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Introduction 

I would l i k e  t o  b r i e f l y  d iscuss  some broad-band photometry measurements 
from OAO-2 and how they r e f l e c t  on atmospheric models og Titan.  These da ta  
extend t h e  observed r e f l e c t i v i t y  of Ti tan  down t o  2600 A and thus  f u r t h e r  c l a r -  
i f y  geometric albedo var ia t ic  1s i n  t h e  u l t r a v i o l e t .  

Observations and In t e rp re t a t ion  

Figure 2-31 summarizes seve ra l  s e t s  of  measurements of t h e  r e f l e c t i v i t y  
of Titan i n  the  wavelength range 0.26 - 1 . 1  pm. In deriving geometric albedos 
from broad-band photometry da ta ,  both Harr is  (1961) and Caldwell (1973) used 
observations o f  so lar - type  s t a r s  t o  e f f e c t  t h e  necessary d iv is ion  of t h e  Titan 
d a t a  by the  Sun, r a t h e r  than us ing  an absolute ca l ib ra t ion .  Instrumental sen- 
s i t i v i t y  i s  e f f e c t i v e l y  canceled by t h i s  technique. In the  reduction of t he  
OAO-2 photometry, T i t an ' s  radius  was taken t o  be 2425 km (Dollfus 1970) and t h e  
s o l a r  v i sua l  magnitude (Vo! was taken t o  be -26.74 (Johnson 1965). The geometric 
albedos o f  Harr is  were modified s l i g h t l y  t o  incorpora te  these  more modern funda- 
mental da ta .  No correc t ion  was made f o r  t he  s l i g h t l y  d i f f e r e n t  s o l a r  colors  
used i n  the  two analyses:  t h e  e f f e c t  of  such a correc t ion  would have been t o  
r a i s e  the  Harr is  albedos s l i g h t l y  r e l a t i v e  t o  t h e  OAO-2 points .  Also shown a re  
the  r e l a t i v e  r e f l e c t i v i t y  measurements o f  McCord e t  a l .  (1971), sca led  t o  match 
t h e  o the r  da ta  i n  the  blue and u l t r a v i o l e t .  The OAO-2 r e s u l t s  a re  summarized 
numerically i n  Table 2-6, and UBVRI colors  i n  Table 2-7. 

For t h e  purpose of t h i s  discussion,  t h e  most important poin t  t o  note  i s  
t h e  extreme drop i n  albedo toward the  u l t r a v i o l e t .  The measurements of Barker 
and Trafton (1973) (see a l so  Section 2.3) a r e  i n  very good agreement with t h e  
present  r e s u l t s .  The OAO-2 da ta  extend t h e  wavelength range s l i g h t l y  over the  
ground-based range, and emphasize t h a t  theoalbedo does not begin t o  tu rn  up again, 
a t  l e a s t  f o r  wavelengths longer than 2600 A. sho r t e s t  wavelength da ta  po in t  
o r i g i n a l l y  published by McCord e t  a l .  a t  3000 considered t o  be un re l i ab le ,  
and has been suppressed.) 

I t  has been emphasized elsewhere (e.g. ,  Veverka, Section 2.4) t h a t  t h i s  
t rend i n  t h e  albedo is  incons i s t en t  with t h e  expected Rayleigh s c a t t e r i n g  of 
t he  amount of a molecular atmosphere invoked by Trafton (1972) t o  explain T i t a n ' s  
spectroscopic p rope r t i e s .  For example, note t h e  u l t r a v i o l e t  Rayleigh s c a t t e r i n g  
of 2 km-atm of CH4 shown i n  Figure 2-31. I t  may be concluded t h a t  t h e r e  i s  an 
add i t iona l  absorbing cons t i tuent  i n  the  u l t r a v i o l e t .  Furthermore, t h i s  absorb- 
t i o n  must occur - i n  the  atmosphere, i f  it i s  t o  mask the  Rayleigh sca t t e r ing .  
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Figure 2-31. Geometric albedos derived from broad-band photometry from OAO-2, 
together  with ground-based da ta  by Harr is  (1961). Harr is '  d a t a  
have been adjus ted  t o  Vo = -26.74 (Johnson, 1965) and Titan 
radius  = 2425 km (Dollfus,  1970). The r e l a t i v e  r e f l e c t i v i t y  
determined by McCord e t  a l .  (1971) has been sca led  t o  t h e  o the r  -- 
blue  and u l t r a v i o l e t  measurements. Also shown i s  t h e  calculated 
geometric albedo f o r  2 km-atm o f  CH4. 



Table 2-6. OAO-2 Titan Ul t r av io l e t  Geometric Albedos 

Table 2-7. Photometric Colors 

EFFECTIVE WAVELENGTH (i) 

4300 

3360 

3075 

2590 

ALBEDOS 

0.126 t 0.006 

0.070 + 0.005 

0.057 + 0.001 

0.047 t 0.018 

U-B 

B-V 

V-R 

R- 1 

TITAN 

0.75 

1.30 

0.88 

0.11 

SUN 

0.21 

0.65 

-- 
-- 



Summary 

High a l t i t u d e  deposit ion o f  energy i n  T i t a n ' s  atmosphere can have a s ig -  
n i f i c a n t  e f f e c t  on t h e  spec t r a l  d i s t r i b u t i o n  of emitted thermal r ad ia t ion  from 
the  s a t e l l i t e .  This reasoning l e d  t o  t h e  p red ic t ion  (Caldwell e t  a l .  1973) o f  
emission peaks a t  wavelengths corresponding t o  allowed bands of CH4 (7.7 pm) and 
t r a c e  photolys is  products such as C2H6 (12.2 urn). The subsequent publ ica t ion  
( G i l l e t t  e t  a l .  1973) o f  intermediate r e so lu t ion  in f r a red  spectrophotometry has 
encouraged t h i s  i n t e r p r e t a t i o n  o f  t h e  i n f r a r e d  p rope r t i e s  of  Ti tan ,  and provided 
the  b a s i s  f o r  an i n i t i a l ,  d e t a i l e d  model, presented i n  t h e  following paper by 
Danielson e t  a l .  




