


sc ience and techno logy during W o r l d W a r II. F r o m engineers a year . N S F staff m e m b e r s w h o are exper ts 

those f irst days , N S F has had a unique place In the In a c e r t a i n f ie ld o r a r e a m a k e a w a r d d e c i s i o n s ; 

federal government : it Is responsible for the overal l applicants get unsigned copies of peer rev iews. 

health of s c i e n c e and engineering a c r o s s all disciplines. A w a r d e e s a re whol ly responsib le for doing their 

In c o n t r a s t , o t h e r federal agencies suppor t r e s e a r c h r e s e a r c h and p r e p a r i n g the resu l ts for publ icat ion , 

f o c u s e d o n s o e c i f i c m i s s i o n s , s u c h as h e a l 

h e F o u n d a t i o n is a l s o c o m m i t t e d t o for such findings o r their Interpretat ion. 

fe l lowsh ips , and m a t h / s c i e n c e / e n g i n e e r i n g educa t ion 

pro jects . It p r o c e s s e s m o r e than 20,000 award act ions 

each year . T h e s e typically go to universit ies, col leges. 

^nce Foundat ion. 

Faci l i tat ion A w a r d s fo r Sc ien t is ts and Eng ineers 

h Disabil i t ies ( F A S E D ) provide funding for special 

academic c o n s o r t i a , nonprof i t inst i tut ions, and small a s s i s t a n c e o r e q u i p m e n t t o e n a b l e p e r s o n s w i t h 

businesses. T h e agency opera tes no laborator ies itself d isabi l i t ies ( i n v e s t i g a t o r s and o t h e r staff. Including 

but d o e s s u p p o r t Nat ional R e s e a r c h C e n t e r s , certain s t u d e n t r e s e a r c h a s s i s t a n t s ) t o w o r k o n an N S F 

oceanographic v e s s e l s , and antarct ic r e s e a r c h stat ions. p ro jec t . See the program a n n o u n c e m e n t o r con tac t 

T h e F o u n d a t i o n a lso s u p p o r t s c o o p e r a t i v e r e s e a r c h the program coord ina to r at (202) 357 -7562 . 

b e t w e e n u n i v e r s i t i e s a n d i n d u s t r y a n d U . S . T h e N a t i o n a l S c i e n c e F o u n d a t i o n h a s T D D 

( T e l e p h o n i c D e v i c e for the Dea f ) capabi l i ty , w h i c h 

T h e F o u n d a t i o n Is r u n by a p r e s i d e n t i a l l y e n a b l e s i n d i v i d u a l s w i t h h e a r i n g i m p a i r m e n t t o 

a p p o i n t e d D i r e c t o r and B o a r d of 24 sc ien t is ts and c o m m u n i c a t e w i t h t h e D i v i s i o n o f P e r s o n n e l and 

IIITl|m . | H M<«l . M I 

officials. 

N S F is s t r u c t u r e d m u c h l ike a u n i v e r s i t y , w i t h 

grant-making divisions for the var ious disciplines and 

general information. T h i s number is (202) 357 -7492 . 



National Science Foundation Annual Report 1992 

A r e t r o s p e c t i v e o f s e l e c t e d r e s e a r c h f u n d e d b y N S F 





L E T T E R O F T R A N S M I T T A L 

W a s h i n g t o n , D . C . 

D E A R M R . P R E S I D E N T : 

I h a v e t h e h o n o r t o t r a n s m i t h e r e w i t h t h e 

A n n u a l R e p o r t f o r F i s c a l Y e a r 1 9 9 2 o f t h e 

N a t i o n a l S c i e n c e F o u n d a t i o n , f o r s u b m i s s i o n 

t o t h e C o n g r e s s a s r e q u i r e d b y t h e N a t i o n a l 

S c i e n c e F o u n d a t i o n A c t o f 1 9 5 0 . 

R e s p e c t f u l l y , 

F r e d e r i c k M . B e r n t h a l 

A c t i n g D i r e c t o r , N a t i o n a l S c i e n c e F o u n d a t i o n 

T h e P r e s i d e n t o f t h e U n i t e d S t a t e s 

T h e W h i t e H o u s e 

W a s h i n g t o n , D . C . 2 0 5 0 0 





C O N T E N T S 

D I R E C T O R ' S M E S S A G E VII 

C H A P T E R O N E - D E V E L O P I N G H U M A N R E S O U R C E S 2 

C H A P T E R T W O - P R O B I N G T H E G L O B A L E N V I R O N M E N T 10 

C H A P T E R T H R E E - F R O N T I E R S O F K N O W L E D G E : B A S I C R E S E A R C H 16 

C H A P T E R F O U R - T R A N S F E R R I N G K N O W L E D G E 24 

C H A P T E R F I V E - O R G A N I Z A T I O N A L N E W S 30 

A P P E N D I X E S 

A P P E N D I X A - NSF S E N I O R S T A F F A N D N A T I O N A L S C I E N C E B O A R D M E M B E R S ( F Y 1992) 34 

A P P E N D I X B - P A T E N T S R E P O R T A N D F I N A N C I A L T A B L E S F O R F Y 1 9 9 2 3 8 

?3 





D I R E C T O R ' S S T A T E M E N T 

F R E D E R I C K M . B E R N T H A L 

A C T I N G D I R E C T O R 

N A T I O N A L S C I E N C E F O U N D A T I O N 

Frederick M. Bernthal 

Acting Director, 

National Science Foundation 

T h e p a g e s of th i s r e p o r t d e s c r i b e the w e a l t h of a c t i v i t i e s tha t t e s t i f y to the 

N a t i o n a l S c i e n c e F o u n d a t i o n ' s c o n t i n u i n g c o n t r i b u t i o n to the n a t i o n ' s o v e r a l l 

c a p a b i l i t i e s i n s c i e n c e a n d t e c h n o l o g y . U n d e r its m i s s i o n of p r o m o t i n g t h e 

p r o g r e s s of s c i e n c e a n d e n g i n e e r i n g , N S F p r o v i d e s s u p p o r t f o r a b r o a d r a n g e of 

r e s e a r c h a n d e d u c a t i o n a c t i v i t i e s i n a l l f i e l d s of the p h y s i c a l , n a t u r a l a n d s o c i a l 

s c i e n c e s , m a t h e m a t i c s , a n d e n g i n e e r i n g . 

A m e r i c a ' s c a p a b i l i t i e s i n s c i e n c e a n d t e c h n o l o g y h a v e l o n g b e e n a s t e a d y 

d r i v e r of e c o n o m i c g r o w t h , p r o d u c t i v i t y g a i n s , n e w job o p p o r t u n i t i e s , r i s i n g 

l i v i n g s t a n d a r d s , a n d i m p r o v e d q u a l i t y of l i fe . O v e r f o u r d e c a d e s of i n v e s t m e n t 

i n s c i e n c e a n d e n g i n e e r i n g at a c a d e m i c i n s t i t u t i o n s b y N S F a n d o t h e r F e d e r a l 

a g e n c i e s h a v e u n d e r p i n n e d the d e v e l o p m e n t of a b a s e of h u m a n r e s o u r c e s a n d 

i n t e l l e c t u a l c a p i t a l t h a t is u n m a t c h e d i n h u m a n h i s t o r y . I t i s c l e a r t h a t t h e r e t u r n s 

o n t h i s i n v e s t m e n t h a v e b e e n o u t s t a n d i n g : the C o n g r e s s i o n a l B u d g e t O f f i c e 

n o t e d i n a r e c e n t r e p o r t t h a t " e c o n o m i c m e a s u r e s s u g g e s t g e n e r a l l y h i g h r a t e s of 

r e t u r n f o r b a s i c r e s e a r c h a n d a c a d e m i c r e s e a r c h i n s c i e n c e a n d e n g i n e e r i n g . . . . " 

A l l i n d i c a t i o n s a r e tha t the i m p o r t a n c e of s c i e n c e a n d t e c h n o l o g y i n 

d e t e r m i n i n g o u r n a t i o n a l w e l l - b e i n g w i l l o n l y i n c r e a s e i n the y e a r s a h e a d . M a n y 

a r e a s v i t a l to the n a t i o n ' s f u t u r e — f r o m n u r t u r i n g n e w i n d u s t r i e s w i t h h i g h - s k i l l , 

h i g h - w a g e jobs , to d e v e l o p i n g a d v a n c e d , e n v i r o n m e n t a l l y c o m p a t i b l e 

m a n u f a c t u r i n g t e c h n i q u e s , to c r e a t i n g f a s t e r , m o r e e f f i c i e n t m o d e s of 

t r a n s p o r t a t i o n a n d i n f o r m a t i o n e x c h a n g e — r e q u i r e c o n t i n u e d p r o g r e s s i n 

f u n d a m e n t a l r e s e a r c h a c r o s s a r a n g e of d i s c i p l i n e s a n d the a d o p t i o n of 

i n n o v a t i v e , f o r w a r d - l o o k i n g a p p r o a c h e s to e d u c a t i o n a n d t r a i n i n g . 

N S F r e c o g n i z e s a n d a c t u a l l y e m b r a c e s t h e s e i n c r e a s i n g e x p e c t a t i o n s f o r 

b e n e f i t s f r o m i n v e s t m e n t s i n r e s e a r c h a n d e d u c a t i o n . A s a n a g e n c y , w e a r e 

f o c u s i n g o u r e f for t s a r o u n d n e w s t r a t e g i e s t h a t b u i l d o n o u r p a s t s u c c e s s e s as 

w e l l a s d e f i n e a n e w w o r k i n g r e l a t i o n s h i p i n s c i e n c e a n d t e c h n o l o g y b e t w e e n 

g o v e r n m e n t , a c a d e m e , a n d the b u s i n e s s - i n d u s t r i a l e n t e r p r i s e . I n d e e d , a s is 

d i s c u s s e d la t er i n t h i s r e p o r t , s t r a t e g i c p l a n n i n g t o o k c e n t e r s tage at N S F i n 1992 

w i t h t h e w o r k of the C o m m i s s i o n o n t h e F u t u r e of N S F a n d the a g e n c y ' s o w n 

i n t e r n a l p l a n n i n g d i s c u s s i o n s . T h i s w o r k i s r e f l e c t e d i n the t h r e e s t r a t e g i e s tha t 

h a v e b e e n d e v e l o p e d to h e l p g u i d e the a g e n c y i n t o t h e f u t u r e . 
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• E n h a n c i n g F u n d a m e n t a l R e s e a r c h C a p a b i l i t i e s . S t r e n g t h e n i n g the n a t i o n ' s 

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

o v e r a r c h i n g p r i o r i t y f o r t h e F o u n d a t i o n . T h e f u n d a m e n t a l r e s e a r c h a c t i v i t i e s 

s u p p o r t e d b y N S F h a v e o f t e n b e e n the s o u r c e of u n e x p e c t e d a d v a n c e s , 

r e v o l u t i o n a r y i n s i g h t s , a n d n e w p e r s p e c t i v e s o n o l d p r o b l e m s . O n e e x a m p l e , 

d i s c u s s e d i n m o r e d e t a i l l a t e r i n t h i s r e p o r t , i s of p r o g r e s s b e i n g m a d e t o w a r d 

c o n t r o l l i n g the p r o c e s s of c h e m i c a l b o n d i n g i n m u l t i - a t o m m o l e c u l e s , a 

p r o b l e m t h a t h a s l o n g b e f u d d l e d c h e m i s t s . T h e N S F - s u p p o r t e d r e s e a r c h is 

s t i l l y e a r s f r o m b e i n g a p p l i c a b l e to i n d u s t r i a l u s e s , b u t t h e p o t e n t i a l i s c l e a r l y 

e v i d e n t . 

T o p r o v i d e t h e f l e x i b i l i t y n e e d e d to p u r s u e c h a l l e n g e s a t the f r o n t i e r s of 

k n o w l e d g e , N S F ' s r e s e a r c h p r o g r a m s o f f e r a v a r i e t y of m o d e s of s u p p o r t . N S F 

r e s e a r c h g r a n t s r a n g e f r o m s m a l l , s h o r t - t e r m g r a n t s f o r e x p l o r a t o r y w o r k to 

t r a d i t i o n a l i n d i v i d u a l i n v e s t i g a t o r a w a r d s to c e n t e r s t h a t i n v o l v e r e s e a r c h e r s 

f r o m b o t h a c a d e m i a a n d i n d u s t r y . A d d i t i o n a l l y , the l a r g e - s c a l e r e s e a r c h 

f a c i l i t i e s a n d i n f o r m a t i o n - p r o c e s s i n g c a p a b i l i t i e s s u p p o r t e d b y the F o u n d a t i o n 

— s u c h a s o b s e r v a t o r i e s , r e s e a r c h v e s s e l s a n d a i r c r a f t , s u p e r c o m p u t e r c e n t e r s , 

a n d a d v a n c e d c o m m u n i c a t i o n s n e t w o r k s l i k e the N S F N E T — a i d c o o p e r a t i o n 

a m o n g r e s e a r c h e r s a n d b u i l d s t r o n g l i n k s b e t w e e n s c i e n t i f i c r e s e a r c h a n d 

t e c h n o l o g y d e v e l o p m e n t . 

• I n v e s t i n g i n P e o p l e . P e r h a p s n o s t r a t e g y e n c o m p a s s e s m o r e of w h a t N S F is 

a n d d o e s t h a n " I n v e s t i n g i n P e o p l e . " N e a r l y e v e r y d o l l a r s p e n t b y t h e 

F o u n d a t i o n i s i n s o m e w a y a n i n v e s t m e n t i n the e d u c a t i o n a n d a d v a n c e d 

t r a i n i n g of i n d i v i d u a l m e m b e r s of soc i e ty : r e s e a r c h g r a n t s p r o v i d e s u p p o r t f o r 

s e n i o r s c i e n t i s t s a n d e n g i n e e r s , p o s t d o c t o r a l r e s e a r c h e r s , t e c h n i c i a n s , g r a d u a t e 

s t u d e n t s , a n d , i n c e r t a i n i n s t a n c e s , u n d e r g r a d u a t e a n d h i g h s c h o o l s t u d e n t s ; i n 

a d d i t i o n , p r o g r a m s u n d e r N S F ' s D i r e c t o r a t e f o r E d u c a t i o n a n d H u m a n 

R e s o u r c e s r e a c h s c h o o l s , t e a c h e r s , a n d s t u d e n t s at a l l g r a d e a n d a c h i e v e m e n t 

l e v e l s a n d i n a l l r e g i o n s of the c o u n t r y . I n 1992 , n e a r l y 95 ,000 p e o p l e w e r e 

d i r e c t p a r t i c i p a n t s i n N S F ' s p r o g r a m s , r a n g i n g f r o m s e n i o r s c i e n t i s t s w o r k i n g 

at m a j o r u n i v e r s i t i e s to p r e c o l l e g e s t u d e n t s a t t e n d i n g s c i e n c e s u m m e r c a m p s . 

M a n y of N S F ' s e f f o r t s to s t r e n g t h e n the n a t i o n ' s h u m a n r e s o u r c e b a s e a r e 

h i g h l i g h t e d i n t h i s r e p o r t . T h e F o u n d a t i o n is i n v o l v e d i n a v a r i e t y o f p r o j e c t s 

to i m p r o v e a l l a s p e c t s of m a t h e m a t i c s , s c i e n c e , a n d e n g i n e e r i n g e d u c a t i o n , 

i n c l u d i n g t h e S t a t e w i d e S y s t e m i c I n i t i a t i v e s , E n g i n e e r i n g E d u c a t i o n 

v i i i 



C o a l i t i o n s , a n d t h e A l l i a n c e s f o r M i n o r i t y P a r t i c i p a t i o n . F u r t h e r m o r e , N S F 

a l s o h a s a l e a d i n g r o l e i n a l a r g e r , o n g o i n g g o v e r n m e n t - w i d e e f for t to i m p r o v e 

a n d r e f o r m m a t h a n d s c i e n c e e d u c a t i o n c o o r d i n a t e d b y the F e d e r a l 

C o o r d i n a t i n g C o u n c i l f o r S c i e n c e , E n g i n e e r i n g , a n d T e c h n o l o g y . 

• A d d r e s s i n g S t r a t e g i c R e s e a r c h P r i o r i t i e s . B e c a u s e t h e p r o g r e s s o f s c i e n c e is 

c l o s e l y t i e d to the a p p l i c a t i o n of n e w k n o w l e d g e to t h e p r e s s i n g c o n c e r n s of 

soc i e ty , s t r a t e g i c r e s e a r c h o n c r i t i c a l a r e a s of n a t i o n a l p r i o r i t y h a s b e c o m e a n 

i n t e g r a l p a r t of t h e N S F p o r t f o l i o . I n 1992 , N S F e x p a n d e d f u n d i n g f o r s p e c i a l 

r e s e a r c h i n i t i a t i v e s i n s u c h a r e a s a s h i g h p e r f o r m a n c e c o m p u t i n g a n d 

c o m m u n i c a t i o n s , m a n u f a c t u r i n g , m a t e r i a l s , g l o b a l c h a n g e , a n d b i o t e c h n o l o g y . 

A s i n m a t h a n d s c i e n c e e d u c a t i o n , t h e s e r e s e a r c h i n i t i a t i v e s a r e u n d e r t a k e n i n 

c l o s e c o o p e r a t i o n w i t h o t h e r F e d e r a l a g e n c i e s , w h i c h r e d u c e s u n n e c e s s a r y 

r e d u n d a n c i e s a n d i n c r e a s e s the o v e r a l l e f f e c t i v e n e s s o f the p u b l i c ' s 

i n v e s t m e n t . 

T h r o u g h t h e s e i n i t i a t i v e s , N S F s u p p o r t s f u n d a m e n t a l r e s e a r c h t h a t i s c r u c i a l to 

f u r t h e r i n g p r o g r e s s a n d g e n e r a t i n g b e n e f i t s o n a s o c i e t a l l e v e l . E m p h a s i s i s a l s o 

g i v e n to ac t iv i t i e s t h a t p r o m o t e c o o p e r a t i o n a c r o s s d i s c i p l i n a r y l i n e s a n d b e t w e e n 

d i f f e r e n t s ec tors of t h e e c o n o m y , n o t a b l y a c a d e m i a , i n d u s t r y , a n d g o v e r n m e n t . 

F o r e x a m p l e , the H i g h P e r f o r m a n c e C o m p u t i n g a n d C o m m u n i c a t i o n s I n i t i a t i v e 

r e p r e s e n t s a u n i q u e p u b l i c / p r i v a t e p a r t n e r s h i p tha t b o t h a d d r e s s e s m a j o r 

r e s e a r c h c h a l l e n g e s a n d h e l p s to crea te m o r e e f f i c i e n t a c c e s s to i n f o r m a t i o n f o r a l l 

m e m b e r s of o u r s o c i e t y . S i m i l a r l y , i n the a r e a of g l o b a l c l i m a t e c h a n g e , N S F 

s u p p o r t s r e s e a r c h t h a t e x a m i n e s n o t o n l y t h e s c i e n t i f i c b a s i s of the p h e n o m e n o n 

b u t a l s o its p o t e n t i a l h u m a n i m p a c t s a n d p o l i c y i m p l i c a t i o n s . 

I n s u m m a r y , 1992 s a w N S F c o n t i n u e to f u l f i l l its c e n t r a l r o l e i n s t r e n g t h e n i n g 

the n a t i o n ' s c a p a c i t y to e x c e l i n s c i e n c e a n d t e c h n o l o g y . T h i s i s a p r o u d t r a d i t i o n 

f o r the F o u n d a t i o n — o n e tha t h a s b e e n a n d r e m a i n s i m m e n s e l y v a l u a b l e to the 

n a t i o n . A n d , w i t h g u i d a n c e f r o m t h o u g h t f u l a n d c i r c u m s p e c t s t r a t e g i e s , t h e r e i s 

e v e r y r e a s o n to b e l i e v e tha t it w i l l c a r r y f o r w a r d i n t o the f u t u r e . 



c A p O 

I m p r o v i n g e d u c a t i o n i n s c i e n c e , m a t h e m a t i c s , a n d e n g i n e e r i n g i s a m a j o r 

n a t i o n a l g o a l . W e l l - t r a i n e d s t u d e n t s a r e t h e b a c k b o n e of n e w k n o w l e d g e g e n e r a ­

t i o n , t e c h n o l o g y t r a n s f e r , a n d l e a d e r s h i p f o r the f u t u r e . M o r e o v e r , i n a s o c i e t y 

t h a t is i n c r e a s i n g l y o r i e n t e d t o w a r d t e c h n o l o g y , a b a s i c u n d e r s t a n d i n g of s c i e n c e 

( i n c l u d i n g s y s t e m i c r e f o r m a c r o s s s e v e r a l s tates ) ; to e n c o u r a g e m o r e s t u d e n t s to 

t a k e t e c h n i c a l s u b j e c t s ; a n d to i n c r e a s e t h e i n v o l v e m e n t of g r o u p s n o w u n d e r r e p ­

r e s e n t e d i n h i g h - t e c h f i e l d s ( w o m e n , m i n o r i t i e s , a n d p e r s o n s w i t h d i s a b i l i t i e s ) . 

N S F p r o j e c t s r a n g e f r o m h i g h s c h o o l t e a c h e r a w a r d s a n d m u s e u m or m e d i a 

p r o g r a m s to l a b i m p r o v e m e n t f o r u n d e r g r a d u a t e s to f e l l o w s h i p s for g r a d u a t e 

s t u d e n t s , p o s t d o c t o r a l g r a n t s , a n d m a n y m o r e a c t i v i t i e s . F o l l o w i n g a r e a f e w 

e x a m p l e s . 

R E F O R M E F F O R T S 

A t t h e h e a r t of c u r r e n t e f for t s to i m p r o v e U . S . s c i e n c e a n d m a t h e m a t i c s e d u c a ­

t i o n i s c u r r i c u l a r r e f o r m , j o i n e d b y t e a c h e r p r e p a r a t i o n a n d e n h a n c e m e n t a c t i v i ­

t ies . N S F h a s b e e n s u p p o r t i n g d e v e l o p m e n t of n e w c u r r i c u l a t h a t e n c o u r a g e s t u ­

d e n t s to s e e k k n o w l e d g e o u t of in t ere s t , r a t h e r t h a n f r o m a d e m a n d f o r rote l e a r n ­

i n g . U s i n g t h e s e n e w m a t e r i a l s , t e a c h e r s b e c o m e f a c i l i t a t o r s a n d c o a c h e s , n o t j u s t 

l e c t u r e r s . T h e F o u n d a t i o n h a s , f o r e x a m p l e , f u n d e d s e v e r a l m a t h e m a t i c s c u r r i c u ­

l u m p r o j e c t s , i n c l u d i n g t h r e e at the e l e m e n t a r y l e v e l , f i v e i n m i d d l e s c h o o l , a n d , 

i n 1992 , f o u r at t h e s e c o n d a r y l e v e l . 

T h e c o m m i t m e n t to p r o v i d e n e w s c i e n c e t e a c h i n g m a t e r i a l s a l s o i s i l l u s t r a t e d 

b y N S F ' s e a r l y s u p p o r t of " C h e m i s t r y i n t h e C o m m u n i t y " ( C h e m C o m ) . T h i s h i g h 

s c h o o l c h e m i s t r y c o u r s e , d e v e l o p e d b y t h e A m e r i c a n C h e m i c a l S o c i e t y , p r e s e n t s 

b a s i c c h e m i s t r y p r i n c i p l e s i n t h e c o n t e x t of s o c i e t y ' s p r o b l e m s . T h u s it a p p e a l s to 

s t u d e n t s w h e t h e r t h e y a r e s c i e n t i f i c a l l y i n c l i n e d or no t ; s o m e 400 ,000 s t u d e n t s i n 

t h e U n i t e d Sta tes a n d 50 f o r e i g n c o u n t r i e s h a v e u s e d C h e m C o m . N S F h a s a l s o 

s u p p o r t e d p h y s i c s a n d b i o l o g y c o u r s e s s i m i l a r l y o r g a n i z e d a r o u n d r e a l - w o r l d 

t h e m e s . 

A k e y c u r r i c u l u m a n d t e a c h e r t r a i n i n g a c t i v i t y is P r o j e c t I M P A C T i n 

M o n t g o m e r y C o u n t y , M a r y l a n d . T h i s i s a n o n g o i n g e f for t i n s i x e l e m e n t a r y 

s c h o o l s w h e r e s t u d e n t s s c o r e d l o w o n s t a n d a r d i z e d tests . P r e l i m i n a r y d a t a s h o w 

[ 
[ 



NSF supports develop­

ment of new curricula 

and curriculum 

reform...teacher 

training activities... 

and new zuays of 

teaching and learning. 

Young scientists at work. 



t h a t s t u d e n t s at I M P A C T s c h o o l s h a v e 

d o n e w e l l o n tests of v a r i o u s m a t h 

s k i l l s , c o m p a r e d to s t u d e n t s f r o m 

o t h e r c o u n t y s c h o o l s . I M P A C T t e a c h ­

e r s a r e t r a i n e d to e n g a g e s t u d e n t s i n 

t h e i r o w n l e a r n i n g , t a i l o r l e s s o n s to 

Continued learning. The work of these 

Meharry Medical College students, shown 

working with a faculty member, is funded 

tiirough NSF's Minority Research Centers 

of Excellence. (Photo copyright: John C. 

Streator, fr.) 

d i f f e r e n t l e a r n i n g s t y l e s , a n d s t r e s s the 

u s e o f h a n d s - o n m a t e r i a l s . 

N S F s u p p o r t f o r c u r r i c u l u m r e f o r m 

a l s o e x t e n d s to t h e u n d e r g r a d u a t e 

l e v e l . I n the s u m m e r of 1992 , m o r e 

t h a n 3,500 f a c u l t y p a r t i c i p a t e d i n s h o r t 

c o u r s e s a n d w o r k s h o p s to h e l p t h e m 

i m p r o v e a n d u p d a t e t h e i r u n d e r g r a d ­

u a t e c o u r s e s . I n the f a l l , a n e s t i m a t e d 

4 ,000 u n d e r g r a d u a t e s t u d e n t s w e r e 

e n r o l l e d i n c a l c u l u s c o u r s e s tha t w e r e 

s i g n i f i c a n t l y r e v i s e d to i n v o l v e m o r e 

g r o u p l e a r n i n g , m o r e o p e n - e n d e d a n d 

e x t e n d e d p r o b l e m s , m o r e a p p l i c a t i o n s 

f r o m o t h e r d i s c i p l i n e s , a n d t h e a p p r o ­

p r i a t e u s e of t e c h n o l o g y . A n i n t r o d u c ­

t o r y p h y s i c s c o u r s e h a s b e e n d e v e l ­

o p e d that r e p l a c e s t r a d i t i o n a l l e c t u r e s 

a n d l a b o r a t o r y e x e r c i s e s w i t h the 

e x p l o r a t i o n of p h y s i c a l p h e n o m e n a 

e n h a n c e d b y t h e u s e of m i c r o c o m p u t ­

e r s f o r d a t a c o l l e c t i o n a n d p r o b l e m 

s o l v i n g . 

W i t h N S F s u p p o r t , the p h y s i c s 

c o m m u n i t y — t h r o u g h the A m e r i c a n 

I n s t i t u t e of P h y s i c s — i s d e v e l o p i n g 

n e w m o d e l s f o r u n d e r g r a d u a t e i n t r o ­

d u c t o r y c o u r s e s . T h e m o d e l s i n c o r p o ­

ra te t o p i c s i n c o n t e m p o r a r y p h y s i c s 

t h a t w o r k i n g p h y s i c i s t s u s e i n t h e i r 

w o r k , k n o w l e d g e o f h o w s t u d e n t s 

l e a r n p h y s i c s bes t , a n d a p p r o p r i a t e 

m o d e r n t e c h n o l o g y . 

I n a n y y e a r , a b o u t 300 ,000 u n d e r ­

g r a d u a t e s t u d e n t s a r e p a r t i c i p a t i n g i n 

o n e of 3 ,000 t e a c h i n g l a b o r a t o r i e s tha t 

h a v e b e e n r e c e n t l y i m p r o v e d b y the 

a d d i t i o n of n e w i n s t r u m e n t a t i o n . T h e 

l a b o r a t o r i e s i n c l u d e n e w e x p e r i m e n t s 

a n d n e w w a y s of t e a c h i n g a n d i n v o l v ­

i n g u n d e r g r a d u a t e s t u d e n t s i n s c i e n c e , 

e n g i n e e r i n g , a n d m a t h e m a t i c s . 

I n e n g i n e e r i n g , N S F i s s u p p o r t i n g 

n e w w a y s of t e a c h i n g a n d l e a r n i n g . 

N S F h a s l a u n c h e d a s e r i e s of e n g i n e e r ­

i n g e d u c a t i o n c o a l i t i o n s d e s i g n e d to 

(1) r e a c h o u t to m i n o r i t y s t u d e n t s . 
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(2) t e a c h e n g i n e e r i n g s t u d e n t s to i n t e ­

gra te I c n o w l e d g e f r o m m a n y d i s c i ­

p l i n e s , a n d (3) t e a c h s t u d e n t s to w o r k 

i n t e a m s . E a c h c o a l i t i o n c o n s i s t s of 

a b o u t t en i n s t i t u t i o n s w o r k i n g toge th ­

er. O n e g o a l is to b r i n g toge ther s t u ­

d e n t s a n d f a c u l t y w i t h d i v e r s e b a c k ­

g r o u n d s . E o r e x a m p l e , o n e c o a l i t i o n 

i n c l u d e s N e w Y o r k C i t y ' s C o l u m b i a 

U n i v e r s i t y a n d F l o r i d a I n t e r n a t i o n a l 

U n i v e r s i t y of S o u t h M i a m i , w h i c h h a s 

a l a r g e l y H i s p a n i c e n r o l l m e n t . I n t h i s 

m a n n e r , s t u d e n t s f r o m e a c h s c h o o l a r e 

e x p o s e d to d i f f e r e n t t y p e s of e n g i n e e r ­

i n g p r o b l e m s a n d d i f f e r e n t p e r s p e c ­

t i v e s o n s o l u t i o n s . 

A n o t h e r m a j o r r e f o r m e f for t i s the 

S t a t e w i d e S y s t e m i c I n i t i a t i v e ( S S I ) . 

T h i s i n i t i a t i v e i s d e s i g n e d to e n c o u r ­

a g e i m p r o v e m e n t s i n s c i e n c e , m a t h e ­

m a t i c s , a n d t e c h n o l o g y e d u c a t i o n 

t h r o u g h c o m p r e h e n s i v e s y s t e m i c 

c h a n g e s i n the e d u c a t i o n s y s t e m s of 

the states . T o b e t r u l y s y s t e m i c , s ta tes 

m u s t h a v e c o m m i t m e n t f r o m t h e 

G o v e r n o r a n d o t h e r l e a d e r s a n d d e v e l ­

o p a s h a r e d v i s i o n of m a t h e m a t i c s a n d 

s c i e n c e e d u c a t i o n i n c l u d i n g : c u r r i c u ­

l u m g o a l s , i n s t r u c t i o n a l s t ra teg i e s , s t u ­

d e n t a s s e s s m e n t , c h a n g e s i n s c h o o l 

s t r u c t u r e a n d d e c i s i o n - m a k i n g , p l a n s 

for a d d r e s s i n g e q u i t y , a n d p r o f e s s i o n ­

a l d e v e l o p m e n t . 

B u i l t o n s o l i d m o d e l s of c h a n g e , 

S S I i n i t i a t i v e s p r o v i d e n e w d i r e c t i o n 

f o r m a t h e m a t i c s a n d s c i e n c e e d u c a ­

t i o n , d e m o n s t r a t e the b r o a d e s t 

i n v o l v e m e n t of k e y p l a y e r s , a n d m a k e 

m a x i m u m u s e of state a n d l o c a l 

r e s o u r c e s . T w e n t y - o n e s tates a r e c u r ­

r e n t l y f u n d e d b y the p r o g r a m : 

C a l i f o r n i a ; C o n n e c t i c u t ; D e l a w a r e ; 

F l o r i d a ; G e o r g i a ; K e n t u c k y ; L o u i s i a n a ; 

M a i n e ; M a s s a c h u s e t t s ; M i c h i g a n ; 

M o n t a n a ; N e b r a s k a ; N e w M e x i c o ; 

N o r t h C a r o l i n a ; O h i o ; P u e r t o R i c o ; 

R h o d e I s l a n d ; S o u t h D a k o t a ; T e x a s ; 

V e r m o n t ; a n d V i r g i n i a . 

S S I s tates r e c e i v e s u b s t a n t i a l t e c h ­

n i c a l a s s i s t a n c e w i t h s t r a t e g i c p l a n ­

n i n g , c u r r i c u l u m d e v e l o p m e n t , a s s e s s ­

m e n t , a n d s ta f f d e v e l o p m e n t . T h e r e is 

a l s o a m u l t i - y e a r e v a l u a t i o n to d e t e r ­

m i n e the e f f e c t i v e n e s s of s t r a t e g i e s f o r 

c h a n g e , the e x t e n t to w h i c h s i g n i f i c a n t 

p o l i c y c h a n g e s o c c u r r e d , t h e a c h i e v e ­

m e n t of s t u d e n t s , a n d the i m p r o v e ­

m e n t of t e a c h e r s a n d s c h o o l s . 

A S S E S S M E N T O F L E A R N I N G 

I n the a r e a of t e s t i n g a n d a s s e s s ­

m e n t , a t h r e e - y e a r B o s t o n C o l l e g e 

s t u d y f u n d e d b y N S F s h o w e d that 

s t a n d a r d i z e d a n d t e x t b o o k tests g i v e n 

to m o s t U . S . s t u d e n t s a d v e r s e l y i n f l u ­

e n c e the t e a c h i n g of m a t h a n d s c i e n c e 

s k i l l s . T h e r e s e a r c h e r s s a i d tha t t h i s 



Science and math on TV. Astronaut 

Bonnie Dunbar tells "Futures" students 

and host Jaime Escalante that math is the 

backbone of her work. "Futures" is an 

award-winning public television program 

on math applications, supported in part 

by NSF. Jaime Escalante is the math 

teacher featured in the 1988 film "Stand 

and Deliver." 

f i n d i n g i s e s p e c i a l l y t r u e i n c l a s s r o o m s 

w i t h h i g h m i n o r i t y e n r o l l m e n t s . 

A c c o r d i n g to G e o r g e M a d a u s , the 

s t u d y ' s p r i n c i p a l i n v e s t i g a t o r , the tests 

s t u d i e d o v e r w h e l m i n g l y e m p h a s i z e 

l o w - l e v e l s k i l l s s u c h a s r o t e m e m o r i z a ­

t i o n a n d r e c a l l , r a t h e r t h a n h i g h - l e v e l 

s k i l l s s u c h a s c o n c e p t u a l i z i n g , p r o b ­

l e m - s o l v i n g , a n d r e a s o n i n g . 

T h e r e s e a r c h e r s s u r v e y e d m o r e 

t h a n 2 ,200 m a t h a n d s c i e n c e t e a c h e r s 

n a t i o n w i d e , a n d i n t e r v i e w e d m o r e 

t h a n 300 t e a c h e r s a n d a d m i n i s t r a t o r s 

i n s i x u r b a n s i tes a c r o s s the c o u n t r y . 

R e s u l t s of t h e s t u d y d e s c r i b e a s e r i o u s 

g a p b e t w e e n d i s t r i c t / s t a t e t e s t i n g p o l i ­

c i e s a n d t e a c h e r s ' p r o f e s s i o n a l j u d g ­

m e n t s , a n d t h e y i n d i c a t e a n e e d f o r 

p o l i c y m a k e r s to i n t e g r a t e t e a c h e r 

o p i n i o n s w h e n d e s i g n i n g p o l i c y tha t 

a f f ec t s c l a s s r o o m i n s t r u c t i o n . 

W I D E R A C C E S S F O R U N D E R -

R E P R E S E N T E D G R O U P S 

T o i n c r e a s e t h e n u m b e r s of m i n o r i ­

ty s c i e n t i s t s , e n g i n e e r s , a n d e d u c a t o r s , 

N S F h a s f u n d e d a v a r i e t y of p r o g r a m s 

to e n c o u r a g e m i n o r i t y s t u d e n t s a t a l l 

l e v e l s to s t u d y s c i e n c e , m a t h , a n d 

e n g i n e e r i n g . T h e s e a c t i v i t i e s i n c l u d e : 

• S t u d e n t d e v e l o p m e n t a c t i v i t i e s 

r a n g i n g f r o m s u m m e r s c i e n c e 

c a m p s f o r p r e - c o l l e g e y o u t h to 

g r a d u a t e f e l l o w s h i p s a n d t r a i n e e -

s h i p s . 

• A w a r d s to f u n d u n d e r g r a d u a t e 

f a c u l t y a n d s t u d e n t s at m i n o r i t y 

i n s t i t u t i o n s , p u r c h a s e e q u i p m e n t 

f o r t h o s e i n s t i t u t i o n s , a n d h e l p 

u p g r a d e t h e i r r e s e a r c h fac i l i t i e s . 

• P a r t n e r s h i p e f for t s s u c h a s A l l i a n c e s 

f o r M i n o r i t y P a r t i c i p a t i o n , w h i c h 

i n v o l v e a c a d e m i a , b u s i n e s s , n a t i o n ­

a l l a b s , a n d g o v e r n m e n t a g e n c i e s . 

T h e s e p u b l i c - p r i v a t e c o a l i t i o n s a r e 

d e s i g n i n g s u c h a c t i v i t i e s a s u n d e r ­

g r a d u a t e s t u d e n t e n r i c h m e n t , c u r ­

r i c u l a i m p r o v e m e n t , a n d e f for t s to 

e n h a n c e m i n o r i t y e d u c a t i o n a l i n s t i ­

t u t i o n s . A n o t h e r p a r t n e r s h i p — w i t h 

s i m i l a r a i m s b u t f o c u s e d o n p r e c o l ­

l ege y o u t h — i n v o l v e s a c a d e m i a , 

b u s i n e s s , a n d c o m m u n i t y l e a d e r s 

w o r k i n g i n C o m p r e h e n s i v e 

R e g i o n a l C e n t e r s f o r M i n o r i t i e s . 

A t the g r a d u a t e s c h o o l l e v e l , N S F ' s 

M i n o r i t y R e s e a r c h C e n t e r s o f E x ­

c e l l e n c e p r o g r a m h a s o p e n e d u p 

n e w o p p o r t u n i t i e s . N S F s u p p o r t h a s 

e n a b l e d e i g h t of the m o s t r e s e a r c h -

p r o d u c t i v e m i n o r i t y i n s t i t u t i o n s i n the 

U n i t e d S t a t e s to o p e n n e w g r a d u a t e 

p r o g r a m s i n s e v e r a l f i e l d s o f s p e c i a l t y . 
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F o r e x a m p l e , H a m p t o n U n i v e r s i t y i n t i o n i s s u e s i n s c i e n c e , e n g i n e e r i n g , a n d 

H a m p t o n , V i r g i n i a , n o w h a s a d o c t o r - m a t h e m a t i c s . 

a l p r o g r a m i n n u c l e a r p h y s i c s ; M e - T h e c o n f e r e n c e a l s o s h o w c a s e d 

h a r r y M e d i c a l C o l l e g e i n N a s h v i l l e , s u c c e s s f u l p r o g r a m s a n d r e s e a r c h p r e -

T e n n e s s e e , o f f er s m e m b r a n e s c i e n c e ; s e n t a t i o n s b y m o r e t h a n 250 s t u d e n t s 

The Foundation also encourages persons with disabilities to pursue science. For instance, NSF may 

fund special equipment, such as computers with large-font type, braille, or voice synthesizers. For the 

motor-impaired, there are voice-activated computers. Supplemental grants for special equipment or other 

assistance are available to NSF-funded researchers who hire physically disabled staff on their projects, 

including student research assistants. 

The Foundation also promotes instructional materials and media that are accessible to people with 

sensory, physical, and perceptual disabilities; supports model programs for students with disabilities; and 

encourages science and mathematics teachers to develop the full potential of those students. 

a n d g r a d u a t e s t u d e n t s at t h e U n i v e r ­

s i ty o f T e x a s , E l P a s o , c a n e a r n d e g r e e s 

i n m a t e r i a l s s c i e n c e . 

I n S e p t e m b e r 1992 a n N S F -

s p o n s o r e d n a t i o n a l c o n f e r e n c e o n 

" D i v e r s i t y i n the S & T W o r k f o r c e " m e t 

i n W a s h i n g t o n , D . C , to a d d r e s s the 

i s s u e of g r e a t e r m i n o r i t y i n v o l v e m e n t 

i n the s c i e n c e a n d e n g i n e e r i n g e n t e r ­

p r i s e . T h e g a t h e r i n g d r e w m o r e t h a n 

900 r e p r e s e n t a t i v e s f r o m a c a d e m i c , 

c o r p o r a t e , a n d g o v e r n m e n t s e c t o r s a s 

it h i g h l i g h t e d c u r r e n t m i n o r i t y e d u c a -

i n v o l v e d i n N S F - s p o n s o r e d r e s e a r c h 

p r o j e c t s . P a n e l d i s c u s s i o n s f o c u s e d o n 

a n a t i o n a l a c t i o n p l a n f o r the y e a r 2000 

a n d b e y o n d — o n e that w o u l d g u i d e 

N S F e f for t s to u p g r a d e s c i e n c e a n d 

t e c h n o l o g y e d u c a t i o n f o r m i n o r i t i e s . 

E f f o r t s to e n c o u r a g e f e m a l e s to 

p u r s u e s c i e n c e a n d m a t h b e g i n i n the 

e a r l y y e a r s a n d c o n t i n u e t h r o u g h c o l ­

l ege a n d c a r e e r . A n e x a m p l e of N S F 

s u p p o r t i n t h e c o l l e g e p e r i o d is the 

W o m e n i n S c i e n c e P r o j e c t ( W I S ) at 

D a r t m o u t h C o l l e g e . T h r o u g h i n t e r n ­

s h i p s , p e e r m e n t o r i n g , a n d s p e c i a l 

7! 



s e m i n a r s , t h i s p r o j e c t h a s e n c o u r a g e d 

c o l l e g e w o m e n to m a j o r i n e n g i n e e r ­

i n g , m a t h , a n d s c i e n c e . A c c o r d i n g to a 

la te 1992 D a r t m o u t h s u r v e y , t h o s e 

i n v o l v e d i n W I S w e r e m o r e t h a n t w i c e 

Patricia De Leon. A Career Advancement 

Award grantee in NSF's Genetics and 

Nucleic Acids program, lier researcli could 

ultimately contribute to improving tiie 

success of in vitro fertilization. 

(Credit: Robert Cohen) 

a s l i k e l y to c h o o s e s c i e n c e - r e l a t e d 

m a j o r s a s w e r e f e m a l e s t u d e n t s w h o 

e x p r e s s e d i n t e r e s t i n s c i e n c e b u t w e r e 

n o t a c t i v e i n the p r o j e c t . 

N S F ' s V i s i t i n g P r o f e s s o r s h i p s f o r 

W o m e n ( V P W ) p r o g r a m , e s t a b l i s h e d 

i n 1982 , p r o v i d e s a n o p p o r t u n i t y f o r 

f e m a l e s c i e n t i s t s a n d e n g i n e e r s to f u r ­

t h e r t h e i r r e s e a r c h c a r e e r s b y v i s i t i n g a 

h o s t u n i v e r s i t y o r c o l l e g e f o r u p to 

t h r e e y e a r s . A p p r o x i m a t e l y t w o - t h i r d s 

of the v i s i t i n g p r o f e s s o r ' s t i m e i s s p e n t 

o n r e s e a r c h , the r e m a i n d e r o n a c t i v i ­

t ies s u c h a s t e a c h i n g ( i n c l u d i n g o u t ­

r e a c h to p r e c o l l e g e s t u d e n t s ) , m e n t o r ­

i n g , a n d g i v i n g g u e s t l e c t u r e s . I n f i s c a l 

1992 , 2 2 w o m e n w e r e f u n d e d t h r o u g h 

the V P W p r o g r a m ; s o m e 2 8 0 f e m a l e 

s c i e n t i s t s h a v e b e e n s u p p o r t e d s i n c e 

t h e p r o g r a m b e g a n . 

O t h e r N S F c a r e e r - o r i e n t e d p r o ­

g r a m s f o r w o m e n i n c l u d e R e s e a r c h 

P l a n n i n g G r a n t s (to s t r e n g t h e n p r o ­

p o s a l w r i t i n g a n d r e l a t e d s k i l l s ) a n d 

C a r e e r A d v a n c e m e n t A w a r d s ( for 

e x p e r i e n c e d r e s e a r c h e r s , i n c l u d i n g 

t h o s e w h o s e c a r e e r s h a v e b e e n i n t e r ­

r u p t e d or o t h e r w i s e c h a n g e d d i r e c ­

t i o n ) . 

P U B L I C U N D E R S T A N D I N G 

N S F w o r k s to b r o a d e n p u b l i c 

u n d e r s t a n d i n g of s c i e n c e a n d t e c h n o l ­

o g y o u t s i d e the c l a s s r o o m . O n e w a y is 

t h r o u g h s u p p o r t of p u b l i c t e l e v i s i o n 

p r o g r a m s s u c h a s " S q u a r e O n e T V " 

a n d "3-2-1 C o n t a c t , " b o t h of w h i c h 

h a v e r e s u l t e d i n s p i n - o f f k i t s u s e d f o r 

a f t e r - s c h o o l p r o g r a m s . A n o t h e r w a y 

i s to f u n d s p e c i a l m u s e u m s h o w s . 

" D a r k e n e d W a t e r s , " f o r i n s t a n c e , i s a n 

e x h i b i t t h a t o p e n e d i n D e c e m b e r 1991 

at the M u s e u m of N a t u r a l H i s t o r y i n 

W a s h i n g t o n , D . C . I t d e p i c t s h o w t h e 

E x x o n V a l d e z o i l s p i l l of M a r c h 1989 



D E V E L O P I N G H U M A N R E S O U R C E S 

a f f e c t e d s e a c r e a t u r e s a n d h u m a n r e s i ­

d e n t s of c o a s t a l A l a s k a . 

T h e e x h i b i t f e a t u r e s m o r e t h a n 100 

c o l o r p h o t o g r a p h s , a r t i f a c t s f r o m the 

s p i l l , a n d s e v e r a l i n t e r a c t i v e e l e m e n t s . 

" D a r k e n e d W a t e r s " o r i g i n a t e d i n J u n e 

1989 w i t h a s m a l l p h o t o g r a p h i c e x h i b i ­

t i o n at the P r a t t M u s e u m i n H o m e r , 

A l a s k a ; N S F f u n d i n g a l l o w e d P r a t t to 

e x p a n d the e x h i b i t to a l a r g e r s i z e w i t h 

m o r e e l e m e n t s . A f t e r A p r i l 1992, 

" W a t e r s " b e c a m e a t h r e e - y e a r t r a v e l ­

i n g e x h i b i t m a n a g e d b y the A s s o c i ­

a t i o n for S c i e n c e a n d T e c h n o l o g y 

C e n t e r s . 

A n o t h e r u n i q u e e x h i b i t f u n d e d b y 

N S F a l l o w s m u s e u m v i s i t o r s to ex­

p l o r e p s y c h o l o g i c a l p r o c e s s e s — 

t h o u g h t s , f e e l i n g s , a n d a t t i tudes . I t i s 

a h a n d s - o n e x h i b i t i o n d e v e l o p e d b y 

the A m e r i c a n P s y c h o l o g i c a l A s s o c i ­

a t i o n . E n t i t l e d " P s y c h o l o g y : U n d e r ­

s t a n d i n g O u r s e l v e s , U n d e r s t a n d i n g 

E a c h O t h e r , " the e x h i b i t is d e s i g n e d 

to i n t r o d u c e v i s i t o r s to the b r e a d t h , 

d e p t h , a n d d i v e r s i t y o f m o r e t h a n 100 

y e a r s of p s y c h o l o g i c a l r e s e a r c h . 

S t a r t i n g i n M a y 1992, the s h o w b e g a n 

a t o u r of n i n e s c i e n c e m u s e u m s 

t h r o u g h o u t the U n i t e d States . 

Large-font eomputer. This instrument 

enables use by people with poor vision. 



E R T W O 

P u b l i c c o n c e r n a b o u t the g l o b a l e n v i r o n m e n t c o n t i n u e s , a n d t h e g e o s c i e n c e s — 

l i k e e d u c a t i o n — a r e a k e y r e s e a r c h a r e a f o r N S F . S c i e n t i s t s s e e k to l e a r n m o r e 

a b o u t t h e w o r l d ' s e c o l o g y ; the F o u n d a t i o n s u p p o r t s i n v e s t i g a t i o n s i n t o e a r t h , 

o c e a n i c , a n d a t m o s p h e r i c s c i e n c e s , a l o n g w i t h a f o c u s o n t h e p o l a r r e g i o n s . 

F o l l o w i n g a r e a f e w s a m p l e p r o j e c t s . 

O C E A N F L O W S A N D C L I M A T E C L U E S 

T h r o u g h the W o r l d O c e a n C i r c u l a t i o n E x p e r i m e n t ( W O C E ) , s c i e n t i s t s h a v e 

b e e n s e e k i n g to d e s c r i b e a n d m o d e l o c e a n c u r r e n t s . B e t t e r u n d e r s t a n d i n g of 

o c e a n c i r c u l a t i o n i s c r i t i c a l to p r e d i c t i n g w a r m i n g a n d c o o l i n g t r e n d s , a s w e l l a s 

o t h e r g l o b a l s c a l e c h a n g e s . 

A m a j o r m o d e l i n g i n i t i a t i v e for t h e N o r t h 

A t l a n t i c O c e a n h a s b e e n c o m p l e t e d , f o l l o w e d b y 

t e s t i n g of g l o b a l c i r c u l a t i o n m o d e l s . A f i e l d s u r v e y of 

the P a c i f i c O c e a n w a s l a u n c h e d , w i t h a n e v e n m o r e c o m p r e h e n s i v e s t u d y of the 

I n d i a n O c e a n to f o l l o w . T h e s e e f for t s i n v o l v e m a n y n a t i o n s , c o o p e r a t i n g b y s h a r ­

i n g r e s o u r c e s , d a t a , a n d s c i e n t i f i c e x p e r t i s e . T h e n e x t s t e p s a r e to s y n t h e s i z e the 

d a t a i n t o g l o b a l m o d e l s i n o r d e r to c o m p a r e t h e m o d e l s w i t h o n e a n o t h e r a n d test 

t h e m for a c c u r a c y . 

N S F - s p o n s o r e d r e s e a r c h e r s h a v e b e e n s t u d y i n g t h e p o l a r o c e a n s a s w e l l . 

W a t e r m i g r a t i n g i n t o these r e g i o n s r e l e a s e s l a r g e q u a n t i t i e s of h e a t , c a r b o n d i o x ­

i d e , a n d o t h e r g a s e s ; t h u s p o l a r o c e a n s c o n t r i b u t e g r e a t l y to r e g u l a t i n g c l i m a t e . 

O n e i n n o v a t i v e a n d d a r i n g s t u d y f o c u s e d o n f o r m a t i o n of the o c e a n i c c u r r e n t s 

that f l o w f r o m A n t a r c t i c a ' s W e d d e l l S e a to t h e N o r t h A t l a n t i c . R e s e a r c h e r s f r o m 

t h e U n i t e d S ta te s a n d t h e F o r m e r S o v i e t U n i o n set u p t h e i r s c i e n t i f i c s t a t i o n o n a n 

i ce f l o e i n t h e s e a . 

I n the W e d d e l l S e a , c o l d w a t e r s i n k s to the b o t t o m , f o r m i n g t h e o c e a n i c c u r ­

r e n t s there . T h e r e s e a r c h e r s f o u n d t h a t at d i f f e r e n t p l a c e s a l o n g the c o n t i n e n t a l 

s h e l f a n d s l o p e , t h e m e c h a n i s m of f l o w f o r m a t i o n v a r i e d . T h e s e f i n d i n g s a r e 

e x p e c t e d to a l t e r e s t i m a t e s of the a m o u n t of h e a t e x c h a n g e d w i t h the a t m o s p h e r e , 

w h i c h c o u l d i n t u r n c h a n g e p r e d i c t i o n s o f b o t h s h o r t - r a n g e w e a t h e r a n d l o n g -

t e r m g l o b a l c h a n g e . 

N S F - f u n d e d s c i e n t i s t s a l s o h a v e l o o k e d f o r c l u e s to r e g i o n a l a n d g l o b a l c l i m a t e 

c h a n g e d e e p b e n e a t h the s u r f a c e of S i b e r i a ' s L a k e B a i k a l , t h e w o r l d ' s l a r g e s t a n d 

d e e p e s t f r e s h w a t e r l a k e . A f i e l d t e a m of s c i e n t i s t s f r o m the W o o d s H o l e 

O c e a n o g r a p h i c I n s t i t u t i o n , U . S . G e o l o g i c a l S u r v e y , a n d t h e U n i v e r s i t y of R h o d e 



The Foundation 

supports investiga­

tion into eartli, 

oceanic, and 

atmospJteric 

sciences, along 

with a focus on 

the polar regions. 

Ice camp. Supply ship arrives at 

Antarctic floating ice station, where 

researchers from the United States and 

the Former Soviet Union luorked. 



Better understanding 

of ocean circulation is 

critical to predicting 

warming and cooling 

trends, as well as other 

global scale changes. 

I s l a n d a c q u i r e d a n i n i t i a l g r o u p of s e d ­

i m e n t c o r e s f r o m the l a k e b o t t o m i n 

1991 , u s i n g a s p e c i a l p i s t o n c o r i n g s y s ­

t e m d e s i g n e d b y W o o d s H o l e 

r e s e a r c h e r s . T h e c o r e s p r o v i d e i n f o r ­

m a t i o n o n c o n t i n e n t a l r e s p o n s e to 

g l a c i a t i o n , d e g l a c i a t i o n , a n d c o o l i n g 

a n d w a r m i n g p e r i o d s i n t h e e a r t h ' s 

h i s t o r y . A n i c e - b a s e d d r i l l i n g r i g t a k e s 

c o r e s a m p l e s f r o m J a n u a r y t h r o u g h 

A p r i l , w i t h a d d i t i o n a l s a m p l e s co l l ec t ­

e d b y s h i p s d u r i n g t h e s u m m e r 

m o n t h s . S c i e n t i s t s h a v e c o m p a r e d t h e 

c o r e s f r o m L a k e B a i k a l to t h o s e t a k e n 

i n o t h e r l a k e s , the o c e a n , a n d i c e s h e e t s 

i n a n e f f o r t to u n d e r s t a n d r e g i o n a l a n d 

g l o b a l c h a n g e s i n c l i m a t e s i n c e the l a s t 

i c e a g e ( s o m e 18,000 y e a r s ago ) . 

T r a n s o c e a n i c t e l e c o m m u n i c a t i o n s 

c a b l e s , w h i c h a r e b r o a d l y d i s t r i b u t e d 

i n t h e A t l a n t i c a n d P a c i f i c O c e a n s a n d 

i n m a r g i n a l s e a s , m a y p r e s e n t a 

u n i q u e o p p o r t u n i t y f o r d a t a a c q u i s i ­

t i o n o v e r a l a r g e a r e a o f t h e o c e a n . 

A l t h o u g h the p r i m a r y f o c u s of e f for t s 

to f i n d n e w u s e s f o r t r a n s o c e a n i c 

c a b l e s h a s b e e n b a s i c r e s e a r c h , i t m a y 

b e p o s s i b l e to u s e t h e s e c a b l e s to m o n i ­

tor g e o l o g i c , a t m o s p h e r i c , a n d o c e a n o ­

g r a p h i c e l e m e n t s of c l i m a t e c h a n g e . 

T h e c a b l e s c o u l d b e f i t t e d w i t h s e n s o r s 

t h a t w o u l d p r o v i d e " r e a l - t i m e " i n f o r ­

m a t i o n o n o c e a n s u r f a c e w i n d s , 

w a v e s , a n d r a i n f a l l . T h e s e d a t a c o u l d 

t h e n b e u s e d f o r i n d e p e n d e n t v e r i f i c a ­

t i o n of sa te l l i t e d a t a , a n d f o r l o n g - t e r m 

g l o b a l m o n i t o r i n g of a t m o s p h e r i c a n d 

s e a - s u r f a c e c h a n g e s . 

C O O L C L O U D S , G A S E S , A N D 

F O S S I L R E C O R D S 

B e s i d e s t h e o c e a n s , a t m o s p h e r i c 

w a t e r c o n t r i b u t e s to m o d u l a t i n g c l i ­

m a t e . U s i n g m o d e r n r e m o t e s e n s i n g 

t e c h n i q u e s , r e s e a r c h e r s at t h e 

U n i v e r s i t y of U t a h d i s c o v e r e d that 

w i t h i n c i r r u s c l o u d s ( the h i g h e s t , at 

a b o u t 10,000 m e t e r s ) w a t e r d r o p l e t s 

h a d b e e n s u p e r c o o l e d — t o -48 d e g r e e s 

C e l s i u s . T h i s f i n d i n g h a s i m p l i c a t i o n s 

f o r c l i m a t e c h a n g e , s i n c e t h e q u a n t i t y 

of s u n l i g h t r e f l e c t e d i n t o s p a c e f r o m 

w a t e r y c l o u d s i s d i f f e r e n t f r o m that 

r e f l e c t e d b y i c y c l o u d s . 

T h e r e s e a r c h e r s s u g g e s t e d that s u l ­

p h a t e p a r t i c l e s , p o s s i b l y p r o d u c e d b y 

t h e 1992 e r u p t i o n of M o u n t P i n a t u b o 

i n t h e P h i l i p p i n e s , m a y act a s c o n d e n ­

s a t i o n n u c l e i a n d i n s o l u t i o n m a y 

d e p r e s s t h e f r e e z i n g p o i n t of w a t e r to 

p r o d u c e s u p e r c o o l e d d r o p l e t s . 

A n o t h e r w a y sc i en t i s t s s t u d y g l o b ­

a l c h a n g e i s t h r o u g h m o n i t o r i n g t e m ­

p e r a t u r e a n d c o n c e n t r a t i o n s of s u c h 

t r a c e g a s e s a s c a r b o n d i o x i d e a n d 

m e t h a n e , s o - c a l l e d " g r e e n h o u s e " 

g a s e s . T h e i r i n c r e a s i n g c o n c e n t r a t i o n s 

a s a r e s u l t of h u m a n a c t i v i t y c a n c a u s e 

a g l o b a l w a r m i n g i n t h e l o w e r a t m o s ­

p h e r e ; t h e y h a v e a m u c h l a r g e r , a n d 

e a s i l y m e a s u r a b l e , c o o l i n g e f fect i n the 

t e n u o u s u p p e r a t m o s p h e r e . T o get 

b a s e l i n e d a t a o n the g a s e s , s c i en t i s t s 
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P R O B I N G T H E G L O B A L E N V I R O N M E N T 

h a v e b e e n d e p l o y i n g u p g r a d e d m o n i ­

t o r i n g i n s t r u m e n t s l o c a t e d f r o m the 

e q u a t o r to the p o l e s . T h i s e f fort , s c h e d ­

u l e d to be c o m p l e t e d w i t h i n the 

d e c a d e , w i l l p r o v i d e a n e a r l y w a r n i n g 

s y s t e m o n g l o b a l e v o l u t i o n . 

Y e t a n o t h e r p e r s p e c t i v e o n c u r r e n t 

g l o b a l c h a n g e c o m e s f r o m i n v e s t i g a t ­

i n g h i s t o r i c a l p a t t e r n s of w e a t h e r a n d 

p o l l u t i o n . S u c h i n f o r m a t i o n is p r e ­

s e r v e d i n ice shee t s . D u r i n g 1992 

r e s e a r c h e r s w o r k i n g i n G r e e n l a n d 

d r i l l e d d o w n b e y o n d 2,200 m e t e r s , 

r e a c h i n g i ce that f o r m e d 42 ,000 y e a r s 

ago . A m o n g the y e a r ' s d i s c o v e r i e s : 

• A n u m b e r of v e r y r a p i d c l i m a t i c 

t r a n s i t i o n s , of s e v e r a l d e g r e e s 

C e l s i u s , o c c u r r e d b e t w e e n 14,000 

to 11,000 y e a r s a g o . T h e s e a b r u p t 

w a r m i n g s a n d c o o l i n g s t o o k p l a c e 

o v e r p e r i o d s of l e s s t h a n t w o 

d e c a d e s . 

• A t m o s p h e r i c p o l l u t a n t s w e r e 

v i r t u a l l y a b s e n t p r i o r to the 

i n d u s t r i a l e r a . 

I n s t i t u t i o n s i n v o l v e d i n th i s r e ­

s e a r c h i n c l u d e t h e U . S . A r m y ' s C o l d 

R e g i o n s R e s e a r c h a n d E n g i n e e r i n g 

L a b o r a t o r y , the U n i v e r s i t y of N e w 

H a m p s h i r e , the U n i v e r s i t y of R h o d e 

I s l a n d , a n d the D e s e r t R e s e a r c h 

I n s t i t u t e a t the U n i v e r s i t y of N e v a d a . 

A n i m a l l i f e a l s o o f f e r s c l u e s to c l i ­

m a t e c h a n g e . R e s p o n d i n g to t e m p e r a ­

t u r e d i f f e r e n c e s i n a v a r i e t y of n a t i v e 

h a b i t a t s , c l o s e l y r e l a t e d s p e c i e s of f i s h 

h a v e e v o l v e d l a r g e d i f f e r e n c e s i n t h e i r 

ab i l i t i e s to t o l e r a t e f l u c t u a t i o n s . 

S c i e n t i s t s s e e k to u n d e r s t a n d the m o l e ­

c u l a r b a s i s f o r t h i s p h e n o m e n o n . A t 

th i s w r i t i n g , t h e y b e l i e v e tha t d i f f e r ­

e n c e s b e t w e e n t h e s t r u c t u r e s of k e y 

t e m p e r a t u r e - s e n s i t i v e m e t a b o l i c 

e n z y m e s a r e s o m e h o w r e s p o n s i b l e . 

O n g o i n g r e s e a r c h c o u l d h e l p u s 

u n d e r s t a n d h o w o r g a n i s m s a d a p t to 

c h a n g i n g t e m p e r a t u r e s — k n o w l e d g e 

that m i g h t p r o v e u s e f u l i n d e a l i n g 

w i t h g l o b a l w a r m i n g . 

A R E A S O F C O N C E R N 

I n c r e a s e d m i d - u l t r a v i o l e t ( U V - B ) 

r a d i a t i o n — r e s u l t i n g f r o m the w i d e n ­

i n g of the S o u t h P o l a r o z o n e h o l e — 

c a u s e d a 6 to 12 p e r c e n t d e c l i n e i n 

p h y t o p l a n k t o n p r o d u c t i o n i n A n t a r c t i c 

w a t e r s d u r i n g t h e a u s t r a l s p r i n g of 

1992. S e p a r a t e r e s e a r c h at M c M u r d o 

S o u n d i n d i c a t e d a 15 p e r c e n t d e c l i n e 

i n m a r i n e p h y t o p l a n k t o n the r e . 

P h y t o p l a n k t o n a r e t i n y p l a n t s at the 

b a s e of t h e o c e a n i c f o o d c h a i n ; f i s h , 

p e n g u i n s , a n d a l l o t h e r a n i m a l s 

d e p e n d u p o n t h e s e p l a n t s . 

M e a n w h i l e , y e t a n o t h e r t h r e a t to 

the o z o n e l a y e r h a s b e e n i d e n t i f i e d b y 
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Coastal research. To gather knowledge that 

may help predict damage to U.S. costal 

regions, marine science graduate students 

use Niskin bottles to sample seawater at 

various depths. Credit: Sabra McCracken 

the N S F - s u p p o r t e d N a t i o n a l C e n t e r 

f o r A t m o s p h e r i c R e s e a r c h : 15 to 30 

m i l l i o n t o n s o f s u l f u r d i o x i d e f r o m 

t h e 1992 e r u p t i o n o f M o u n t P i n a t u b o 

i n the P h i l i p p i n e s . A s a r e s u l t , 

N C A R s c i e n t i s t s p r e d i c t t h a t o z o n e 

l e v e l s c o u l d d e c l i n e 10 p e r c e n t i n the 

t e m p e r a t e l a t i t u d e s of o u r o w n 

n o r t h e r n h e m i s p h e r e a n d m u c h 

m o r e t h a n that o v e r the p o l e s . 

C u r r e n t l y i n the U n i t e d States , 

h u m a n a c t i v i t y m a y b e p u t t i n g the 

g r e a t e s t e n v i r o n m e n t a l s t r e s s o n t h e 

c o a s t a l r e g i o n s — a l r e a d y v u l n e r a b l e 

to d a m a g e f r o m h u r r i c a n e s s u c h a s 

t h o s e t h a t d e v a s t a t e d p a r t s of 

F l o r i d a , L o u i s i a n a , a n d H a w a i i i n 

1992. T o d a y 4 3 p e r c e n t of the U . S . 

p o p u l a t i o n l i v e s i n c o a s t a l c o u n t i e s . 

P r o j e c t i o n s s u g g e s t t h a t w i t h i n 50 

y e a r s t h a t n u m b e r c o u l d i n c r e a s e b y 

50 m i l l i o n . P o l l u t i o n f r o m f e r t i l i z e r s , 

i n d u s t r i a l w a s t e , a n d s e w a g e w i l l 

f u r t h e r a f fec t f i s h e r i e s , a n d h u m a n 

d e v e l o p m e n t i s d i s p l a c i n g c o a s t a l 

h a b i t a t s , l e a d i n g to s p e c i e s e x t i n c ­

t i o n i n s o m e c a s e s . 

F u n d e d i n the s u m m e r of 1992, 

a n N S F p r o g r a m c a l l e d C o O P 

( C o a s t a l O c e a n P r o c e s s e s ) is f o c u s ­

i n g o n the b i o l o g y , c h e m i s t r y , a n d 

p h y s i c s of c o a s t a l o c e a n s — k n o w l ­

e d g e t h a t w i l l h e l p r e s e a r c h e r s p r e ­

d i c t l i k e l y d a m a g e b e f o r e it o c c u r s 

a n d o f f e r o p t i o n s to p o l i c y m a k e r s . 

T h e N a t i o n a l O c e a n i c a n d A t m o s -
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P R O B I N G T H E G L O B A L E N V I R O N M E N T 

Deep beneath the surface 

of the zuorld's largest 

and deepest freshwater 

lake, NSF-funded scientists 

have looked for clues 

to regional and global 

climate change. 

p h e r i c A d m i n i s t r a t i o n ( N O A A ) a n d 

the O f f i c e of N a v a l R e s e a r c h a r e a l s o 

c o l l a b o r a t i n g i n t h i s r e s e a r c h . 

G r e a t p r o g r e s s i n i n s t r u m e n t a t i o n 

d u r i n g the 1990s h a s b r o u g h t a n 

u n p r e c e d e n t e d o p p o r t u n i t y for m a j o r 

a d v a n c e s i n the s c i e n t i f i c u n d e r s t a n d ­

i n g of s t o r m - s c a l e w e a t h e r p h e n o m e ­

n a . F o r e x a m p l e , a n e w w i n d p r o f i l e r 

c a n s a m p l e w i n d s p e e d a n d d i r e c t i o n 

e v e r y s ix m i n u t e s , f r o m ear t h ' s s u r f a c e 

to a l t i t u d e s o f 15 to 20 k i l o m e t e r s — a 

v a s t i m p r o v e m e n t o v e r the o l d b a l ­

l o o n s t h a t c o u l d p r o v i d e d a t a j u s t 

t w i c e a d a y . 

T h e U . S . W e a t h e r R e s e a r c h 

P r o g r a m — a p a r t n e r s h i p a m o n g N S F , 

N A S A , the E n v i r o n m e n t a l P r o t e c t i o n 

A g e n c y , a n d the D e p a r t m e n t s of 

C o m m e r c e , T r a n s p o r t a t i o n , D e f e n s e , 

E n e r g y , a n d I n t e r i o r — i n t e n d s to c a p ­

i t a l i z e o n t h e s e n e w i n s t r u m e n t s a n d 

r e c e n t a d v a n c e s i n f u n d a m e n t a l 

k n o w l e d g e a n d n u m e r i c a l m o d e l i n g . 

A s s t a t e d i n the m u l t i - a g e n c y s t r a t e g y 

d o c u m e n t , " P r e d i c t i n g O u r W e a t h e r , " 

the b r o a d g o a l of t h i s p r o g r a m i s to 

a d v a n c e b a s i c u n d e r s t a n d i n g of 

w e a t h e r a n d to e n h a n c e w e a t h e r ser ­

v i c e s p r o v i d e d to t h e n a t i o n . 

T h e w i n t e r of 1992 s a w the c o m p l e ­

t i o n of w h a t w i l l b e the f i r s t of a s e r i e s 

of W e a t h e r R e s e a r c h P r o g r a m f i e l d 

e x p e r i m e n t s . T h i s p r o j e c t , k n o w n a s 

the S t o r m s c a l e O p e r a t i o n a l a n d 

R e s e a r c h M e t e o r o l o g y - F r o n t s 

E x p e r i m e n t , S y s t e m s T e s t ( S T O R M -

F E S T ) , f o c u s e d o n w i n t e r f r o n t a l 

s t o r m s a n d a c c o m p a n y i n g p r e c i p i t a ­

t i o n — r a i n , f r e e z i n g r a i n , s n o w , a n d 

s leet . O b j e c t i v e s w e r e a p r e l i m i n a r y 

i n v e s t i g a t i o n of the d e v e l o p m e n t a n d 

e v o l u t i o n of w i n t e r s t o r m s , a l o n g w i t h 

t e s t i n g a n d e v a l u a t i n g the n e w o b s e r ­

v a t i o n a l s y s t e m s a n d n u m e r i c a l p r e ­

d i c t i o n m o d e l s . 

I n i t i a l i m p r e s s i o n s w e r e t h a t t h e 

n e w d a t a s y s t e m s , c o u p l e d w i t h 

a d v a n c e d r e s e a r c h n u m e r i c a l m o d e l s , 

r e s u l t e d i n s i g n i f i c a n t i m p r o v e m e n t s 

i n s i m u l a t i n g t h e t i m i n g , l o c a t i o n , a n d 

a m o u n t of p r e c i p i t a t i o n . S u c h a c c u r a t e 

s i m u l a t i o n s a r e i m p o r t a n t to b o t h the 

r e s e a r c h a n d o p e r a t i o n a l c o m m u n i t i e s . 
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C H A P T E R 

A l o n g w i t h e d u c a t i o n , N S F ' s c h i e f m i s s i o n is to s u p p o r t r e s e a r c h i n s c i e n c e 

a n d e n g i n e e r i n g . T h i s r e s e a r c h c a n l e a d to a p p l i c a t i o n s s u c h a s t h o s e d e s c r i b e d i n 

the n e x t c h a p t e r . F o l l o w i n g a r e e x a m p l e s of b a s i c r e s e a r c h i n a b r o a d r a n g e of 

N S F - s u p p o r t e d a r e a s d u r i n g f i s c a l 1992. 

P L A N T G E N O M E P R O J E C T : S E C O N D Y E A R O F P R O G R E S S 

A r a b i d o p s i s i s a s i m p l e w e e d , b u t f o r r e s e a r c h e r s i ts s i m p l i c i t y i s a v i r t u e tha t 

m a k e s it a w o n d e r f u l c h o i c e f o r g e n e t i c r e s e a r c h . I t h a s s p a w n e d a n i n t e r n a t i o n a l 

^ ^ ^ ^ ^ ^ ^ ^ ^ " ^ ^ c o l l a b o r a t i o n a m o n g p l a n t s c i e n t i s t s , w h o s h a r e i n f o r m a t i o n , 

^g^^^^g^^^^^B i d e a s , a n d a d v i c e o n r e s e a r c h v i a a g loba l e l e c t r o n i c b u l ­

l e t i n b o a r d . S e v e r a l e f f o r t s o n s y s t e m a t i c s e q u e n c i n g 

of the p l a n t ' s g e n o m e w e r e i n i t i a t e d d u r i n g F Y 92. 

T h i s w a s c o n s i d e r e d a n u n r e a l i s t i c g o a l t w o y e a r s e a r l i e r , b u t i s n o w p o s s i b l e 

b e c a u s e of a d v a n c e s i n s e q u e n c i n g t e c h n o l o g i e s . 

T h e u l t i m a t e g o a l of t h i s g e n o m e r e s e a r c h p r o j e c t is to u n d e r s t a n d t h e p h y s i o l ­

o g y , b i o c h e m i s t r y , g r o w t h , a n d d e v e l o p m e n t a l p r o c e s s e s of a f l o w e r i n g p l a n t a t 

the m o l e c u l a r l e v e l , u s i n g A r a b i d o p s i s a s a n e x p e r i m e n t a l m o d e l s y s t e m . T h e 

p r o j e c t , w h i c h b e g a n i n 1990 , i s c o o r d i n a t e d b y a n i n e - m e m b e r s t e e r i n g c o m m i t ­

tee of A r a b i d o p s i s r e s e a r c h e r s a r o u n d the w o r l d . N S F is the l e a d i n g s o u r c e of U . S . 

f u n d s f o r t h e pro jec t . 

C o n t i n u e d p r o g r e s s h a s b e e n m a d e i n c o n s t r u c t i n g a p h y s i c a l m a p , i n i d e n t i ­

f y i n g a n d c h a r a c t e r i z i n g n e w m u t a t i o n s , a n d i n p r o d u c i n g g e n e s i d e n t i f i e d a n d 

c l o n e d . A n o t a b l e e x a m p l e i s the u s e of A r a b i d o p s i s to s t u d y d i s e a s e r e s i s t a n c e 

m e c h a n i s m s at the g e n e t i c a n d m o l e c u l a r l e v e l s . T h e r e h a s b e e n r a p i d p r o g r e s s i n 

i d e n t i f y i n g a n d c h a r a c t e r i z i n g g e n e s tha t a r e i n v o l v e d i n r e s i s t a n c e o r s u s c e p t i b i l ­

i t y o f t h e p l a n t to b a c t e r i a l , f u n g a l , v i r a l a n d o t h e r p a t h o g e n s . 

T h i s r e s e a r c h i s i n t e g r a t e d i n t o g e n e r a l g e n o m e a n d p l a n t b i o l o g y r e s e a r c h 

a c t i v i t i e s . M a j o r p r o g r e s s o n m a n y g e n e t i c q u e s t i o n s h a s b e e n m a d e u s i n g 

A r a b i d o p s i s a s a m o d e l s y s t e m , a n d r e s e a r c h e r s a n t i c i p a t e f u t u r e a p p l i c a t i o n of 

t h e s e a d v a n c e s to i m p r o v i n g p l a n t s of e c o n o m i c s i g n i f i c a n c e . 

C H E M I S T R Y A N D M A T E R I A L S R E S E A R C H 

C h e m i s t s at S t a n f o r d U n i v e r s i t y — u n d e r the d i r e c t i o n of R i c h a r d Z a r e — h a v e 

d e m o n s t r a t e d , f o r t h e f i r s t t i m e , c o n t r o l l e d c l e a v a g e of e i t h e r of t w o b o n d s i n a 

t h r e e - a t o m m o l e c u l e . T h e b o n d - s p e c i f i c c h e m i s t r y w a s p e r f o r m e d o n H O D 

( h y d r o g e n - o x y g e n - d e u t e r i u m ) , a w a t e r m o l e c u l e t h a t h a s a d e u t e r i u m a t o m s u b -
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Whether exploring 

sulfide-spewing vents 

on the sea bed or 

cosmic particles and 

gravity waves 

arriving from the 

vast reaches of the 

universe, scientists 

must constantly 

invent and refine the 

instruments ti^ey use. 

Arabidopsis. Tiiis simple weed is the 

subject of an international genetic 

research effort. 

Inset photo: Solar scope. The McMath 

Solar Telescope on Kitt Peak, near 

Tucson, is a key instrument in astro­

nomical research. 



s t i t u t e d f o r o n e of the h y d r o g e n 

a t o m s . T h i s m o l e c u l e c a n r e a c t w i t h a n 

e n e r g e t i c h y d r o g e n a t o m i n o n e of t w o 

w a y s : I f t h e O - H b o n d b r e a k s , the 

p r o d u c t s a r e the O D r a d i c a l a n d 

d i a t o m i c h y d r o g e n (H2)- I f the O - D 

b o n d b r e a k s , the p r o d u c t s a r e the O H 

a n d H D . N o r m a l l y a l l f o u r p r o d u c t s 

w o u l d b e o b s e r v e d w h e n H a t o m s c o l ­

l i d e w i t h H O D b e c a u s e b o t h b o n d s 

h a v e a n e q u a l p r o b a b i l i t y of b r e a k i n g . 

B y u s i n g a t u n a b l e i n f r a r e d l a s e r to 

s e l e c t i v e l y exc i t e o n l y o n e of the 

b o n d s , the S t a n f o r d g r o u p h a s b e e n 

a b l e to p r o d u c e e x c l u s i v e l y e i t h e r O D 

a n d H2, o r O H a n d H D . T h i s i s j u s t 

o n e s tep a l o n g t h e w a y to the " H o l y 

G r a i l " of b o n d - s p e c i f i c c h e m i s t r y . I t i s 

s t i l l v e r y f a r f r o m b e i n g a p p l i c a b l e to 

a n i n d u s t r i a l p r o c e s s , b u t t h i s r e s e a r c h 

d o e s d e m o n s t r a t e the f e a s i b i l i t y of the 

t e c h n i q u e . 

M a t e r i a l s r e s e a r c h i s a f i e l d c o m b i n ­

i n g c h e m i s t r y , p h y s i c s , e n g i n e e r i n g , 

a n d o t h e r d i s c i p l i n e s i n the c r e a t i o n , 

i n v e s t i g a t i o n , a n d p r o c e s s i n g of n e w 

m a t e r i a l s . T w o e x a m p l e s of r e c e n t 

w o r k i n t h i s a r e a : 

• R e s e a r c h e r s at the U n i v e r s i t y o f 

I l l i n o i s a r e d e v e l o p i n g a s e l f - h e a l i n g 

c o n c r e t e w i t h a b u i l t - i n s e a l a n t t h a t 

i n s t a n t a n e o u s l y f i l l s a n d r e p a i r s 

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

a n d h i g h w a y r o a d s u r f a c e s . T h e 

c o n c r e t e c o n t a i n s f i b e r s the d i a m e ­

ter of a p a p e r c l i p t h a t b r e a k o p e n 

a n d r e l e a s e a n e p o x y l i k e s e a l a n t . 

T h e " p a s s i v e " s m a r t m a t e r i a l r e a c t s 

a u t o m a t i c a l l y w i t h o u t the n e e d for 

s e n s o r s a n d c h i p s , m a k i n g it l e s s 

e x p e n s i v e a n d e a s i e r to m a i n t a i n . 

T h e s e l f - h e a l i n g c o n c r e t e a l s o w i l l 

h e l p p r e v e n t d a m a g e to c o n c r e t e 

f r o m e a r t h q u a k e s . 

• F o r t h e f i r s t t i m e , r e s e a r c h e r s a t 

M i c h i g a n Sta te U n i v e r s i t y a r e 

g e n e t i c a l l y a l t e r i n g p l a n t s to p r o ­

d u c e a h i g h - q u a l i t y , b i o d e g r a d a b l e 

p l a s t i c , P H B . I t i s m u c h l i k e c o m ­

m o n p l a s t i c e x c e p t t h a t i t b r e a k s 

d o w n q u i c k l y i n s o i l a n d r e q u i r e s 

n o p e t r o l e u m to p r o d u c e it. Y e t 

P H B i s r i g i d e n o u g h to b e m a d e 

i n t o a w i d e v a r i e t y of p r o d u c t s , 

i n c l u d i n g s o f t - d r i n k bot t l e s , m e d ­

i c a l s u t u r e s a n d d r u g - d e l i v e r y 

d e v i c e s . 

P H Y S I C S , M A T H E M A T I C S , 

A N D A S T R O N O M Y 

T h e s p e e d of d a t a m a n i p u l a t i o n 

m i g h t b e a u g m e n t e d b y n e w w a y s to 

g e n e r a t e e x t r e m e l y h i g h - p o w e r , s h o r t -

d u r a t i o n p u l s e s of l i ght . R e s e a r c h e r s 

f o r e s e e a p p l i c a t i o n s i n m e d i c a l i m a g ­

i n g a n d i n i n t e g r a t e d o p t i c s t h a t c o u l d 

r e p l a c e or s u p p l e m e n t c u r r e n t e l ec ­

t r o n i c s y s t e m s . T h e U l t r a f a s t O p t i c a l 

S c i e n c e C e n t e r , a n N S F S c i e n c e a n d 

T e c h n o l o g y C e n t e r at t h e U n i v e r s i t y of 
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M i c h i g a n i n A n n A r b o r , l i a s b e e n 

d e v e l o p i n g the u n d e r l y i n g p h y s i c s 

a n d the t e c h n o l o g y w i t h N S F b a c k i n g . 

T h e C e n t e r h a s w o r k e d w i t h m o r e 

t h a n f i f t e e n i n t e r n a t i o n a l a n d l o c a l 

c o m p a n i e s , a n d i n d u s t r y r e s e a r c h e r s 

i n v o l v e d w i t h t h i s e f for t h a v e s t a r t e d 

w e r e t w o s t a r s c i r c l i n g e a c h o t h e r 

p r i o r to t h e s u p e r n o v a , a n d t h a t the 

p l a n e t s w e r e f o r m e d f r o m the g a s e s of 

o n e s t a r v a p o r i z e d b y the e x p l o s i o n . 

A s t r o n o m e r s at the N a t i o n a l 

R a d i o A s t r o n o m y O b s e r v a t o r y i n 

C h a r l o t t e s v i l l e , V i r g i n i a h a v e d i s c o v -

Charles S. Peskin and David M . McQueen ofthe Courant Institute have developed computer solutions to sets of differen­

tial equations that model the anatomy of the aortic valve. The equations are derived by considering the mechanical equilibri­

um of a system of fibers under tension that is supporting a pressure load. These equations may be solved to determine the 

structure of the valve leaflet and the arrangement of the collagen fibers that give it its strength. The computed fiber architec­

ture has a branching, braided character that is startlingly reminiscent ofthe arrangement of collagen fibers in the real aortic 

valve. 

In this research, the scholars use mathematics and computing to determine the detailed structure of the aortic valve. The 

work ivas accomplished at the Courant Institute with support for the Science and Technology Center in Geometry at the 

University of Minnesota. Some ofthe computation was done at the Pittsburgh Supercomputing Center. 

t w o n e w c o m p a n i e s i n A n n A r b o r . 

U s i n g the A r e c i b o O b s e r v a t o r y ' s 

r a d i o / r a d a r t e l e s c o p e , a n a s t r o n o m e r 

h a s d i s c o v e r e d the f i r s t p l a n e t s o u t s i d e 

of o u r o w n s o l a r s y s t e m . T h i s f i n d i n g 

i s e s p e c i a l l y s u r p r i s i n g b e c a u s e the 

p l a n e t f o r m a t i o n o c c u r r e d m u c h d i f ­

f e r e n t l y t h a n i n o u r s y s t e m . T h e p l a n ­

ets c i r c l e a n e u t r o n s t a r — a n e x t r e m e l y 

d e n s e a n d t i n y b o d y , a b o u t 16 k i l o m e ­

ters i n d i a m e t e r , tha t r e s u l t e d f r o m a 

s u p e r n o v a . A s t r o n o m e r s b e l i e v e t h e r e 

e r e d the f i r s t e v i d e n c e of a c l o u d of 

m o l e c u l a r g a s f r o m a v e r y d i s t a n t 

g a l a x y t h a t a p p e a r s to b e a r e s e r v o i r of 

m a t e r i a l f r o m w h i c h s e c o n d - g e n e r a ­

t i o n s t a r s a r e f o r m i n g . T h e n e w o b s e r ­

v a t i o n s i n d i c a t e t h a t s e c o n d g e n e r a ­

t i o n s tar f o r m a t i o n is p r e c e d e d b y the 

a c c u m u l a t i o n of a n e n o r m o u s r e s e r -

v o h of m o l e c u l a r g a s — r e s i d u e f r o m a 
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n o w d e a d f i r s t g e n e r a t i o n of s tar s . T h e 

m a s s of the g a s i n t h e c l o u d i s t e n 

t i m e s t h e m a s s of the e n t i r e M i l k y 

W a y g a l a x y . 

H I G H - P E R F O R M A N C E 

C O M P U T I N G : C H A N G I N G T H E 

W A Y S C I E N C E I S D O N E 

T h e t r a d i t i o n a l s c i e n t i f i c p r o c e s s e s 

of e x p e r i m e n t a n d t h e o r y h a v e b e e n 

a u g m e n t e d b y a t h i r d — c o m p u t a t i o n a l 

s c i e n c e , a n a m a l g a m of b o t h . U s i n g 

s i m u l a t i o n a s a too l , r e s e a r c h e r s d r a w ­

i n g o n the N S F - s u p p o r t e d S u p e r c o m ­

p u t e r C e n t e r s h a v e m a d e s i g n i f i c a n t 

c o n t r i b u t i o n s i n m a n y d i v e r s e f i e l d s , 

a c c e l e r a t i n g t h e s o l u t i o n of i m p o r t a n t 

p r a c t i c a l a n d s c i e n t i f i c p r o b l e m s . O n e 

e x a m p l e is r e p r o d u c i n g t h e c o m p l e x i ­

t y of the s u r f a c e s t r u c t u r e of s i l i c o n . A 

c o m p u t a t i o n a l m o d e l c o n s i s t i n g of 

New planets. In an artist's conception, the 

first planets to be detected outside of our 

solar system are circling a neutron star. 

Arrows indicate direction of physical forces. 

700 a t o m s c l o s e l y r e s e m b l e s m i c r o ­

s c o p i c i m a g e s p r o d u c e d i n the l a b o r a ­

t o r y a n d p e r m i t s d e e p e r u n d e r s t a n d ­

i n g of the w a y d e f e c t s i n m a t e r i a l s 

a f fec t t h e i r a t o m i c s t r u c t u r e a n d p r o p ­

ert ies . T h i s i s of i m m e d i a t e s i g n i f i ­

c a n c e b e c a u s e s i l i c o n i s the k e y c o m ­

p o n e n t c u r r e n t l y u s e d i n t h e s e m i c o n ­

d u c t o r i n d u s t r y . 

Y e t a n o t h e r u s e of h i g h - p e r f o r ­

m a n c e c o m p u t i n g is to d e v e l o p e lec ­

t r o n i c l i b r a r i e s t h a t c o m b i n e t h e 

i m m e n s e s t o r a g e c a p a b i l i t i e s of d i g i t a l 

i n f o r m a t i o n w i t h e x p e r t s y s t e m s , n o w 

b e i n g d e v e l o p e d . T h e object: a l l o w 

u s e r s to r e t r i e v e i n f o r m a t i o n a n d 

a c c e s s s p e c i a l k n o w l e d g e b a s e s w i t h ­

o u t f o r c i n g t h e m to b e c o m e s k i l l e d 

s e a r c h d e s i g n e r s . 

A p r o t o t y p e b u i l t a t t h e V i r g i n i a 

P o l y t e c h n i c I n s t i t u t e i n B l a c k s b u r g , 

V i r g i n i a , d u r i n g 1992 c o u l d i n i t i a l l y 

s tore the e q u i v a l e n t o f a b o u t 275 ,000 

p a g e s of text. T h e n e x t o b j e c t i v e i s to 

r a i s e its c a p a c i t y to m o r e t h a n e ight 

m i l l i o n p a g e s . T h i s s y s t e m a l s o h a s a 

l a r g e f o n t d i s p l a y to a i d u s e r s w h o a r e 

v i s u a l l y i m p a i r e d . 

T h e a b i l i t y to i n t e g r a t e i n f o r m a t i o n 

f r o m d i f f e r e n t k i n d s o f d a t a b a s e s m a y 

h e l p to a d v a n c e s c i e n c e a n d i ts a p p l i ­

c a t i o n s . F o r e x a m p l e , N S F h a s b e e n 

s p o n s o r i n g w o r k o n a n i n t e r a c t i v e 

c o m p u t a t i o n s y s t e m t h a t i n v o l v e s 

c o m m u n i c a t i o n s n e t w o r k r e s e a r c h , 

c o m p u t e r v i s u a l i z a t i o n , a n d m e d i c a l 

t r e a t m e n t p l a n n i n g . A t t h e U n i v e r s i t y 
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I 

Along with education. 

NSF's chief mission is to 

support research in science 

and engineering. 

of N o r t h C a r o l i n a i n C h a p e l H i l l , c l i n i ­

c i a n s h a v e b e e n u s i n g t h i s s y s t e m to 

c u s t o m i z e r a d i a t i o n t r e a t m e n t for c a n ­

c e r p a t i e n t s , a n d to o b t a i n i m m e d i a t e 

f e e d b a c k o n the r e s u l t s of c h a n g e s i n 

t r e a t m e n t p l a n s . B e l l S o u t h , G T E , a n d 

the M i c r o e l e c t r o n i c s C e n t e r of N o r t h 

C a r o l i n a h a v e b e e n c o l l a b o r a t i n g o n 

t h i s pro jec t . 

T o m a k e s u c h i n f o r m a t i o n a n d 

k n o w l e d g e too l s a v a i l a b l e to s c i e n t i s t s 

a n d e n g i n e e r s e v e r y w h e r e , N S F h a s 

b e e n u p g r a d i n g a n d e x p a n d i n g 

N S F N e t . T h i s c o m p u t e r n e t w o r k 

a l l o w s r e s e a r c h e r s a n y w h e r e i n the 

U n i t e d Sta tes to c o m m u n i c a t e a n d 

s h a r e r e s o u r c e s w i t h t h e i r p e e r s 

w o r l d w i d e a n d to o p e r a t e e q u i p m e n t 

f r o m a f a r , w i t h o u t l e a v i n g t h e i r 

o f f i ce s . E x a m p l e s i n c l u d e the r e m o t e l y 

c o n t r o l l e d o p t i c a l t e l e s c o p e o n M a u n a 

K e a i n H a w a i i , the F e r m i l a b p a r t i c l e 

a c c e l e r a t o r i n B a t a v i a , I l l i n o i s , a n d the 

H u m a n G e n o m e P r o j e c t i n B a l t i m o r e , 

M a r y l a n d . 

D u r i n g f i s c a l 1992 , t h e n u m b e r of 

h o s t c o m p u t e r s o n t h e N S F N e t g r e w 

to n e a r l y o n e m i l l i o n , a n d the n u m b e r 

of U . S . co l l eges a n d u n i v e r s i t i e s c o n ­

n e c t e d to the n e t w o r k r e a c h e d n e a r l y a 

t h o u s a n d . M e d i c a l c a m p u s e s h a v e 

b e e n c o m i n g o n l i n e , a n d the f i r s t a g r i ­

c u l t u r a l e x t e n s i o n s e r v i c e h a s b e e n 

h o o k e d u p . B y the e n d of the f i s c a l 

y e a r ( S e p t e m b e r 30, 1992) , N S F N e t 

w a s c o n n e c t e d to 6,500 o t h e r n e t w o r k s 

i n 60 c o u n t r i e s . 

O T H E R I N S T R U M E N T A T I O N 

W h e t h e r e x p l o r i n g s u l f i d e - s p e w i n g 

v e n t s o n the s e a b e d o r c o s m i c p a r t i ­

c l e s a n d g r a v i t y w a v e s a r r i v i n g f r o m 

t h e v a s t r e a c h e s of t h e u n i v e r s e , s c i e n ­

t ists m u s t c o n s t a n t l y i n v e n t a n d r e f i n e 

t h e i n s t r u m e n t s t h e y u s e . S o m e r e c e n t 

e x p l o r a t i o n s m a d e p o s s i b l e b y s p e c i a l 

i n s t r u m e n t a t i o n a r e d e s c r i b e d b e l o w . 

I n a n u n d e r w a t e r feat , r e s e a r c h e r s 

a b o a r d t h e s u b m e r s i b l e A l v i n w e r e 

a b l e to t a k e c o r e s of a c t i v e s e a f l o o r 

" b l a c k s m o k e r s " ( s m a l l h y d r o t h e r m a l 

v e n t s ) f o r the f i r s t t i m e , t h a n k s to a 

u n i q u e d i a m o n d bi t d r i l l . T h e t h r e e -

p e r s o n A l v i n , the c o u n t r y ' s p r e m i e r 

s u b m e r s i b l e , c a n d i v e n e a r l y f o u r k i l o ­

m e t e r s b e l o w the s u r f a c e . 

P r e v i o u s e f for t s b y A l v i n s c i e n t i s t s 

t r y i n g to t a k e c o r e s o f h a r d m a t e r i a l s 

o n t h e s e a f l o o r h a d f a i l e d b e c a u s e e a r ­

l i e r c o r i n g too l s l a c k e d a d e q u a t e r o t a ­

t i o n a l s p e e d a n d c u t t i n g a b i l i t y . T h e 

n e w d i a m o n d bi t d r i l l w a s d e v e l o p e d 

b y a U n i v e r s i t y of S o u t h C a r o l i n a 

g e o l o g i s t s e e k i n g to m e a s u r e g r o w t h 

r a t e s of s e a f l o o r s u l f i d e d e p o s i t s . 

B a s e d o n i n f o r m a t i o n f r o m the 

c o r e s , the s c i e n t i s t s c o n c l u d e d t en ta ­

t i v e l y t h a t i n d i v i d u a l b l a c k s m o k e r 
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Biickyballs. Named for the late 

Buekminster Fuller (their shape hears 

a strong resemblance to geodesic 

domes that he popularized), these are 

models of pure carbon compounds. 

Only recently discovered, these com­

pounds are the subject of new materi­

als research. One example is a perfectly 

round bucla/ball cluster, containing 60 

carbon atoms, the first "Buekminster 

Fullerene" to be discovered. Another is 

a bucky tube containing 210 carbon 

atoms, believed to be an extremely 

rigid structure. 

c h i m n e y s i n the J u a n d e F u c a S t r a i t 

a r e a ( b e t w e e n V a n c o u v e r , C a n a d a a n d 

the s tate of W a s h i n g t o n ) f o r m r a p i d l y , 

a n d that these a c t i v e c h i m n e y s t r u c ­

t u r e s a r e l e s s t h a n t w o y e a r s o l d . 

I n a t o t a l l y d i f f e r e n t e n v i r o n ­

m e n t , N S F - s u p p o r t e d s c i e n t i s t s i n 

A n t a r c t i c a h a v e b e e n a b l e to e x p a n d 

t h e i r r e s e a r c h w i t h a n e w icebrea lc ­

e r / r e s e a r c h v e s s e l , the N a t h a n i e l B . 

P a l m e r . I t h a s m o r e t h a n 600 s q u a r e 

m e t e r s of r e s e a r c h s p a c e , i n c l u d i n g 

l a b o r a t o r i e s , s p e c i a l i z e d c o m p u t e r a n d 

e l e c t r o n i c s f a c i l i t i e s , a n d s ta te -o f - the-

a r t a c o u s t i c a l s y s t e m s , i n c l u d i n g 

e q u i p m e n t f o r s e i s m i c r e c o r d i n g a n d 

p r e c i s e n a v i g a t i o n . 

I n a s t r o n o m y , a n N S F - f u n d e d 

r e s e a r c h e r h a s u s e d f i b e r o p t i c s to 

c o m b i n e the l i g h t f r o m t w o t e l e s c o p e s , 

m a k i n g i n e f fec t a n e w , l a r g e r te le­

s c o p e . S t e v e R i d g w a y at t h e N a t i o n a l 

O p t i c a l A s t r o n o m y O b s e r v a t o r i e s i n 

T u c s o n , A r i z o n a , a n n o u n c e d t h e 

r e s u l t s of a n e x p e r i m e n t p e r f o r m e d at 

the M c M a t h S o l a r T e l e s c o p e o n K i t t 

P e a k , n e a r T u c s o n . T h e b r e a k t h r o u g h 

h a s i m p o r t a n t i m p l i c a t i o n s f o r d e s i g n ­

i n g t h e n e x t g e n e r a t i o n o f l a r g e i n s t r u ­

m e n t s of th i s t y p e . 

U s i n g t h e t w o a u x i l i a r y t e l e s c o p e s 

at M c M a t h , e q u i p p e d w i t h a f i b e r 

o p t i c s y s t e m , R i d g w a y w a s a b l e to 

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

O r i o n a n d T a u r u s . T h e t w o i n s t r u ­

m e n t s a r e s e p a r a t e d b y 5.5 m e t e r s , or 

a b o u t 18 feet; e a c h h a s a d i a m e t e r of 

0.9 m e t e r s (36 i n c h e s ) . B y c o m b i n i n g 

l i g h t f r o m t h e m , the a s t r o n o m e r w a s 

a b l e to a t t a i n n e a r l y t h e r e s o l v i n g 

p o w e r of a t e l e s c o p e w i t h a d i a m e t e r 

of 5.5 m e t e r s . 

A n o t h e r t y p e of u n i v e r s e e x p l o r e r 

i s t h e L a s e r I n t e r f e r o m e t e r G r a v i t a ­

t i o n a l W a v e O b s e r v a t o r y ( L I G O ) , 

d e s i g n e d to d e t e c t g r a v i t y w a v e s , a 

c r u c i a l p r e d i c t i o n of E i n s t e i n ' s g e n e r a l 

t h e o r y of r e l a t i v i t y . I f g r a v i t y w a v e s 

ex i s t , the L I G O w i l l e n a b l e a s t r o n ­

o m e r s to o b s e r v e h e r e t o f o r e u n d e ­

tec tab le e v e n t s a n d s t r u c t u r e s s u c h a s 

t h e c o l l a p s e to a b l a c k h o l e or t h e c o a ­

l e s c e n c e of n e u t r o n s t a r s . 

T h e L I G O m u s t b e e x t r e m e l y s e n s i ­

t i v e , b e c a u s e g r a v i t a t i o n a l w a v e s w i l l 

b e i n c r e d i b l y w e a k . T h e d e v i c e w i l l 

i n c o r p o r a t e m a n y s y s t e m s d e s i g n e d at 

n e w l e v e l s of p r e c i s i o n a n d a c c u r a c y , 

i n c l u d i n g l a s e r s , o p t i c s , a n d t e c h n o l o ­

g y for v i b r a t i o n a l i s o l a t i o n . S u c h 

d e v e l o p m e n t s w i l l h a v e m a n y p r a c t i ­

c a l a p p l i c a t i o n s . 

S i n c e t w o d e t e c t o r s a r e n e e d e d to 

c o n f i r m the e x i s t e n c e of g r a v i t a t i o n a l 

w a v e e v e n t s , the U n i t e d Sta tes i s 
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b u i l d i n g o n e i n H a n f o r d , W a s h i n g t o n , 

a n d a n o t h e r i n L i v i n g s t o n , L o u i s i a n a . 

M o r e t h a n t w o d e t e c t o r s w o u l d b e 

n e e d e d to d e t e r m i n e t h e d i r e c t i o n 

f r o m w h i c h g r a v i t y w a v e s a r r i v e o n 

e a r t h ; t h u s the U n i t e d Sta tes w i l l c o l ­

l a b o r a t e w i t h s c i e n t i s t s i n F r a n c e , I t a l y , 

E n g l a n d , a n d G e r m a n y , w h o a r e p u r ­

s u i n g s i m i l a r r e s e a r c h . 

s e a r c h e r s f o u n d t h a t p e o p l e i n the F S U 

v i e w c a p i t a l i s m i n m u c h the s a m e w a y 

that U . S . c i t i z e n s d o . T h e y see i t a s 

f l a w e d y e t s u p e r i o r to a n y o t h e r eco ­

n o m i c s y s t e m . H o w e v e r , A m e r i c a n s 

d o r e g a r d e n t r e p r e n e u r s f a r m o r e 

f a v o r a b l y t h a n d o F S U c i t i z e n s . 

I n a n o t h e r a r e n a , w h i l e the F S U 

s u f f e r e d the s t r e s s e s of e c o n o m i c t r a n ­

s i t i o n , s c i e n t i f i c p r o g r a m s w e r e 

s t a r v e d f o r f u n d s . N S F h a s p r o v i d e d 

c r u c i a l s u p p o r t f o r s o m e of the m o s t 

i m p o r t a n t p r o g r a m s , s u c h a s the 

C o m p l e x S e i s m o l o g i c a l E x p e d i t i o n at 

G a r m T a d j i k i s t a n , o n e of the m o s t 

a c t i v e e a r t h q u a k e z o n e s i n the F S U . 

T h e F o u n d a t i o n a l s o h a s b e e n a c t i v e l y 

i n v o l v e d i n e f for t s to p r e s e r v e e n v i ­

r o n m e n t a l d a t a b a s e s i n t h e F o r m e r 

S o v i e t U n i o n d u r i n g the p a s t y e a r . 

Far and away. Galaxies like litis one, 

similar in appearance to our own 

Milky Way, are yielding clues on hoio 

new stars are born. 

T H E I N T E R N A T I O N A L S C E N E : 

F O C U S O N F O R M E R S O V I E T 

U N I O N 

C a n the F o r m e r S o v i e t U n i o n ( F S U ) 

m a k e a s m o o t h t r a n s i t i o n to m a r k e t 

e c o n o m i c s ? A n d h o w s h o u l d the t r a n ­

s i t i o n t a k e p l a c e ? A n s w e r s a r e c o m i n g 

f r o m r e s e a r c h s u p p o r t e d i n p a r t b y 

N S F . 

O b s e r v e r s of t h i s r e g i o n h a d f e a r e d 

a c u l t u r a l b i a s t h e r e a g a i n s t c a p i t a l i s m . 

I f so , the b i a s is q u i t e w e a k . T h e r e -
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R e s e a r c h s u c h as t h a t d e s c r i b e d i n t h e p r e v i o u s c h a p t e r o f t e n l e a d s to i n d u s t r i ­

a l a n d o t h e r a p p l i c a t i o n s t h a t h e l p m a k e o u r n a t i o n m o r e e c o n o m i c a l l y c o m p e t i ­

t i ve . T h e i m p o r t a n c e of t h i s k n o w l e d g e t r a n s f e r is r e f l e c t e d i n the k e y r o l e tha t 

i n d u s t r y p l a y s i n s e v e r a l N S F p r o g r a m s — a m o n g t h e m S c i e n c e a n d T e c h n o l o g y 

C e n t e r s , E n g i n e e r i n g R e s e a r c h C e n t e r s , a n d I n d u s t r y / U n i v e r s i t y C o o p e r a t i v e 

R e s e a r c h C e n t e r s . T h r o u g h p r o g r a m s l i k e t h e s e , i n d u s t r i a l a n d a c a d e m i c 

r e s e a r c h e r s w o r k toge ther , o f t e n t r a i n i n g u n i v e r s i t y s t u d e n t s o n t h e i r p r o j e c t s . 

O n e e x a m p l e of k n o w l e d g e t r a n s f e r a n d r e s e a r c h a p p l i c a t i o n s c o m e s f r o m the 

S c i e n c e & T e c h n o l o g y C e n t e r f o r M i c r o b i a l E c o l o g y at M i c h i g a n Sta te U n i v e r s i t y . 

T h e r e c r o s s - d i s c i p l i n a r y r e s e a r c h i s c o n t r i b u t i n g to t h e d e v e l -

o p m e n t of b a c t e r i a t h a t c a n d e g r a d e t o x i c c h e m i c a l s — 

s u c h a s w o o d p r e s e r v a t i v e s , s o l v e n t s , g a s o l i n e c o m ­

p o u n d s , a n d d i o x i n s — w h i c h t h r e a t e n d r i n k i n g w a t e r s u p p l i e s a n d f i s h . 

C l e a n s i n g the U n i t e d Sta tes of p o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) b y c o n v e n ­

t i o n a l m e t h o d s h a s b e e n e s t i m a t e d to cos t a s m u c h a s $20 b i l l i o n . H o w e v e r , s u c h 

cos t s c o u l d b e s u b s t a n t i a l l y r e d u c e d if m i c r o b e s ( b a c t e r i a , o n e - c e l l e d f u n g i , p r o t o ­

z o a n s ) c a n b e d i s c o v e r e d , o r g e n e t i c a l l y e n g i n e e r e d , a n d m a n a g e d . M i c r o b i a l 

d e t o x i f i c a t i o n is p o t e n t i a l l y o n e of the l e a s t e x p e n s i v e a n d m o s t d e s i r a b l e d e t o x i f i ­

c a t i o n m e t h o d s f o r at l e a s t s o m e s i tes . 

M A T E R I A L S R E S E A R C H A N D M A N U F A C T U R I N G 

A n o t h e r a r e a t h a t r e f l e c t s k n o w l e d g e t r a n s f e r i s the b r o a d a n d c o m p l e x 

e n d e a v o r of m a t e r i a l s r e s e a r c h . I t e n c o m p a s s e s e v e r y t h i n g f r o m tree b a r k to 

a d v a n c e d c o m p o s i t e s . T h e la t ter a r e u s e d to m a k e l i g h t e r , s t r o n g e r , a n d m o r e 

c o r r o s i o n - r e s i s t a n t m a t e r i a l s f o r s u c h p r o d u c t s as a i r c r a f t a n d b i c y c l e s . 

O v e r the p a s t f e w d e c a d e s , b a s i c r e s e a r c h h a s p l a y e d a n i n c r e a s i n g l y i m p o r ­

t a n t r o l e i n a d v a n c i n g the m a t e r i a l s i n d u s t r y . T h e N a t i o n a l A c a d e m y of 

E n g i n e e r i n g h a s c i t e d a d v a n c e s i n m a t e r i a l s s c i e n c e a s a m o n g the top 10 e n g i ­

n e e r i n g a c h i e v e m e n t s of t h e la s t 25 y e a r s . R e c e n t d e v e l o p m e n t s i n c l u d e the 

f o l l o w i n g : 

• L i m i t e d v i s i o n f o r t h e b l i n d . R e s e a r c h e r s at the U n i v e r s i t y of U t a h i n S a l t 

L a k e C i t y h a v e d e v e l o p e d a t h r e e - d i m e n s i o n a l e l e c t r o d e a r r a y , to b e i m p l a n t ­

e d i n the v i s u a l c o r t e x o f b l i n d p e o p l e . T h i s c o u l d f o r m p a r t of a s y s t e m that 

m i g h t p r o v i d e the b l i n d w i t h l i m i t e d , v i s u a l l y g u i d e d m o b i l i t y . S i m i l a r e l ec ­

t r o d e a r r a y s c o u l d b e u s e d i n o t h e r p a r t s o f t h e n e r v o u s s y s t e m , s u c h as the 
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Mobile workers such 

as store clerks, 

inspectors, delivery 

personnel, and 

even some 

researchers may 

r 
benefit from an 

"electronic notebook' 

developed by NSF-

funded engineers. 

Electronic notebook. Columbia 

University's Engineering Researcti 

Center for Telecommunications 

Researcti has collaborated with IBM on 

this project. A Ph.D. student is shown 

here with an experimental wireless 

notebook. 



Since cognitive science is 

interdisciplinary, it must 

draw from fields that 

range from neurology to 

psychology to computers. 

m o t o r c o r t e x of a q u a d r i p l e g i c , to 

g e n e r a t e c o m m a n d s i g n a l s f o r c o n ­

t r o l l i n g e x t e r n a l d e v i c e s s u c h a s a n 

e l e c t r i c w h e e l c h a i r . 

• A c r a c k d e t e c t o r f o r b r i d g e d e c k s 

a n d o t h e r c o n c r e t e s t r u c t u r e s . A 

n o n d e s t r u c t i v e e v a l u a t i o n i n s t r u ­

m e n t to de tec t f l a w s i n c o n c r e t e 

s l a b s a n d b r i d g e d e c k s h a s b e e n 

d e v e l o p e d b y a N S F - f u n d e d s c i e n ­

tist , a n d i s b e i n g s o l d b y G e r m a n 

I n s t r u m e n t s of C h i c a g o a n d 

D e n m a r k . T h e i n s t r u m e n t c a n 

d e t e r m i n e t h e s i z e , t y p e , a n d l o c a ­

t i o n of d e f e c t s i n c o n c r e t e . 

C O G N I T I V E S C I E N C E : 

U N D E R S T A N D I N G 

I N T E L L I G E N C E 

F o r e d u c a t o r s , u n d e r s t a n d i n g h o w 

h u m a n b e i n g s l e a r n c a n f o s t er n e w 

t e a c h i n g s t r a t e g i e s a n d t e c h n o l o g i e s . 

I n the i n d u s t r i a l s ec tor , c o g n i t i v e s c i ­

e n c e c o n t r i b u t e s to the d e v e l o p m e n t of 

i n t e l l i g e n t m a n u f a c t u r i n g s y s t e m s , 

w h i c h c a n h e l p b o o s t the U . S . c o m p e t i ­

t i v e p o s i t i o n i n the w o r l d e c o n o m y . 

S i n c e c o g n i t i v e s c i e n c e i s i n t e r d i s c i ­

p l i n a r y , it m u s t d r a w f r o m f i e l d s t h a t 

r a n g e f r o m n e u r o l o g y to p s y c h o l o g y 

to c o m p u t e r s . T o f o s t er s y n e r g y 

a m o n g t h e s e d i s c i p l i n e s , N S F h a s 

e s t a b l i s h e d a s p e c i a l c e n t e r at the 

U n i v e r s i t y of P e n n s y l v a n i a . T h e r e 

e n g i n e e r s a n d c o m p u t e r s c i e n t i s t s 

w o r k w i t h s o c i a l a n d b e h a v i o r a l 

r e s e a r c h e r s o n a r a n g e of p r o b l e m s . 

A m o n g the e a r l y o u t c o m e s h a s b e e n a 

s t a t i s t i c a l t e c h n i q u e f o r d i s c o v e r i n g 

g r a m m a t i c a l r u l e s t h r o u g h a n a l y s e s of 

texts . A l i n g u i s t , p s y c h o l o g i s t , a n d 

c o m p u t e r s c i e n t i s t h a v e b e e n u s i n g the 

n e w t e c h n i q u e to h e l p t h e m e x p l o r e 

t h e w a y c h i l d r e n a c q u i r e l a n g u a g e . 

C o m p a n i e s a f f i l i a t e d w i t h th i s c e n ­

ter , i n c l u d i n g A T & T B e l l L a b o r a t o r i e s 

of H o l m d e l l , N e w J e r s e y , h a v e b e e n 

u s i n g t h e s e r e s u l t s i n t h e i r e f for t s to 

i m p r o v e c o m p u t e r c o m m u n i c a t i o n 

s y s t e m s t h a t u s e n a t u r a l l a n g u a g e . 

A P P L I C A T I O N S I N 

M A T H E M A T I C S A N D P H Y S I C S 

I n t h i s i n f o r m a t i o n age , t h e l a r g e 

a m o u n t s of " i n p u t " w e a l l r e c e i v e 

b e c o m e e a s i e r to m a n i p u l a t e a n d 

t r a n s f o r m i f t h e y c a n b e e f f i c i e n t l y 

c o m p r e s s e d . R e s e a r c h e r s s e e k i n g 

m o r e c o n c i s e d e s c r i p t i o n s o f m a t h e ­

m a t i c a l s t r u c t u r e s h a v e d e v e l o p e d a 

m a t h e m a t i c a l m e t h o d , c a l l e d w a v e l e t s , 

t h a t i s n o w u s e d i n the r a p i d r e p r e s e n ­

t a t i o n of s i g n a l s w i t h e r r a t i c p a t t e r n s . 

W a v e l e t s i d e n t i f y k e y f e a t u r e s a n d 

c o m p r e s s the i n f o r m a t i o n c o n t e n t of 

p i c t u r e s , g r a p h i c s , a n d s p e e c h b y 

a b o u t 80 p e r c e n t . A f t e r t r a n s m i s s i o n . 
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th i s i n f o r m a t i o n i s t h e n r e c o n s t r u c t e d , 

a g a i n u s i n g w a v e l e t s , w i t h e x t r e m e 

a c c u r a c y . A p p l i c a t i o n s o f t h i s m e t h o d 

a r e i n e n g i n e e r i n g ( r e d u c i n g w i n d 

d r a g o n v e h i c l e s ) ; i n m e d i c i n e ( s t r e a m ­

l i n i n g m e d i c a l i m a g i n g ) ; a n d i n the 

m i l i t a r y ( g i v i n g s m a r t m i s s i l e s , s u c h as 

t h o s e u s e d r e c e n t l y i n I r a q , e v e n m o r e 

p r e c i s e g u i d a n c e s y s t e m s ) . 

I n p h y s i c s , a s u p e r c o n d u c t i n g 

c y c l o t r o n f o r u s e i n n e u t r o n c a n c e r 

t h e r a p y h a s b e e n s u c c e s s f u l l y p u t i n t o 

o p e r a t i o n at H a r p e r H o s p i t a l i n 

D e t r o i t . T h i s v e n t u r e r e s u l t e d f r o m 

c o l l a b o r a t i o n b e t w e e n the s taf f of 

M i c h i g a n Sta te U n i v e r s i t y ' s N a t i o n a l 

S u p e r c o n d u c t i n g C y c l o t r o n L a b o r ­

a t o r y ( N S C L ) , a n u c l e a r p h y s i c s r e ­

s e a r c h l a b , a n d s taf f of t h e H a r p e r 

H o s p i t a l O n c o l o g y D e p a r t m e n t . T h e 

g o a l s of t h e p r o j e c t w e r e to e v a l u a t e 

the b i o l o g i c a l e f f e c t i v e n e s s a n d c l i n i c a l 

i m p o r t a n c e o f n e u t r o n t h e r a p y , a n d to 

c l a r i f y the e c o n o m i c a n d o p e r a t i o n a l 

a d v a n t a g e s of a h i g h l y c o m p a c t s u p e r ­

c o n d u c t i n g c y c l o t r o n . T h i s f a c i l i t y , 

n o w i n r o u t i n e s e r v i c e at H a r p e r , i s 

u s e d i n t h e t r e a t m e n t of s i x p a t i e n t s 

p e r d a y , a f i g u r e e x p e c t e d to d o u b l e i n 

the n e a r f u t u r e . 

B e c a u s e of t h i s p r o j e c t ' s s u c c e s s , a 

c o l l a b o r a t i o n of the N S C L a n d s e v e r a l 

m e d i c a l s c h o o l s h a s b e e n f o r m e d to 

d e v e l o p a c o m p a c t s u p e r c o n d u c t i n g 

c y c l o t r o n f o r p r o t o n t h e r a p y — a g a i n a 

m a c h i n e tha t w o u l d b e p r a c t i c a l i n a 

c l i n i c a l e n v i r o n m e n t . 

Visual system prosthesis. 

Enlargement shows a three-dimen 

tional electrode array that is part 

of a visual aid and loill be used to 

electrically stimulate the cortex. 



O T H E R E X A M P L E S O F 

K N O W L E D G E T R A N S F E R 

» " A c o u s t i c " A i r C o n d i t i o n e r : N o 

C F C s . T t i e u s e of c h l o r o f l u o r o c a r -

b o n s ( C F C s ) a s r e f r i g e r a n t s i n a i r 

c o n d i t i o n i n g s y s t e m s is o n e o f 

m a n y f a c t o r s r e s p o n s i b l e f o r d e p l e ­

t i o n of the o z o n e l a y e r . T h r o u g h a n 

N S F S m a l l B u s i n e s s I n n o v a t i o n 

R e s e a r c h g r a n t . C o n t i n u u m 

D y n a m i c s , I n c . i n P r i n c e t o n , N e w 

J e r s e y , h a s b e e n d e v e l o p i n g a n o v e l 

s y s t e m t h a t e l i m i n a t e s C F C e m i s ­

s i o n p r o b l e m s i n a i r c o n d i t i o n i n g . 

T h e n e w s y s t e m u s e s m o v i n g a i r 

a n d t h e s o u n d s it p r o d u c e s a s t h e 

" w o r k i n g f l u i d " ( r a t h e r t h a n a C F C 

o r o t h e r s y n t h e t i c r e f r i g e r a n t ) , t h u s 

l e s s e n i n g a d v e r s e e f fects o n the 

e n v i r o n m e n t . 

S a i d A l a n B i l a n i n , P r e s i d e n t of 

C o n t i n u u m D y n a m i c s , " W e a n t i c i ­

p a t e t h a t the e f f i c i e n c y a n d s i m p l i c ­

i t y of t h e n e w d e v i c e w i l l m a k e it a 

v e r y a t t r a c t i v e a l t e r n a t i v e to t h e 

v a p o r - c o m p r e s s i o n a i r c o n d i t i o n ­

i n g m a c h i n e s n o w b e i n g u s e d i n 

c a r s , r e s i d e n c e s , a n d o f f i ce b u i l d ­

i n g s . " 

• E l e c t r o n i c " N o t e b o o k . " P o r t a b l e 

l a p - t o p c o m p u t e r s h a v e f o u n d o n l y 

l i m i t e d a p p l i c a t i o n s to d a t e , l a r g e l y 

a m o n g w h i t e - c o l l a r p r o f e s s i o n a l s 

w h o w r i t e or c o m p u t e n u m b e r s 

a b o a r d a i r p l a n e s or t r a i n s o r i n 

h o t e l r o o m s w h i l e a w a y f r o m t h e 

o f f i ce . T h e r e a r e s e v e r a l p r o b l e m s 

w i t h l a p - t o p c o m p u t e r s , a m o n g 

t h e m t h e n e e d f o r a f la t , s t e a d y s u r ­

f a c e i n o r d e r to i n p u t d a t a o n the 

k e y b o a r d . L a p - t o p s a r e t h e r e f o r e 

n o t p r a c t i c a l f o r u s e b y the g r e a t 

m a j o r i t y of p e o p l e w h o m u s t c o l ­

lect i n f o r m a t i o n r o u t i n e l y a n d 

r e p e a t e d l y t h r o u g h o u t the d a y 

w h i l e m o v i n g a r o u n d . T h e y 

i n c l u d e t e c h n i c i a n s i n i n d u s t r i a l 

p l a n t s , s tore c l e r k s , i n s p e c t o r s , 

p o l i c e o f f i c i a l s , d e l i v e r y p e r s o n n e l , 

i n s u r a n c e a g e n t s , s a l e s r e p r e s e n t a ­

t i v e s , e v e n s o m e r e s e a r c h e r s . M o s t 

o f t e n , t h e s e w o r k e r s co l l ec t i n f o r ­

m a t i o n i n h a n d w r i t i n g o n p a p e r 

f o r m s , l a t e r t r a n s f e r r i n g it to a n 

o f f i c e c o m p u t e r . 

T o o f f er t h e s e m o b i l e w o r k e r s a 

be t ter w a y to co l l ec t i n f o r m a t i o n , 

N S F - f u n d e d e n g i n e e r s a t C o l u m b i a 

U n i v e r s i t y ' s C e n t e r for T e l e c o m ­

m u n i c a t i o n R e s e a r c h h a v e d e v e l ­

o p e d a n " e l e c t r o n i c n o t e b o o k . " 

A c c e s s to d i s t r i b u t e d c o m p u t i n g 

r e s o u r c e s a n d d a t a b a s e s u s i n g the 

e l e c t r o n i c n o t e b o o k is a c h i e v e d v i a 

s m a l l , p o r t a b l e t e r m i n a l s tha t d o 

n o t f e a t u r e d i s k s o r k e y b o a r d s . 



T R A N S F E R R I N G K N O W L E D G E 

Engineering Researefi Center worlc. 

Graduate student (left) works with 

chemical engineering professor at the 

University of Maryland's Systems 

Research Center. They are using a 

polymerization reactor. 
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C H A P T E R F I V E 

N E W S 

C O M M I S S I O N O N N S F ' s F U T U R E 

I n A u g u s t 1992 , t h e N a t i o n a l S c i e n c e B o a r d ( N S B ) — t h e 2 4 - m e m b e r p o l i c y 

m a k i n g a r m of t h e N a t i o n a l S c i e n c e F o u n d a t i o n — e s t a b l i s h e d a C o m m i s s i o n o n 

the F u t u r e of t h e N a t i o n a l S c i e n c e F o u n d a t i o n . 

P r o p o s e d b y the N S F D i r e c t o r i n t h e c o n t e x t of a l o n g - r a n g e p l a n n i n g p r o c e s s 

u n d e r w a y at N S F (see f o l l o w i n g ) , t h e C o m m i s s i o n e x a m i n e d h o w N S F s h o u l d 

a d a p t to c h a n g e s o n a n a t i o n a l a n d g l o b a l s c a l e t h a t a f f ec t t h e a g e n c y ' s m i s s i o n . 

T h e 1 5 - m e m b e r c o m m i s s i o n l o o k e d at w a y s f o r N S F to e n h a n c e i ts u n i q u e r o l e a s 

t h e m a j o r s u p p o r t e r of f u n d a m e n t a l r e s e a r c h a n d e d u c a t i o n , w h i l e a s s u m i n g 

g r e a t e r r e s p o n s i b i l i t y f o r d e v e l o p i n g l i n k s b e t w e e n a c a d e m i c s c i e n c e a n d i n d u s ­

t r y . T h e g r o u p a l s o e x p l o r e d n e w d i r e c t i o n s f o r the F o u n d a t i o n i n f o s t e r i n g c o n ­

n e c t i o n s b e t w e e n r e s e a r c h a n d t e c h n o l o g y that w o u l d b e b e n e f i c i a l to the n a t i o n . 

I n a d d i t i o n , t h e C o m m i s s i o n e x a m i n e d the s p e c i f i c r o l e of N S F i n m a k i n g the 

r e s u l t s o f r e s e a r c h m o r e a c c e s s i b l e i n e f for t s to b u i l d A m e r i c a ' s t e c h n o l o g y b a s e . 
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S P E C I A L C O M M I S S I O N O N T H E F U T U R E O F T H E N A T I O N A L S C I E N C E F O U N D A T I O N 

miliam H. Danforth 

Co-chairman 

C O - C H A I R M E N ; 

W i l l i a m H . D a n f o r t h , C h a n c e l l o r , W a s h i n g t o n U n i v e r s i t y , St . L o u i s 

R o b e r t W . G a l v i n , C h a i r m a n , E x e c u t i v e C o m m i t t e e , M o t o r o l a 

M E M B E R S ; 

Robert W. Galvin 

Co-chairman 

Walter E. Massey 

Director of the 

National Science 

Foundation 

James J. Duderstadt 

Chairman of 

the National 

Science Board 

J o h n A . A r m s t r o n g , V i c e P r e s i d e n t for S c i e n c e a n d T e c h n o l o g y , I B M 

J a c q u e l i n e B a r t o n , P r o f e s s o r , C a l i f o r n i a I n s t i t u t e of T e c h n o l o g y 

L i n d y B o g g s , f o r m e r U . S . R e p r e s e n t a t i v e , Nevi^ O r l e a n s , L o u i s i a n a 

L e w i s M . B r a n s c o m b , A l b e r t P r a t t P r o f e s s o r of P u b l i c S e r v i c e , 

H a r v a r d U n i v e r s i t y 

P e t e r E i s e n b e r g e r , D i r e c t o r , P r i n c e t o n M a t e r i a l s I n s t i t u t e 

* M a r y e A n n e F o x , M . J u n e a n d J . V i r g i l W a g g o n e r R e g e n t s 

C h a i r i n C h e m i s t r y , U n i v e r s i t y of T e x a s at A u s t i n 

C . P e t e r M a g r a t h , P r e s i d e n t , N a t i o n a l A s s o c i a t i o n of S ta te U n i v e r s i t i e s 

a n d L a n d - G r a n t C o l l e g e s 

P e r c y A . P i e r r e , V i c e P r e s i d e n t of R e s e a r c h a n d G r a d u a t e S t u d i e s , 

M i c h i g a n State U n i v e r s i t y 

* F r a n k H . T . R h o d e s , P r e s i d e n t , C o r n e l l U n i v e r s i t y 

E a r l R i c h a r d s o n , P r e s i d e n t , M o r g a n Sta te U n i v e r s i t y 

* I a n M . R o s s , P r e s i d e n t E m e r i t u s , A T & T B e U L a b s 

W i l l i a m J . R u t t e r , C h a i r m a n of t h e B o a r d , C h i r o n C o r p o r a t i o n 

D o n n a S h a l a l a , C h a n c e l l o r , U n i v e r s i t y of W i s c o n s i n — M a d i s o n 

C h a r l e s N . B r o w n s t e i n , E x e c u t i v e S e c r e t a r y 

*members of the Nat ional Science Board 
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E X C E R P T S F R O M C O M M I S S I O N R E P O R T 

The NSF serves as a major source 

of new scientific and engineering 

ideas and skilled people underpinning 

broad sectors of our economy and our 

society. 

Changes in American businesses and 

universities hold promise of a more recep­

tive adoption and practical application of 

the knowledge born of research and 

advanced education. 

NSF should have two goals . . . 

One is to support first-rate research at 

many points on the frontiers of 

knowledge, identified and defined by 

the best researchers. The second goal is 

a balanced allocation of resources in 

strategic researcit areas. 

Nature knows nothing about discipli­

nary boundaries. 

Undergraduate education is en­

riched by faculty participating in 

research. 

The great strength of American 

science and of American universities is 

the absence of rigid cultural barriers 

between science and engineering and 

between pure research and its applications. 

The Board and the National 

Science Foundation are today the lead 

organizations representing the inter­

ests of broad science and engineering 

in the United States. 
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O R G A N I Z A T I O N A L N E W S 

S T R A T E G I C P L A N 

N S F a l s o d r e w u p a l o n g r a n g e s t r a t e g i c p l a n to h e l p m e e t n a t i o n a l n e e d s for 

r e s e a r c h s u p p o r t i n t h e 1990s a n d b e y o n d . T h e p l a n i n c l u d e s : 

• I n t e l l e c t u a l i n t e g r a t i o n , to d e a l w i t h the g r o w i n g c o m p l e x i t y a n d i n t e r d i s c i p l i ­

n a r y n a t u r e of f u n d a m e n t a l r e s e a r c h ; 

• O r g a n i z a t i o n a l i n t e g r a t i o n , s t r e s s i n g p a r t n e r s h i p s to e x t e n d i n t e l l e c t u a l a n d 

f i n a n c i a l r e s o u r c e s a n d to s p e e d p r o g r e s s i n d i s c o v e r y a n d u s e of k n o w l e d g e ; 

• I n v e s t m e n t i n p e o p l e , the m o s t i m p o r t a n t r e s o u r c e s i n s c i e n t i f i c a n d t e c h n o l o g ­

i c a l r e s e a r c h ; 

• K e e p i n g N S F a p r o a c t i v e o r g a n i z a t i o n , a v i t a l n a t i o n a l s o u r c e of s u p p o r t f o r 

r e s e a r c h a n d e d u c a t i o n ; a n d 

• A c c o u n t a b i l i t y a s a c r i t i c a l c o m p o n e n t of the s t e w a r d s h i p e x p e c t e d of N S F a n d 

r e q u i r e d to a c h i e v e its goa l s . 

A f u r t h e r n e w p r i o r i t y of N S F is to b u i l d s t r o n g e r b r i d g e s b e t w e e n a c a d e m i a 

a n d i n d u s t r y , s o tha t A m e r i c a n a c a d e m i c i n s t i t u t i o n s c a n c o n t r i b u t e t h e i r e x p e r ­

t ise to i m p r o v i n g the s t a n d a r d o f l i v i n g i n the U n i t e d Sta tes a n d o u r a b i l i t y to 

c o m p e t e i n t e r n a t i o n a l l y . 
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A P P E N D I X A 

N S F S E N I O R S T A F F A N D 

N A T I O N A L S C I E N C E B O A R D M E M B E R S ( F Y 1 9 9 2 ) 

N A T I O N A L S C I E N C E F O U N D A T I O N S E N I O R S T A F F ( A s o f S e p t e m b e r 3 0 , 1 9 9 2 ) * 

Director, W a l t e r E . M a s s e y 

Deputy Director, F r e d e r i c k M . B e r n t h a l 

General Counsel, C h a r l e s H . H e r z 

Director, Office of Equal Opportunity Programs, E u g e n e H . C o t a - R o b l e s 

Director, Office of Legislative and Public Affairs, R a y m o n d E . B y e , Jr . 

Director, Office of Planning and Assessment, C h a r l e s N . B r o w n s t e i n 

Director, Office of Science and Technology Infrastructure, N a t h a n i e l P i t t s 

Assistant Director for Biological Sciences, M a r y E . C l u t t e r 

Assistant Director for Computer and Information Science and Engineering, 

N i c o A . H a b e r m a n n 

Assistant Director for Education and Human Resources, L u t h e r S. W i l l i a m s 

Assistant Director for Engineering, J o s e p h B o r d o g n a 

Assistant Director for Geosciences, R o b e r t W . C o r e l l 

Assistant Director for Mathematical and Physical Sciences, W i l l i a m C . H a r r i s 

Assistant Director for Social, Behavioral and Economic Sciences, 

C o r a B . M a r r e t t 

Director, Office of Budget, Finance and Award Maiiagemerit, 

J o s e p h L . K u U 

Director, Office of Information and Resource Management, 

C o n s t a n c e K . M c L i n d o n 

*NSF was reorganized in the early part of fiscal 1992. 

That reorganization affected several of the offices listed above. 
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N A T I O N A L S C I E N C E B O A R D ( A s o f S e p t e m b e r 3 0 , 1 9 9 2 ) 

T E R M S E X P I R E M A Y 1 0 , 1 9 9 4 

W A R R E N J . B A K E R 

P r e s i d e n t 

C a l i f o r n i a P o l y t e c h n i c State U n i v e r s i t y 

S a n L u i s O b i s p o , C A 

A R D E N L . B E M E N T , J R . 

V i c e P r e s i d e n t , S c i e n c e a n d T e c h n o l o g y 

T R W , I n c . 

C l e v e l a n d , O H 

W . G L E N N C A M P B E L L 

C o u n s e l o r , H o o v e r I n s t i t u t i o n 

S t a n f o r d U n i v e r s i t y 

S t a n f o r d , C A 

D A N I E L C . D R U C K E R 

G r a d u a t e R e s e a r c h P r o f e s s o r , D e p a r t m e n t of A e r o s p a c e E n g i n e e r i n g 

M e c h a n i c s a n d E n g i n e e r i n g S c i e n c e 

U n i v e r s i t y of E l o r i d a 

G a i n e s v i l l e , E L 

C H A R L E S L . H O S L E R 

S e n i o r V i c e P r e s i d e n t for R e s e a r c h a n d D e a n of G r a d u a t e S c h o o l 

a n d P r o f e s s o r of M e t e o r o l o g y - E m e r i t u s , D e p a r t m e n t of M e t e o r o l o g y 

P e n n s y l v a n i a S ta te U n i v e r s i t y 

U n i v e r s i t y P a r k , P A 



P E T E R H . R A V E N 

D i r e c t o r 

M i s s o u r i B o t a n i c a l G a r d e n 

St. L o u i s , M O 

R O L A N D W . S C H M I T T 

P r e s i d e n t 

R e n s s e l a e r P o l y t e c h n i c I n s t i t u t e 

T r o y , N Y 

B E N J A M I N S. S H E N 

R e e s e W . F l o w e r 

P r o f e s s o r of A s t r o n o m y 

D e p a r t m e n t o f A s t r o n o m y 

a n d A s t r o p h y s i c s 

U n i v e r s i t y o f P e n n s y l v a n i a 

P h i l a d e l p h i a , P A 

T E R M S E X P I R E M A Y 1 0 , 1 9 9 6 

P E R R Y L . A D K I S S O N 

E x e c u t i v e D i r e c t o r 

G e o r g e B u s h P r e s i d e n t i a l L i b r a r y 

C e n t e r 

T e x a s A & M U n i v e r s i t y 

C o l l e g e S t a t i o n , T X 

B E R N A R D F . B U R K E 

W i l l i a m A . M . B u r d e n 

P r o f e s s o r of A s t r o p h y s i c s 

M a s s a c h u s e t t s I n s t i t u t e of T e c h n o l o g y 

C a m b r i d g e , M A 

T H O M A S B . D A Y 

( V i c e C h a i r m a n , N a t i o n a l S c i e n c e 

B o a r d ) 

P r e s i d e n t 

S a n D i e g o S ta te U n i v e r s i t y 

S a n D i e g o , C A 

J A M E S J . D U D E R S T A D T 

( C h a i r m a n , N a t i o n a l S c i e n c e B o a r d ) 

P r e s i d e n t 

T h e U n i v e r s i t y o f M i c h i g a n 

A n n A r b o r , M l 

M A R Y E A N N E F O X , 

M . J u n e a n d J . V i r g i l W a g g o n e r 

R e g e n t s C h a i r i n C h e m i s t r y 

D e p a r t m e n t of C h e m i s t r y 

U n i v e r s i t y o f T e x a s at A u s t i n 

A u s t i n , T X 

P H I L L I P A . G R I F F I T H S 

D i r e c t o r 

I n s t i t u t e f o r A d v a n c e d S t u d y 

P r i n c e t o n , N J 

J A I M E O A X A C A 

V i c e C h a i r m a n 

C o r o n a d o C o m m u n i c a t i o n s 

C o r p o r a t i o n 

L o s A n g e l e s , C A 

H O W A R D E . S I M M O N S , J R . 

V i c e P r e s i d e n t f o r C e n t r a l R e s e a r c h 

a n d D e v e l o p m e n t 

E . I . D u P o n t D e N e m o u r s & C o . 

W i l m i n g t o n , D E 
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T E R M S E X P I R E M A Y 1 0 , 1 9 9 8 

F . A L B E R T C O T T O N 

W . T . D o h e r t y - W e l c h F o u n d a t i o n 

D i s t i n g u i s h e d P r o f e s s o r of C l i e m i s t r y 

a n d D i r e c t o r 

L a b o r a t o r y for M o l e c u l a r S t r u c t u r e 

a n d B o n d i n g 

T e x a s A & M U n i v e r s i t y 

C o l l e g e S t a t i o n , T X 

C H A R L E S E . H E S S 

P r o f e s s o r a n d D i r e c t o r of I n t e r n a t i o n a l 

P r o g r a m s 

D e p a r t m e n t of E n v i r o n m e n t a l 

H o r t i c u l t u r e 

U n i v e r s i t y of C a l i f o r n i a 

D a v i s , C A 

J O H N E . H O P C R O F T 

A s s o c i a t e D e a n f o r C o l l e g e A f f a i r s 

C o l l e g e of E n g i n e e r i n g 

C o r n e l l U n i v e r s i t y 

I t h a c a , N Y 

J A M E S L . P O W E L L 

C h i e f E x e c u t i v e O f f i c e r 

T h e F r a n k l i n I n s t i t u t e 

P h i l a d e l p h i a , P A 

F R A N K H . T . R H O D E S 

P r e s i d e n t 

C o r n e l l U n i v e r s i t y 

I t h a c a , N Y 

I A N M . R O S S 

P r e s i d e n t - E m e r i t u s 

A T & T B e l l L a b o r a t o r i e s , I n c . 

H o l m d e l , N J 

R I C H A R D N . Z A R F 

M a r g u e r i t e B l a k e W i l b u r P r o f e s s o r 

D e p a r t m e n t o f C h e m i s t r y 

S t a n f o r d U n i v e r s i t y 

S t a n f o r d , C A 

( O n e v a c a n c y a s of S e p t e m b e r 30 , 1992) 

M E M B E R E X O F F I C I O 

W A L T E R E . M A S S E Y 

( C h a i r m a n , E x e c u t i v e C o m m i t t e e ) 

D i r e c t o r 

N a t i o n a l S c i e n c e F o u n d a t i o n 

W a s h i n g t o n , D C 

M A R T A C F H E L S K Y 

E x e c u t i v e O f f i c e r , N a t i o n a l S c i e n c e 

B o a r d 

N a t i o n a l S c i e n c e F o u n d a t i o n 

W a s h i n g t o n , D C 

L I N D A G . S U N D R O 

I n s p e c t o r G e n e r a l 

N a t i o n a l S c i e n c e F o u n d a t i o n 

W a s h i n g t o n , D C 
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A P P E N D I X B 

P A T E N T S A N D F I N A N C I A L T A B L E S 

F O R F I S C A L Y E A R 1 9 9 2 

P a t e n t s a n d I n v e n t i o n s R e s u l t i n g f r o m N S F S u p p o r t : 

D u r i n g f i s c a l y e a r 1992, the F o u n d a t i o n r e c e i v e d 287 i n v e n t i o n d i sc losures . 

A l l o c a t i o n s of r ights to 148 of those i n v e n t i o n s w e r e m a d e b y S e p t e m b e r 30, 1991. 

T h e s e re su l t ed i n d e d i c a t i o n to the p u b l i c t h r o u g h p u b l i c a t i o n i n 22 cases , retent ion of 

p r i n c i p a l patent r ights b y the grantee or i n v e n t o r i n 115 ins tances , a n d transfer to other 

G o v e r n m e n t agencies i n 11 cases. L i c e n s e s w e r e r e c e i v e d b y the F o u n d a t i o n i n 44 

patent app l i ca t ions f i l ed b y grantees a n d contractors w h o re ta ined p r i n c i p a l r ights i n 

their invent ions . 

T A B L E O N E - B I O L O G I C A L S C I E N C E S 

N u m b e r of 
A w a r d s 

A m o u n t 

(in M i l l i o n s ) 

SOURCE: Fiscal Year 1994 

Justification of Estimates of 

Appropriation to ti-ie Congress. 

M o l e c u l a r a n d C e l l u l a r Biosc iences 1,049 $ 83.13 

Integrat ive B i o l o g y a n d N e u r o s c i e n c e s 1,113 77.19 

E n v i r o n m e n t a l B i o l o g y 878 72.64 

B io log ica l I n s t r u m e n t a t i o n a n d R e s o u r c e s 235 41.39 

T o t a l 3,275 $ 274.35 
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T A B L E T W O - C O M P U T E R A N D I N F O R M A T I O N S C I E N C E A N D E N G I N E E R I N G 

N u m b e r of 

A w a r d s 

A m o u n t 
( in M i l l i o n s ) 

C o m p u t e r a n d C o m p u t a t i o n Researc i t 428 $ 34.77 

I n f o r m a t i o n , Robot ics a n d Intel l igent S y s t e m s 377 26.90 

Microe l ec tron ic I n f o r m a t i o n P r o c e s s i n g S y s t e m s 244 21.44 

A d v a n c e d Scient i f ic C o m p u t i n g 91 69.43 

N e t w o r k i n g a n d C o m m u n i c a t i o n s 

R e s e a r c h a n d I n f r a s t r u c t u r e 235 35.38 

C r o s s - D i s c i p l i n a r y Act iv i t i e s 167 22.45 

T o t a l 1,542 $ 210.37 

T A B L E T H R E E - E N G I N E E R I N G 

N u m b e r of A m o u n t 
A w a r d s ( in M i l l i o n s ) 

B io log ica l a n d C r i t i c a l S y s t e m s 530 $ 39.38 

C h e m i c a l a n d T h e r m a l S y s t e m s 517 36.30 

D e s i g n a n d M a n u f a c t u r i n g S y s t e m s 374 22.52 

E l e c t r i c a l a n d C o m m u n i c a t i o n s S y s t e m s 502 35.12 

E n g i n e e r i n g E d u c a t i o n a n d C e n t e r s 282 75.42 

I n d u s t r i a l I n n o v a t i o n Interface 281 24.16 

M e c h a n i c a l a n d S t r u c t u r a l S y s t e m s 443 25.20 

Tota l 2,929 $ 258.10 
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T A B L E F O U R - G E O S C I E N C E S 

N u m b e r of 
A w a r d s 

A m o u n t 
( in M i l l i o n s ) 

751 $ 126.50 

E a r t h Sc iences 918 75.90 

O c e a n Sc iences 994 177.50 

Sc ience & T e c h n o l o g y C e n t e r s 1 .93 

T o t a l 2,664 $ 380.83 

T A B L E F I V E - M A T H E M A T I C A L A N D P H Y S I C A L S C I E N C E S 

N u m b e r of A m o u n t 
A w a r d s ( in M i l l i o n s ) 

M a t h e m a t i c a l Sc iences 1,415 $ 78.42 

A s t r o n o m i c a l Sc iences 375 112.22 

P h y s i c s 736 138.07 

C h e m i s t r y 1,393 112.11 

M a t e r i a l s R e s e a r c h 1,099 143.54 

M a j o r R e s e a r c h E q u i p m e n t 3 37.97 

T o t a l 5,021 $ 622.33 
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T A B L E S I X - S O C I A L , B E H A V I O R A L A N D E C O N O M I C S C I E N C E S 

N u m b e r of A m o u n t 

A w a r d s ( in M i l l i o n s ) 

Soc ia l , B e h a v i o r a l a n d E c o n o m i c Sc iences 1,179 $ 65.99 

Internat iona l C o o p e r a t i v e Sc ient i f ic Ac t iv i t i e s 488 13.11 

Sc ience R e s o u r c e s S tud ies 33 6.89 

T o t a l 1,700 $ 85.99 

T A B L E S E V E N - E D U C A T I O N A N D H U M A N R E S O U R C E S 

N u m b e r of Amount 

A w a r d s '•^^ M i l l i o n s ) 

S y s t e m i c R e f o r m 89 $ 44.49 

E l e m e n t a r y , S e c o n d a r y a n d I n f o r m a l E d u c a t i o n 837 198.12 

U n d e r g r a d u a t e E d u c a t i o n 919 60.66 

G r a d u a t e E d u c a t i o n a n d R e s e a r c h D e v e l o p m e n t 255 55.60 

H u m a n R e s o u r c e D e v e l o p m e n t 200 46.28 

R e s e a r c h , E v a l u a t i o n a n d D i s s e m i n a t i o n 120 36.26 

T o t a l 2,420 $ 441.41 
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T A B L E E I G H T - U N I T E D S T A T E S P O L A R R E S E A R C H P R O G R A M 

N u m b e r of 

A w a r d s 

A m o u n t 
( in M i l l i o n s ) 

U . S . A n t a r c t i c R e s e a r c l i P r o g r a m 215 $ 22.00 

O p e r a t i o n s a n d Sc ience S u p p o r t 35 55.37 

U . S . A n t a r c t i c L o g i s t i c a l S u p p o r t 1 10.00 

NOTE: In FY 1992 and FY 1993 

the Arctic Program was funded 
Subtota l 251 87.37 

tln'oiigh tlie Research and Related 

Appropriation. In Fiscal Year 1994, 

the Atretic F^esearch Program zoill he 

funded by the U.S. Polar Research 

appropriation. 

U . S . A r c t i c R e s e a r c h P r o g r a m 206 21.13 

tln'oiigh tlie Research and Related 

Appropriation. In Fiscal Year 1994, 

the Atretic F^esearch Program zoill he 

funded by the U.S. Polar Research 

appropriation. T o t a l 457 $ 108.50 

T A B L E N I N E - A C A D E M I C R E S E A R C H F A C I L I T I E S A N D I N F R A S T R U C T U R E 

N u m b e r of 
A w a r d s 

A m o u n t 
( in M i l l i o n s ) 

A c a d e m i c R e s e a r c h Fac i l i t i e s a n d I n f r a s t r u c t u r e 91 $ 33.36 

T o t a l 91 $ 33.36 
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T A B L E T E N - E X P E R I M E N T A L P R O G R A M T O S T I M U L A T E C O M P E T I T I V E R E S E A R C H 

N O T E ; In FY 1992 EPSCoR was 

funded through the Researcli and 

Related Activities appropriation. In 

FY 1993 and FY 1994 EPSCoR will 

be funded by the Education and 

Human Resources activity. 

E x p e r i m e n t a l P r o g r a m to 

S t imula te C o m p e t i t i v e R e s e a r c h ( E P S C o R ) 

T o t a l 

N u m b e r of 
A w a r d s 

29 

29 

A m o u n t 
( in M i l l i o n s ) 

18.02 

18.02 
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O T H E R N S F P U B L I C A T I O N S O F G E N E R A L I N T E R E S T 

About ttie National Science Foundation ( f l y e r ) 

NSF Bulletin ( p u b l i s h e d m o n t h l y e x c e p t i n J u l y a n d A u g u s t ) 

Publications of the National Science Foundation ( l i s t ) 

Grants for Research and Education in Science and Engineering 

( h o w to a p p l y ) 

Guide to Programs ( c a t a l o g ) 

NSF Films ( b o o k l e t ) 

NSF Directions ( n e w s l e t t e r ) 

S i n g l e c o p i e s of t h e s e p u b l i c a t i o n s a r e a v a i l a b l e f r o m 

F o r m s a n d P u b h c a t i o n s , N S F , 1800 G Street , N . V ^ . , 

W a s h i n g t o n , D . C . 2 0 5 5 0 , (202) 357-7861 . 

E f f e c t i v e O c t o b e r 2 5 , 1 9 9 3 , t h e n e w m a i l i n g a d d r e s s w i l l b e : 

N a t i o n a l S c i e n c e F o u n d a t i o n 

4 2 0 1 W i l s o n B l v d . 

A r l i n g t o n , V A 2 2 2 3 0 

I f y o u a r e a u s e r of e l e c t r o n i c m a i l a n d h a v e a c c e s s to e i t h e r B I T N E T o r I n t e r n e t , 

y o u m a y p r e f e r to o r d e r p u b l i c a t i o n s e l e c t r o n i c a l l y . B I T N E T u s e r s s h o u l d 

a d d r e s s r e q u e s t s to p u b s @ n s f . I n t e r n e t u s e r s s h o u l d s e n d r e q u e s t s to 

p u b s @ n s f . g o v . I n y o u r r e q u e s t , i n c l u d e t h e N S F p u b l i c a t i o n n u m b e r a n d t i t le , 

n u m b e r of c o p i e s , y o u r n a m e , a n d a c o m p l e t e m a i l i n g a d d r e s s . P u b l i c a t i o n s w i l l 

b e m a i l e d w i t h i n 2 d a y s o f r e c e i p t of r e q u e s t . 

E l e c t r o n i c D i s s e m i n a t i o n 

Y o u c a n get fas t i n f o r m a t i o n a b o u t a l l N S F p r o g r a m s t h r o u g h S T I S ( S c i e n c e a n d 

T e c h n o l o g y I n f o r m a t i o n S y s t e m ) , N S F ' s o n l i n e p u b l i s h i n g s y s t e m , d e s c r i b e d i n 

N S F 91-10 ( rev . 1 0 / 2 5 / 9 2 ) , the " S T I S f l yer ." 

T o get a p a p e r c o p y of the f l y e r , c a l l t h e N S F P u b l i c a t i o n s S e c t i o n at 202-357-7861 . 

F o r a n e l e c t r o n i c c o p y , s e n d a n E - m a i l m e s s a g e to s t i s f l y @ n s f . g o v ( I n t e r n e t ) or 

S T I S F L Y @ N S F ( B I T N E T ) . 
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