ATM S 101 HOMEWORK 2 Solutions.   Winter 2004

Answer in the spaces provided. Include working where appropriate, not just the numerical answers.

1. The pressure inside the Professor’s bike tire is 30 psi (pounds per square inch). He pumps it up, doubling the mass of air inside the tire. 

a) Assuming that the temperature remains constant and that the tire doesn’t stretch, what is the new pressure inside the tire?

P1 = M / V  * R * T;

Where M is the mass of air in the tire, V is the tire’s volume, R is the gas constant for air, and T is the temperature of the air.  


When the Professor doubles the mass in the tire, the new pressure will be:

P2 = 2M / V  * R * T ( P2 = 2 * P1 = 60 psi;

Doubling the mass of air in the tire results in doubling the pressure.  

b) Now let’s assume instead that the tire stretched to 1.1 times its original volume while the temperature remained constant. What would the new pressure be inside the tire?

This time, when the mass doubles, the tire is allowed to stretch.  This results in a larger volume.  The equation for P2 is:

P2 = 2M / 1.1V  * R * T  ( P2 = ( 2 / 1.1 ) * P1  = 55 psi;

[4 points]

​​​

2. 

a) Explain why pressure has to decrease with height in the atmosphere. 

Consider an air parcel. There are two forces acting to push it downwards: the pressure force at the top of the parcel and its weight (yes, air has weight). There is one force pushing it upwards: the pressure force acting on the bottom of the parcel.  For the parcel to stay put, the pressure force at the bottom has to balance BOTH the pressure force at the top AND the weight of the parcel. Therefore the pressure at the bottom of the parcel must be larger than the pressure at the top. This must be true for EVERY parcel in the atmosphere, so that pressure decreases with height everywhere.

A different flavor of this same idea is obtained by taking the parcel to have its top at the top of the atmosphere, so that there is no pressure force acting on its top trying to push it downwards. Then, we have that at the base of this parcel (which we'll just call "height above the surface") the pressure force is just balancing the weight of all of the air above (our parcel).  As the height above the surface increases, the mass of the parcel decreases and so does its weight. Therefore, the pressure force needed to counter the weight is less. So, pressure decreases with height.

NOTES:

-Note that we haven't mentioned density at all. The decrease of density with height is a CONSEQUENCE of the decrease of pressure with height, as well as the temperature distribution, via the ideal gas law. The decrease of pressure with height arises from a BALANCE OF FORCES. In the ocean there are essentially no density changes, but pressure still decreases with height.  We could even have this balance with more dense air above and less dense air below (for example, by carefully heating the top of the atmosphere). However, the question is now whether this would be a stable configuration or not.  -By the way, MASS is not the same as WEIGHT. The latter is the FORCE that has to be balanced by the net pressure force. -PRESSURE IS NOT THE WEIGHT of the air above it. WEIGHT is the gravitational force, which is different from the pressure force.  They are entirely different things.  It just turns out that, in order to have balance, they need to have the SAME VALUES so that pressure works out as a measure of the weight of the air above.

b) Is the decrease of pressure with height in the ocean faster or slower than in the atmosphere? Explain why.

Water is a lot denser than air. A parcel of water will be much heavier than a parcel of air of the same size. Continuing with the argument for part a), the weight of the water parcel will be larger than that of the air parcel, so the difference between the pressure at the bottom and at the top has to be much larger to balance the weight. Therefore, pressure decreases FASTER with height in the OCEAN because water is DENSER.

[6 points]

3.  On Venus the pressure at the surface is 92000 millibars. How deep in the Earth’s ocean would you have to go to experience that same pressure?

P1 = 1000 mb ------------------------------------  z1 = 0  Surface of the ocean   

                       |

                       |

                       |

                       |

                       |          

 P2 = 92000 mb ------------------------------------  z2 = ?  

Use the following equation to solve for height:  P2 = P1 - ( g  ( z2 - z1 );  

P2 - P1 = ( g  ( z2 - z1 );

( P2 - P1 )  /   (( g ) =  ( z2 - z1 );

( P2 - P1 )  /   (( g )  +   z1 = z2 ;

Note that millibars are not SI units!  Convert millibars (mb) to pascals (Pa) before plugging values in to the equation.  (See Appendix A in the text). 

1 Pa = 1 N / m2; 

1 N = 1 m kg / s2;

1 mb = 100 Pa;  

In pascals,

P1 = 1000 * 100 = 105 Pa;  

P2 = 92000 * 100 = 92 x 105 Pa;  

Density of water (() = 1000 kg / m3;  

Gravity (g) = 9.8 m/s2;  

Plug these values into the equation and solve:

(92 x 105 Pa - 105 Pa)  / (1000 kg / m3   * 9.8 m/s2) + 0 = z2;

z2 = 929 m;

[4 points]

4.  Fill in the blanks with terms from the following list:
Dew point, evaporation, sublimation, condensation, relative humidity, saturation vapor pressure, blackbody, absolution.

a) When you heat your house, air enters from the outside and is heated. Therefore, its saturation vapor pressure rises, which means that its relative humidity decreases. This is why it is a common practice to humidify the interior of houses during winter.

b) Sometimes, when you go in a car in a cold night with the windows shut, the inside of the windows become foggy. This is because the temperature of the windows (which is the same as the temperature of the air outside) is equal or below the dew point temperature of the air inside the car.

c) Fog forms due to condensation of water vapor into tiny droplets, usually when it is cold like in the morning. As the day gets warmer, evaporation takes over and the fog dissipates.

[5 points]

5. Consider the columns of air above Pacific Beach, WA, and a location over the ocean offshore from Pacific Beach. These columns extend from the surface to the tropopause. At the surface, the pressure is initially the same at both locations. However, the air above Pacific Beach is warmer than that over the ocean. 

a) Where would the horizontal pressure differences be strongest? Explain.
Pressure decreases more rapidly with height in a cold air mass than in a warm air mass.  As height increases, the differences in pressure between the warm air column and the cold air column become larger.  Thus, the horizontal pressure differences would be strongest at the top of the columns (i.e. the tropopause in this scenario).  

b) In what direction would the air start moving? Explain.
Air will move from a region of high pressure to a region of low pressure.  From part (a), you know that the air over Pacific Beach has higher pressure aloft than the air over the ocean location at the same height.  Thus, the air would begin moving aloft, from the land to the sea (Pacific Beach toward the offshore location).  Note that, since the surface pressures are initially the same at both locations, the air will not start to move at the surface.    

c) As the air gets moving, what will happen to the surface pressures? Explain.
Wind aloft moves mass from Pacific Beach to the offshore location, i.e. from the column of air over the land into the column of air over the ocean.  Pressure at the surface is equal to the weight of the mass of air above the surface (See notes on problem two for more details).  As mass moves out of the Pacific Beach column, the surface pressure at Pacific Beach drops.  As mass moves into the ocean column, the weight of the air above the surface at the offshore location increases.  Hence the pressure at the surface increases at this location.  
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[6 points]

