Space Telescope,  and 
each space probe t o  Halley. Also on t h i s  o r g a n i z a t i o n a l  l e v e l  between o b s e r v e r s  
and the  l ead  o f f i c e  w i l l  b e  i n d i v i d u a l s  who a c t  a s  IHW c o n t a c t s  w i t h  amateurs 
and wi th  p l a n e t a r i a .  

The o f f i c e  of t h e  Hal ley  Watch Leader w i l l  be respons ib le  f o r  communication 
among the  va r ious  groups,  f o r  s e t t i n g  d a t a  formats ,  f o r  t h e  p repara t ion  of t h e  
u l t ima te  a r c h i v a l  p u b l i c a t i o n  of  a l l  r e s u l t s  ob ta ined ,  f o r  p repara t ion  of i n f o r -  
mation about Comet Halley a p p r o p r i a t e  f o r  d i s t r i b u t i o n  a t  v a r i o u s  l e v e l s  of 
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s c i e n t i f i c  s o p h i s t i c a t i o n  ( p r o f e s s i o n a l ,  amateur, g e n e r a l  p u b l i c ) ,  and f o r  
s o l v i n g  unexpected problems t h a t  may r e q u i r e  a d d i t i o n a l  a t  t e n t i o n .  I n  coopera- 
t i o n  wi th  d i s c i p l i n e  s p e c i a l i s t s ,  the Lead O f f i c e  w i l l  e s t a b l i s h  Halley Watch 
Days when s p e c i a l  emphasis w i l l  be  given t o  o b t a i n i n g  simultaneous obse rva t ions  
i n  a l l  d i s c i p l i n e s .  Halley Watch Days would be p a r t i c u l a r l y  important  be fo re ,  
dur ing,  and a f t e r  s p a c e c r a f t  f l y b y s  of  Comet Halley.  In genera l ,  t h e  o f f i c e  of 
t h e  Hal ley  Watch Leader w i l l  do every th ing  p o s s i b l e  t o  a s s u r e  a s u c c e s s f u l  Halley 
Watch program. 

The bywords of  t h e  IHW must be s t i m u l a t i o n ,  coopera t ion ,  encouragement, .nd 
understanding.  Although each d i s c i p l i n e  s p e c i a l i s t  u l t i m a t e l y  w i l l  recommend 
c e r t a i n  s t andards  and p r i o r i t i e s  and w i l l  c r e a t e  a n e t  of obse rvers  who agree  
t o  fo l low those  recommendations a t  least i n  p a r t ,  n e t  members w i l l  be encouraged 
t o  undertake any o t h e r  work on Comet Halley t h a t  may seem reasonable  t o  them. 
Some observers  w i l l  make important  and unique o b s e r v a t i o n s  of  t h e  comet t h a t  do 
not  f a l l  w i t h i n  any of  t h e  ground based n e t s  of t h e  IHW. These obse rvers  and 
those  astronomers who cannot o r  choose n o t  to j o i n  a n e t  w i l l  s t i l l  be  helped i n  
any way p o s s i b l e  and encouraged t o  c o n t r i b u t e  t h e i r  d a t a  t o  t h e  f i n a l  Halley 
a rch ive ,  which w i l l  b e  a v a i l a b l e  i n  p r i n t e d  form t o  a l l  s c i e n t i s t s .  A major t a s k  
of t h e  d i s c i p l i n e  s p e c i a l i s t s  w i l l  be t o  s t i m u l a t e  and coord ina te  such an e x c i t -  
i n g  program t h a t  most s c i e n t i s t s  w i l l  wish t o  p a r t i c i p a t e .  The g r e a t e s t  assets 
of t h e  d i s c i p l i n e  s c i e n t i s t s  w i l l  be  s c i e n t i f i c  r a t i o n a l i t y ,  f l e x i b i l i t y ,  d ip lo -  
macy, and enthusiasm. 

A s t e e r i n g  group should be set up t o  a d v i s e  t h e  Halley Watch Leader and t o  
a s s u r e  proper  communication wi th  a p p r o p r i a t e  s c i e n t i f i c  and p o l i t i c a l  organiza- 
t i o n s .  Among S t e e r i n g  Group members would b e  r e p r e s e n t a t i v e s  of t h e  I A U  and 
COSPAR. NASA and t h t  KSF would be represented as major funding sources .  I f  
governments of o t h e r  c o u n t r i e s  dec ide  t o  f i n a n c i a l l y  suppor t  p a r t i c i p a t i o n  of 
t h e i r  astronomers i n  t h i s  a c t i v i t y ,  i t  may be a p p r o p r i a t e  t o  have them represented 
as wel l .  On the  o t h e r  hand, every country  wi th  astronomers p a r t i c i p a t i n g  i n  a 
n e t  cannot have a s t e e r i n g  group member o r  t h e  group would become unmanageably 
l a rge .  The Halley Watch is intended s o l e l y  as a coopera t ive  e f f o r t  among sc ien-  
tists t o  maximize knowledge of Ha l l ey ' s  Comet. The p a r t i c i p a t i o n  of p o l i t i c a l  
e n t i t i e s  on t h e  S t e e r i n g  Group would be only f o r  t h e  purpose of a i d i n g  t h e  sc ien-  
t i f i c  g o a l s  by communicating s c i e n t i f i c  needs t o  a p p r o p r i a t e  funding agencies .  

A pub l i c  information o f f i c e  w i l l  be loca ted  a t  t h e  i n s t i t u t i o n  of t h e  Halley 
Watch Leader. Its p r i n c i p a l  purpose w i l l  be t o  p repare  m a t e r i a l  f o r  d i s t r i b u t i o n  
t o  t h e  genera l  pub l i c  and media on the  goa l s  and progress  of the  Halley Watch and 
on t h e  r e s u l t s  obta ined o r  expected from t h e  comet obse rva t ions .  It a l s o  w i l l  
work w i t h  t h e  p l a n e t a r i a  r e p r e s e n t a t i v e  t o  prepare  m a t e r i a l  s u i t a b l e  f o r  plane- 
tar ium use. The P u b l i c  Information O f f i c e  w i l l  work wi th  t h e  Halley Watch Leader 
t o  prepare  a r e g u l a r  news le t t e r  f o r  a l l  n e t  members, and i t  w i l l  supply any n e t  
member wi th  m a t e r i a l  s u i t a b l e  f o r  p u b l i c  l e c t u r e s .  In genera l ,  i t  w i l l  a t tempt  
t o  f u l f i l l  t h e  nonprofess ional  communication needs of t h e  Halley Watch a t  a l l  
l e v e l s .  



V I I I .  INTERACTION OF THE IHW WITH OBSERVING GROUPS 

A s  ind ica ted  i n  Table 1 t h e  IHW w i l l  be  i n t e r a c t i n g  wi th  va r ious  groups o f  
obse rvers  - deep space  mission exper imenters ,  i n v e s t i g a t o r s  us ing  near-Earth 
obse rva t ions ,  and ground-based obse rvers  - both  p r o f e s s i o n a l  and amateur. 

A. DEEP SPACE OBSERVATIONS 

Severa l  space  agenc ies  a r e  s tudy ing  p o s s i b l e  f lyby  o r  f iy th rough  miss ions  
t o  Comet Halley i n  1985-86. Unt i l  r e c e n t l y ,  U.S. p l a c s  have cen te red  around a 
s o l a r  e l e c t r i c  propuls ion s t a g e  c a r r y i n g  a rendezvous s p a c e c r a f t  designed f o r  use  
p r imar i ly  dur ing  a rendezvous wi th  s h o r t  ~ e r i o d i c  comet Tempe1 2 i n  1988. This  
rendezvous s p a c e c r a f t  w a s  t o  deploy a European Space Pgency probe dur ing  a n  
enrou te  f lyby  of Comet Hal ley  I n  l a t e  1985. However, p resen t  NASA planning does 
not  include fundinp: far t h e  necessary  s o l a r  e l e c t r i c  propuls ion s t a g e .  Accord- 
ing ly ,  p lanning has  begun f o r  a b a l l i s t i c  miss ion t o  Comet Halley.  A l a t e r  comet 
rendezvous would be provided when t h e  s o l a r  e l e c t r i c  propuls ion s t a g e  is readied.  
While  many t r a j e c t o r i e s  and mission p l a n s  a r e  p o s s i b l e  f o r  a  Halley f lyby miss ion,  
t h e  U.S. is c u r r e n t l y  cons ide r ing  a f lyby  wi th  a  3 -ax i s - s t ab i l i zed  s p a c e c r a f t  
wi th  Voyager c l a s s  i r a g i n g  and e i g h t  nonimaging ins t ruments  a s  t h e  primary sc ien-  
t i f i c  ins t rumenta t ion.  The European Space Agency (ESA) has  approved a  mid-lhrch 
1986 f lyby  mission t o  Halley us ing a  sp inn ing  Geodetic Earth-Orbit ing S a t e l l i t e  
t o  b e  launched by an Ariane rocket .  Primary planning f o r  t h i s  ESA mission 
( c a l l e d  "Giotto") c a l l s  f o r  e i g h t  s c i e n c e  ins t ruments  on t h e  spacecrcif t .  

The Japanese a r e  p lanning t o  launch t h e i r  f i r s t  deep space  probe ( c a l l e d  
P lane t  A) t o  t ake  l a rge - sca le  obse rva t ions  of  comet Halley wi th  a t  l e a s t  t:ro 
ins t ruments .  The S o v i e t s  and French a r e  s tudy ing  a  mission which would use t h e  
bal loon d e l i v e r y  s p a c e c r a f t  of t h e  1984 Venera mission t o  con t inue  on t o  f lyby  
Halley i n  l a t e  February o r  March 1986. Yhe f lyby  s p a c e c r a f t  w i l l  be  3-axis- 
s t a b i l i z e d .  The p o t e n t i a l  sc ience  ins t rumenta t ion  is not known by u s  a t  t h e  t ine  
of t h i s  w r i t i n g .  

Although t h e  IHW must proceed whether o r  not  t h e r e  a r e  deep space Halley 
miss ions ,  i t  is recognized t h a t  such miss iocs  can provide t h e  g r e a t e s t  sc ience  
r e t u r n  dur ing  t h e  coming a p p a r i t i o n .  No near-Earth ins t rument  w i l l  eve r  s e e  t h e  
nucleus of Halley a s  anything but  a po in t  of l i g h t ,  l eav ing  t o  hypothes is  a l l  
ques t ions  of nucleus  s t r u c t u r e  and morphology. Only thase  i n n e r  coma components 
having a  s t r o n g  s p e c t r a l  s i g n a t u r e  can b e  d e t e c t e d  from Ear th ,  and then wi th  some 
s p a t i a l  ambiguity,  l eav ing  t o  hypothes is  t h e  n a t u r e  of most pa ren t  molecules and 
much coma chemis t ry .  The magnetohydrodynamics of a  comet 's  i n t e r a c t i o n  wi th  t h e  
s o l a r  wind would remain a  s u b j e c t  f o r  s p e c u l a t i o n  without an encounter.  Once a  
s p a c e c r a f t  q u a n t i t a t i v e l y  measures t h e  phys ica l  cond i t ions  and mechanisms occur-  
r i n g  i n  Halley a t  even a s i n g l e  po in t  i n  t ime,  t h e r e  is hope f o r  f a r  b e t t e r  
understanding of a l l  of t h e  o t h e r  obse rva t ions  taken throughout t h e  a p p a r i t i o n .  

B. EARTH ORBITAL OBSERVATIONS 

Two of the  most promising p la t fo rms  f o r  observing Comet Halley a r e  t h e  
Space Telescope and Spacelab. The IHW should a c t i v e l y  encourage i n d i v i d u a l  





expcr isezt ters  t o = o b s e r v e  comet Hsl ley  f o r  a s  long a time per iod a t  as many 
&if ferent vavef engtks as possible. 

The Space Telesfope is scheduled f o r  launch i n  l a t e  1983 o r  e a r l y  1934 and 
it probably w f l l  be t h e  only  free-f  l y i n g  spacecraf  t capable  of making comet 
e b s e r v a t i o n s  throughout t h e  Hafley a p p a r i t i o n .  The Space Telescope w i l l  no t  be 
able to  po in t  w i t h i n  50' of  t h e  Sun and its f i e l d  of view is l i m i t e d  t o  2.7 a r c  
r i n u t e s .  Phenostena such as t h e  evo lu t ion  of a r a d i c a l  s p e c i e s  as a func t ion  of 
r a d i a l  d i s t a n c e  frola t h e  coaret wcntld have t o  be s t u d i e d  w i t h  s e v e r a l  consecu t ive  
narrow f i e l d  observat ions .  Nevertheless, t h e  Space Telescope should make e x t r e n e l y  
va luab le  obse rva t ions  of t h e  comet a t  l a r g e  h e l i o c e n t r i c  d i s t a n c e s  and i n t o  about  
0.9 AU when t h e  c o m t  gets with in  50' of t h e  Sun. The wavelength s e n s i t i v i t y  of 
Space Telescope instrvrftentation from about 1200 t o  1.1 u should permit  spec t ro -  
scop ic  s t u d i e s  of  va r ious  smal l -scale  phenomena over  ! ang p e r i o d s  of  time both  
before  and a f t e r  pe r ihe l ion .  The unprecedented s e n s i t i v i t y  of the  2.4-meter 
Space Telescope w i l l  a l low monitoring of t h e  comet's complete a c t i v i t y  cycle .  
Th i s  c y c l e  beg ins  w i t h  t h e  comet evo lv ing  from a qu iescen t  f rozen  nucleus  t o  an  
a c t i v e  cotget throwing off  enormous q u a n t i t i e s  of gas and d u s t ;  i t  ends  a f t e r  t h e  
Slapressive coatetary phenomena h a s  ceased and t h e  c o e t  has  re turned t o  t h e  f r i g i d  
reg ion  whence it came. 

Spacelab ins t rumenta t ion could e f f e c t i v e l y  be  used t o  s tudy cometary evolu- 
t i o n  d u r i n g  t h e  c r u c i a l  per iod around p e r i h e l i o n  passage - a per iod when t h e  comet 
is unobservable from t h e  Space Telescope. Th i s  gap i n  coverage could be f i l l e d  
by s p e c i a l i z e d  ins t rumenta t  ion  designed t o  observe  t h e  comet w i t h i n  a few degrees  
of t h e  Sun. S h u t t l e  f l i g h t s  ded ica ted  t o  observing C o ~ e t  Hal! n-y would be pro- 
h i b i t i v e l y  expensive. However, t h e  s h u t t l e  o f f e r s  t h e  oppor tuni ty  of f l y i n g  
modified off-the-shelf  ins t rumenta t ion on s p e c l d l  p a l l e t s  aboard scheduled 
S h u t t l e  f l i g h t s ,  sha r ing  expenses wi th  o t h e r  payloads.  ' --e hardware a l r e a d y  
approved f o r  Spacelab may be s u i t a b l e  f o r  a Comet Halfey package w i t h  l i t t l e  o r  
no modif ica t ion.  Some new ins t rumenta t ion may have t o  be developed o r  some 
e x i s t i n g  ins t ruments  t h a t  have no t  y e t  been s e l e c t e d  f o r  Spacelab could  be added 
t o  t h e  Halley p a l l e t .  I t  appears  p r a c t i c a l  t o  inc lude  such o p p o r t u n i t i e s  i n  t h e  
Spacelab schedule.  The IHW would a c t  i n  an  advocacy r o l e  wi th  NASA Headquarters 
t o  ensure  t h a t  a I ?met ins t rumenta t ion package is i n t e g r a t e d  and scheduled on t h e  
S h u t t l e  manifes t .  An example Spacelab p a l l e t  payload f o r  comet obse rva t ions  is 
presented i n  Table 2. 

In  a d d i t i o n ,  al though not an off-the-shelf  ins t rument ,  a  mi l l ime te r  wave 
spectrometer o p e r a t i n g  from t h e  Spacelab would o f f e r  an e x c e l l e n t  way of s tudy ing  
t h e  production of  water as a func t ion  of time and h e l i o c e n t r i c  d i s t a n c e .  Zhe 
s t r o n g  r o t a t i o n a l  Eransi t ion of water a t  183 GHz is i d e a l  f o r  t h i s  purpose. Of 
c r u c i a l  importance t o  a comet's evolving energy balance ,  t h e  water  production 
r a t e  v a r i e s  wi th  h e l i o c e n t r i c  d i s t a n c e  and responds t o  b r i e f  o u t b u r s t  even t s .  
Hence, extended dura t ion  o b s s r v a t i o n s  would be required.  

T- t h e  i n f r a r e d  wavelength reg ion ,  t h e  I n f r a r e d  Astronomy S a t e l l i t e  (IMS) 
and t h e  S h u t t l e  In f ra red  Telescope F a c i l i t y  (SIRTF) may provide va luab le  observa- 
t ions .  IRAS is scheduled f o r  one year  of a c t i v i t y  beginning August 1981. How- 
ever  t h e  launch d a t e  may s l i p  by s i x  months o r  more, and t h e  one-year p red ic ted  
l i f e t i m e  may a c t u a l l y  be extended,  Under t h i s  combination of c i rcumstances ,  IPAS 



Table 2 .  Spacelab - Sample payload for  comet observations 

Angular Spectral  
Fie.1.d of ( s p a t i a l )  r ssolu t ion  Spect ra l  

Experiment view (deg) resolu t ion  (XIAX) range Notes 

5 22.5 arc-sec 10 0*115 v m - l * l  VQ 
(1.6 x 104 km 
a t  1 AU) 

High-resolution 0.5 2.25 arc-sac 10 0.115 pm-1.1 pm 
i m a g i ~ ~ g  (1.6 x 103 km 

a t  1 AU) 

High resolut ion 0.5 ap rox. lo3 - 0.115 urn- "visible" 3 e spectroscopy 10 km a t  1 AU 

Notes: 
L 1. baseline detector  is  assumed to  be an 800 p ixe l ,  Coronrne-doped CCD. The nearest ex i s t ing  

instrument to  t h i s  sprc i f  icat ion is the Cal l l ro  CCD ciltwrtr (I:OV = 3 . 2 ' ) ,  Note tha t  the bt~creline 
Gali leo camera design would require extenaivP_modiflcation t o  gain W throughout, i.e., subr t i -  
tu t ion  of W-transmitting o r  a l l  r e f l e c t i v e  o p t i c a l  elements fo r  g las s  elements i n  basel ine 
design. 

2. The Spacelab W Imaging Telescope (T. Stecher, Principal  Invest igator)  should approximately match 
t h i s  angular ( s p a t i a l )  resolut ion and FOV speci f ica t ion .  However, the basel ine design f o r  t h a t  
instrument uses C s I  and CsTe image tubes for  high s e n s i t i v i t y  in  the  0.12- 0.28-pm spec t ra l  
range, v i t h  JJQ s e n s i t i v i t y  longward of 0.28 pm. 

3. The Spacelab-1 Imaglng Spectronretric Observatory (1NS001) covers the  r p e c t r a l  range 0.02 t o  
1.20 glm a t  resolut ion X I A X  5 lo3. However, t h i s  instrument's point ing c a p e b i l i t i e r  a r e  l imited 
by the f a c t  tha t  i t  is hard-mounted t o  the  p a l l e t ,  and therefore depends on the spacecraft  ACS. 
The Spacelolb W Spectroscopy Experhnent (A.  Davidson, Pr inc ipal  Inves t iga tor)  would have b e t t e r  
point ing capabi l i ty ,  X I A X "  lo2 and spec t ra l  range 0.11 to  0.19 pm, with pocrribls extension t o  
0.3 pm. 



still could be opera t ing  i n  l a t e  1983 and w u l d  be capable  of observing Halley - 
then a t  about 8.5 AU from t h e  Sun. The SIRTF would be an extremely s e n s i t i v e  
instrument but  its usefu lness  would be limited by its l a t e  d a t e  of f i r s t  opera- 
t ion .  i n  June 1986. 

The p r o j e c t  s c i e n t i s t s  of a l l  re levan t  and coopera t ing  p r o j e c t s  ( f lyby  
missions, Planet  A. Space Telescope, Spacelab, I W ,  SIRTF, e t c . )  w i l l  a c t  a s  
the  o f f i c i a l  l i a i s o n s  between t h e i r  p r o j e c t s  and t h e  IHU. 

Good use h a s  been made i n  space research o f  a nuPber o f  ncmorbital  f l i g h t  
techniques involving a i r c r a f t .  bal loons ,  and sorrnding rockets.  Over t h e  years. 
WASA has  used a number of a i r c r a f t  as observing p l a t f o r s s .  t h e  most advanced of 
t h e s e  being t h e  C-141 type cargo jet o u t f i t t e d  as the Kuiper Airborne Observatcrg. 
This has  been p a r t i c u l a r l y  important i n  c a r r y i n g  i n f r a r e d  and microuar*e d e t e c t o r s  
above the  troposphere wi th  its high content  of water  vapor which absorbs  s t r o n g l y  
throughout much of t h e  spectral regicm f r o n  0.8 urn t o  1-35 cla. 

I n  a c o q r l e t e l y  d i f f e r e n t  technique. Brownlee has u t i l i z e d  t h e  5, igh-alt i tude 
G-2 a i r c r a f t  f o r  t h e  d i r e c t  c o l l e c t i o n  of aicrc*sctt-roids f o r  g r r - x k i c a l  anals- 
sis. Uhi le  very success fu l ,  t h e  technique o f f e r s  no s u r e  ua): to s e p a r a t e  tome- 
t a r y  p a r t i c l e s  from sporadic  i n t e r p l a n e t a r y  ara ter ia l .  The rrass f l u x  inc rease  
dur ing  l a r g e  annual = t a r  skwers is on the o r d e r  of 13; o r  l e ss .  S C ~  a f  t h i s  
sass w i l l  su rv ive  as r i c ron-s ized  melt d r o p l e t s  h i c h  c a a  be c o l l e c t e d  in tke 
s t r a t o s p h e r e  us ing the e x i s t i n g ,  r o u t i n e  a i r c r a f t  co l l \ r t tArm techniques,  Ident i -  
f i c a t i o n  of a Halley coaponent could  k attempted by d e t e c t i n g  changes i n  t k  

p o p u l a t i c .  of  c o l l e c t e d  p a r t i c l e s .  in p a r t i c u l a r ,  because o f  the h igh e n t r y  
v e l o c i t i e s ,  a l l  of t h e  shawer p a r t i c l e s  should have been heated t o  high l e v e l s  
dur ing e n t r y ,  and amst s i z e  ranges  would have been tnel t s d  t o  iera spheres ,  Even 
though showrs may not  o r i g i n a l l y  con ta in  see11 p a r t i c l e s ,  s m l l  d e b r i s  w i l l  be 
forsed by fragmentation s f  the l a r g e r  b d i e s .  A p o s s i b l e  example of a p a r t i c l e  
from Comet Halley is shcbm i n  Fig. 2 1.  

Balloons have been used i n  s e v e r a l  c o u n t r i e s  t o  r a i s e  paylcwds to a l t i t u d e s  
near  60 km i n  o r d e r  t o  overcome atmospheric absorp t ion  and turbulence f o r  pe r iods  
of h ~ u r s .  This is about 15 ks above t h e  a l t i t u d e  p o s s i b l e  wi th  a i r c r a f t  us ing  
a i r -b rea th ing  engines,  but t h e  ba l loons  pap a penal ty  i n  decreased i l c s i b i  1 i t?  
and r e l i a b i l i t y  and increased c o s t  per f l i g h t .  

Sounding rocke t s  have been i n  coammn use  i n  many c o u n t r i e s  to c a r r y  smal l  
payloads t o  a l t i t u d e s  above 100 km f o r  pe r icds  of f i v e  minutes or more. There is 
no ozone absorp t ion  above 100 k r ,  making u l t r a v i o l e t  s t u d i e s  from 0.1 - 0 - 3  gm 

q u i t e  p r a c t i c a l  dur ing  t h e  l imi ted  time t h e  r o c k e ~  is hiqh enouglr. In 1972 a 
rocke'borne mass spectrometer  measured m e t a l l i c  ionc i n  t h e  =sosphere which were 
a t t r i b u t e d  to comet Encke (Beta Taurids).  Continued experimentation poss ib ly  
could d e t e r n i n e  e lemental  abundance d a t a  f o r  t h e  Halley showers. 

Al l  of these  f l i g h t  techniques  could be used t o  t ake  useful  d a t a  on Comet 
Halley. Their  a c t u a l  use w i l l  depend in  some c a s e s  upon t h e  ins t ruments  a v a i l -  
a b l e  i n  o r b i t  and i n  many cases upon cos t -benef i t  s t u d i e s  not yet  c a r r i e d  ou t .  





D. EARTH-BASED OBSERVATlOZI'S 

A proposed network of ground-based d b s e r v e r s  r e p r e s e n t i n g  seven  s e p a r a t e  
d i s c i p l i n e s  is o u t l i n e d  i n  S e c t i o n  IX of t h i s  r e p o r t .  One a r e a  o f  s t u d y  (sreteor- 
o i d s  and meteor s t u d i e s )  m y  r e q u i r e  s p e c i a l  o h s e r v a t i d n  t y p e s  and t e c h n i q u e s  and 
is d i s c u s s e d  here .  

The Orion id  and Eta  M u a r i d  meteor shovers are b e l i e v e d  t o  b e  d e b r i s  from 
Comet t ia l ley .  They probably are samples from Hal ley  r e l e a s e d  a t  d i s t i n c t l y  d i f -  
f e r e n t  eras i n  its e v o l u t i o n a r y  histar?. .  Although t h e  s h o v e r s  are annua l ,  
P e o u n s  k a s  po in t ed  o u t  that i n  October 1985 and Xay 1986 t h e  Ea r th  v i  11 p a s s  
c l o s e  t o  t h e  cotmet's o r b i t  and not  f a r  from t h e  comet's nucleus .  Enhanced a c t i v -  
i t y  ray w c u r  a t  t h e s e  times, bu t  w i n g  t o  :he long o r b i t a l  pe r iod  o f  Hal ley  
there are few o b s e r v a t i o n s  t o  assist i n  eraking p r e d i c t i o n s .  Xeteor  o b s e r v a t i o n s  
p o t e n t i a l l y  c a n  p rov ide  d i r e c t  i n f o r r a t i o a  on t h e  chemis t ry ,  d e n s i t y ,  and s i z e  
d i s t r i b u t i o n  o f  Ha l l ey  d e b r i s .  Unfo r tuna te ly  meteor s t u d y  is an  e x t i n c t  s c i e n c e  
i n  the United S t a t e s  a d  produc t ion  of new d a t a  by p r o f e s s i o n a l  r e s e a r c h e r s  is 
p o s s i b l e  o n l y  f r o m  the a c t i v e  groups i n  Canada, Europe. and t h e  S o v i e t  rn:an. 
Hawever, a c t i v e  amateur  nbse rv ing  groups e x i s t  world r i d e .  

A v a l u a b l e  a s p e c t  of meteor work is the p n t e n t i s i  t o  de t e rmine  c o n p o s i t i o n  
a d  d e n s i t y -  Cnfo r tuna te ly ,  conve r s ion  of meteor d a t a  t g ?  t h e s e  pa raawte r s  h a s  
never  been convinc  i n g l p  d e m n s t r a t z d  t o  d e s i r a b l e  l e v e l s  of  accuracy .  l ap rau r -  
-t i n  t h i s  d ismal  s i t u a t i o n  w i l l  r e q u i r e  renewed e f f o r t s ,  Obsert-at i ~ n s  which 
are r o u t i n e  and f i t  i n  w i t h  t h e  t i a l l e ~  kiatch prrrgram arc. v i s u a l  n e t e n r  c o u n t s  
d u r i n g  t h e  showers, Us r ldv ide  groups of t r a i n e d  ~ b s e r v e r s  cou ld  b e  ccwrdina ted  
to p rov ide  a c c u r a t e  meteor r a t e s  d u r i n g  rhe  y e a r s  1983 t o  1967. T h i s  cou ld  pro- 
v i d e  v a l u a b l e  d a t a  f o r  t h e  d i s t r i b u t i o n  af t ae tcuroids  w i t h i n  the two Hal ley  
st reams. 

Actua l  col!ectirm o r  d i r e c t  d e t e c t  ism of p a r t i c l e s  i n  t h e  Hal l e y  sietesr 
s t r e a w c  is p o s s i b l e ,  i n  p r i n c i p l e ,  by s e v e r a l  t echn iques .  P a r t i c l e s  virh  appro- 
p r i a t e  release p o i n t s  and ratios o f  r a d i a t i o n  p r e s s u r e  f o r c e  t o  can  h i t  
a  s p a c e c r a f t  i n  t h e  comet's o r b i t  p l a n e  o u t s i d e  of the comet's o r b i t a l  e i i i p s e .  
In t h i s  regard  i t  is at least concei t -ab le  t h a t  a d e t e c t o r  on srme i n t e r p l a n e t a r y  
probe cou ld  d e t e c t  i n p a c t s  f taa p a r t i c l r s  r e l e a s e d  d u r i n g  t h e  p r e s e n t  #alley 
a p p a r i t i o n .  De tec t ion  of p a r t i c l e s  r e l e a s e d  from r,crnc*t iit*licrutek was m d e  by tile 
?&ax Planck I n s t i t u t e  aricrnmetenroid impact s e n s o r  trn t h e  Hf.(lS 1: s p a c e c r a f t .  In 
t h i s  c a s e  t h e  p a r t i c l e s  were r e l e a s e d  ;at a  s i g n i f i c a n t  s o l a t  d i s t a n c e  and had 
r a d i a t i o n  p r e s s u r e  f o r c e  t o  g r a v i t y  rat  i n s  o f  u n i t y .  

S t a r  t h e  Ea r th ,  s e v e r a l  o r b i t a l  and a tmospher ic  e s p c r i = n t s  are p o s s i b l e .  
S o n d e s t r u c t i v e  c o l l e c t  ion is not  p r a c t i c a l  w ing  t o  h igh  impact \-eloc i t  i ts ,  b u t  
c a p t u r e  c e l l  co l !ec tnrs  can be used to o b t a i n  vapctrizcd and recondcnscd Hal ley  
m a t e r i a l  f o r  bu lk  e l emen ta l  and i s o t o p i c  a n a l y s i s .  P o s i t i v e  iden r  i f  i c a t  ion of 
p a r t i c l e s  w i t h i n  t h e  shower could  be accomplished by a c c u r a t e  measurement o f  
impact v e l o c i t y .  De tec t ion  o f  small p a r t i c l e s  wi thout  sample r e t u r n  is p o s s i b l e  
u s i n g  a i c r o w t e o r o i d  impact s e n s o r s  of t h e  t ypc r o u t i n e l y  used on i n t e r p l a n e t a r y  
miss ions .  A major u n c e r t a i n t y  w i t h  o r b i t a l  d e t e c t i o n  o r  c o l l e c t i o n  is t h e  
p o s s i b i l i t y  t h a t  meteor showers do not  c o n t a i n  sma l l  p a r t i c l e s .  Xicrnn-sized 



p a r t i c l e s  rap id ly  change o r b i t s  because of Poynting-Robertson drag,  and they 
guickly  evolve o u t  of t h e  = in  showers of v i s u a l  meteors. Hicron-sized p a r t i c l e s  
have no t  been de tec ted  i n  annual  ereteor showers by o r b i t i n g  micrometeoroid sen- 
s o r s ,  but  t h e  c la im has  been aede t h a t  shovers  were d e t e c t e d  f o r  0.1-urn p a r t i c l e s  
by t h e  Xeteoroid Technology S a t e l l i t e .  

The IW advocates and can play a l imi ted  r o l e  i n  coord ina t ing  coreetary d u s t  
s t u d i e s  from deep space and e a r t h  o r b i t a l  s p a c e c r a f t  , dur ing  s t r a t o s p h e r i c  Ilrete- 

o r o i d  c o l l e c t i o n s  by a i r c r a f t  and mesospheric d e t e c t i o n  by rocketborne instrumen- 
t a t i o n .  However, t h e  IHU can t ake  a more d i r e c t  r o l e  i n  o rgan iz ing  and coordinat-  
i n g  a g loba l  network of v i s u a l  meteor observers .  Worldwide groups of t r a i n e d  
observers  (both p rofess iona l  and amateur) could be coordinated t o  provide a c c u r a t e  
a e t e o r  rates d u r i n g  t h e  1983-1967 i n t e r v a l .  These observa t ions  could provide 
valuable  d a t a  on t h e  d i s t r i b u t i o n  of meteoroids wi th in  t h e  tw Halley streams. 



I X .  GROUND-BASED OBSERVING NETS 

A. LARGE-SCALE PHENO!%?U 

1. S c i e n t i f i c O b j e c t i v e s  

The prime o b j e c t i v e  is t o  i n v e s t i g a t e  the  comet s o l a r  wind i n t e r a c t i o n  and 
to provide  a c a l i b r a t i o n  of  s o l a r  wind p r o p e r t i e s  deduced from comets. tJe are 
beginning to understand t h e  c o r r e l a t i o n  between s o l a r  wind p r o p e r t i e s  and come- 
tary phenomena such as t a i l  o r i e n t a t i o n s ,  d isconnect ion even t s ,  b r i g h t n e s s  f luc-  
t u a t i o n s  and o t h e r  t r a n s i e n t  even t s .  Thus, we can i n f e r  s o l a r  wind p r o p e r t i e s  
a t  t h e  comet by a s tudy  o f  vide-angle images obta ined s imul taneously  wi th  spate-  
c r a f t  i n  s i t u  measurements. The latter inc lude  t h e  s o l a r  wind speed,  d e n s i t v ,  
and magnetic f i e l d  as w e l l  a s  t h e  same q u a n t i t i e s  i n  t h e  mixed cometarylsolar  
wind plasma a t  t h e  time of  c l o s e s t  approach. 

Assuming t h e r e  are one o r  more space miss ions  wi th  inaging c a p a b i l i t y  a t  
s- d i s t a n c e  from t h e  Ear th  it should  be p o s s i b l e  t o  o b t a i n  s t e r o s c o p i c  views 
of  t h e  comet us ing  ground-based and s p a c e c r a f t  cruise-phase images, and t o  i n f e r  
t h e  comet's three-dimensional s t r u c t u r e .  While a s p a c e c r a f t  is f a r  frorn Hal ley 's  
Comet, both be fo re  and a f t e r  f lyby,  t h e  imaging system could o b t a i n  views s i m i l a r  
i n  s c a l e  t o  those  obta ined by Earth-based, vide-angle cameras. The ground-based 
i e a g i n g  network should  be spread i n  l a t i t u d e  and long i tude  i n  a manner such t h a t  
t h e  comet w i l l  always be observable  from s e v e r a l  s i t e s ,  a t  l e a s t  one of which is 
l i k e l y  t o  have s a t i s f a c t o r y  weather cond i t ions .  W e  would be a b l e  t o  provide a 
ground-based photograph c l o s e  i n  time t o  each s p a c e c r a f t  image of the  comet. 
The p a i r s  o f  images would con ta in  cons ide rab le  informat ion on t h e  three-dimensional 
s t r u c t u r e  o f  t h e  comet and i ts  temporal  behavior. A t  t h e  time of f lyby,  a space- 
c r a f t  would be a b l e  t o  o b t a i n  images of t h e  comet from a l a r g e  number of viewing 
angles .  As a r e s u l t ,  it may be p o s s i b l e  t o  c o n s t r u c t  a three-dimensional  model o f  
t h e  comet us ing  techniques  s i m i l a r  t o  computed tomography a s  developed f o r  medical 
X-ray work and modified by u s  f o r  t h i s  a p p l i c a t i o n .  The a d d i t i o n a l  wide-angle 
views from Ear th  would s e r v e  a s  a c o n t r o l  t o  s e p a r a t e  temporal changes fram s p a t i a l  
changes. 

Also assuming t h e r e  a r e  space  missions t o  Halley,  i t  w i l l  be p o s s i b l e  t o  
provide e x t e n s i v e  coverage of  t h e  l a rge - sca le  s t r u c t u r e  of t h e  coma and t a i l  of 
t h e  comet dur ing  flyby.  Uhile t h e  s p a c e c r a f t  is c a r r y i n g  ou t  tts b r i e f  but c r u c i a l  
i n  s i t u  obse rva t ions ,  i t  w i l l  be cons t ra ined  t o  s t u d i e s  of f i n e - s c a l e  s t r u c t u r e  -- 
of  l i m i t e d  p o r t i o n s  of  t h e  comet. The ground-based imaging network w i l l  ensure  
simultaneous coverage of t h e  e n t i r e  comet, thus  p rov id ing  a record of t r a n s i e n t  
phenomena t h a t  w i l l  g r e a t l y  a s s i s t  i n  t h e  i n t e r p r e t a t i o n  of  t h e  i n  s i t u  d a t a .  

2. Technique f o r  Achieving t h e  Objec t ives  

I n  o r d e r  t o  achieve the  o b j e c t i v e s  of t h i s  phase of  the  Halley Watch, t h e r e  
must be a network of o b s e r v a t o r i e s ,  wi th  wide-f i e l d  imaging c a p a b i l i t i e s ,  having 
one dominant goal .  A t  l e a s t  one p a r t i c i p a t i n g  observatory  must be s b l e  t o  o b t a i n  
a wide a n g l e  image of Halley a t  any and a l l  times dur ing  s p a c e c r a f t  encounters  
and dur ing  prime s tudy per iods .  The l a t t e r  a r e  p r imar i ly  the  months of November 
1985 and A p r i l  1986, when Halley i s  c l o s e s t  t o  Ear th  and reasonable  s p a t i a l  s c a l e  



can  b e  ob ta ined .  Images shou ld  a l s o  b e  ob ta ined  on s e l e c t e d  days  i n  coopera-  
t i o n  w i t h  o t h e r  o b s e r v i n g  d i s c i p l i n e s .  To a c h i e v e  t h i s  o b j e c t i v e  r e q u i r e s  a 
network o f  o b s e r v a t o r i e s  as  uni formly  d i s t r i b u t e d  i n  l o n g i t u d e  as t h e  pres-  
ence  o f  land  masses w i l l  p e rmi t ,  a s  n e a r  t h e  e q u a t o r  a s  p o s s i b l e ,  and i n  bo th  
Northern and Southern  Hemispheres. 

S ince  pho tog raph ic  d a t a  w i l l  be o b t a i n e d  from many d i f f e r e n t  l o c a t i o n s  
under  a v a r i e t y  o f  obse rv ing  c o n d i t i o n s ,  i t  w i l l  be necessa ry  t o  g i v e  t h e  utmost 
a t t e n t i o n  t o  t h e  c a l i b r a t i o n  of t h e  i n d i v i d u a l  images. To beg in ,  a l l  images w i l l  
be c o l l e c t e d  on Rodak IIa-0 photographic  p l a t e s ,  o r  t h e i r  e q u i v a l e n t .  The c a l i b r a -  
t i o n  sp thod  t o  be used w i l l  be  a n  o u t g r m t h  o f  t h e  t echn ique  proposed by John 
iCox-aendy.? U s e  of  h i s  method r e q u i r e s  o b t a i n i n g  t h e  b r i g h t n e s s  p r o f i l e  of  s t a n d a r d  
stars made w i t h  t h e  same t e l e s c o p e / f i l m  combinat ions  t h a t  w i l l  be used  f o r  t h e  
Comet Hal ley  obse rva t ions .  The shapes  of  t h e  s t a n d a r d  s tars  w i l l  de t e rmine  t h e  
r e l a t i v e  i n t e n s i t y  t r a n s f e r  and t h e i r  known magnitudes,  a l o n g  w i t h  p h o t o e l e c t r i c  
sky background measures,  and w i l l  p rov ide  t h e  a b s o l u t e  z e r o  p o i n t  of t h e  i n t e n s i t y  
s c a l e .  E r r o r s  o f  t h e  o r d e r  o f  ~ 0 . 0 5  map. are expected .  The procedure  must be 
a p p l i e d  t o  each  t e l e s c o p e  i n  t h e  network s i n c e  t h e  measured shape  of  t h e  s t a r  pro- 
f i l e s  w i l l  depend on t h e  o p t i c a l  c o n d i t i o n  w i t h i n  t h a t  t e l e scope .  L1e w i l l  r e q u e s t  
t h a t  each  o b s e r v a t o r y  p rov ide  u s  w i th  a sequence of p l a t e s  of  some l a r g e ,  wel l -  
s t u d i e d ,  ex tended o b j e c t s  ( f o r  example Y31 a n d i o r  "IS1) a t  t h e  t i m e  o f  Comet Ha l l ey  
f lyby ,  s o  t h a t  we may c a l i b r a t e  t h e i r  t e l e s c o p e s  i n  t h e  c o n d i t i o n s  t h a t  t h e  comet 
images were ob ta ined .  In  t h e  e v e n t  t h e  o r i g i n a l  p l a t e s  are n e t  s e n t  t o  a s ,  t h e  
obse rva to ry  w i l l  be asked t o  make c o p i e s  on Kodak Fine  Gra in  P o s i t i v e  (7302), o r  
e q u i v a l e n t .  

Another problem t h a t  must be  a t t a c k e d  is tbe c~vnb in ing  of images o b t a i n e d  
from t e l e s c o p e s  w i t h  d i f f e r e n t  p l a t e  s c a l e s  and o p t i c a l  d i s t o r t i o n s .  The c h o i c e  
o f  d i g i t i z i n g  s t e p  s i z e  must be adequate  t o  p rov ide  s u f f i c i e n t  d i g i t i z i n g  r e so lu -  
t i o n  s o  t h a t  t h e  resampl ing  necessa ry  t o  remove d i s t o r t i o n  and match p l a t e  s c a l e s  
w i l l  no t  degrade  t h e  r e s o l u t i o n  of  t h e  f i n a l  p roduc t .  

A network of  18  o h s e r v a t o r i e s  was set up i n  less than  a  y e a r  t o  obse rve  Comet 
Kohoutek i n  1973-1974. I n t e r e s t i n g  rest~lts were ob ta ined  even wi thou t  thc s t and-  
a r d i z a t i o n  and c a l i b r a t i o n  procedures  proposed he re .  

P re l imina ry  i n q u i r i e s  have found more than  30 o b s e r v z t o r i e s  v i l l i n g  t o  
p a r t i c i p a t e  i n  a Large S c a l e  Phenomena obse rv ing  network. I t  is r e a d i l y  appa ren t  
t h a t  t h e  r e q u i r e d  coverage  i n  bo th  l o n g i t u d e  and l a t i t r t d c  is met r a t h e r  w e l l .  

4. The D i s c i p l i n e  S p e c i a l i s t  and Data Handling 

a. R e s u l t s E x p e c t e d .  The r e s u l t i n g r a w d a t a  f r o m t h e n e t w o r k w i l l b e  
a l a r g e  number of  c a l i b r a t e d  photographic  p l a t e s .  I t  is proposed t h a t  t h e s e  p l a t e s  
be copied  o n t o  a t r a n s f e r  emulsion f o r  subseaucnt  s t u d y  by t h e  network team, t h e  
o r i g i n a l  p l a t e s  be ing  r e t u r n e d  t o  t h e  o b s e r v a t o r i e s .  The d a t a  w i l l  be used i n  
s e v e r a l  d i f f e r e n t  ways by t h e  team: 



(1)  Working p i c t u r e s  w i l l  be provided t o  t h e  Halley Watch as qu ick ly  
a s  p o s s i b l e  t o  be used by a l l  o t h e r  i n v e s t i g a t o r  teams a s  needed. 

(2) The b e s t  time sequences i n  the  d a t a  set w i l l  be d i g i t i z e d  and 
computer-processed t o  a  uniform i n t e n s i t y  l e v e l  and s c a l e .  These 
images w i l l  then be combined i n t o  motion p i c t u r e  format f o r  t h e  s tudy  
of t h e  time h i s t o r y  of  cometary a c t i v i t y  by the  network team and 
o the r s .  

(3) The b e s t  1000 frames w i l l  be p ~ b l i s h e d  a s  an  a t l a s  of   alley's 
Comet, wi th  t ime development taken i n t o  cons ide ra t ion .  

b. Data Analys is  Plans .  I n  o r d e r  to ob ta in  e f f e c t i v e  use of t h e  images 
from t h e  Conret Halley network, i t  is necessary  t o  develop a  d e t a i l e d  d a t a  a n a l y s i s  
p lan .  This  p lan ,  l i k e  Comet Hal iey ,  must be a  dynamic, evo lv ing  e n t i t y  t h a t  w i l l  
leaci t o  t h e  maximum s c i e n t L f i c  r e t u r n  wi th  t h e  minimum e f f o r t  and expense. 

The d a t a  a n a l y s i s  can be d iv ided  i n t o  two major p a r t s :  d a t a  r educ t ion /  
c a l i b r a t i o n  and s c i e n t i f i c  a n a l y s i s .  The d a t a  r e d u c t i o n / c a l i b r a t i o n  h a s  s e v e r a l  
s t e p s  t h a t  m t l s t  be  accomplished. These are c o l l e c t i n g  and c a t a l o g i n g  t h e  o r i g i n a l  
p l a t e s  and/or f i r s t  f i l m  copies ,  s e l e c t i n g  and d i g i t i z i n g  t h e  necessa ry  images 
and a s s o c i a t e d  c a l i b r a t i o n  d a t a ,  conver t ing  t h e  photographic dens i ty / t r ansmiss ion  
measures t o  r e l a t i v e  i n t e n s i t y ,  and matching a l l  images t o  a  common p l a t e  s c a l e  
and background removal. 

The s c i e n t i f i c  a n a l y s i s  p a r t  w i l l  inc lude c o n s t r u c t i o n  of mosaics of  s e v e r a l  
images t o  o b t a i n  t h e  t o t a l  comet image, time sequences of d i s r u p t i o n  view a n g l e s ,  
and poss ib ly  a t h i r d  view ang le  i n  o r d e r  t o  provide  three-dimensional informat ion,  
contour  mapping of  a l l  o r  p a r t  of t h e  comet t a i l ,  t o t a l  emission measurement, e t c .  

c. Volume of Data. There a r e  c u r r e n t l y  about 25 o b s e r v a t o r i e s  wi th  wide- 
f i e l d  type t e l e scopes  loca ted  around t h e  world t h a t  have given a  p o s i t i v e  indica-  
t i o n  toward cooperat ion i n  t h e  Comet Halley network. I f  w e  ca:1 expect  a  two- 
month pe r iod  be fo re  and a f t e r  p e r i h e l i o n  wi th  602 c l e a r  sky and two good p l a t e s  p e r  
c l e a r   nigh^, t h e r e  w i l l  be 25 o b s e r v a t o r i e s  x 4 months x 30 nights/month x  0.6 
c l e a r  x 2 p l a t e s l n i g h t  = 3600 p l a t e s  wi th  a  f i e l d  of  view of 5  u 5O. I f  a l l  of 
t h e s e  images were d i g i t i z e d  wi th  a 7 arc-sec s t e p ,  t h e r e  would be 2570 x 2570 = 
6 x lo6 p i x e l s  p e r  p l a t e .  A t  a  magnetic t ape  packing d e n s i t y  of 6250 BPI i t  w i l l  
be p o s s i b l e  t o  s t o r e  6  imagesltape of the  s i z e  mentioned above o r  t h e  complete 
3600 images on 180 tapes .  We e s t i m a t e  t h a t  about one- th i rd  of t h e  images w i l l  
be  d i g i t i z e d ,  t h u s  reducing the  raw d a t a  l i b r a r y  t o  about 60 t apes  o r  a  smal l  
number o f  v ideo  d i s c s .  With processed images and backup t apes  t h e  l i b r a r y  may 
reach 300 t apes .  

d. Resources Needed. I n  o r d e r  t o  c a r r y  o u t  t h e  d a t a  r educ t ion  a17d sc ien-  
t i f i c  a n a l y s i s  a s  desc r ibed ,  a c c e s s  t o  s e v e r a l  major hardware and so f tware  i tems 
w i l l  be required.  These i tems inc lude  the  following: 



(1) Wcrodensitometer of s u f f i c i e n t  speed and reso lu t ion  t o  provide a 
timely and aceurate  rendi t ion  of the photographic density/transmission. 

(2) Suff ic ien t  computer power and da t a  base s torage t o  ca ta log  the  
d ig i t i zed  imagery and perform the  necessary ca l ib ra t ion  e f f o r t .  

(3) Suff ic ien t  i n t e r ac t ive  computer power t o  permit t he  astronomers 
t o  perform and observe the  s c i e n t i f i c  ana lys is  s f  the comet imagery 
as it  is ca r r i ed  out.  

(4) Suff ic ien t  hard copy f a c i l i t i e s  t h a t  can provide both itsage playback, 
graphical ana lys i s ,  and numerical r e s u l t s  . 

( 5 )  Suff ic ien t  dark room f a c i l i t i e s  and expe r t i s e  t o  produce the many 
f i lm  products required i n  both the  da ta  reduction and s c i e n t i f i c  
ana lys is  phases. 

e. Sussaw of Output. The output of the  network w f l l  be (1) working, 
wide-angle images made during c r i t i c a l  times provided rap id ly  t o  a Halley mission 
project ;  (2) movies of the best sequences of observations,  made from ca l ibra ted ,  
f u l l y  processed images; (3) an a t l a s  of the bes t  qua l i ty ,  ca l ibra ted ,  processed 
images; and, (4) s c i e n t i f i c  papers by the  s c i e n t i f i c  team on r e s u l t s  of in-depth 
ana lys is  of the  observations. 

8. NEAR-NUCLEUS STUDIES 

1. Goals and Techniques 

Observationsof the  near-nucleus region, the inner coma, o r  the f a l s e  nucleus 
a s  6pik calls it, provide the  most important data  about the general a c t i v i t y  of 
the  comet, about its sp in  ax i s ,  and about the d i s t r i bu t ion  and var ia t ion  of speci-  
f i c  ac t ive  a reas  on the  nucleus i t s e l f .  Such observations,  coupled with diameters 
of halos,  when observable, lead t o  the determination of the period of ro t a t ion  of 
the nucleus and, over long time in t e rva l s ,  t o  possible  va r i a t i on  in  the spin period. 

Visual sreasures of near-nucleus phenomena such a s  j e t s ,  fans,  globular ex- 
t rusions,  mult iple  nuclei ,  asyametries i n  the coma, diameter of the  nucleus, and 
photoaetry of nucleus br ightness  and color  a r e  a l l  important i n  reconstruct ing 
the s t ruc tu re  of the  nucleus sur face  and i t s  ac t iv i ty .  Telescopes of 15-cm 
aperture and grea te r  can be useful  t o  these ends. Drawings a r e  extremely valu- 
able. Long focal-length telescopes used photographically o r  with image tubes can 
provide permanent records of these phenomena. In a l l  cases  complete records of 
tiraes, equipment used and sky conditions a r e  v i t a l .  

Color f i l t e r s ,  po lar iza t ion  devices, and object ive dispersion spectrographs 
have been l i t t l e  used i n  the ana lys is  of nuclear a c t i v i t y  but show grea t  promise 
of adding extremely important r e s u l t s  when theo re t i ca l  and ana ly t i ca l  techniques 
become m r e  sophis t ica ted  i n  the study of the nucleus i t s e l f .  The appl ica t ion  of 
high-dispersion spectroscopy i n  and across the coma is discussed elsewhere. But 
most phenomena of the coma and some of the t a i l  can be tracked back in  t i m e  t o  the 
observable near-nucleus a c t i v i t y  . 



Photographs taken f o r  astro~etric purposes always have the  sho r t e s t  exposure 
possible  f o r  a well-developed image. This minimizes both image motion and any 
question a b u t  t he  loca t ion  of the image centroid. Photographs taken t o  study 
large-scale phenaa+na necessar i ly  have large-scale and very long exposure t o  br ing  
out  s t r u c t u r e s  of low surface br ightness  i n  the  long comet tails. Neither technique 
Mnte* t o  image the  r e r a t i m l y  small, aoderately br ight  structures of t he  inner 
eesa* 

In pr inc ip le ,  lsodern imaging de tec tors  such as t he  CCD (charge coupled device) 
have s u f f i c i e n t  dynamic range t o  properly *-sage both nucleus and com. Their for- 
pat is l isr i ted i n  size, however, making the  a v a i l a b i l i t y  of a s u f f i c i e n t  number of 
lstroaetric reference s t a r s  unlikely. Further,  these devices ere still expensive, 
somewhat experimental, and ava i lab le  at only a few observatories.  Therefore, it  
see- necessary t o  c r ea t e  a small network of observers f o r  near-nucleus s tudies .  

Properly exposed photographs would provide an adequate base f o r  a minimal 
study of the inner  cona. Proper use of f i l t e r s  t o  separate  gas and dust  w i l l  
ind ica te  i f  t h e i r  mixture within the  coma s t r u c t u r e s  is the same as t h a t  i n  t he  
rotc uniform background. Use of ilsaging de tec tors  such as the  CCD would be a 
f a r  b e t t e r  procedure. The exposure times required would be 2 orders  of magnitude 
less. This no t  only saves telescope time but should r e s u l t  i n  p ic tures  of f a r  
higher resolut ion,  with smear e f f e c t s  due t o  poor guiding and seeing e f f e c t s  
grea t ly  minimized. Further, a quan t i t a t i ve  study of any coinposit_ion d i f fe rences  
i n  the  s t r u c t u r e s  would be feas ib le ,  t o  the  extent  t ha t  they have species  emit t ing 
within the wavelength range of the detector .  

2, The Discipl ine Spec ia l i s t  and the Net 

For s tud ie s  requir ing continuol~s coverage, such as measurement of ro ta t ion ,  
the near-nucleus network w i l l  have t o  have good coverage in  longitude. For simple 
photographic work, a second, longer exposure by members of the  astrometr ic  network 
would su f f i ce .  For imaging de tec tor  s tud ies ,  the d i s c i p l i n e  s p e c i a l i s t  w i l l  have 
t o  preva i l  upon those observatories  which have the  de tec tors .  I f  there  .?re major 
gaps i n  the network, i t  may be necessary t o  supply equipment 20 f i l l  then. A s  
noted e a r l i e r ,  v i sua l  drawings by experienced amateurs can be of value i n  t he  study 
of the  inner coma. These can give the  kind of continuous coverage otherwise d i f f i -  
c u l t  t o  obtain.  Angular s ca l e  and o r i en t a t ion  ca l ib ra t ion  is, of course, c r i t i c a l .  

Quanti ta t ive r e s u l t s  from imaging de tec tors  requi re  considerable computer 
processing. Host f a c i l i t i e s  having such de tec to r s  w i l l  be equipped t o  reduce 
t h e i r  own data,  but t he  d i sc ip l ine  s p e c i a l i s t  may have t o  process data  taken by 
supplied equipment. 

C . SPECTROSCOPY 

1. Goals and Techniques 

The goals of a l l  spectroscopic s tud ie s  a r e  very basic  t o  understanding Halley 
and a l l  coarets. We wish t o  knuw the composition, physical s t a t e ,  o r ig in ,  and l o s s  
of the molecules present i n  t h e  nucleus, coma, and t a i l  t h a t  have spectroscopic 
s ignatures  ava i lab le  fo r  study. 



Spectrophotometry using the  various h i~h-spezd  scanning technique; js usual ly  
l imited to spec t r a l  reso lu t ion  of no more than about 5 2 throughout t he  s p e c t r a l  
range 0.3-1.0 pr. For many s tud i e s  t h i s  is inadequate, and i n  some eases  vhere i t  
is adequate, an observatory say  have a classical spectrograph ava i l ab l e  but not  
one of the nev e l ec t ron i c  de tec t ion  systems. 

h n g  the  many important spectroscopic s t u d i e s  t ha t  can be undertaken from 
the  ground on U l l e y  o r  any b r igh t  c m t ,  t he  following c e r t a i n l y  must be included. 
There a r e  many unident i f ied  fea tures  i n  cometary spec t r a ,  and t h e i r  ana lys i s  typi-  
c a l l y  requi res  a s p e c t r a l  reso lu t ion  of about 0.fi. So* fea tures  may prove t o  be 
new bands of known molecules, but sume a r e  probably new malecules (e.g., the  fea- 
t u r e  a t  32572 i n  Kohoutek). 

The exc i t a t i on  srechanism of most cometary vibronic  bands appears t o  be 
resonance fluorescence, i n  which molecules i n  t he  ground s t a t e  and present i n  
l w  number dens i t i e s  a r e  d i r e c t l y  exc i ted  by sunl igh t  and then cascade back t o  
the  ground s t a t e .  The solar f l u x  ava i l ab l e  f o r  exc i t a t i on  depends upon the hel io-  
c e n t r i c  ve loc i ty  of the  comet, vherein the  doppler e f f e c t  s h i f t s  the s p e c t r a l  
fea tures  r e l a t i v e  t o  the  Fraunhofer spectrum of the Sun ( t he  Swings e f f ec t ) .  In  
the  inner  corn the  d i s t r i bu t ion  of i n t e n s i t y  among r o t a t i o n a l  l i n e s  may be modified 
by c o l l i s i o n s  ( the Halaise e f f e c t )  and fu r the r  modified by d i f f e r e n t i a l  v e l o c i t i e s  
within the coma ( the Greenstein e f f e c t ) .  The study of each of these e f f e c t s  has 
been ca r r i ed  ou t  on only one o r  a few coraets (obviously not Halley) and only f o r  
one o r  a few bands. Each requi res  reso lu t ion  of ind iv idua l  ro t a t i ona l  l i n e s  i n  
the  bands, and the  l a t t e r  two e f f e c t s  e spec i a l l y  requi re  good s p a t i a l  reso lu t ion  
as w e l l .  Therefore, study of  these e f f e c t s  requi res  a l a r g e  telescope. 

Another spectroscopic study of importance, requi r ing  high spec t r a l  resolu- 
t ion ,  is tha t  of isotope bands. The 1-0 band of ~ 1 3  ~ 1 2  h a s  probably been observed 
i n  a t  least two comets, but i t  is badly blended with a high overtone of NH2. Per- 
haps a Fabry-Perot interferometer could be used on a l a rge  te lescope fo r  t h i s  study. 
Thought should be given t o  t he  study of o ther  bands a s  well .  A CCD de tec tor  used 
with a h i g h d  i spers ion  spectrograph t o  observe bands a t  longer wavelengths o f f e r s  
another pos s ib i l i t y .  

A smaller telescope and spectrograph t h a t  o f f e r s  good s p a t i a l  reso lu t ion ,  but 
only modest s p e c t r a l  resolut ion,  can be used t o  study the  br ightness  p r o f i l e s  of 
the  various molecular bands a s  a function of nucleus distance. The s c a l e  lengths  
f o r  c rea t ion  and l o s s  of the  observed r ad i ca l s ,  many of which a r e  s t i l l  unknown 
fo r  any comet, can be derived i n  t h i s  fashion. I f  the s c a l e  lengths  a r e  the  r e s u l t  
of a pure photo process, they should vary d i r e c t l y  a s  the  square of he l iocen t r i c  
distance. Othervise anything is possible.  Therefore, Halley needs t o  be s tudied 
a l l  along its o r b i t .  

Absolute production r a t e s  can be derived spectroscopical ly ,  of course,  j u s t  
a s  they can from photometry (see Section IX-D). I f  t h i s  is done using photographic 
detect ion,  there  w i l l  be the usual  l o s s  i n  precis ion inherent  i n  the  photographic 
process. Using a photomultiplier o r  any of t he  modern de tec t ion  schemes, there  is 
no lo s s  except possibly i n  speed, and there  may be a gain i n  precis ion.  

Halley's ion t a i l  w i l l  have comparatively low surface br ightness  but may 
extend t o  a length of maly degrees even a t  t h i s  unfavorable appari t ion.  Small 
but f a s t  telescopes o r  cameras can be used with an ob jec t ive  prism o r  an object ive 



g r a t i n g  to  o b t a i n  q u a n t i t a t i v e  photometric d a t a  i n  t h e  l i g h t  of each t a i l  ion. 
*st such dev ices  w i l l  have only photographic d e t e c t i o n  a v a i l a b l e ,  but perhaps 
a few can be equipped wi th  modern two-dimensional s i l i c o n  a r r a y s  of va r ious  types  
(CCD, C I D ,  ISIT). 

2. New Operations 

A coordinated program i n  spectroscopy h a s  t o  be l i m i t e d  t o  t h e  times when 
Comet Halley is b r i g h t e r  than m =14 and should be concentra ted dur ing t h e  per iod 
when it is b r i g h t e r  than m =lo. High s p e c t r a l  r e s o l u t i o n  w i l l  be l i m i t e d  to 
m 56.  These cons idera t ions  y i e l d  t h e  fol lowing schedule: 

Period 

10/15/85 - 7110186 (9 months) 

1 2  - 5/1/86 ( 5  months) 

From January 18 through February 26, 1986, Halley w i l l  be wi th in  30° e longa t ion  
from t h e  Sun and impossible t o  observe at most te lescopes .  This  w i l l  a l s o  be t h e  
case  f o r  two mogths beginning i n  mid-August of 1986. 

The in tense  per iod of opera t ions  w i l l  t h e r e f o r e  be of l e s s  than four  months' 
durat ion.  It w i l l  probably t ake  p lace  mostly dur ing the  b r i g h t  of t h e  Moon, s i n c e  
dark time w i l l  be demanded by o t h e r  l ia l ley  observers  f o r  photometry and photography. 
However, provis ion should be made f o r  a rapid  s h i f t  t o  spectroscopy on those  dark 
n i g h t s  when c i r r u s  clouds,  e t c . ,  make photometry d i f f i c u l t  o r  impossible.  There 
w i l l  be g r e a t  pressure  on southern o b s e r v a t o r i e s  where b e t t e r  weather can be 
expected dur ing t h e  prime per iod and where Halley w i l l  be h igher  i n  the  sky and 
a v a i l a b l e  f o r  more dark hours f o r  most o f  t h a t  time. 

3. The Disc ip l ine  S p e c i a l i s t  and iSa ta  Management 

a .  Reduction of Observations.  In o rder  t o  encourage a f a s t  reduct ion of 
observat ions  on a homogeneous b a s i s ,  i t  is proposed t o  o f f e r  a l l  observers  t h e  
s e r v i c e s  of a Reduction Center,  where t h e  spectrograms would be put on t apes  by 
us ing a d i g i t a l  system coupled t o  a microdensitometer with 2-dimensional scanning.  
The p l a t e s  would be s e n t  t o  t h e  Center and would be promptly re turned ( 2  t o  6 weeks). 
The observer  would then receive ,  at  h i s  choice ,  e i t h e r  a copy of t h e  magnetic t ape ,  
o r  d a t a  a l ready p r in ted  and reduced. The t ape  would be a v a i l a b l e  promptly but  t h e  
reduced d a t a  would be delayed by a few weeks o r  months, depending on t h e  work load 
of t h e  Center. The observer would o f  course  keep h i s  p r o p r i e t a r y  r i g h t s  t o  t h e  
d a t a  ( f o r  example, f o r  s i x  months a f t e r  he has  received e i t h e r  the  tape o r  t h e  
reduced d a t a ) .  The agreement wi th  t h e  d i s c i p l i n e  s p e c i a l i s t  might vary from 
observer t o  observer.  In  exchange f o r  i ts s e r v i c e ,  t h e  Center would then o f f e r  
access  of a l l  d a t a  t o  t h e  s c i e n t i f i c  community a f t e r  a reasonable delay.  I n  
p a r t i c u l a r ,  i t  would pub l i sh  an At las  of r e p r e s e n t a t i v e  s p e c t r a  of Comet Halley,  
wi th  reduced a icrodensi tometer  p r o f i l e s  of s i g n i f i c a n c e  and s c a l e  l eng ths  of 
r e p r e s e n t a t i v e  b r i g h t n e s s  p r o f i l e s .  



b. Process inn Data. The d i s c i p l i n e  s p e c i a l i s t  and h i s  spec t roscop ic  d a t a  
r educ t ion  equipment could b e  l o c a t e d  anywhere, but  few i f  any astronomy departments 
could handle  t h e  d a t a  load expected withdut adding some equipment. I t  is es t ima ted  
t h a t  an upper l i m i t  o f  1000 spectrograms (probably much l e s s )  would be c o l l e c t e d .  
Since  t h e  d a t a  should be processed i n  a  few months, t h e  e x i s t i n g  hardware i n  most 
u n i v e r s i t y  departments would r e q u i r e  modi f i ca t ions  and/or  augmentation. 

D. PHOTOMETRY, SPECTROPHOTOMETRY AND POLARIMETRY 

1. Goals 

The genera l  aim of t h e s e  d i s c i p l i n e s  as app l i ed  t o  cometary resea rch  is t o  
acqu i re  q u a n t i t a t i v e  i n f o m a t i o n  on the  composition and p h y s i c a l  s t a t e  of both  
v o l a t i l e  and non-vo la t i l e  components of comets and on t h e  a s t r o p h y s i c a l  processes  
which occur i n  both  heads and tails.  

Far more can be l ea rned  from the  sys temat ic  s tudy  of che v a r i a t i o n s  i n  a 
comet wi th  h e l i o c e n t r i c  d i s t a n c e ,  nuc lea r  r o t a t i o n ,  s o l a r  a c t i v i t y ,  e t c . ,  t han  
from a few random measurements. From t h e  v a r i a t i o n  i n  coma abundances wi th  h e l i o -  
c e n t r i c  d i s t a n c e  we can p l a c e  c o n s t r a i n t s  on the  vapor iza t ion  process  of the  
cometary nucleus  and t h e  source  of t h e  observed s p e c i e s .  By s tudy ing  t h e  v a r i a t i o n  
o f  t h e  continuum c o l o r ,  i n t e n s i t y ,  and p o l a r i z a t i o n  wi th  h e l i o c e n t r i c  d i s t a n c e  w e  
can s tudy  how t h e  g r a i n  component of the  coma changes. The concomitant change i n  
s c a t t e r i n g  ang le  as t h e  h e l i o c e n t r i c  d i s t a n c e  changes w i l l  provide informat ion 
about t h e  s c a t t e r i n g  func t ion  of t h e  g r a i n s  and hence w i l l  p l ace  c o n s t r a i n t s  on 
t h e i r  phys ica l  na tu re .  

By looking at  s i m i l a r  v a r i a t i o n s  on s h o r t e r  time s c a l e s  we can determine t h e  
nuc lea r  r o t a t i o n  r a t e ,  d i s c e r n  s p a t i a l  v a r i a t i o n s  of t h e  nuc lea r  s u r f a c e ,  and 
wi th  some luck ob ta in ,  f o r  t h e  f i r s t  time, d e t a i l e d  knowledge of the  o u t b u r s t s  
which many comets undergo. 

C)bservations made s imul taneously  wi th  those  by o t h e r  d i s c i p l i n e s  a t  o t h e r  
wavelengths w i l l  enab le  u s  t o  r e l a t e  the  abundances of o p t i c a l l y  observed s p e c i e s  
t o  t h e  abundances of s p e c i e s  observed (o r  not  observed!) a t  o t h e r  wavelengths 
and t h u s  o b t a i n  i n s i g h t  i n t o  p o s s i b l e  parent  molecules. Another i n t e r e s t i n g  p o i n t  
t o  be i n v e s t i g a t e d  is t h e  r e l a t i o n s h i p  between t h e  o p t i c a l  r e f l e c t i o n  spectrum of 
t h e  s o l i d  p a r t i c l e s ,  t h e  thermal i n f r a r e d  emission spectrum of the  s o l i d  p a r t i c l e s ,  
and t h e  s t r e n g t h  of t h e  i n f r a r e d  s i l i c a t e  emission f e a t u r e .  

2. Proposed Observing Network 

0 
Comet Halley w i l l  be sou th  of -10 d e c l i n a t i o n  from e a r l y  February u n t i l  

mid-May 1986. The obse rva t iona l  coverage necessary  f o r  t h e  photometric d i s c i p l i n e s  
w i l l  r e q u i r e  a  number of o b s e r v a t o r i e s  i n  both  hemispheres, w e l l  spaced i n  long i tude  
i n  o rde r  t o  o b t a i n  t h e  continuous observat ions  needed f o r  s t u d i e s  of r o t a t i o n  and 
ou tburs t s .  Having obse rva to r i es  i n  both hemispheres w i l l  he lp  o b v i a t e  weather 
problems a s  w e l l  as  t h e  n e c e s s i t y  of observing a t  l a r g e  a i r  masses n e a r  t h e  hor i -  
zon. Because of the  s u b s t a n t i a l  d i f f e r e n c e s  between t h e  techniques  of photometry, 
spectrophotometry,  and polar imetry ,  i t  i s  necessary  t o  considered s e p a r a t e l y  t h e  
quest ions  of observing networks and procedures.  



a. F i l t e r  Photometry. Marrow-band f i l t e r  photometry is a n  advantageous 
technique f o r  coltwtary obse rva t ions  f o r  t h e  fo l lowing reaFans: (1) i t  r e q u i r e s  
on ly  r e l a t i v e l y  s imple  equipment a v a i l a b l e  at many o b s e r v a t o r i e s ;  (2)  i t  a l lows  
obse rva t ion  of t h e  whole coma, o r  at least a l a r g e  f r a c t i o n  of  i t ,  a t  once; and 
( 2 j  i t  is r e l a t i v e l y  s e n s i t i v e  and can be  used f o r  f a i n t  come-s, i . e . ,  a t  l a r g e  
n r l i o c e n t r i c  d i s t a n c e s  and/or  on smal l  t e l e scopes .  

I n  o rde r  t o  achieve a l l  of t h e  s c i e n c e  goa l s ,  i t  w i l l  be  necessary  t o  have 
a s u b s t a n t i a l  network, a l l  obse rvers  i n  t h e  network being equipped wi th  i d e n t i c a l  
sets of f i l t e r s .  Experience wi th  photometry of  p a s t  comets i n d i c a t e s  t h a t  narrow 
band photometry can, wi thout  too  much e f f o r t ,  be c a r r i e d  ou t  t o  v i s u a l  magnitude 
13 o r  14 on a 75-cm te lescope.  Telescopes of  60- t o  90-cm a p e r t u r e  a r e  q u i t e  wide- 
spread so t h a t  i t  is r e a l i s t i c  t o  s e t  up a complete network f o r  obse rva t ions  t o  
magnitude 14.* I d e a l l y  we would l i k e  t o  end up wi th  a t o t a l  network of 25 t o  30 
o b s e r v a t o r i e s  wi th  a t  least h a l f  o f  t h e s e  i n  t h e  southern  hemisphere. For observa- 
tians f a i n t e r  than  1 4 ~ .  we  propose a much smal le r  network of perhaps a half-dozen 
l a r g e  t e l e scopes  ( r 150 cm) . 

The equipment f o r  t h i s  e f f o r t  is modest and we can presuE, t h a t  a l l  of t h e  
o b s e r v a t o r i e s  are a l ready  equipped wi th  p h o t o e l e c t r i c  photometers. It w i l l  be 
necessary ,  however, t o  provide  f i l t e r  sets f o r  most of these  o b s e r v a t o r i e s .  The 
IAU Commission 15 f i l t e r  s e t s  w i l l  provide a good s t a r t  but  t h i s  w i l l  n o t  be ade- 
quate  f o r  a comprehensive Halley Watch. Although t h e  IAU f i l t e r s  committee is 
planning t o  r e t a i n  10 t o  15 s e t s  of  f i l t e r s  f o r  loan  on s p e c i a l  p r o j e c t s  (pre- 
sumably t h e  Halley Watch might be  such a p r o j e c t ) ,  t h i s  number o f  s e t s  would be 
marginal f o r  a r e a l l y  thorough Halley Watch. For t h i s  reason,  i t  would be advis-  
a b l e  f o r  t h e  Halley Watch t o  purchase a d d i t i o n a l  sets oZ f i l t e r s  s imul taneously  
wi th  the  purchase by t h e  I A U  committee, i . e . ,  i n  e a r l y  FY-81. The Halley Watch d i s -  
c i p l i n e  s p e c i a l i s t  should a l s o  i n v e s t i g a t e  the  purchase of o t h e r  f i l t e r s  t o  i s o l a t e  
f e a t u r e s  not  covered by t h e  IAU set (such a s  CO', OH and Mi).  

Although the  observing schedule  must be  coordinated wi th  t h e  o t h e r  d i s c i p l i n e s ,  
a good mode of opera t ion  would be t o  des igna te  groups of two o r  t h r e e  days spaced 
a t  i n t e r v a l s  of 0 .1  i n  l o g  r~ f o r  r H  2.0 AU and a t  i n t e r v a l s  of 0.05 i n  l o g  r H  
f a r  r~ 2.0 AU. For r~ < 2.0 AU, t h e  half-dozen l a r g e  t e l e scopes  would be asked 
t o  a t tempt  one set of obse rva t ions  i n  each of the  des ignated per iods .  For r H  2.0 
AU, a l l  t h e  smal l  t e l e scopes  ( t o t a l  of 25 t o  30) would be asked t o  o b t a i n  a s  much 
d a t a  a s  p o s s i b l e  i n  t h e  des ignated pe r iods ,  thus  enab l ing  s t u d i e s  a t  h igh t i m e  
r e s o l u t i o n  and b e t t e r  coincidences  r:ith obse rvers  a t  o t h e r  wavelengths. 

Because of the  l i m i t e d  per iod dur ing  which Halley would be v i s i b l e  from a 
s i n g l e  s i t e ,  a t y p i c a l  "night" of  observing would only  l a s t  4 o r  5 hours ,  inc lud-  
i n g  obse rva t ions  of s t andard  s t a r s  and e x t i n c t i o n  s t a r s .  Observing pracedures  
would probably be  adapted from those  expected t o  be produced by t h e  IAIJ f i l t e r s  
committee. The b igges t  problem is l i k e l y  t o  be chacging the  observing h a b i t s  of 
those  vo lun tee r s  who are p r i s a r i l y  s t e l l a r  pho tomet r i s t s .  

b.  Spectrophotometry. Th i s  technique provides  an important  c o ~ p l e m e n t  
t o  f i l t e r  photometry. It w i l l  be much more d i f f i c u l t  t o  implement because t h e r e  

* 
Halley can be expected t o  be b r i g h t e r  than 14th  magnitude f o r  a f u l l  year .  



a r e  r e i a t i v e l y  fewer o b s e r v a t o r i e s  equipped f o r  t h i s  s o r t  of obse rva t ion  and t h e  
r e q u i s i t e  t e l e scope  time is more d i f f i c u l t  t o  ob ta in .  Proper advance warning 
and "consciousness r a i s ing"  of observatory  d i r e c t o r s  say he lp  t o  s o l v e  t h i s  
problem. 

We would aim f o r  a r a t h e r  small network of about 5 t o  10 t e l e s c o p e s  wi th  
gocd spec t ropho toee t r i c  equipment capable of scanning t h e  e n t i r e  cemetary spectrum, 
from t h e  atmospheric c u t o f f  i n  t h e  u l t r a v i o l e t  t o  about 1 micron. W e  would a l s o  
a i m  f o r  equipment y i e l d i n g  a s p e c t r a l  r e s o l u t i o n  o f  101 or b e t t e r .  I n  tenus of 
observing procedures,  we would leave t h i s  l a r g e l y  up t o  t h e  i n d i v i d u a l  obse rvers  
al though we would provide  them with  t h e  lists of s t andard  stars be tng  used i n  t h e  
f i l t e r  photoreetry p r o g r a E  wi th  t h e  suggest ion t h a t  they at least observe  these  
s t a r s  even i f  they d i d  no t  use them as s tandards  f o r  f l u x  c a l i b r a t i o n .  

W e  would ask  each member of t h i s  network t o  a t tempt  t o  o b t a i n  one good 
s p ~ c t r a l  scan (complete wavelength range) of  t h e  comet i n  each of t h e  p e r i o d s  
dur ing  which t h e  photometrv network was a c t i v e .  The obse rver  could t h u s  work t h e  
obse rva t ions  of Comet Halley i n t o  o t h e r  observing programs, making i t  p o s s i b l e  
t o  o b t a i n  l a r g e  t e l e s c o ~ .  time a t  more f requen t  i n t e r v a l s  than would o the rwise  
be t h e  case.  

c. Polarimetry.  Although n e a r l y  apv t e l escope  can be used i < . r  p o l a r i -  
me t r i c  measurements u t i l i z i n g  a s h e e t  p o l a r i z e r  and a photographic p l a t e ,  the  
r e s u l t s  a r e  l i k e l y  t o  b e  of r e l a t i v e l y  l i t t l e  vafue. Severa l  groups, however, 
have modern p o l a r i m e t r i c  appara tus  which could be used to s tudy  comets. These 
groups should  a l l  be requested t o  a t tempt  obse rva t ions  dur ing  some o r  a l l  of  the  
des ignated observing per iods .  Because the  number o f  groups a r e  small, t h e  
polar imetry  e f f o r t  must be small. A key r o l e  of t h e  d i s c i p l i n e  s p e c i a l i s t  w i l l  
be t o  suggest  s tand? d i z e J  bandpasses t o  i s a l a t e  t h e  cometery continuum. 

3. The Disc ip l ine  S p e c i a l i s t  and Data Hanagement 

I n  mst ins tances ,  a  p o r t i o n  of  t h e  d a t a  a n a l y s i s  would be c a r r i e d  ou t  by 
the  ind iv idua l  cbse rve rs ,  because they a r e  t h e  ones most f a m i l i a r  wi th  t h e  d e t a i l s  
of  l o c a l  ins t rumenta t ion.  Typical ly  a photonretr ist  uould supply apparent  magni- 
tudes  ( ins t rumenta l  system) o u t s i d e  t h e  atmosphere, a  spec t ropho tomet r i s t  would 
supply s p e c t r a l  scans  c o r r e c t e d  t o  o u t s i d e  the  atmosphere (and poss ib ly  on an 
a b s o l u t e  s c a l e ) ,  and a p o l a r i m e t r i s t  would supply percent  p o l a r i z a t i o n s  and posi-  
t i o n  angles .  In some ins tances ,  the  obse rvers  would only  be a b l e  t o  provide  
raw d a t a  and the  d i s c i p l i n e  s p e c i a l i s t  must be prepared t o  reduce raw d a t a  i n  
these  r e l a t i v e l y  few ins tances .  In most cases ,  houever, t h e  d a t a  r educ t ion  
demands should not be major, c o n s i s t i n g  p r i n a r i l y  of t h e  conversion from the  
va r ious  ins t rumenta l  systems t o  a n  abso lu te  system. The d i s c i p l i n e  s p e c i a i i s t  
would a l s o  be expected t o  determine the  q u d l i t y  of a l l  d a t a  submitted (e-g. ,  by 
looking st the  p rec i s ion  of e x t i n c t i o n  f i t s  and the  interagreement amoag s t andard  
s t a r s ) .  

The d i s c i p l i n e  ch ie f  should have access  t o  some computing f a c i l i t y  wi th  a 
reasonably l a r g e  mass s t o r a g e  device  such a s  d i s c s ,  but  t h e  demands a r e  not  l a r g e  
and mrJst i n s t i t u i i o n s  would a l ready  have adequate,  al though perhaps not opt imal ,  
f a c i l i t i e s .  A r  i n t e r a c t i v e  terminal ,  f o r  example, would be d e s i r a b l e  bu t  not 



e s s e n t i a l .  The -st d i f f i c u l t  r e q u i r e r e n t  would be an a b i l i t y  t o  read t h e  va r ious  
media i n  which d a t a  w i l l  a r r i v e .  

S tandard iza t ion  o f  d a t a  f o ~ t s  and t ransmiss ion of t h e  d a t a  t o  t h e  o f f i c e  
of t h e  IHY leader would a l s o  be t h e  r e s p o n s i b i l i t y  of t h e  d i s c i p l i n e  s p e c i a l i s t .  
This  p o r t i o n  o f  t h t  job vould be s i m p l i f i e d  by providing d i r e c t  access  t o  a c e n t r a l  
computer a t  t h e  I W  l e a d e r ' s  i n s t i t u t i o n ,  but  t h e  d a t a  a n a l y s i s  phases vould be 
better c a r r i e d  o u t  on a c o r p u t e r  at t h e  d i s c i p l i n e  s p e c i a l i s t ' s  i n s t i t u t i o n .  

I. Coals  

Thxee gene!-a1 r a d i o  sc ience  techniques  have been a p p l i e d  t o  c o ~ t s ,  of  which 
only  one has achieved any s i g n i f i c a n t  success. This  successful technique is the 
s tudy  o f  d i s c r e t e  microuave molecular emission l i n e s .  For example, i n  w n y  comets 
t h e  OH m i e c n l e  has  been seen i n  absorp t ion  (presumably a g a i n s t  t h e  g a l a c t i c  back- 
ground r a t h e r  than any cometary continuum) and i n  emission a t  18 cat. Searches f o r  
a microwave continuum have shown mixed, m r g i n a l  r e s u l r s .  Radar s t u d i e s  have had 
uniformly nega t ive  r e s u l t s  t o  da te .  The rad io  spec t roscop ic  s o a l s  should inc lude  : 

OH s t u d i e s  f o r  understanding pump mechanistas and for o b t a i n i n g  l i n e  widths.  

CH and CN s t u d i e s  f o r  o p t i c a l  comparisons. 

Detect ion of u n i d e n t i f i e d  Lines which may point  t o  important,  unknovn 
s p e c i e s  no t  observed i n  i n t e r s t e l l a r  clouds.  

Detect ion of H20, NH HCN and o t h e r  l a r g e  molecules which may be parent  
3' molecules of cametary r a d i c a l s ,  

Ee tec t ion  of coleetary amino a c i d s .  

2. Techniques 

Molecular obse rva t ions  of comets wi th  r a d i o  t e lescopes  have s e v e r a l  
advantages : 

(1) With radomes and sun-screens, one can observe q u i t e  c l o s e  t o  t h e  Sun. 

(2)  Microwave observat ions  have t h e  r e s o l u t i o n  necessary  t o  determine 
comet coma l i n e  widths (OH l i n e s  a r e  t y p i c a l l y  2 . 5  km s - I ) .  Xorc- 
over ,  t h e  high reso lu t ion  a l lows a c c u r a t e  frequency determinat ions  
which can f a c i l i t a t e  i d e n t i f i c a t i o n  of a n y  new s p t c i e s .  

(3) Microwave z p e c t r a  are s imple  r o t a t i o n a l  t r a n s i t i o n s  and t h e  region 
is no t  c l u t t e r e d  by a superpos i t ion  of e l e c t r o n i c ,  v i b r a t i o n a l ,  and 
r o t a t i o n a l  t r a n s i t i o n s .  

(4)  Microwave r e c e i v e r  systems are runable over a wide range of frequen- 
c i e s  ~ h r c h  allow a p a r t i c u l a r  te lescope t o  probe many suspected 
molecular c o n s t i t u e n t s  of comets. 



( 5  Mcrawave observatiocu allw probins of the nucleus of dusty c o r t s  
( l k l l ey  is one); i n  fact, me m y  need a kt, dusty cowt f o r  pro- 
duction of radio species i f  gut observations are any indicat ion.  

Ck the  o the r  haad, rrdia observa t iaa t  have s a u  d i r a d v m t a p s  t a :  

(1) ntt r r d i o  antenna te rgcra tures  detected i n  c o r t s  (iRX, OCI, CnJCW, 
W 2 0 )  are generally near t he  detect ion lirits of the e q u i p m t .  For 
e-le, one needs a production rate ~ ~ E C I E S  s lo2' s-1 t o  be ab le  
t o  detect rost rp i ecu la r  species. 

(2) Be- d i lu t ion  f o r  c a t t s  can be severe. For exaqle, i f  one a s s r tv s  
a species s c a l e  length of  5 x lo4 h, then the d is tance  at which the 
swrce would just f i l l  the  beam of the antenna f o r  a given telescope 
observing a pa r t i cu l a r  species is indicated i n  the  following: 

Telescope f (att) HPBU Delta  (XU) Species 

OH, HZCO 

In view of the above, it w i l l  be irp0rtat.t t o  accurately match ava i lab le  
rad io  receivers  and spec t ro re t e r s  t o  the  c o r t a r y  pos i t ion  i n  order  t o  optimize 
the de tec t ion  p o s s i b i l i t i e s .  

3. N e t  Operation 

A major problem w i l l  be acquis i t ion  of s u f f i c i e n t  observing time. W e  need 
t o  have radio observatories  devote a la rge  amount of telescope rime f o r  comet 
Walley throughout much of its appari t ion.  Observatories gear  up f o r  t a r g e t s  of 
opportunity t o  varying degrees. Radio observations need t o  be keyed t o  pre- and 
post-perihelion d is tances  t o  b e t t e r  understand the  physical  processes i n  coaets .  
For exaslple, e x e p t  f o r  OH, no rad io  molecules have been seen i n  c o m t s  t h a t  have 
had pe r ihe l i a  2 1  AU. The radio network should be operated at appropriate  points  
i n  the OH pumping cycle and near per ihel ion f o r  molecules and continuum searches. 
Moreover, radio mapping of molecular species  as a function of d i s tance  from the  
comet w i l l  require  telescope time near the c loses t  approach t o  Earth i n  order  t o  
minimize beam d i l u t i o n  problems. 

We need t o  get the d i r ec to r s  of observatories  involved a s  soon a s  possible.  
Direc'?rs need t o  knou t h a t  a d e f i n i t e  commitment of telescope time and observatory 
resources (computers, i n  pa r t i cu l a r )  is needed. When radio observatories  coa~nit  
themselves t o  support the IHW, proposals should be s o l i c i t e d  by the major rad io  
observatories  i n  order  t o  not i fy  the astronomical cowaunity t b a t  the  observatory 
backs the IHW concept and in  order  t o  allow enough time f o r  the d i sc ip l ine  
s p e c i a l i s t  t o  check aga ins t  dupl icat ion of e f f o r t  and holes  i n  coverage. 



4. Ditc ip l ine  Spec i r l i o t  and Data l b m g e w n t  

The d i sc ip l ine  s p e c i a l i s t  w i l l  be responsible f o r  reviewing a l l  radia  data. 
A l l  data s u b d t t e d  t o  him s h a l l  be f u l l y  reduced with appropriate  te lescopic  and 
atmospheric cor rec t ions  applied. Because of t he  esoteric nature of r ad i a  da ta ,  t he  
d i s c i p l i n e  s p e c i a l i s t  should be responsible f o r  screening a l l  a r ch iva l  data .  For 
errqle, re appropriate  standard f o r  IHW acceptance vould be publ icat ion of the  
d a t a  by 8 recogn:'zed journal. I n  u r g i n a l  cases,  the a i s ~ i p l i n e  s p e c i a l i s t  
may vrnt t o  coruu'.t with other experienced rad io  observers and thereby ass ign  a 
statistical weitit t o  t he  dacr. 

The d i sc ip l ine  s p e c i a l i s t  r u ~ t  provide a s a t i s f a c t o r y  so lu t ion  t o  the  
epherris so f tva re  proble=. Each rad io  te lescope system is unique i n  its track- 
Sng f a c i l i t i e s  and its capab i l i t y  t o  observe a s o l a r  system objec t  ( f a s t  moving 
source). The IHU software analyst  could d i s t r i b u t e  a well-docurented copy of a 
FOaTMLi c o w t  epherer i s  p r o g r u  t o  radio observatories.  This  standard program 
should have the  f o r n t  and correct ions included t h a t  the p lane ts  have i n  the  
Awrican Ephrrer is  and Nautical Almanac. Host observatories  have adapted t o  
t h i s  i n  the  past. Having the IHU ephemeris prograa w i l l  allow the  observatory 
t o  adapt it  t o  a p a r t i c u l a r  telescope's unique needs. Roveover, any unexpected 
o r b i t a l  per turbat ion can be a c c d a t e d  quickly i f  observatories  have t h e i r  
am program version. 

Final ly ,  the d i sc ip l ine  s p e c i a l i s t  w i l l  monitor planned radio observations 
and ava i lab le  equipment. He w i l l  coordinate equipmnt needs with ava i lab le  fund- 
i n g  before the network is ac t iva ted  and coordinate ongoing radio observations 
with observations i n  o the r  p a r t s  of the s p e c t ~  a f t e r  the  network is aci ivated.  

1. Coals and Techniques 

Experience with observations of s i x  comets i n  the l a s t  decade has shovn 
t h a t  coma, t a i l ,  and a n t i t s i l  measurements with fixed diaphragms and infrared beam 
switching techniques lead t o  reproducible r e s u l t s  which can be obtained by a 
number of observatories .  These a l lov  quan t i t a t i ve  determination of the s o l a r  
energy re f lec ted  i n  the v i sua l  wavelengths and the energy and temperature of the 
thermal radiat ion.  When small s i l i c a t e  p a r t i c l e s  a r e  present ,  the 10- and 20-micron 
silicate fca t c re s  a r e  i n  evidence. 

Diaphragm photometry (witb d i f f e r en t  s ized  diaphragms) of the coma can be 
corrected f o r  the Earth-comet dis tance.  In  a given diaphragm, the f lux  is inversely 
proportional t o  the Earth-comet dis tance.  When the diaphragm s i z e  is varied the 
f l u x  is proportional t o  the  diaphragm diameter (as  would be expected from the 
cont inui ty  equation f o r  dust e jec ted  from the nucleus and t rave l ing  with constant 
speed). The r e l a t i on  holds for  diaphragm diameters of a few seconds t o  a few 
minutes of arc.  

Previous comets have shovn a number of i n t e r e s t ing  fea tures  including: 

(1) The presence of s i l i c a t e  gra ins  of small diameter ( l e s s  than one 
micron) i n  the comae and t a i l s  of dusty comets. 



(2) The presence of  l a r g e  g r a i n s  i n  t h e  a n t i t a i l  of comet liohoutek 
( t h e  s i l i c a t e  s i g n a t u r e  disappeared).  

(3) A change i n  t h e  s t r e n g t h  of t h e  s i l i c a t e  s i g n a t u r e  and i ts  complete 
absence i n  t h e  come o f  some comets wi th  predominately i o n  tai ls .  

(4) The s t r o n g l y  f o m a r d  s c a t t e r i n g  o p t i c a l  phase func t ion  c h a r a c t e r i s t i c  
of d i e l e c t r i c  p a r t i c l e s  (Comet Uest) .  

5 )  The i n c r e a s e  i n  t h e  r a d i a t e d  power when t h e  nucleus  fragments and 
produces more g r a i n s  f o r  t h e  same nuc lea r  m3ss. 

(6) D i f f e r i n g  cuopet a lbedos  a s s o c i a t e d   wit!^ the  s t r e n g t h  of t h e  s i l i c a t e  
f e a t u r e  and t h e r e f o r e  presumably t h e  mean g r a i n  s i z e .  

Kanv a b s e r v a t o r i e s  equipped wi th  wohbling secondary mirrors can make t h e  
required m e a s u r e e n t s .  Telescopes of  a p e r t u r e  g r e a t e r  than 60 car a r e  adequate. 
For example, wi th  a 90-cm te lescope  of f f l l ,  t h e  p r o j e c t e d  beam on t h e  corn  is 
26 a r c  seconds f o r  a 1 - m i l l i m e t e r  diaphragm. Telescopes u t t h  longer  foca l  l eng ths  
p r o j e c t  corespondingly smaller b e a m .  

Of p a r t i c u l a r  importance i n  t h e  case of Halley is t h e  c s p a b i l i t y  of  these  
obse rva t ions  to  produce d a t a  at siaall elongat ions .  Previous  exper ience  has shown 
t h a t  it  is p o s s i b l e  t o  o b t a i n  e x c e l l e n t  d a t a  a t  a l l  radiometr ic  uavelengths  a t  
e longa t ions  o f  a few degrees  from t h e  Sun, s o  Halley could be completely covered. 
I n  t h e s e  obse rva t ions ,  the  beam-switching c a p a b i l i t y  is required i n  o r d e r  t o  
cance l  t h e  s v r f a c e  b r i g h t n e s s  of the  coronal  a u r e c l e .  

2, Proposed Observat i o n a l  N e t  

Piore than a dozen o b s e r v a t o r i e s  over  a wide geographic a r e a  have previousl!: 
undertaken cometary rad iomet r i c  s t u d i e s  o r  have t h e  necessary  f a c i l i t i e s  t o  make 
such observat ions .  If  a l l  of t h e s e  f a c i l i t i e s  <and perhaps o t h e r s  expected t c  
becane o p e r a t i v e )  could be persuaded t o  make observa t ions ,  e x c e l l e n t  geographical  
and tetaporal coverage could be obta ined.  

I n  a d d i t  ion t o  t h e  ground-based o b s e r v a t o r i e s  , the  SASX C141 Iiuipcr Ohserva- 
t o r y  could perform i n f r a r e d  photometry and spectrophotometry cover ing many of the  
regions  between t h e  winduws f o r  t h e  ground-based obse rva t ions .  T h i s  would be of 
g r e a t  importance i n  determining t h e  exact shape of t h e  10- and 26-micron emission 
f e a t u r e s .  S p e c i a l  a t t e n t i o n  to  t h e  wavelength reg ions  i n a c c e s s i b l e  from t h e  
ground might l ead  t o  the  d iscovery of  o t h e r  d i a g n o s t i c  s p e c t r a l  s i g n a t u r e s  i n  the  
i n f r a r e d  . 

3. Thz D i s c i p l i n e  S p e c i a l i s t  and Net Cpernt ions  

The coord ina t ion  of d a t a  a c q u i s i t i o n  is important ,  but t h e  Halley Watcli must 
recognize the  p r o p r i e t a r y  r i g h t s  of  t h e  ind iv idua l  i n v e s t i g a t o r s  t o  analyze  t h e i r  
own observat ions .  It should be p o s s i b l e  a f t e r  i n d i v i d u a l s  !lave s t u d i e d  t h e i r  
r e s u l t s  and published i n  the  normal w a s  t o  assemble a l l  t h e  d a t a  and produce a 
cooperat ive ,  ch rono log ica l  p u b l i c a t i o n  and o v e r a l l  a n a l y s i s .  



G .  ASTROMETRY 

The a s t r o s l e t r y  ne tvo rk  w i l l  p rov ide  t h e  a c c u r a t e  a s t r o r w t r i c  and n u c l e u s  
o b s e r v a t i o n s  of  Comet Hal ley  t h a t  are r e q u i r e d  f o r  o r b i t  and ephemer is  computa- 
t i o n s ,  f o r  dynamical  modeling of  t h e  comet ' s  o u t g a s s i n g  r o c k e t  e f f e c t ,  and f o r  
estimates o f  t h e  d i ame te r  of t h e  collret's nuc leus .  

The a s t r o m e t r i c  o b s e r v a t i o n s  of  t h e  comet w i l l  be made throughout  t h e  come- 
t a r y  a p p a r i t i o n  and w i l l  be employed t o  c o n t i n u a l l y  update  t h e  o r b i t  and ephtm- 
eris of  t h e  comet - a f u n c t i o n  t h a t  is impor tant  f o r  s u p p o r t i n g  o b s e r v a t i o n s  
w i t h i n  t h e  o t h e r  d i s c i p l i n e s  and c r i t i c a l l y  impor tant  f o r  s u p p o r t i n g  a Hal ley  
f l y t h r o u g h  mission.  As t rome t r i c  o b s e r v a t i o n s  w i l l  a l s o  a l l o w  re f inemen t s  i n  t h e  
e x i s t i n g  model f o r  t h i s  comet 's  n o n g r a v i t a t i o n a l  f o r c e s  and t h e  c h a r a c t e r i z a t i o n  
o f  t h e  comet 's  s p i n  a x i s  o r i e n t a t i o n  and s p i n  d i r e c t i o n .  

At tempts  w i l l  b e  made t o  obse rve  t h e  b a r e  nuc leus  o f  Comet Hal ley  when t h e  
coaiet is a t  l a r g e  h e l i o c e i t t r i c  d i s t a n c e s  and hence i n a c t i v e .  Assuming t h a t  t h e  
l i g h t  from Comet Hal ley  a t  l a r g e  ! l e l i o c e n t r i c  d i s t a n c e s  is due o n l s  t o  r e f l e c t e d  
s u n l i g h t ,  t h e  comet 's  photomelr ic  c r o s s  s e c t i o n  (AS) can  b e  de termined.  Using 
t h e  t echn ique  o f  De l sen rme  and gud3. one  c a n  compute t h e  v a p o r i z a t i o n  c r o s s  sec- 
t i o n  ( 1 4 ) s  from t h e  w a t e r  p roduc t ion  r a t e .  Hence t h e  6ond a i b e d o  (A) and c r o s s  
s e c t i o n a l  area (S) are determined and t h e  comet 's  d ia ine ter  can  be  i n f e r r e d .  

The a s t r o m e t r y  network's  o b s e r v a t i o n s  w i l l  a l s o  be used t o  d e f i n e  t h e  t i m e  
s c a l e  and ampl i tude  o f  t h e  comet ' s  b r i g h t n e s s  a t  l a r g e  h e l i o c e n t r i c  d i s t a n c e s .  

2. Techniques 

a. A s t r o n e t r i c  P r t s i t i nns .  The a s t r o m e t r y  nc tvn rk  would be s t a f f e d  by 
exper ienced  o b s e r v e r s  who have a c c e s s  t o  a s t r o g r a p h i c  t e l e s c o p e s ,  o n - s i t e  measur- 
i n g  eng ines  and a p p r o p r i z t e  s t a r  c a t a l o g s .  Obse rva t ions  of t h e  comet should  g u i d e  
on t h e  comet ' s  mot ion  t o  o b t a i n  n e a r l y  s t e l l a r  inages ,  hence minimizing c c n t e r -  
of - l ight lcenter -of -mass  o f f s e t s .  Each o b s e r v e r  should  t a k e  a t  l e a s t  two p l a t e s  
pe r  even ing  t o  i d e n t i f y  weak images and proper1  g i d e n t  if! t h e  comet by comparing 
t h e  observed and computed motion of t h e  image. To f a c i l i t a t e  p l a t e  r e d u c t i o n s ,  
each  o b s e r v e r  should  be  equipped w i t h  t h e  appr i rp r i a t c  s t a r  c a t a l o g s  f o r  each 
s e c t i o n  of  t h e  comet ' s  p a t h  through t h e  c o n s t e l l a t i o n s .  A t  l e a s t  5 r e f e r e n c e  
s t a r s  shou ld  be  used i n  t h e  r educ t ion  procedure  and t h e  a s t r o m t t r i c  coriietary pos i -  
t i o n s  shou ld  be r e f e r r e d  t o  t h e  mean e q u a t o r  and equ inos  of 1950.0. A s t r - w t r i c  
p o s i t i o n s  shou ld  b e  t r a n s m i t t e d  t o  t h e  o r b i t  de t e rmina t ion  c e n t e r  by t e l eg ram o r  
TELEX us ing  tile s t anda rd  IA1' c i r c u l a r  code o r  by phone. 

b. Nucleus Observa t  i ans .  Obse rva t ions  made t o  obse rve  t h e  b a r e  n u c l e u s  -- 
of Comet Ha l l ey  should  be  m a d a t  t h e  g r e a t e s t  p o s s i b l e  h e l i o c e n t r i c  d i s t a n c e  
bo th  pre-  and pos t -pe r ihe l ion .  The o b s e r v a t  ional  b i a s e s  due t o  a p e r t u r e  and 
f r a t i o  e f f e c t s  should  be  minimized by u s i n g  a s i n g l e  ins t rument  f o r  long s e r i e s  
of o b s e r v a t i o n s .  Each s e p a r a t e  o b s e r v a t i o n  s e r i e s  should  o v e r l a p  t h c  o t h e r  s e r i e s  



f o r  proper c a l i b r a t i o n  between series. Each obse rver  should plan t o  use  t h e  
s tandardized techniques  agreed upon by members of t h e  a s t r o m t r y  network. The 
overwhelsaiag concern f o r  t h i s  type  of obse rva t ion  is t h e  s p u r i o u s  l i g h t  i n t r o -  
duced by d u s t  surrounding t h e  comet and any l i g h t  o r i g i n a t i n g  wi th  t h e  comet. 
Both e f f e c t s  would l ead  t o  an estimate of  t h e  c o a e t ' s  d iameter  t h a t  was t o o  l a rge .  
To i n s u r e  t h a t  ba re  nucleus  obse rva t ions  a r e  made and t h a t  t h e  measured magni- 
tudes  are due on ly  to  r e f l e c t e d  s u n l i g h t ,  t h e  measured apparent  magnitudes 
should : 

(2) B e  s y m t r i c a l  w i t h  r e s p e c t  t o  p e r i h e l i o n .  

(3) Display a phase law ( t h i s  may be  d i f f i c u l t  t o  d e t e c t  because t h e  
change i n  phase a n g l e  a t  l a r g e  r is no t  g r e a t ) .  

i b )  Have stellar images t h a t  a r e  independent of exposure time. 

Photometric d a t a  taken a t  l a r g e  h e l i o c e n t r i c  d i s t a n c e s  where t h e r e  is no 
evidence of  emission should be  sub jec ted  t o  t h e  same four  c r i t e r i a  as photo- 
graphic  d a t a  taken f o r  a s t r o m e t r i c  purposes. R e s u l t s  e i t h e r  from f i l t e r  photom- 
e t r y  o r  spectrophotometry (as  d i scussed  i n  s e c t i o n  A) t h a t  meet t h e  c r i t e r i a  can 
f c r n i s h  p r e c i s i o n  va lues  f o r  t h e  photometric c r o s s  s e c t i o n  (AS) a s  d i scussed  
previously.  

Other o p p o r t u n i t i e s  t o  i n v e s t i g a t e  t h e  nucleus  from t h e  ground would occur  
i f  t h e  comet o c c u l t s  a star o r  i f  t h e  comet is l a r g e  enough and c l o s e  enough t o  
r e t u r n  a r a d a r  s i g n a l .  Although t h e  event  would be improbable. a s e a r c h  should 
be made t o  i d e n t i f y  stars t h a t  may b e  occu l t ed .  Even i f  t h e  star passed c l o s e  
t o  t h e  apparent  l o c a t i o n  of t h e  nucleus  (without an  a c t u a l  o c c u l t a t i o n )  t h e  
passage of a b r i g h t  star behind Hal ley 's  inner  coma might a l low o p t i c a l  dep th  
measurements or t h e  obse rva t ion  cf absorp t ion  s p e c t r a .  The p o s s i b i l i t y  of  d e t e c t -  
ing a re tu rned  radar  doppler  s i g n a l  f r o n  Halley should be inves t iga ted .  The 
optimum o p p o r t u n i t i e s  f o r  t h i s  type  of measurement would occur  i n  late November 
1985 and e a r l y  A p r i l  1986, vhen t h e  comet-Earth s e p a r a t i o n  d i s t a n c e s  reach a 
minimum of 0.62 and 0.42 AU respec t ive ly .  

3. Net Operat i o n s  

Assuming t h e  as t rometry  network w i l l  be used t o  suppor t  a Halley f l y b y  
mission,  t h e  network should c o n s i s t  of a t  l e a s t  6 Northern and 6 Southern H e m i s -  
phere o b s e r v a t o r i e s  spaced i n  long i tude  t o  avoid weather problems. Each obse rver  
should supply a p a i r  of  obse rva t ions  pe r  week f o r  t h e  period January - Hay 1985 
and August - September 1985. During pe r iods  of Earth-comet c l o s e  approaches,  
each observer  should supply a p a i r  of  obse rva t ions  every  3 days d u r i n g  October 
1985 - January 1986 and March 1986. 

I f  t h e  as t rometry  n e t - ~ r k  w i l l  not  be required t o  suppor t  a Halley f lyby 
mission,  t h e  number of o b s e r v a t o r i e s  couid e a s i l y  be c u t  t o  3 nor the rn  and 3 
southern  l o c a t i o n s  wi th  a s t r o m e t r i c  p o s i t i o n s  provided a t  only 202 of t h e  r a t e  
required t o  suppor t  a mission.  



Astrometry net s t a t ions  could publish t h e i r  reduced positions as they see 
f i t ,  but i f  they a r e  t o  be of any value i n  mission support the  p la te s  would have 
t o  be reduced as soon as they a r e  dry and the  positions transmitted immediately 
t o  the d isc ip l ine  specia l i s t .  The d isc ip l ine  spec ia l i s t  should be an o r b i t a l  
mechanics spec ia l i s t  prepared t o  immediately update the  o r b i t a l  predictions and 
transmit them t o  the  mission control  center. This kind of a c t i v i t y  may require 
considerable d i rec t  f inancia l  support of the astroatetric observers, who ere not 
used t o  working i n  real-time. 
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A.  EPHEMERIS FOR COMET IIAL1,EY 

1001 I R A 6  WHAG 
kO.63 14.1 15.1 
10.80 1A.9 14.9 
10.90 13.7 14.8 
11 e l l  13.5 14.6 
11.36 13.3 1r.r 
11.31 1S.0 14.2 
11.76 12.8 14.0 
!1m97 12.5 13.1 
12.18 12.3  13.5 
12.40 12.0 13.1  
12.63 11.7 13.0 
!2.87 11.3 12.7 
! ) . l a  11.0 12.r 
13.35 10.6 12.1 
!So61 10.2 11.1 
!So81 9.8 11.3  
!ems4 9.4 10.9 
14.41 1.9 10.5 
14.61 8.4 10.0 
i4.97 1.9 9 .1  
!So26 1 .3  9.1 
! 5 * 5 *  be9 0.7 
!So02 6.5 0.4 
!6*09 6 .3  8 .2  
16.33 6.1 8.1 
!be53  6.0 0.1 
!Lo78 5.9 8.1 
!be80 5.8 8.1 
!6 .7? 5 .6  8 .0  
!Lo50 5.4 7.9 
!be12 5.2 7.7 
!I.?* 6.8 7.5 
!So91 4.5 7.3 
! l o 1 3  4.1 7.0 
18-47 3.7 6.7 
I3eO7 5.3 6.5 
.7*9@ 3.1 6 .3  
- 0 9 5  2.9 6.1 
6 - 1 3  3.0 6.1 

,2042  1.5 6.2 
17 .31  4.1 6.4 
!Om99 4.7 6.6 
!So12 5.0 6.8 
!+a99  5.0  6.9 
5 9  4 8  7.0 
!6e49  4.6 7.0 
!be74 4.6 6 .9  
!b.Ol 4.1 6.8 
!be75 4.0 6.7 
'6.60 4 .0  6.8 
!be39 4 .3  7.1 
1 4 8  7.7 
!So09 5.4 8.4 
'5 .62 6.3 9.0 
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APPENDIX B. OBSERVING CONDITIONS FOR COMET HALLEY 
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APPENDIX C. CIRCULAR RESPECTING OBSERVATION OF HALLEY'S COMET - 1910 

(Courtesy American Astronomical Society) 
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Society of America 

C O M M I T T E E  O N  C O M E T S  

QEOROE C. C O M S T O C K  E D W A R D  E. B A R N A R D  E O W l N  B. F R O S T  

C H A R L E B  D. P E R R I N C  E D W A R D  C. PICUERING 

MADISON, WIS., NOV. 10, 1909. 
Dear fir : 

The Comet Committee of the Astronomical and Astrophysical 
Society of America invites your co-operation in observing Hal- 
ley's Comet a t  its impending return, and suhmits for your c . 
aideration the following statement with respect to such obser ..- 
tions. 

It is desirable that the position of the comet be well obse. 4 

during the entire period of its visibility and it seems probable 
that extra-meridian observatious will be secured in sufficient 
number without especial solicitation. I n  view, however, of pos- 
eible large perturbations arising from the alose approach of the 
comet to Venus on May 1, and to the earth on May 18, meridian 
observations are especially desired during the period in which 
the comet is sufficiently bright for that purpo~e. An examina- 
tion of the amount and character of these comet perturbations 
and their adaptability to a determiuation of the mass of the plan- 
ets producing them has been undertaken by Professore Leusch- 
ner and Crawford and in case the conditions prove favorable, 
the meridian determinahons may well be su. :plemented by heli- 
ometer observations of the positions of the inner planets with a 
view to a possible determination of the mass of the comet itself. 

The close approach of the comet to the earth promises 
unusual opportunity for a study of the physical conditions that 
obtain in such a body and, as an i~ldispensabie basis for such 
etudy, the Committee recommends a photographic campaign as 
long and as nearly continuous as possible. The comet's close 
proximity to the enn's direction st the time of maximum bril- 
liance imposes serious limitations upon this programme and 
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widely extended co-operation will be required throughout the 
whole circuit of the earth, if this ideal of a continnous photo- 
graphic record is to be even remotely realized. 

About one-third of the earth's circumference in longitude is 
covered by the Pacific Oceau, within which there is known to 
exist no observatory with proper facilities for celestial photog- 
raphy. To fill this gap, at least partially, the Committee aided 
by a grant from the National Academy of Sciences, plans to 
send to the Hawaiian Islands an expadition to photograph the 
comet during the period of its greatest brilliance. 

The ends to be served by these photographs and similar ones 
obtained elsewhere are conceived by the Committee as follows; 

To give a permanent record, as continuous as possible, of the 
phenomena and changes, (1) in the tail of the comet, with 
special reference to outgoing masses; (2) in the head aud nn- 
cleus of the comet, particula~iy as to the formation of envel- 
opes and jets. 

The following suggestions as to procedure and precaution in 
making the photographs have been formulated by Professor 
Barnard. 

Photography of Hallep'e Comet 
One of the greatest difficulties in photographing the average 

bright comet is its proximity to the horizon and consequent pro- 
jectiox- on a more or less dawn or twilight sky. The effect of 
rhis illuminated background with any considerable exposnre is 
to fog the piate to such afr extent as either to ruin it or to pre- 
vent a proper development of the image ot the comet. A dif- 
ference of three or four minutes in the duration of exposure 
wben tbe sky is brightest may make a success or a failure of 
the picinre. It is impossible to establish fixed rules as to when the 
exposure should stop or begin, so much will depend upon the 
condition of the sky, the position of the comet, the kind of lens, 
the rapidity of the plates, etc. The best rule is that 2f the 
judgment of the observer at the time, and this can only be de- 
rived from actual experience in the work. 

I have examined 8 large number of negatives of comets taken 
nnder the above conditions and find that with a quick plate aud 
a 6-inch portrait lens, 01- a good sky, the probable result is in- 
dicated in the following cable: 
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Deprewsion Dur8tionof 
of Sun. Exposure. 
14O-IS0 OOm 
12 -13 30 
l2 -a 30 
11 eo 

Resulting 
Effect. 

With but little injury. 
But little injury. 
9 m e w b r t  injured. 
W l y  injured but not 

ruined. 
Fair -rive. 
Safe. 

The altitude of the comet and depression af the sun in the 
above table refer to the beginning of the expsure in the even- 
ing and the close in the morning sky. The greatest injury 
occurs during the first few minutes or the last few as above. 

When only moonlight is considered, a half hour's exposure can 
be made with the moon full. if the comet is not too near it, but 
the plate will not develop properly. In exceptional cases-a 
very pure sky-an hour's expsure will not ruin the plate. 
With a half moon, not too near the comet, upwards of an hour 
may be given but with more or less injury to the plate. 

A "dew cap" extending as far s will .ot cut down the field 
is very important. not only as a protection from dew, but also to 
cut off the illumination from the other parts of the sky. It inust 
be remembered that, on account of its quickness, the small lan- 
tern lens will fog a plate much sooner than a larger lens. 
The plates should be backed with the following to prevent 

ba t ion .  Cook two pounds of white sugar in a saucepan with- 
out water nntil nearly in the caramel stage, then add one pound 
of burnt sienna. Cook a little more (but not to the candy stage) 
stirring well. Finally, add about me-haif an ounce of alcohol to 
each pint of backing as a dryer. This backing will keep indefinite- 
ly. When it is too hard, moisten it with a little water. This is to 
be applied to the back of the plate as a stiff paste with a broad 
camel's hair brush, m d  should be applied just before using. A 
piece of old newspaper pressed upon this will prevent its being 
rubbed. The face of the plate should be very carefully dusted 
with a broad camel's hair brush after it has been placed in the 
plate-holder. The camera tube should also be frequently wiped 
out with a damp cloth to avoid dust. Before developing, re- 
mcve the backing with moiat absorbent cotton. If a little re- 
mains on the plate, it will not injure the developer. In remov- 
ing the backing, be careful to shield the plate from the dark 
ro-m light. Do not wet the surface of the plate before pouring 



on the developer as it may cause air bubbles on the film; swab i t  
carefully with absorbent cotton a t  the beginning of develop 
ment. Develop until the plate is almost opaque to the ordinary 
developing light. Fix for twenty minutes or more. in the ordin- 
ary firing bath (frequently made new), to which bas been added 
a teaspoonful of sodium bisulphi te to prevent discoloration. 

Lumiere Sigma dry plates are recommended because of their 
rapidity. Seed 27 Gilt FA- and Cmmer Crown are both beau- 
tiful plates, but are not now so rapid r?a the Sigma. 

Hydrochinon developer gives a good strong negative, and for 
astrorrornical work is excellent. Hodinal in a weakened form- 
say 1 : 60 or 1 : 70 of water with a longer development will give a 
soft and more transparent negative, especially suited for show- 
ing the details of the head of the comet on large scale photo- 
~raphs .  

The doublet, or portrait lens, such as is made in America 
by the Brashenr Optical Company, and the Alvan Clark Corpora- 
tion, on account of its wide field, is the best form of instrument 
for showing the general features of the comet and its tail, and 
especially for following an?- outgoing rnassses that may appear 
in the tail. One of about six inches (15 em.! aperture will be 
the most generally used because of the expense of such instru- 
ments. I t  should be supplemented by several smaller lenses. 
A "lantern'? lens of one and one-half inches (4 cm.) aperture 
and about six inches (15 em.) focus, made by McAllister, of 
New York, is recommended for showing the extent of the tail. 
The cost of one of theee lantern lenses is seven dollars. It gives 
8 good field of twenty to thirty degrees-especially when dia- 
phragmed down to one inch. It is extremely quick for comet 
work. It8 focus should be carefully determined by star trails. 

In comet work it  is important in all these lenses that the 
camera should bz so adjusted on the mounting with respect to 
the guiding telescope that the head of the comet can be displaced 
to one side of the field to secure a greater extension of the tail. 
Two of the small lenses may be so arranpd by a mutual adjust- 
ment as to cover the full length of the tail, even though it 
should be fifty degrees long, or more. Although it would thus 
be in two sections-the head and part of the tail on one plate, 
and the rest of the tail on the other-there would be no serious 



objection if the whole tail could thus be secrrred. Tbe lvgt 
reflectors will be of the utmoat importance in dealing with the 
detail and structure of the head and envelopen .(I h u  been re- 
sently shown at Greenwich. 

Until something further is known of the spectrum of the 
comet, it wollld be unwise to attempt to give any specific direc- 
tions as to tke duration of exposure required with any teltscope. 
Daniel's Comet of 1907, and Morehouse's of 1908 were very dif- 
ferent in respect to their photographic activity. The latter rras 
relatively many times more actinic in its light and hence re- 
quired much shorter exposures to show the same strength of 
tail. This iuformatiou must come from actual experience with 
the comet. It would seem, however, that tbe circnmstanceu of 
the comet's visibility when brightest will make short exposures 
necessary. In photographs where a guiding telescope is used, it 
is best, when possible, to guide with wires on the head or nn- 
cleus of the comet itself. In the case of large rtflectors, or d e n  
the double-slide plate-holder is need, or where the guiding tel- 
eecope is insufficient to show the comet fairly well, the method 
of guiding on a star, as used by Dr. Joel Metcalf, would be 
necessary, and with the proper precautions, will give excellent 
results. It will be understood that this method requires that 
the guiding wires be set to move in the path of the comet and 
be given a motion a t  short intervals, contrary in directiou, but 
equal in amount, to that of the comet. When guiding on the 
head of the comet a careful watch should be kept for any pulsa- 
tions that mag occnr in its light ( .lrtroph_rsical Journal, Dec., 
1908, p. 385). If there should be considerable changes the exact 
time of their occurrence should be recorded. 

For a more detailed presentation of the above matter refer- 
ence may be made to a paper by Ppfessor Barnard, published 
an Popular Astronomy for December, 1909. 

The Committee will be pleased to receive from every astrono- 
mer who may co-oprate in the matter, copies (glass positives) 
of his negativem of Halley's Comet, and it will ilodertake the 
comparison and discussion of the material thus collected. 



For spectroscopic observations of the comet the Committee 
makes the following suggestions, formulated by Professor Frost: 
While it  may be possible to make visual observations of the 
comet's spectrnm with ocular spectroscopes attached to large 
telescopes, it is likely that most of the pllotographic records of 
the spectrum will be obtained by the objective-prism or the slit- 
spectrograph; and reference will made in what follows to the 
use of these two types of instrument. 

These methods of observation are mutually complementarp; 
for the accnrate measurement of wave-length, effect of motion 
in the line of sight, and analysis of structure of lines or bands 
(if sufficiently sharp) the slit-spectograph has all the advan- 
tages; but for study of distribution of elements in different 
parts of the comet. and for reaching faint details, the prismatic- 
camera, or objective-prism, with ita much greater ligbt-power, 
is essential. The prismatic-camera may be employed, with a 
fair possibility of success, when the comet's brightness is equiv- 
dent to that of a ninth or tenth magnitude star; the slit-spec- 
trograph cannot be hopefully applied before the comet is ;w9 or 
three magnitudes brighter. The size and kind of telescorpe em- 
ployed, of course. makes such statements relative rather than 
absolute, and uncertain at best. Too much here depends upon 
the comet; if its light is chiefly reflected rather than intrinsic, 
and the continnous spectrum is predominant, then the comet 
will have to be much brighter for satisfactoq- s;mtroscopic an- 
alysis than if the light is largely intrinsic as4 concent+ted a t  
half a dozen points in the spectrum. Comets showing sudden 
and marked fluctuation ic size or brightness are likely to exhibit 
cbanges in the bright band spectrum. 

( 1) Prismatic-Camera or'objective-Prism. 
The camera should be a doubiet of lsrge angular aperture, 

1 :4 or 1 : 5. Useful observations could be secured if the linear 
aperture is as small as 4 or 5 inches (10 or 12 cm. 1. The ob- 
jective-prism should be of small angle, perhaps 10° or 1 5 O ;  if 
an additional prism is available for the period of the comet's 
greatest brightness, its angle should be about three times that 
of the smaller prisrp. If the doublet is of comparstively short 
fccus, as is likely to be the case, it will be found to be quite 
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sensitive to focus, and separate exposures will be needed for 
the blue-violet region and the yellow-green region. Optical 
parts transparent to ultra-violet would be useful, as there may 
be some important bands of shorter wave-length than A3883. 

A guiding telescope will be necessary to tollow the comet's 
motion, but it need not be of large aperture; it should be ad- 
justable through several degrees, so that different parts of the 
tail can be tnade central on the plate. I t  will be quite a conve- 
nience to have the reticle or one wire movable with a divided 
head. 

It is very desirable to photograph the spectrum of a star be- 
fore or after the comet, placing the star a t  such a p i n t  on the 
reticle of the guiding telescope that the stellar lines may serve 
for comparison. 

Professor Pickering suggests that an interesting observation 
would be to photograph the spectrum of a star when seen 
through the bright portion of the tail, to see if dark absorption 
lines co~lld be detected. 

(2) Slit-Spectrograph. 
A small spectrograph will be a very useful attachment to a 

photographic doubtlet as described above. It need not be com- 
plicated and its dispzrsion may be small. Apparatus for pro- 
ducing a comparison spectrum is not essential, for a neighbor- 
ing star of the first type may be brought upon the slit, and its 
spectrum impressed above and below that of the comet. With 
one thread of the guiding telescope, or finder, movable, the star 
can be placed so that its spectrum will fall on the slit as desired. 
The identity of the cometary band can be thus established better 
than with the objective-prism. After spectrograms of the comet 
have thus h e n  obtained i t  will also be desirable to obtain plates 
with the slit as narrow as feasible, in order to detect duplicity 
or complexity of the lines or bands. 

Observations with powerful stellar spectographs of the t ~ p e s  
in use for determining radial velocities will doubtless be made as 
soGn as the comet's brightness permits, but this is likely to he 
disappointingly late on account of the heavy loss of light in such 
instruments. The dxed equipment of these instruments will 
determine their operation by their regular observers. 
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Photometry of Halley'r Comet 

Photometric and polariscopie obserrationa of the comet shot~ld 
certainly be made although they will doubtless occupy a position 
of subordinate importance. The suggestions of the Committee 
in thie respect are formulated oy Professor Piekering. as fol- 
lows : 

A great variety of methods may be employed for measuring the 
light or amount of polarization of the comet. It is suggested 
that astronomers undertaking this problem should correspond 
with the Chairman of the Ccmmittee, in order that uniform 
methods map be employed throughout by eifferent observers. 
The plans proposed below may require modification, according 
to the instruments availabie. 

Light 
A direct estimate, by Argeiander's method, of the entire light 

of the comet, as  seen by the naked eye, or in the smallest tele- 
scope with which it is visible, may have a certain value to ob- 
servers in the future, although large systematic errars are to be 
expected in such estimates. 

It is donbtful if photometric measures of the nucleus of the 
comet wili have much value, as the results will probably be 
greatly affected by the coma. and will differ with different pho- 
tometers and telescopes. If the nucleus be distinctly stellar i t  
may be compared directly with an adjacent star, by means of a 
double image photometer. The effect of bcckground would thus 
be eliminated. Direct measures with a Zollner photometer, or 
similar instrument. would probably have but little valne, owing 
to the effect of the coma. Any aeries by the same observer with 
the same instrument would be valuable by itself, and the obser- 
vations by different persons and differertt illstrumenis nligllt he 
aubseq~ieutly adj~~sted  for systematic differences. 

The measures described in Harvard Circular 68 sllowed that 
the absorption of light by the tail of Comet 190% was cer- 
tainly less than a tenth of a magnitude. Similar measures should 
be made of Halley's Comet. A double lrnage photometer is indis- 
pensable for these measures also, to eliminate the effect of back- 
ground. 

The light of different portions of the tail of the conlet mag 



beet be measured by the following method: Take two photo- 
graphs st the same time with mimilar instruments, using the 
same kind of plate and developer, and giving equal exposures, 
taking one in focus, and the other out of focus eo that tlre 
images of the stars shall appear as circles two or thne  millime- 
ters in diameter. Make similar enlargements of the two plates, 
interposing screens of perforated brass. Measures of the 
opacity of the resulting circular images of different portions of 
the comet, on one plate, may be compared with the images of 
stars whose maanit3des are known. as photographed on the 
other plate. The effect of the light of the sky, or cf twilight, 
may thus be eliminated, and the light of the eomet compared 
with that of a star of known magnitude, spread over a standard 
area. The two photographs xnay also be compared directly with 
a suitable photometer. 

3lessrs. Bar~iard and Frost, having also the beuefit of Mr. 
Parkhurst's opinion, suggest as an alternative aud possibly bet- 
ter method the extra focai use of a single camera. The intensity 
of the extra-focal cometar\- image could be reduced to the focal 
plane as accurately as for the star-images. The relative values 
on different nights would alu-ays be correct. 

Useful suggestions for tbe photometric observations of the 
comet may be derived from a paper by Dr. Rosenberg upon pho- 
tometric observations of the 3lorehocse Comet contained in the 
Astrophysical Journal, for November, 1909. 

Polarization 

The polarization, if any, of the comet's tail map beet be 
studied by photographs taken with a camera having a double 
image prism placed over the lens. The prism should be turned 
so that the two images, are perpendicular to the direction of the 
sun. The two images of an unpolarized object should be alike 
if the correction for color is the the same for both, otherwise it 
will be necessary to take a second photograph, turning the 
prism 180'. It the light is polarized, one image may be fainter 
than the other, as in in similar photographs of the solar corona. 
Xeasurea may be made as deecribed in the preceding paragraph. 

Bands will doubtless be eeen if the comet is examined by 
means of a Savart's polariscope, or similar instrument, but it 
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is in thttt case, difficult to distinguisl~ between slight polarizn- 
ti011 of the comet uud the strong polnrization of faint sky light. 

Minor Notes 

The following titles may be specified as rniuor matters not in- 
cluded above but which may under some circurnstauces become 
of importance, viz. : 

The head of the comet should be caref11l1~- exanlined for traces 
of phase. Possible disturbances may be found in the cornet due 
to its close approach to  Venus ou May 1, and to the earth on 
Xay 18. A transit of the earth through the comet's tail is pos- 
sible at or near the latter date and, if such should occur, a mete- 
oric shower should be looked for and observed with reference to  
a determination of the meteoric particles, their frequence, size, 
etc. Resultant disturbances of the electric potentiai of the 
earth's atmosphere are possible and the cooperation of mete- 
orological observers and especially of national weather bureaus 
is earnestly desired in this connection. 

A1 though the amount of refraction experienced bj- light in 
transit tbrough a comet is kno~yn to be very small, it seems de- 
eirable to make investigation of the matter photographically 
with long focus telescopes. The position of a sufficiently bright 
star near the nucleus, or in the brightest part of the edge of the 
tail, should be referred to a group of more distant ones, and the 
resulting position of the star compared with that resulting from 
another plate exposed after the comet has left the star. 

The Committee will be pleased to receive suggestions from as- 
tronomers as to any of the above li~les of investigation, as well 
as others not here enumerated, and solicits widespread co-opera- 
tion in utilizing the opportunities presented by the present re- 
turn of Halleg's Comet. 

On behalf of the Committee, 

GEORGE C. COalSTOCK, Chairma#. 




