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I .  O b j e c t i v e s  

T h i s  p r o g r a m  o f  a s t r o p h y s i c a l  i n v e s t i g a t i o n s  was d e s i g n e d  t o  
e x p l o r e  t h e  r o l e ,  i n  i n t e r s t e l l a r  s p a c e ,  o f  p a r t i c l e s  i n  t h e  s i z e  
r a n g e  be twe_en t h a t  o f  t h e  c l a s s i c a l  i n t e r s t e l  i a r  g r a i n s  
( s i z e  cm) a n d  t h a t  o f  m a c r o m o l e c u l e s  cm).  S u c h  
p a r t i c l e s ,  when i l l u m i n a t e d  b y  t h e  U V  r a d i a t i o n  f r o m  a c l o s e - b y  
s t a r ,  r e v e a l  t h e i r  p r e s e n c e  by s c a t t e r i n g  w i t h  a n e a r - i s o t r o p i c  
p h a s e  f u n c t i o n  o r  b y  b e c o m i n g  s u b j e c t  t o  s i n g l e - p h o t o n  
h e a t i n g / e x c i t a t i o n  p r o c e s s e s .  T h e  l a t t e r  l e a d  t o  t h e  e m i s s i o n  o f  
c h a r a c t e r i s t i c  s p e c t r a l  f e a t u r e s  as  w e l l  a s  o f  a c o n t i n u u m  i n  t h e  
r e d  a n d  n e a r - I R  w a v e l e n g t h  r a n g e .  T h e  r e l a t i v e  a b u n d a n c e  o f  s u c h  
s m a l l  p a r t i c l e s  i n  t h e  s i z e  d i s t r i b u t i o n  o f  i n t e r s t e l l a r  g r a i n s  
a l s o  h a s  a p r o n o u n c e d  e f f e c t  on  t h e  w a v e l e n g t h  d e p e n d e n c e  o f  
i n t e r s t e l l a r  e x t i n c t i o n  i n  t h e  L'V. T h i s  p r o g r a m .  t h e r e f o r e ,  
c o n s i s t e d  o f  i n v e s t i g a t i o n s  i n  t h r e e  m a j o r  a r e a s  i n v o l v i n g  
i n t e r s t e l l a r  g r a i n s :  

1 .  S t u d i e s  o f  s c a t t e r i n g  i n  r e f l e c t i o n  n e b u l a e  w i t h  t h e  
g o a l  o f  d e r i v i n g  s c a t t e r i n g  c h a r a c t e r i s t i c s  o f  d u s t  g r a i n s  
s u c h  a s  t h e  a l b e d o  a n d  t h e  p h a s e  f u n c t i o n  a s y m m e t r y  
t h r o u g h o u t  t h e  v i s i b l e  a n d  t h e  LV. 

2 .  S t u d i e s  o f  t h e  w a v e l e n g t h  d e p e n d e n c e  o f  i n t e r s t e l l a r  
e x t i n c t i o n  d e s i g n e d  t o  d e m o n s t r a t e  t h e  w i d e  r a n g e  o f  g r a i n  
s i z e  d i s t r i b u t i o n s  n a t u r a l l y  o c c u r r i n g  i n  i n d i v i d u a l  c l o u d s  
i n  d i f f e r e n t  p a r t s  o f  our  G a l a x y .  

3. S t u d i e s  o f  t h e  UV-powered e m i s s i o n  o f  d u s t  g r a i n s  i n  t h e  
0 . 5 ~ - 1 . 0 ~  w a v e l e n g t h  r a n g e  i n  r e f l e c t i o n  n e b u i a e .  

11. Results 

T h e  r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  a r e  c o n t a i n e d  i n  t h e  
p u b l i c a t i o n s  l i s t e d  i n  S e c t i o n  111. T h e s e  p u b l i c a t i o n s  c o n s i s t  
o f  r e f e r e e d  p a p e r s  i n  t h e  o p e n  s c i e n t i f i c  l i t e r a t u r e  a n d  o f  
p a p e r s  p r e s e n t e d  a t  n a t i o n a l  o r  i n t e r n a t i o n a l  m e e t i n g s .  F u r t h e r  
d i s s e m i n a t i o n  o f  t h e  r e s u l t s  t o o k  p l a c e  t h r o u g h  a s e r i e s  o f  
c o l l o q u i a  p r e s e n t e d  b y  t h e  P r i n c i p a l  I n v e s t i g a t o r .  

Here we w i l l  h i g h l i g h t  f i n d i n g s  c o n s i d e r e d  o f  m a j o r  i m p o r t a n c e  
a n d  w i l l  i n d i c a t e  i n  p a r e n t h e s e s  t h e  p u b l i c a t i o n  n u m b e r s  r e l e v a n t  
i n  t h e  c o n t e x t .  

1. -onstratio= of Shnificant Phase Function Variations 
- the E (2,3,5,9,11,14.18,19,21,26) 

8 

We h a v e  a c c u m u l a t e d  s t r o n g  o b s e r v a t i o n a l  e v i d e n c e  s h o w i n g  t h a t  i n  
a n u m b e r  o f  r e f l e c t i o n  n e b u l a e  t h e  s c a t t e r i n g  p h a s e  f u n c t i o n  i n  
t h e  U V  i s  m e a s u r a b l y  m o r e  i s o t r o p i c  t h a n  i s  o b s e r v e d  a t  v i s u a l  
w a v e l e n g t h  i n  t h e  same o b j e c t s .  We h a v e  i n t e r p r e t e d  t h i s  r e s u l t  
a s  i n d i c a t i n g  t h a t  p a r t i c l e s  o f  s i z e  cm a n d  s m a l l e r  p l a y  a 
much m o r e  i m p o r t a n t  r o l e  t h a n  i n d i c a t e d  b y  a c c e p t e d  m o d e l s  f o r  
i n t e r s t e l l a r  dust. O u r  c o n c l u s i o n s  h a v e  r e c e i v e d  d r a m a t i c  
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s u p p o r t  t h r o u g h  IRAS d i s c o v e r i e s  o f  t h e  w i d e s p r e a d  o c c u r r e n c e  o f  
d u s t  e m i s s i o n  f r o m  g r a i n s  w i t h  t e m p e r a t u r e s  i n  t h e  l o2 -103K 
r a n g e .  T h i s  c a n  b e  u n d e r s t o o d  i f  o n e  a c c e p t s  n o n - e q u i l i b r i u m  
h e a t i n g  p r o c e s s e s  o c c u r r i n g  i n  a v a s t  p o p u l a t i o n  o f  g r a i n s  i n  
t h e  s i z e  r a n g e .  

2. V a r i a t i 0 . n  of I n t e r s t e l l a r  E x t i n c t i o n  &g t h e  Galaxy 
( 1 , 8 . 1 4 , 2 0 . 2 3 , 2 4 )  

T h r o u g h  o u r  U V  o b s e r v a t i o n s  of  e a r l y - t y p e  s t a r s  e m b e d d e d  i n  
r e f l e c t i o n  n e b u l a e  w e  v a s t l y  i n c r e a s e d  t h e  d a t a  b a s e  o f  
o b s e r v a t i o n s  o f  U V  e x t i n c t i o n  p r o d u c e d  b y  sLnglg c l o u d s .  We 
d e m o n s t r a t e d  t h a t  t h e  w a v e l e n g t h  d e p e n d e n c e  o f  U V  e x t i n c t i o n  i n  
i n t e r s t e l l a r  s p a c e  v a r i e s  w i d e l y  f r o m  c l o u d  t o  c l o u d  i n  o u r  
G a l a x y ,  a n d  w h a t  i s  o f t e n  p r o m o t e d  a s  " a n o m a l o u s "  e x t i n c t i o n  i s  
s i m p l y  a m o r e  e x t r e m e  e x a m p l e  o u t  o f  t h i s  n a t u r a l l y  o c c u r r i n g  
r a n g e .  T h e  i m p l i c a t i o n  i s  t h a t  d u s t  s i z e  d i s t r i b u t i o n s  v a r y  f r o m  
c l o u d  t o  c l o u d  a n d .  t h e r e f o r e ,  t h a t  p r o c e s s i n g  o f  i n t e r s t e l l a r  
d u s t  a n d  i t s  s i z e  d i s t r i b u t i o n  i n s i d e  c l o u d s  i s  a n  i m p o r t a n t  
p h e n o m e n o n .  

3. D e m o n s t r a t i o n  t h a t  t h e  d i f f u s e  I n t e r s t e l l a r  B a n d  o f  4430A is --- - -- --- not --- C a u s e d  & Smal l  I n t e r s t e l l a r  G r a i n s  ( 4 . 2 2 )  

F o r  a b o u t  1 0  y e a r s  i t  h a d  b e e n  t h o u g h t ,  m a i n l y  b a s e d  o n  a p r o c e s s  
o f  e x c l u s i o n  o f  o t h e r  l i k e l y  p o s s i b i l i t i e s ,  t h a t  t h e  u n i d e n t i f i e d  
d i f f u s e  i n t e r s t e l l a r  b a n d  a t  X4430A ( a s  w e l l  a s  o t h e r s  o f  i t s  
t y p e )  was c a u s e d  b y  v e r y  s m a l l  i n t e r s t e l l a r  g r a i n s .  We were  t h e  
f i r s t  t o  show t h a t  t h e  r e l a t i v e  s t r e n g t h  o f  t h e  4 4 3 0 A  b a n d  i s  
u n r e l a t e d  t o  t h e  p r e s e n c e  or a b s e n c e  o f  s m a l l  g r a i n s  i n  t h e  s i z e  
d i s t r i b u t i o n  o f  g r a i n s  a l o n g  t h e  l i n e - o f - s i g h t .  T h i s  r e s u l t ,  
u n f o r t u n a t e i y ,  s t i i i  l e a v e s  t h e  4 4 3 0 A  b a n d  u n i d e n t i f i e d .  
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4 .  --- D i s c o v e r p  of S c a t t e r i n g  in t h e  2175A I n t e r s t e l l a r  F e a t u r e  
( 1 2 . 2 2 )  

I n  t w o  r e f l e c t i o n  n e b u l a e ,  I C  435 a n d  CED 2 0 1 ,  w e  d i s c o v e r e d  
s i g n i f i c a n t  i n c r e a s e s  i n  t h e  doust a l b e d o  i n  t h e  l o n g - w a v e l e n g t h  
w i n g  o f  t h e  i n t e r s t e l l a r  2175A e x t i n c t i o n  f e a t u r e ,  i n d i c a t i n g  
e n h a n c e d  s c a t t e r i n g  a s s o o c i a t e d  w i t h  t h a t  f e a t u r e .  T h e  c e n t r a l  
w a v e l e n g t h  o f  t h e  2175A b a n d  o b s e r v e d  i n  t h e  s p e c t r a  o f  t h e  t w o  
i l l u m i n a t i n g  s t a r s  i n v o l v e d  was we1 1 w i t h i n  t h e  n a r r o w  r a n g e  
n o r m a l l y  o b s e r v e d .  T h e s e  r e s u l t s  h a v e  b e e n  i n t e r p r e t e d  t o  
i n d i c a t e , t h a t  g r a p h i t e  i s  " ~ t  a l i k e l y  m a t e r i a l  r e s p o n s i b l e  f o r  
t h e  2175A f e a t u r e ,  a s  p r o p o s e d  b y  m o s t  c u r r e n t l y  f a s h i o n a b l e  
m o d e l s .  

5 .  ------ D i s c o v e r y  of U V - E x c i t e d  G r a i n  E m i s s i o n  in 0.5 - 1 . 0 ~  
S p e c t r a l  R e g i o n  is R e f l e c t i o n  N e b u l a e  ( 7 . 1 0 . 1 3 . 1 5 . l S . 1 7 . 2 5 ,  
2 7 . 2 8 . 2 9 )  

F i r s t  t h r o u g h  p h o t o m e t r i c  s t u d i e s ,  t h e n  t h r o u g h  s p e c t r o s c o p y ,  w e  
d i s c o v e r e d  t h a t  t h e r e  i s  e x t e n d e d  r e d  e m i s s i o n  p r e s e n t  i n  
r e f l e c t i o n  n e b u l a e  i n  t h e  0 . 5 ~ - 1 . 0 ~  s p e c t r a l  r e g i o n .  T h e  
p r i n c i p a l  s o u r c e  o f  t h i s  e m i s s i o n  i s  f l u o r e s c e n c e  b y  h y d r o g e n a t e d  
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a m o r p h o u s  c a r b o n .  We i d e n t i f i e d  t h i s  s u b s t a n c e  o n  t h e  b a s i s  o f  
t h e  c h a r a c t e r i s t i c s  o f  t h e  b r o a d  e m i s s i o n  b a n d  p e a k i n g  n e a r  0 . 6 7  
(FWHM-O.l2u) ,  o b s e r v a b l e  i n  a b o u t  2 / 3  o f  a l l  b r i g h t  r e f l e c t i o n  
n e b u l a e .  T h e  s o u r c e  o f  e x c i t a t i o n  o f  t h i s  l u m i n e s c e n c e  p r o c e s s  
i s  t h e  s h o r t - w a v e l e n g t h  r a d i a t i o n  f r o m  t h e  i l l u m i n a t i n g  s t a r s  o f  
t h e  n e b u l a e .  T h e s e  r e s u l t s  show t h a t  a m o r p h o u s  c a r b o n  a p p e a r s  t o  
b e  a v e r y  common s u b s t a n c e  i n  i n t e r s t e l l a r  g r a i n s .  T h i s ,  w i t h  
t h e  r e s u l t  l i s t e d  i n  54,  r a i s e s  e v e n  g r e a t e r  d o u b t s  a b o u t  t h e  r o l e  
o f  g r a p h i t e  i n  i n t e r s t e l l a r  s p a c e ,  s o  f a v o r e d  i n  many t h e o r e t i c a l  
m o d e l  s t u d i e s .  
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Hydrogenated Amorphous Carbon," A. N. Witt and T. A .  Boroson 
(in preparation 1987). 

C. Papers Presented at Meetings 

18. "Long-Slit Spectroscopy of the Orion Nebula," (with R. C. 
Bohlin, J. K. Hill. and T. P. Stecher), B.A.A.S. LL, 622, 
1979. 

19. "Dust Properties in the Reflection Nebula NGC 7023". (with 
M .  J. Cottrell), B.A.ALSL, 11, 644. 1979. 

20. "Evidence for a Second Class o f  Interstellar Extinction 
Curves in the Ultraviolet", A. N. Witt, R. C. Bohlin. T. P. 
Stecher, B.A.A.S., 112. 446, 1980. 

21. "Scattering Properties of Interstellar Grains," Invited 
Lecture, Workshop on Far-UV Background Radiation, Tenth 
Texas Symposium on Relativistic Astrophysics, Baltimore, 
Maryland, Dec. 1980. 

22. "The 4430 Diffuse Interstellar Feature and Far-UV Extinction 
Characteristics," A. N. Witt, R. C. Bohlin and T. P. Stecher. 
-2-2-2-2' B A A S -- 14. 894, 1982. 

23. "Variation of Galactic Interstellar Extinction in the UV," 
A. N. Witt, R. C. Bohlin, T. P. Stecher, B.A.A.S., I S .  989. 
1983. 

24. "Variation of Galactic Interstellar Extinction in the UV," 
A. N. Witt, R. C. Bohlin, T. P. Stecher. Symposium "Future of 
UV Astronomy Based on Six Years o f  IUE Research," April 3-5, 
1984. Goddard Space Flight Center. 
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25. "BVRI Colors of Reflection Nebulae and the Near-IR Excess," 
A. N. Witt and R. E. Schild, B.A.A.S., 16, 466, 1984. 

26. "UV Colors of Reflection Nebulae and the Scattering Phase 
Function of Interstellar Grains," A. N. Witt, B.A.A.S., 13. 
571, 1985. 

27. "Spectroscopy and CCD Photography of Extended Red Emission 
in Reflection Nebulae," A. N. Witt and R. E. Schild. Summer 
School on Interstellar Processes, Jackson Hole, WY, 1986, 
NASA TM 88342, p. 119. 

28. "Hydrogenated Amorprhous Carbon Grains in Reflection 
Nebulae," A. N .  Witt and R. E. Scild, B.A.A.S., 18,  1030, 
1986. 

29. "Emission from Interstellar Hydrogenated Amorphous Carbon 
Grains," A. N. Witt, T. A .  Boroson, and R. E. Schild, 2 n d  
Haystack Meeting on Interstellar Matter, MIT, 1987. 

D. Invited Colloquia 

1981: 
1981: 
1982: 
1982: 
1982: 
1982: 
1982: 
1983: 
1984: 
1985: 

1985: 
1985: 
1986: 
1986: 

E. 0. Hulbert Center f o r  Space Research, NRL. Washington, DC. 
Gettysburg College, Gettysburg, Pennsylvania. 
Max Planck Institut f u r  Radio-Astronomie, Bonn. W. Germany. 
Max Planck Institut f u r  Astronomy, Heidelberg, W. Germany. 
Ruhr Universitat. Rochum, W .  Gerxany 
Astron. Institute, University o f  Heidelberg, W. Germany 
Universitat Tubingen, Tubingen, W. Germany. 

The University o f  Michigan, Dept. of Astronomy, Ann Arbor, M I  
The University of Rochester, Rochester, NY, Dept. of Physics 
and Astronomy. 
Center for Astrophysics, Harvard College Obs., Cambridge, M A .  
Ohio State University, Columbus, OH. 
Center for Astrophysics, Harvard College Obs., Cambridge, M A .  
Astron. Inst., University of Bonn and Max-Planck-Institut fur 
Radio Astronomie, Bonn, Fed. Rep. of Germany. 

* 

The university c f  T C l e d c ,  Dept. c f  Physics & A s t r G n o K y .  
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. .  

NASA-Grant BAGW-89 

-- Final Report of Patent/Inventions 

Adolf N .  W i t t ,  P.I. 
The University of Toledo 

No patents or inventions emerged from 
t h e  research performe0 under this g r a n t .  



NASA-Grant NAGW-89 

F i n a l  Propertp Inventory -- 

Adolf N. Witt, P.I. 
The University of Toledo 

No equipment over $1,000 value was acquired 
nor was any G F P  received. 
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