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Abstract  

Narrow-band (AA/A 2 0.015) observations of Titan a t  s e l ec t ed  wavelengths 
i n  the  8-13 micron range show evidence f o r  a s t rong  temperature invers ion  and 
the  exis tence  o f  a t  l e a s t  one more spect roscopica l ly  ac t ive  component i n  t h e  
atmosphere i n >  addi t ion  t o  H2 and CH4. 

Introduction 

Titan has r ecen t ly  been t h e  objec t  of  numerous inves t iga t ions ,  both obser- 
va t iona l  and t h e o r e t i c a l .  This surge i n  i n t e r e s t  has been pr imar i ly  due t o  t h e  
de tec t ion  of H2 (Trafton 1972) and the  observations of high br ightness  tempera- 
t u re s  i n  the  8-20 micron range? the  l a t t e r  of which suggeqt t h a t  t he  atmosphere 
of Titan may be mapsive enough t o  produce a s u b s t a n t i a l  greenhouse effect: 
(Morrison, Cruikshank, and Murphy 1972). This paper descr ibes  observations of 
Titan i n  the  range o f  8-13 pm with a r e so lu t ion  Ah/X 2 0.015 and d iscusses  some 
of t he  impl ica t ions  of these  observations.  

Observations 

The observations reported here  were obtained using a cooled f i l te r -wheel  
spectrometer together  with t h e  UCSD-University o f  Minnesota 60-inch (152-cm) 
telescope on Mount Lemmon. The data  acqu i s i t i on  and reduction have been d i s -  
cussed elsewhere ( G i l l e t t  and Forres t  1973). The r e s u l t s  a r e  shown i n  Figure 
3-1, where the  observed surface  br ightness  i s  p l o t t e d  as  a function of wave- 
length,  assuming t h e  radius  of Titan t o  be 2.44 x l o 3  km (Allen 1963). The 
surface  br ightnesses  a re  reduced by about 10 percent  using the  radius proposed 
f o r  Titan by Morrison e t  a l .  (1973). Ver t i ca l  ba r s  i nd ica t e  21 standard devia- 
t i on  of t he  mean of measurements a t  t h a t  wavelength, and the  ho r i zon ta l  bars  
i nd ica t e  the  half-power bandpass of t h e  f i l t e r  used. Also included i n  t h i s  
f igure  a re  broad-band measurements taken a t  various times, and curves of con- 
s t a n t  br ightness  temperature. 

I f  the  ac tua l  spectrum of Ti tan  can be approximated by smooth curves join- 
ing  the  spectrometer da t a  po in t s ,  the  8.4-micron and 12.5-micron broad-band ob- 
servat ions  appear t o  be i n  good agreement with t h e  spectrometer r e s u l t s ;  however, 
the  11-micron broad-band measurements seem t o  be high by a f a c t o r  of  about 1.5. 
This may ind ica t e  the exis tence  o f  f u r t h e r  s t r u c t u r e  i n  the  spectrum between 10 
and 12 pm. 

* Reprinted from The Astrophys. J . ,  =:L93-L95, with permission o f  t h e  
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Figure 3-1. Surface brightness of Titan as a function of wavelength. Spectrom- 
e t e r  observations: f i l l e d  c i r c l e s ,  1/1/73 and 2/15/73. Broad-band 
observations: open c i r c l e s ,  1/1/73; open t r i ang les ,  9/29/72; open 
squares, 11/16/71. Horizontal l ines  indicate  bandpass of f i l t e r  
used. 



Discussion 

The most s i g n i f i c a n t  fea tures  of these  da t a  are :  

(1) The observations requi re  the  presence of a t  l e a s t  one spectroscopi-  
c a l l y  ac t ive  component i n  addi t ion  t o  the  previously de tec ted  Hn and CH4. I f ,  
i n  the  l eve l s  where the 9-13 micron r ad ia t ion  o r ig ina t e s ,  the  temperature is  
decreasing with increas ing  he igh t ,  then a s t rong absorber around 10 vm would 
be required t o  explain t h e  temperature minimum nea r  t h i s  wavelength. Such an 
absorber could be NH3 with i t s  v2 fundamental nea r  10.5 pm. The models calcu- 
l a t ed  by Pollack (1973), including the  e f f e c t s  of  NH3 absorption,  give b r igh t -  
ness temperatures i n  the  NH3 band of about 120°K which i s  cons i s t en t  with the  
observations.  On the  o the r  hand, i f  the  r ad ia t ion  o r ig ina t e s  above a tempera- 
t u re  invers ion  (as suggested by Caldwell, Larach, and Danielson 1973), then an 
addi t ional  r a d i a t o r  is  required t o  explain t h e  maximum i n  br ightness  tempera- 
t u re  around 12 pm (probably C2H6). , The wavelength coverage and s t a t i s t i c a l  
accuracy of t h e  da ta  presented here  are  not  s u f f i c i e n t  t o  r u l e  out  e i t h e r  of 
these  p o s s i b i l i t i e s ;  

(2) The high br ightness  temperature within the  7.7-micron CR4 band shown 
by the measurement a t  8.0 pm d e f i n i t e l y  ind ica t e s  t he  presence of a temperature 
inversion.  A s i m i l a r  e levated  br ightness  temperature within the  vt, fundamental 
of CHI, has been found e a r l i e r  i n  the  spectrum o f  J u p i t e r  ( G i l l e t t ,  Low, and 
S te in  1969), and i t s  associa t ion  with a temperature inversion was demonstrated 
by the de tec t ion  of limb br ightening a t  7.9 ym ( G i l l e t t  and Westphal 1973). A 
su rp r i s ing  aspect  of the observations of Ti tan  i s  the  s t r eng th  of t h i s  tempera- 
t u r e  inversion.  The surface  br ightness  of Titan a t  8.0 pm is  about 6 times t h a t  
of  J u p i t e r  a t  the  same wavelength and about 20 times t h a t  of Saturn.  The most 
l i k e l y  reason f o r  t h i s  is  t h a t  t he  CH4/H2 r a t i o  i s  much l a r g e r  f o r  Ti tan  than 
f o r  J u p i t e r  o r  Saturn,  thus H2 cooling of t h e  upper atmosphere of Titan is  much 
l e s s  e f f ec t ive .  Another p o s s i b i l i t y  i s  t h a t  the  r a t e  a t  which energy i s  absorbed 
p e r  u n i t  a rea  i n  t h e  upper atmosphere of Ti tan  may be somewhat h igher  than f o r  
Saturn, depending on the  mechanism producing the  invers ion ,  but  t h i s  e s f e c t  alone 
cannot account f o r  the  d i f ference  i n  the  8.0-micron surface  br ightness .  

For the inversion on J u p i t e r  i t  was suggested by G i l l e t t  e t  a l .  (1969) 
t h a t  t he  energy balance i n  t h e  invers ion  layers  was determined by absorption 
of s o l a r  r ad ia t ion  i n  the  3.3-micron band o f  CH4 p lus  poss ib ly  some contribu- 
t i on  i n  overtone bands, and r ad ia t ion  through the  7.7-micron CH4 band and 
coll ision-induced t r a n s i t i o n s  i n  H2. For Titan i t  appears t h a t  t he  r a t e  a t  
which energy i s  being r ad ia t ed  from the  upper atmosphere by the  7.7-micron 
CHq band alone, cannot be balanced by absorption of s o l a r  r ad ia t ion  v i a  the  
3.3-micron and 2.35-micron CH4 bands. In f a c t ,  it is no t  c l e a r  whether t he  
observed invers ion  could be maintained even i f  one considered a l l  t he  overtone 
bands of CH4. 

A poss ib le  a l t e r n a t i v e  source of energy f o r  an inversion t h a t  does no t  
s u f f e r  from t h i s  d i f f i c u l t y  i s  t he  mechanism proposed by Caldwell e t  a l .  (1973), 
i n  which s o l i d  p a r t i c l e s  i n  t h e  upper atmosphere absorb v i sua l  and u l t r a v i o l e t  
r ad ia t ion  from the  Sun and i n  t u r n  t r a n s f e r  t h i s  energy t o  t h e  gas through col-  
l i s i o n s .  These authors have proposed t h a t  the  e levated  br ightness  temperatures 
i n  the  8-13 micron range reported e a r l i e r  (hlorrison e t  a l .  1972) a r e  due t o  



emission from above a temperature invers ion  and predic ted  emission peaks a t  
7.7 pm (CHI+) ,  12.2 um (C2H6) and 10.5 um (C2H4) .  The d a t a  reported here show 
s t rong  emission peaks i n  the  7.7-micron CH4 band and a t  12 Dm. Unfortunately, 
no measurements were made a t  10.5 um. 

Additional i n s i g h t  i n t o  the  p rope r t i e s  of T i t an ' s  atmosphere could be 
obtained from model ca l cu la t ions  taking i n t o  account t he  observations reported 
here.  Important addi t ional  observational  da ta  would include h igher  spec t r a l  
resolu t ion  observations around 20 pm and b e t t e r  wavelength coverage i n  the  
8-13 micron range. 
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