
Chem/ATOC 5151 
 

Homework #1 
 

1.  (a)  If the Earth's atmosphere consisted of an incompressible fluid whose density was 
everywhere equal to that observed at sea level (about 1.25 kg m-3), how deep would it have to be 
in order to account for the observed sea level pressure (1013 mbar)?   
 
(b)  If the density of air on Earth decreases exponentially with height from a value of 1.25 kg m-3 
at sea level, calculate the scale height H that is consistent with the observed sea level pressure of 
1013 mbar. 
 
2.  Titan's atmosphere has a surface pressure of about 1.5 times that of Earth, gravitational 
acceleration of 135 cm/sec2 and a surface temperature of about 90K.   
 
(a)  Roughly how many molecules are there in a cm3 of air at Titan's surface?   
(b)  What is the most probable velocity of hydrogen molecules at the surface of Titan?   
(c)  What is the scale height of Titan's atmosphere?   
(d)  Above what altitudes on Titan are ten percent and one percent of the atmospheric mass 
located? 
 
3.  Using the standard atmosphere given in your text on page 951, determine (a) the column mass 
and (b) the column number density for Earth’s atmosphere at ground level, 20 km and 50 km. 
 
4.  (a)  Over a region where the temperature changes linearly with height, and where gravity is 
constant, show that: 
 
  P/Po=(H/Ho)-(1/b) and N/No=(H/Ho)-[(1+b)/b] 
 
where b=dH/dz and Po, Ho, and No denote values of pressure, scale height, and number density, 
respectively, at the surface. 
 
(b)  On Venus assume that the temperature declines by 500 K uniformly over 60 km of altitude.  
Assuming that the atmosphere of Venus is made entirely of CO2, P0=92 bars, T0=730 K and that 
g=8.8 m s-2 what is the scale height of the atmosphere at the surface?   
 
(c)  If the scale height is assumed to be independent of altitude, then what pressure would you 
expect to occur at 60 km?   
 
(d)  What is the pressure at 60 km if you take into account the changing temperature in the 
atmosphere of Venus? 
 



5.  Assume that the heat capacity for Venus is Cp=37.14 J/mole-K and that the acceleration due 
to gravity on Venus is g= 8.8 m/sec2.    
 
(a)  What is the dry adiabatic lapse rate for Venus?   
(b)  Assume an air parcel at 30 km is in an environment with Γe= -8 K/km.  Is the air stable or 
unstable? 
 
 
6.  Text, Chapter 2.  Problems 1-8. 




