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Name______________________________________ 
 
Dynamics of the Atmosphere 11:670:324 
Spring 2012 
Final Exam 
May 8, 2012 
 

Unless otherwise noted, please answer each of the following questions in the blue book. Read 

each question carefully before formulating your answer. Show intermediate steps in any 

calculations. 

 

 

1.  Two diagrams are pictured below. Each diagram depicts a circulation pattern associated with 
a particular type of pure motion. For each diagram, give the name of the type of pure motion that 
is depicted and write its mathematical expression. (Hint: all of the mathematical expressions are 

combinations of ,
x

u
,

y

u
,

x

v
 and 

y

v
.) 

a.                                       b.                                   

 
(4 points) 

 

2.  Give the dimensions of: (a) acceleration, (b) divergence, and (c) temperature advection, in 
terms of length (L), time (T),  mass (M) and temperature (K).  

(6 points) 

 

3.  The surface wind at a weather station is blowing from 330° at 10 m s
-1

. What are the u and v 
wind components at this station? (Note: Use the table below for determining sines and cosines.) 

Angle 0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 

Sine 0 0.174 0.342 0.5 0.643 0.766 0.866 0.940 0.985 1 

Cosine 1 0.985 0.940 0.866 0.766 0.643 0.5 0.342 0.174 0 

 (5 points) 

4.  The ratio of the geostrophic wind speed to the gradient wind speed is given by 
fR

V

V

Vg
1 . 

For the same horizontal pressure gradient, would you expect stronger winds around a high 
pressure system or a low pressure system? Please explain why. 

(4 points) 
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5.  Given the following equation, answer the questions below: 

rFgpV
dt

Vd 


1
2  

|___|   |______|  |_____|  |__| |__| 
   A           B            C       D    E 

a. What is the complete name of this equation? (2 points) 
b. For each term on the right side of the equation, please indicate if that term represents a real 

force, an apparent force, or a combination of real and apparent forces. (4 points) 

 

6.  Please write just the x-component of the equation given in question 5. Which are the two 
largest terms in the equation you have written? 

(6 points) 

 

7.  (Please answer this question on the question sheet, not in the blue book.) In the following 
map of a region in the Northern Hemisphere, the thin solid lines are isobars, with values given 
by the labels on the right. At the location marked by the solid circle, please draw vectors 

indicating the direction of the geostrophic wind ( gV


), the pressure gradient force, and the 

Coriolis force, labeling each vector.  

(6 points) 

 

8.  Imagine that you are in a park on a pleasant spring day, lying on the grass and looking up at 
the sky. You notice that the high clouds are moving from southwest to northeast, while the low 
clouds are moving from northwest to southeast. What does this tell you about the horizontal 
temperature advection in the atmospheric layer between the low clouds and the high clouds? 
Please explain how you arrived at your conclusion, including any assumptions that you made. 

(5 points) 

 

9.  List the physical principle (e.g., conservation of…) which provides the basis for each of the 
following: 
 a. continuity equation 

b. thermodynamic equation 
c. momentum equations 

(6 points) 
 

 

1016 hPa 

1012 hPa 

1008 hPa 

1004 hPa 
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10.  When the relative vorticity is expressed in natural coordinates, it is written as the sum of two 
terms. What type of vorticity does each of these terms represent?  

(4 points) 

 

11.  Gradient flow involves a balance among three forces. What are these three forces? 

(3 points) 
 

12.  Assume that the radius of curvature, R, in a natural coordinate system is positive and finite. 
Would the path of a parcel of air turn toward the left, turn toward the right, or follow a straight 
line?  

(2 points) 
 

13.  The diagram below illustrates the vertical profile of dtdp  in the troposphere. Is the air 

moving upward or downward? In your blue book, sketch the pattern of horizontal divergence 
that would accompany this vertical profile.  

 

 
(4 points) 

 

14.  Sketch a diagram showing the balance of forces for all possible types of cyclostrophic flow 
in the Northern Hemisphere. Please be sure to label correctly the types of forces shown. Also 
show the direction in which the air parcel is moving. 

(4 points) 
 

15.  If divergence is occurring in a region of negative vorticity, how would the vorticity in this 
region change? Please explain why. 

(3 points) 

 

16. When the vorticity equation is scaled for large-scale, midlatitude motions, what two 
processes contribute to the local tendency of absolute vorticity? 

(4 points) 

 

17.  Write mathematical expressions for the following, defining each of the symbols used to 
represent atmospheric variables. 
 a.  vertical component of the relative vorticity in the (x,y,z) coordinate system 
 b.  continuity equation in pressure coordinates 
 c. hydrostatic equation 

(6 points) 
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