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ATMOSPHERES 

Observat ions of the minute d i s k s of Uranus and Neptune from 

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

o b s e r v a t o r y s i t e and r e q u i r e t h e most advanced t e c h n i q u e s in 

o p t i c a l imaging i n s t r u m e n t a t i o n . Less t h a n 4 a r c s e c a c r o s s , the 

d i s k of Uranus would f i t wi th in the Creat Ped Spot of J u p i t e r in 

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

Neptune, l e s s than 2.5 a r c s e c in d i a m e t e r , i s s c a r c e l y more than 

h a l f a g a i n t h a t of G a n y m e d e , t h e l a r g e s t of t h e G a l i l e a n 

s a t e l l i t e s . At p r e s e n t , both p l a n e t s a re s i t u a t e d a t far s o u t h e r l y 

d e c l i n a t i o n s , making them even more d i f f i c u l t ob j ec t s for Northern 

Hemisphere o b s e r v a t o r i e s . 

Both Uranus and Neptune e x h i b i t f a i n t b l u i s h - g r e e n d i s k s , a 

consequence both of t h e i r g r ea t d i s t a n c e from the sun and of s t rong 

absorp t ions of the longer s p e c t r a l w a v e l e n g t h s by methane in t h e 

a t m o s p h e r e above t h e i r c loud t o p s . Visual obse rve r s ( s e e , fo r 

example , Alexander , 1965) have o c c a s i o n a l l y d e p i c t e d bands and 

o the r l o w - c o n t r a s t mark ings on Uranus and Neptune , but these a re 

c e r t a i n l y s u s p e c t . During the mid-1960 ' s , C.W. Tombaugh and one of 

us ( B . A . S . ) made photographic composites of s e v e r a l dozen s e l e c t e d 

images of Uranus in both blue and red l i g h t ; we were unable to see 

anything more than a f e a t u r e l e s s , l imb-darkened d i s k . In 1970 the 

ba l loon-borne t e l e s c o p e , S t ra toscope I I , acquired s e v e r a l images of 

Uranus in v i s u a l l i g h t with a r e s o l u t i o n of 0 .2 a r c s e c ( D a n l e l s o n 

e l a l . , 1 9 7 2 ) ; a l t h o u g h some i n v e s t i g a t o r s suggested evidence for 
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vague, dusky markings, the cases presented were a n y t h i n g but 

convincing . Several a t tempts have been made recently to employ 

speckle image interferometry as a means for investigating the tiny 

disks of these d is tan t p lanets . Although the prospects appear to 

be promising, no useful r e s u l t s have been obtained to date (R. 

Goody, 1981). 

We conclude that the disks of Uranus and Neptune are probably 

f ea tu re l e s s in v is ib le l i gh t , i . e . , they do not show the same type 

of banded , a t m o s p h e r i c s t r u c t u r e which i s so f a m i l i a r a 

c h a r a c t e r i s t i c of the images of Jupiter and Saturn. This banded 

p a t t e r n , a r e s u l t of s t rong zonal ( eas t -wes t ) cu r r en t s in the 

atmospheres of these rapidly rotat ing planets , i s made v i s i b l e by 

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

corresponding production of multi-hued condensibles at atmospheric 

levels which are observable in the visual region of the spectrum. 

The atmospheric c i r c u l a t i o n of Uranus and Neptune might well 

resemble tha t of J u p i t e r and Saturn, but the condensibles are 

e i t h e r ro re homogeneous in t h e i r o p t i c a l p r o p e r t i e s o r , more 

l i k e l y , form at levels '.Thich are too deep to be seen in v i s i b l e 

l i g h t . 

During the mid-1970's, prototype vers ions of a new type of 

o p t i c a l de tec to r became ava i l ab l e to the s c i e n t i f i c community. 

This so l id - s t a t e array detector i s known as a charge-coupled device 

or CCD, and among i t s many super io r c h a r a c t e r i s t i c s a r e h igh 

quantum e f f i c i ency in the near i n f r a r e d , coupled with very low 

readout n o i s e . In April 1976 a 400x400-element CCD was placed at 

the Cassegrainian focus of the Catal ina Station 154-cm ref lector 

(University of Arizona Observatories) in a ser ies of t e s t s of i t s 

appl icabi l i ty for astronomical research (Smith, 1977). Included in 

a l i s t of s e l ec t ed ob jec t s was the p l a n e t Uranus. Among the 

optical f i l t e r s employed was one with a narrow transmission band 

centered on the P900A absorp t ion band of methane. The absorption 

within this band by methane in the Uranus atmosphere is so great 

that the average albedo over the disk of the p lanet i s l e s s than 

0 .02 . The. images , however , showed a non-uniform disk with 

pronounced limb brightening, which tended to be stronger toward the 
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Fig. 1. CCD image of Uranus in the 
8900A methane band taken in 1976. 

nor th polar regions (F ig . 1 ) . Although t h i s e a r l y CCD had a 

r e l a t i v e l y high level of read-out n o i s e , the non-uniformity of 

brightness over the 3.9 arcsec disk, i s r ead i ly apparent . The limb 

brightening must be due to an op t i ca l l y th in layer of par t icula tes 

at such great height in the Oranus atmosphere that back-sca t te r ing 

occurs before individual photons can be absorbed by atmospheric 

methane. Because the background of the m e t h a n e - a b s o r b i n g 

atmosphere of Uranus i s so dark, hazes of extremely low o p t i c a l 

th ickness can be d e t e c t e d . Candidate ma te r i a l s for the high, 

o p t i c a l l y thin haze include methane ice c rys ta l s , photochemical ly 

produced organic p a r t i c u l a t e s and dust of exogenic o r i g i n . The 

r e l a t i v e infrequency with which superior image q u a l i t y occurs at 

even a good s i t e has thus far prevented us from obtaining the time 

coverage necessary to look for rotat ional effects . However, the 

poss ib i l i ty remains for an observer with dedicated ins t rumentat ion 

and ample observing time at a good s i t e . 
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Fig. 2. CCD images of Neptune in the 8900A 
methane band and continuum (7550A). 

In May 197?, with a bet ter CCD and bet ter image q u a l i t y a t 

the same telescope, we observed Feptune through a set of f i l t e r s 

centered on various methane absorption bands from 7260A to 1 micron 

(Smith e l a l . , 1979). Selected images can be seen in Fig 2. As 

with Uranus, a non-uniforr. disk i s apparent, but the appearance of 

Neptune, is .quite different from tha t of i t s inner neighbor. The 

southern hemisphere shows a general b r i gh t en ing ; the nor thern 

mid- la t i tudes , however, contain a non-axisymmetric b r igh t f ea tu re 

which i s observed to move eastward with the p l a n e t ' s d i r e c t 

ro ta t ion . The shape of the 2.5 a rcsec disk has been distorted by 

contrast enhancement in the computer processing of the images. One 

year l a t e r , t h e s e f ea tu re s appeared to be l e s s c o n s p i c u o u s . 

Whether th is difference is a resul t of real changes in the p lane t ' s 

atmosphere or merely that of looking at a d i f f e r e n t longitude is 

not known. 

We are continuing to work with the methane-band images of 

Uranus and Neptune. Image restorat ion techniques are being applied 

in an e f fo r t to remove the smearing e f fec t s of the t e r r e s t r i a l 

atmosphere and the i n s t rumen ta l l y induced point-spread function. 

9:40 10:19 UT 
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F ig. 3. Photographs of Saturn's E r ing and s a t e l l i t e s 
taken wi th the coronagraph on 1 Apr i l 1981. 

Success with these image process ing techniques could lead to b e t t e r 

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

of hazes and a r o t a t i o n per iod for Neptune. 

SATELLITES AND RINGS 

The remoteness of Uranus and Neptune adds to t h e d i f f i c u l t y 

of o b s e r v i n g o b j e c t s v e r y c l o s e t o t h e m , s u c h a s r i n g s and 

s a t e l l i t e s w i t h s m a l l o r b i t a l r a d i i . S c a t t e r e d l i g h t from the 

r e l a t i v e l y b r i g h t p l a n e t a r y d i sks s p i l l s over i n t o t h e r e g i o n of 

i n t e r e s t , i . e . t h e n e a r b y s p a c e wi th in a few p l a n e t a r y r a d i i of 

t h e i r r e s p e c t i v e c e n t e r s . However, s c a t t e r e d l i g h t caused by 

i n s t r u m e n t a l d i f f r a c t i o n can be removed by a d e v i c e c a l l e d a 

f o c a l - p l a n e coronagraph - a m o d i f i c a t i o n of a technique developed 

by Lyot (1939) . To i l l u s t r a t e the c a p a b i l i t y of t h i s device and to 

emphas ize t h a t , even in t h i s e r a of e x p l o r a t i o n by p l a n e t a r y 

s p a c e c r a f t , t h e r e a re s t i l l important obse rva t ions to be done from 

the ground, Fig 3 shows r ecen t obse rva t ions of the E r i ng and a new 

s a t e l l i t e of Saturn made with our f o c a l - p l a n e c o r o n a g r a p h and a 
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more c l a s s i c a l d e t e c t o r - t h e p h o t o g r a p h i c e m u l s i o n (Larson e t 

a l . , 1 9 8 1 ) . The f o c a l - p l a n e coronagraph thus has a d e m o n s t r a t e d 

c a p a b i l i t y fo r overcoming the long-s tand ing problem of t r y i n g to 

study f a i n t ob j ec t s which a re loca ted c lose to b r i g h t ones (Larson 

and R e i t s e m a , 1979). 

The f o c a l - p l a n e coronagraph, when used t o g e t h e r w i t h a CCD, 

can be appl ied to the s ea rch fo r c l o s e - i n s a t e l l i t e s of Uranus and 

Neptune and to make o p t i c a l o b s e r v a t i o n s of t h e known r i n g s of 

Uranus. 

OBSERVATIONS FROM SPACE 

As p r e s e n t l y scheduled , Space T e l e s c o p e w i l l be p l a c e d in 

o r b i t i n J a n u a r y 1985 and w i l l s h o r t l y t h e r e a f t e r begin imaging 

obse rva t ions of Uranus and Neptune. The maximum r e s o l u t i o n of the 

Wide F i e l d / P l a n e t a r y Camera, e m p l o y i n g m u l t i p l e I m a g i n g and 

i m a g e - r e s t o r a t i o n t e c h n i q u e s , i s a b o u t 40 k m / a u . F o r 

m e a n - o p p o s i t i o n d i s t a n c e s of Uranus and N e p t u n e , t h i s becomes 

a p p r o x i m a t e l y 700 km and 1200 km r e s p e c t i v e l y . The r e s p e c t i v e 

number of r e s o l u t i o n elements ac ross the d i sks would be 70 and 40. 

Thus , Space T e l e s c o p e w i l l e n t e r a rea lm for which no p r e v i o u s 

exper ience e x i s t s . 

Voyager 2 I s now (September 1981) on i t s way to Uranus and 

w i l l a r r i v e a t t h i s remote p l ane t on 24 J a n u a r y 1986. Imaging 

r e s o l u t i o n of a t m o s p h e r i c f e a t u r e s may be as high as 20 km, while 

for the sa t f i l l i t<is and r i n ^ s r e s o l u t i o n w i l l be b e t t e r t han 5 km 

a n d , for a. few s a t e l l i t e s , as low as 1-2 km. If Voyager 2 manages 

to su rv ive an a d d i t i o n a l 3.5 y e a r s in s p a c e , i t w i l l a r r i v e a t 

N e p t u n e on 24 August 1989, twe lve y e a r s to the day a f t e r i t s 

l a u n c h , o h t a i n i n j ; i m a g e s of t h a t p l a n e t , i t s s a t e l l i t e s (and 

r ings? ) wi th r e s o l u t i o n s comparable to those a t Uranus. 
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