Meteo 431 Atmospheric Thermodynamics
Problem set #1

assigned: 11 January 2002
due: 18 January 2002

1. How much energy is required, in Joules, to carry a backpack weighting 25 lbs from
the 1% to 6™ floors of Walker Building?
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2. How many Joules are equivalent to:

a.) 100 horsepower, for 1 hour; QO « 1% 34 = 24| X,\Sbe 3
b.) 100 kilowatt hours; 100 « 1O 36X = 3.6x Y I
¢)10,000BTUs  10% 1.06x 3= |6 iy J
d.) 250 calories? 2.5Q «4, R = Q%1 3
3. Plot the graph of the energy that must be dissipated to stop a car as a function of

velocity from 0 to'80 MHP. Plot energy in Joules on the y-ax1s and velocity in MHP on
the x-axis. Where does the energy go?

Ossuwmg, Mass 0 car & ~ 3000 s, = 1400 \;3
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4. Suppose an air parcel that is 100 meters in diameter and 100 meters high ascends
from the surface to an altitude of 2 km before it stops. Make the unrealistic assumption
that the parcel volume and temperature remains constant. How much energy was
required to raise the parcel?
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5. Consider a balloon filled to a pressure p and volume V. What is the total work that
the balloon must do to expel essentially all the air? (hint: What do you think the
relationship is between p and V?) Explain the reasons for your assumptions.
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6. What is the total work done by surroundings on an air parcel if the volume changes
from V; =1 m’ to Ve = 0.2 m’ for an initial pressure, p; = 900 hPa for the following
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You can easily calculate all the constants. Rank the processes in order greatest to least
work required
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7. Inclass, I worked a problem concerning the increase in the temperature of the surface
layer on a sunny day in Texas. Assume that the solar heating rate peaks at 800 W m? ,
that the sun is up for 12 hours, and that the surface layer is 0.2 km deep. However, in
this case, assume that the solar energy can go into other processes: 30% is reflected back
to space; 15% goes into the ground, and 25% goes into evaporating the moisture in the
ground and plants. The rest goes into raising the air temperature in the surface layer.
What is the resulting air temperature?
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8. I worked problem 5 from B&A, Chapter 1 in class. Do problem 6 using the results

from problem 5. LNLMNY
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9. B&A, problem 12
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10. B&A, problem 13
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11. B&A, problem 15
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