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1. A	
  planet	
  with	
  a	
  surface	
  that	
  perfectly	
  absorbs	
  visible	
   light	
   is	
  surrounded	
  by	
  an	
  

atmosphere	
   that	
   is	
   perfectly	
   transparent	
   in	
   the	
   visible	
   part	
   of	
   the	
   spectrum	
  
where	
   its	
  star	
   illuminates	
  with	
  an	
   intensity,	
   I.	
   	
  The	
  atmosphere	
  does,	
  however,	
  
transmits	
   only	
   50%	
   of	
   the	
   infra-­‐red	
   radiation	
   emitted	
   by	
   the	
  warm	
   planetary	
  
surface	
   which	
   results	
   in	
   the	
   warming	
   of	
   the	
   atmosphere.	
   	
   The	
   warmed	
  
atmosphere	
   then	
   re-­‐radiates	
  50%	
   this	
   energy	
   towards	
   the	
  planets	
   surface	
   and	
  
50%	
  to	
  space.	
  

a. Draw	
  a	
  diagram	
  like	
  that	
  used	
  in	
  class	
  to	
  discuss	
  this	
  type	
  of	
  problem	
  
and	
  label	
  the	
  visible	
  light	
  intensity,	
  IR	
  emissions	
  showing	
  their	
  
direcitons	
  and	
  where	
  they	
  are	
  absorbed	
  or	
  lost.	
  10	
  pts.	
  

b. What	
  is	
  the	
  infra-­‐red	
  emissivity	
  Esurf	
  	
  of	
  the	
  planet’s	
  surface?	
  10	
  pts	
  
c. What	
  is	
  the	
  infra-­‐red	
  emissivity	
  Eatm	
  of	
  the	
  atmosphere?	
  	
  10	
  pts	
  
d. If	
  the	
  concentration	
  of	
  IR-­‐absorbing	
  molecules	
  in	
  the	
  atmosphere	
  

were	
  to	
  double,	
  what	
  would	
  happen	
  to	
  the	
  IR	
  transmission	
  coefficient.	
  
10	
  pts	
  

e. How	
  would	
  this	
  then	
  affect	
  Esurf	
  and	
  Eatm?	
  10	
  pts	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
2.	
  Suppose	
  that	
  the	
  surface	
  of	
  the	
  tropical	
  ocean	
  is	
  300	
  deg	
  K,	
  and	
  water	
  100	
  m	
  deep	
  

is	
  at	
  270	
  deg	
  K.	
  	
  You	
  wish	
  to	
  convert	
  this	
  temperature	
  difference	
  into	
  electricity	
  
using	
  an	
  ideal	
  heat	
  engine	
  which	
  can	
  reach	
  the	
  surface	
  hot	
  reservoir	
  and	
  the	
  cold	
  
reservoir	
  at	
  100	
  m	
  depth.	
  	
  Assuming	
  ideal	
  heat	
  engine	
  efficiency,	
  what	
  is	
  the	
  
mass	
  flow	
  rate	
  of	
  water	
  (kG/sec)	
  needed	
  to	
  produce	
  100kW	
  of	
  electrical	
  power?	
  	
  
The	
  specific	
  heat	
  of	
  water	
  is	
  about	
  4	
  kJ/kg-­‐deg-­‐C..	
  	
  One	
  significant	
  figure	
  will	
  
suffice.	
  	
  10	
  POINTS.	
  






