
VOYAGER OBSERVATIONS OF 1985U1, Pe Thomas and J ,  Veverka, Corne l l  
U n i v e r s i t y .  

I n t r d u c t f o n ,  Of t h e  10 smal l  Uran ian s a t e l l i t e s ,  1985U1 i s  t h e  l a r g e s t  
and t h e  o n l y  one f o r  which a  reso lved  image was ob ta ined  by Voyager 2. I n  
terms o f  a1 bedo, t h e  o t h e r  n i n e  sate1 1  i t e s  seem t o  be s i m i l a r  t o  1985U1 
(Smi th  e t  a l . ,  1986), Thus t h e  s i n g l e  image of 1985U1 i s  impor tan t  i n  sug- 
g e s t i n g  what these  o t h e r  o b j e c t s  may be l i k e .  

Size a d  Shape, F igu re  1 shows t h e  1 imb and t e r m i n a t o r  o u t l i n e  o f  t h e  
s a t e l l i t e  viewed from 61" l a t i t u d e ,  78' l ong i t ude .  The l i m b  o f  t h e  s a t e l -  
1  i t e  can be measured t o  subpixe l  p r e c i s i o n  by techniques repor ted  by  
Dermott  and Thomas (1986). Scans across t h e  l i m b  can be used t o  l o c a t e  t h e  
edge o f  t h e  d i s k  t o  about 0.3 p i x e l  s, The resu l  t a n t  1  i ne and sample coor -  
d i n a t e s  a re  sca led  t o  k i l o m e t e r s  us i ng  t h e  range and camera f oca l  l e n g t h  
(Davies and Katayama, 1981). The cen te r  was l o c a t e d  approx imate ly  f rom t h e  
p o s i t i o n  o f  t h e  t e r m i n a t o r  and from t h e  phase angle, D i r e c t  measurement o f  
t h e  l o n g  and s h o r t  dimensions g ives  82 km and 77 km, r e s p e c t i v e l y ;  an 
e l l i p s e  f i t  t o  t h e  l i m b  us i ng  t h e  same cen te r  coord ina tes  g i ves  axes o f  78 
and 76 km. Thus t h e  s a t e l l i t e ' s  average r a d i u s  i s  somewhat l e s s  than 77 
km, and, a t  l e a s t  i n  t h e  o r b i t a l  plane, t h e  s a t e l l i t e  i s  no t  g r e a t l y  
elongated. The dimension pe rpend i cu l a r  t o  t h e  o r b i t a l  p lane  i s  unknown. 

Surface Features. One c r a t e r ,  approx imate ly  45 km across, i s  near t h e  
t e rm ina to r .  Two o t h e r  p o s s i b l e  c r a t e r s  a re  v i s i b l e ,  b u t  t h e r e  i s  no bas i s  
f o r  a t t emp t i ng  c r a t e r  counts,  o r  making any statements concern ing c r a t e r  
morphol ogy. 

Photomtry. We have used a  M innaer t  f u n c t i o n  t o  approximate t h e  photo- 
m e t r i c  behav io r  o f  t h e  su r f ace  o f  1985U1. Such an approx imat ion works we1 1  
on o t h e r  Uran ian sate1 1  i t e s  f o r  which ex tens i ve  da ta  were obta ined.  Addi - 
t i o n a l l y ,  i n  t h e  case o f  1985U1, t h e  i r r e g u l a r  shape o f  t h e  s a t e l l i t e  
i n t r oduces  more se r i ous  u n c e r t a i n t i e s  i n t o  any pho tomet r i c  a n a l y s i s  than  do 
d e t a i l s  o f  t h e  pho tomet r i c  f u n c t i o n  employed. We sampled t h e  d i s k  by two 
methods, one a  g r i d  search o f  every  o t h e r  p i x e l ,  t h e  o t h e r  i n t e r a c t i v e l y  
se l ec ted  2x2 p i x e l  boxes. A t  each p o i n t  we assumed t h a t  

where 6 cos i i s  i n c i d e n t  s o l a r  f l u x ,  I i s  s ca t t e red  i n t e n s i t y ,  PO i s  t h e  
cos ine o f  t he  i nc i dence  angl e  ( i  ) , p i s  cos ine o f  t h e  emi ss i on  angle ( E ) ,  k  
i s  t h e  Minnaer t  1  imb darken ing  parameter, and a i s  t h e  phase angle. Assum- 
i n g  an e l l i p s o i d a l  shape a l l ows  a  l e a s t  squares f i t  f rom t h e  Minnaer t  
parameters o f  B o  and k. The two sampl ing methods g i v e  n e a r l y  i d e n t i c a l  
r esu l  t s  : 

These va lues appear reasonable. For comparison w i t h  t h e  Moon a t  a = 
33O, B o  = 0.058 and k  = 0.60 ( H e l f e n s t e i n  and Veverka, 1986), w h i l e  bo th  
T i  t a n i a  and Oberon have k  = 0.7 a t  t h i s  phase angl e. 



To o b t a i n  an es t imate  of t h e  s a t e l l i t e ' s  geometr ic albedo and normal 
r e f l e c t a n c e  we must e x t r a p o l a t e  t h e  Bo va lue determined a t  33O t o  a = 0°, 
Consider ing t h e  o v e r a l l  s i m i l  a r i t y  between t h e  phys ica l  p r o p e r t i e s  o f  
1985U1 and those o f  Phoebe, a  reasonable guess f o r  p i  would be 0.024 mag/ 
deg, t h e  average va lue found f o r  Phoebe by Thomas e t  a l .  (1983), The 
r e s u l t i n g  geometr ic  albedo would be 0.09, w i t h  mv = 20.5, O f  t h e  f i v e  
l a r g e r  s a t e l l i t e s  of Uranus, Voyager phase da ta  a re  most complete f o r  
T i  tan ia ,  Ana lys is  of d i s k - r e s o l  ved photometry shows t h a t  f o r  T i t a n i a  Bo 
increases by a f a c t o r  o f  1,63 i n  go ing from a = 33" t o  a = 0°, correspond- 
i n g  t o  an e f f e c t i v e  va lue o f  p i  = 0.016 magldeg, Since T i t a n i a  i s  con- 
s i d e r a b l y  b r i g h t e r  than  1985111, t h i s  va lue  i s  l i k e l y  t o  be a l owe r  l i m i t  t o  
p i  f o r  1985111. Thus, p  > 0.069 and mv < +20,8, c o n s i s t e n t  w i t h  t h e  
es t ima te  made above, 

Discussion, I n  s i z e  and shape, as we1 1 as i n  a1 bedo, 1985U1 seems t o  be 
g e n e r a l l y  s i m i l a r  t o  Sa tu rn 's  s a t e l l i t e  Phoebe. (The average rad ius  o f  
Phoebe i s  about 110 km.) A1 though we 1 ack spec t ra l  da ta  on 1985U1, i f  t h i  s  
s a t e l l i t e  resembles t h e  o the r  s a t e l l i t e s  o f  Uranus f o r  which da ta  are 
a v a i l  ab le  (Smith e t  a1 , , 1986), then i t  has an almost neu t ra l  gray c o l o r  
very  s i m i l a r  t o  t h a t  o f  Phoebe. The importance o f  t h e  1985U1 image i s  t h a t  
i t  prov ides  t he  bes t  t i e - i n  o f  t he  normal r e f 1  ectance o f  any o f  t he  newly 
d iscovered  s a t e l l  i t e s  w i t h  t h a t  o f  t h e  f i v e  l a r g e r  ones and w i t h  t h a t  o f  
t he  r i ngs .  I n  t h i s  respect  1985U1 i s  cons iderab ly  darker  than t h e  d a r k e s t  
o f  t he  1 a rge r  sate1 1 i t e s  (Umbriel ) and i s  a  1  i tt l e b r i g h t e r  than  t h e  cur -  
r e n t l y  accepted a1 bedo f o r  t he  r i n g  p a r t i c l e s  (about 0.05, accord ing t o  
Smith e t  a1 . , 1986). 

T h i s  research was supported by NASA,grants NSG 7156 and NAGW-111, 

REFERENCES 

Davies, M, E., and F, Y e  Katayama (1981). Coordinates o f  f ea tu res  on t h e  
Gal il ean sate1 1 i tes .  J. Geophys. Res. 86 (810) , 8635-8657, 

Dermott, S. F., and P. C. Thomas (1986), ~ h r s h a p e  and i n t e r n a l  s t r u c t u r e  
o f  Mimas. For submission t o  I ca rus .  

He1 f e n s t e i n ,  P,, and J. Veverka (1986). Photometr ic  p r o p e r t i e s  o f  1  unar  
t e r r a i n s  de r i ved  from Hapke's equat ion. For submission t o  Icarus.  

Smith, B. A., L. A. Soderblom, R e  Beebe, D. B l i s s ,  J. M. Boyce, A. B rah ic ,  
G. A, Br iggs,  R. H. Brown, S. A. C o l l i n s ,  A, F. Cook 11, S, K. C ro f t ,  
J, N. Cuzzi, G. E.  Danielson, M, E. Davies, T. E.  Dowling, D. Godfrey, 
C. J ,  Hansen, C. Ha r r i s ,  G. E ,  Hunt, A, P. I n g e r s o l l ,  T. V. Johnson, 
R e  J. Krauss, H e  Masursky, D, Morr ison,  T, Owen, J. B.Plescia, J. B. 
Po l l ack ,  C. C. Porco, K, Rages, C. Sagan, E. M e  Shoemaker, L. A. 
Sromovsky, C. Stoker,  R, G. Strom, V. E. Suomi, S, P.Synnott, R, J. 
T e r r i l e ,  P. Thomas, W. R. Thompson, J, Veverka (1986). Voyager 2  i n  
t he  Uranian system: Imaging science r e s u l t s .  Science - 233, 43-64. 

Thomas, P., J, Veverka, D. Morr ison, M. Davies, and T. V. Johnson (1983. 
Phoebe: Voyager 2  observat ions,  J .  Geophys. Res. 88, 8736-8742. 

Thomas, P., J. Veverka, and S. Dermott (1986). Small S x e l l  i tes .  I n  
S a t e l l i t e s  (J .  Burns and M. Matthews, eds.), U. o f  Ar izona Press, 
Tucson, pp. 802-835. 



Figure, Out1 i n e  o f  l i m b  and t e r m i n a t o r  o f  1985U1. Terminator  p o i n t s  
connected by dashed l i n e s .  

1985131 Summary - - -- -- -- - -- -- 

O r b i t :  a = 86000 + 50 km 

P = 18.3 h r s  

Spin Per iod:  Probably synchronous (18.3 h r s )  

SizeIShape: Apparent r a d i i  i n  image: 82 x 77 km 

E l l i p s e  f i t :  78 x 76 km 

Average rad ius :  < 77 km 

Photometry: M i  nnaer t  parameters = 0.043 + 0.002 
a t  a = 33' = 0.65.k 0.06 

Est imated geometri c a1 bedo 0.07-0.09 

Est imated o p p o s i t i o n  magni t ude '  mv - +20.5-21 




