ATM S 101 HOMEWORK 4 Solutions.   Winter 2004

Answer in the spaces provided. Include working where appropriate, not just the numerical answers.
1.  Use the following list of cloud types to fill in the blanks below:

Cirrus, Stratus, Cumulus, Advection Fog, Radiation Fog, Lenticular, Cumulonimbus

a.) A type of cloud that appears when air is lifted over a mountain (often seen over Mt. Rainier) LENTICULAR
b.) This cloud appears when warm moist air blows over a chilly lake ADVECTION FOG
c.) Hail forms in this type of cloud CUMULONIMBUS
d.) Thin wispy ice clouds CIRRUS
e.) Puffy white cotton ball like clouds CUMULUS
f.) Low layered clouds (most often seen in Seattle in the winter) STRATUS
g.) Cloud that appears low to the ground after a cold clear night RADIATION FOG
_____________________________________________________________________________________[7 points]

2. a.)  Describe the Bergeron process in YOUR OWN WORDS.

The saturation vapor pressure over ice is less than the saturation vapor pressure over a liquid water droplet.  Consider a cloud containing both liquid drops and ice crystals.  If the air is saturated with respect to the liquid water in a cloud, then the air is supersaturated with respect to the ice crystals.  The ice crystals will grow because there is more water vapor than would be required to keep them in equilibrium.  As the ice crystals use the water vapor to grow, there is less water vapor than would be required to keep the liquid water droplets in equilibrium.  The liquid water droplets shrink by evaporating water until they are saturated (i.e. there is enough vapor in the air to keep them in equilibrium).  The process continues.  

b.) In which of the following types of clouds would you MOST expect the Bergeron process to occur? JUSTIFY YOUR ANSWER!!

Cirrus, Stratus, Cumulus, Advection Fog, Radiation Fog, Lenticular, Cumulonimbus

Cumulonimbus is a precipitating cloud that contains both liquid water and ice at the same level.  Note that Cirrus clouds contain only ice, so this type of cloud is not a good choice.  

_____________________________________________________________________________________[4 points]

3.  Explain how each of the following affects the growth of a CLOUD droplet:

a.) Curvature effect

The saturation vapor pressure is higher as the curvature of the water surface increases. Therefore, smaller (more curved) droplets require high supersaturation to grow, which is seldom observed.

b.) Solute effect

The presence of a solute in the droplet lowers the saturation vapor pressure, which enables the droplet to grow with relatively low relative humidity.

_____________________________________________________________________________________[4 points]

4.  How do the following affect the growth of RAIN drops?

a.) Dependence of fall speed on size

Because large drops have a larger mass to surface area ratio than small drops, they feel a stronger gravitational force compared to the air resistance.  Thus large drops fall faster than small drops.  Since the large drops fall faster, they overtake and collide with the small drops below them, and grow by coalescence.

b.) Presence of ascending air currents in deep convective clouds

Ascending air currents retard the fall of droplets in a cloud, pushing them back up until they become heavy enough to fall out.  Since the droplets spend more time in the cloud due to the updraft, they have more collisions with other droplets and hence more growth.

c.) Coalescence

Coalescence is the process of two drops sticking together to form one drop.  When two drops collide, they can either bounce apart, or coalesce to form one big drop.  So more coalescence results in more growth.

_____________________________________________________________________________________[6 points]

5.  Consider two cities, A and B. Each has a surface pressure of 1000mb.  The air temperature over city A is 20C and over city B it is 5C.  SHOW ALL OF YOUR WORK!  

a.) Calculate the average surface density of the air over each city.  (Remember to express pressure in Pascals for all calculations)

The ideal gas law relates pressure, temperature and density:  Pressure = Density * Temperature * Gas specific constant.  You are given pressure and temperature, so the only unknown is density.  Unfortunately, all people on earth cannot agree on a standard set of units to use so we all must be able to convert from one set of units to another.  In 1999, NASA lost a $125 million Mars orbiter because one engineering team used metric units while another used English units (see http://www.cnn.com/TECH/space/9909/30/mars.metric/  for the whole story).   

You can use the appendix in the text to get the unit conversions.  A good rule of thumb is to convert everything into SI units (meters, kilograms, seconds, Kelvins, etc).  

P = 1000 mb.  

1 mb = 100 Pa.  

Converting, 1000 mb = 1000 mb * 100 Pa / mb.  

Thus, P = 100000 Pa.  (Note 1 Pa = 1 Newton per square meter = 1 kg · m-1 · s-2).  
Convert temperature from Celsius to Kelvin:

T(city A) = 20 + 273 = 293 K.

T(city B) = 5 + 273 = 278 K.

The gas specific constant for air, R = 287 Joules per kg per K.  

Arrange the gas law equation to solve for density ρ:

P = ρ R T (  ρ = P / (R T). 

Now plug in the values:

City A:  ρ (city A) = 100000 Pa / (287 Joules per kg per K * 293 K) (
Expanding units:  ρ (city A) = 100000 kg · m-1 · s-2/ (287 Joules kg-1 K-1 * 293 K) = 1.19 kg / m-3.  

City B:  100000 kg · m-1 · s-2/ (287 Joules kg-1 K-1 * 278 K) = 1.25 kg / m-3.  
You were given a point for the correct answer if you showed some work and a point for the correct work.  

b.) Using the answer from part (a) (assuming that density doesn’t change with height), and the hydrostatic approximation (consider the acceleration due to gravity to be 9.8 m/s^2), determine:

i.) How high you have to go over each city to reach 900mb.

Use the hydrostatic equation to solve this problem.  The hydrostatic equation relates the density to a change in pressure over a change in height.  


ΔP / ΔZ = - ρ g


P = Pressure in Pascals.


Z = Height in meters.


g is gravity 


ρ is the density from part a.


ΔP is the change in pressure, i.e. ΔP = P (Z1) – P (Z2).


ΔZ = Z1 - Z2.  


The equation becomes 

P (Z1) – P (Z2) = - ρ g (Z1 - Z2)  

If Z1 = 0 meters, then P (Z1) = 1000mb = 100000 Pa.

P (Z2) = 900mb = 90000 Pa.

We need to find the height at 900mb, i.e. Z2.  
( P (Z1) – P (Z2) )  /   ( ρ g )  +  Z1  = - Z2.    


Plug in the numbers now using the density for city A :

Z2 = - (90000 Pa - 100000 Pa) / (9.8 m s-2 * 1.19 kg / m-3) = 857 meters.


For city B:    

Z2 = - (90000 Pa - 100000 Pa) / (9.8 m s-2 * 1.25 kg / m-3) = 816 meters.
ii.) The pressure at 1km ABOVE each city.

Use the same equation as above, but this time solve for P (Z2).  

P (Z2) = ρ g (Z1 - Z2) + P (Z1) 


For city A:  


P (Z2) = 9.8 m s-2 * 1.19 kg / m-3 * (0 m – 1000 m) + 100000 Pa = 88338 Pa


For city B:

P (Z2) = 9.8 m s-2 * 1.25 kg / m-3 * (0 m – 1000 m) + 100000 Pa = 87750 Pa
c.) Consider an air parcel located halfway between A and B, with a density equal to the average of the densities of the two cities. If A and B are 1000km apart, calculate the horizontal acceleration (also note direction of acceleration) that this parcel may experience if it were located:

i.) At the surface

At the surface there is no pressure difference between A and B, so there is no acceleration due to the pressure gradient force.

ii.) At 1km above the surface

The parcel density (rho) is the average of the densities at A and B.

           rho=(rhoA+rhoB)/2=(1.19+1.25)/2=1.22 kg/m^3

       Acceleration from A to B = -1/rho * dp / dx

                                = -1/rho * (pB - pA) / dx

                                = -1/1.22 * (87720-88350)/1000000

                                = 5.15 * 10^-4 m/s^2

Since the acceleration is positive, the parcel will tend to move from A to B (high to low pressure).

_____________________________________________________________________________________[10 points]

6. During the cloud in a bottle experiment performed in section, we had to put smoke into the bottle before we could get cloud formation.  Explain why this was necessary.   

The smoke provided cloud condensation nuclei for the water vapor to condense on.  The presence of condensation nuclei makes it easier for cloud drops to grow because the solute effect makes the drops less likely to evaporate.  The nuclei also help the droplet overcome the curvature effect, which would otherwise make a small droplet want to evaporate.

_____________________________________________________________________________________[2 points]

7.   Place the following words in the blank that BEST FITS:  scattering, refraction, diffraction, and reflection:

a.) The rainbow effect you see when you hold a prism in the light is an example of _refraction_____.

b.) While driving on a sunny day, you are blinded by light from the window of the car ahead of you.  This is ___reflection___.

c.) Steam from a pot of boiling water looks whitish due to __scattering___.

d.)  You can occasionally see corona around the moon.  The corona is due to __diffraction___.

_____________________________________________________________________________________[4 points]

