AOSC 620 Homework #1 
Thermodynamics of the atmosphere and oceans
Ten points total
Due September 13, 2022
Circle your answers.
1. (2)  The composition of the Earth’s dry atmosphere by mass is as follows:
Earth
Gas
Molecular mass
Mass, %
N2
28.0016

75.51
O2
32.000


23.15
A
39.944


1.28
CO2
44.01


0.06
CH4
16.04


0.0001

H2
  2.02


0.00006
Calculate the mean molecular weight of the Earth’s atmosphere with appropriate significant figures.  Hint: Assume a 100 g sample. 
Now repeat the exercise for atmosphere of Saturn’s moon Titan, and then calculate the specific volume for “air” on Titan. 

Titan
Gas
Molecular mass
Mass, %

N2
28.0016

96.65
CH4
16.04


3.31
H2
  2.02


0.04
2. (2) A plume of hot air leaves a stack of a power plant at 1000 hPa with a temperature of 30oC (see Salby Problem 1.1), and we wish to investigate the day/night difference in plume behavior.  If the air is dry what will be the equilibrium height (z, km) if ambient temperature (oC) changes as: 

T(z) = 20 –  7z
T(z) = 20 + 1.5z

3. (3) Follow a unit mass of dry air through a Carnot cycle of the following steps: 

a. Adiabatic compression from 60 kPa and 0 oC to T = 25 oC


b. Isothermal expansion to a pressure of 75 kPa.


c. Adiabatic expansion to T = 0 oC


d. Isothermal compression to the original pressure of 60 kPa.

Calculate the work done by the air in this cycle.  You can confirm your result with a skew-T diagram.

4. (3)  Assuming all work is pd work, write an expression for heating dry air (300 g) in a constant pressure environment.  If the entropy increases by 20.0 J/K and the work done is 1.6 kJ, what will be the final temperature?  You will need to solve for the change in T and the ratio of initial to final T.
 

 

