Atmospheric Sciences 101

Homework Assignment # 3 (assigned 2/1/99, due beginning of class 2/4/99)

1. Contouring exercise: On the back of this page is a simplified map of sea level pressure as reported by weather stations across North America at 10 p.m. Eastern Time on 27 January 1999. (A real weather map would contain many more stations and other data in addition to pressure). Draw isobars (lines of constant pressure) on the figure, from 1012 mb up to 1028 mb, contouring every 4 mb (i.e. 1012, 1016, 1020, 1024 and 1028 mb). Label high pressure and low pressure centers with "H" and "L", respectively.  Hints: Use a pencil first, then smooth the contours as you trace them in ink. The 1020 mb isobar is probably the easiest contour line to start your contouring with. Remember the guidelines listed on the back of the sheet handed out in quiz section.  Bonus: Winds blow counterclockwise around low pressure centers and clockwise around high pressure centers, parallel to the isobars (we will explain this phenomenon in class later). The strength of the wind is proportional to the pressure gradient, which is represented on your drawing by how closely the isobars are spaced. Using this information, draw a few sample wind arrows on your figure; make the length of the arrow proportional to the wind speed.

2. a) I have 6 kg of dry air in a rigid box. The volume of the box is 5 m3. Using the formula for density, (=mass/volume, calculate the density of the air in the box.

b) Now I add some air (1.8 kg) to the box, without changing the volume. Calculate the new air density in the box.

c) Now consider a balloon containing the same mass and with the same volume as the box in part (a). Initially, the density inside the balloon is the same as inside the box. Now we raise the balloon several hundred meters. What happens to the balloon? Why?

d) If the volume of the balloon increases to 5.8 m3 in part (c), but the mass of air inside the balloon stays the same, what is the new density of air inside the balloon? Do you think this is greater than, less than, or equal to the density of air outside the balloon at this height? How about the pressure inside the balloon versus outside the balloon?

e) Do you think the air inside the balloon at this height is colder or warmer than the air inside the box on the ground in part (a)? How do you know?

3. a) On Mars, the pressure at the surface is 6 mb. At what altitude in the Earth's atmosphere is the air pressure 6 mb? (Use a graph from the book of pressure versus height).

b) What does this imply about the total mass of the Martian atmosphere? Why?

4. a) Professor Battisti finishes lecturing in Johnson 101 (at an altitude of 100 meters above sea level) and walks up to his office on the seventh floor of the Atmospheric Sciences building (at 180 meters above sea level). Using the following equation, compute the pressure change that he feels after walking up the stairs (assume that the density of air at both locations is about 1.2 kg/m3, the acceleration due to gravity is 9.8 m/s2, and that the air pressure inside Johnson 101 is 1013 mb).

p2 = p1 + (g(z

b) Looking back at your contour map from problem 1, estimate how far you would have to travel from Seattle to undergo the same change in pressure that you calculated in part (4a). Does pressure change more strongly with height or with horizontal distance?

c) Since wind speed is proportional to pressure gradient, why doesn't the wind blow vertically? 












































































