
ESCI 342 – Atmospheric Dynamics I 

Selected Answers to Exercises for Lesson 1 

 

 

2.  Show that 
dt

dA
A

dt

Ad
A =•

�

�

 (remember that A is the magnitude of A
�

) 

 

Answer:  

( )

( )
22 2 2

2 2 2

ˆ ˆˆ ˆ ˆ ˆ

1 1 1 1 1

2 2 2 2 2

y yx xz z
x y z x y z

yx z
x y z

d a d ad a d ad a d adA
A a i a j a k i j k a a a

dt dt dt dt dt dt dt

d ad a d a d d A d A
a a a A

dt dt dt dt dt dt

 
• = + + • + + = + + 

 

= + + = + + = =

�

�

 

 

3.  A vector is a function of time given by ktjtittA ˆln5ˆ3ˆ2)( 3 +−=
�

.  Find 
dt

Ad
�

. 

 

Answer:  k
t

jti
dt

Ad ˆ5ˆ9ˆ2 2 +−=

�

 

 

4.  For the following scalar fields find the magnitude of the gradient at the point 

indicated. 

 

a.  yzxzyxzyxa ln2),,( 23 −−= ; (x, y, z) = (4, 2, 2) 
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b.  zyxzyxa −= sincos),,( ; (x, y, z) = (0, π, 1) 
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c.  16),( 22 −+= yxyxa ; (x, y) = (2, -2) 
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5.  For the following vector fields find the divergence at the point indicated. 

 

a.  kyxjzxyixyzyxA ˆln4ˆˆ3),,( 222 −−=
�

; (x, y, z) = (4, 2, 2) 

 

Answer:  2023 2 −=−=•∇ xyzyA
�

 

 

b.  jziyxzyxA ˆˆsincos),,( −=
�

; (x, y, z) = (0, π, 1)  

 

Answer:  0sinsin =−=•∇ yxA
�

 

 

c.  ( ) ( ) jyxiyxyxA ˆˆ),( 2222 +++=
�

; (x, y) = (2, 1) 

 

Answer:  622 =+=•∇ yxA
�

 

 

6.  c.  Answer:  vg is positive and ∂ ln f
 
/∂ 

y is positive, so the divergence is negative, 

meaning convergence. 

 

7.  For the following vector fields find the curl at the point indicated. 

 

a.  kyxjzxyixyzyxA ˆln4ˆˆ3),,( 222 −−=
�

; (x, y, z) = (4, 2, 2) 

 

Answer:  ( ) ( )2 2 2 ˆ ˆˆ ˆ ˆ ˆ4 8 ln 6 16 22.2 56A xy x y i x y j y z xy k i j k∇× = − + − + = − + −
�

 

 

b.  jziyxzyxA ˆˆsincos),,( −=
�

; (x, y, z) = (0, π, 1)  

 

Answer:  kjikyxjiA ˆ1ˆ0ˆ1ˆcoscosˆ0ˆ1 ++=−+=×∇
�

 

 

c.  ( ) ( ) jyxiyxyxA ˆˆ),( 2222 +++=
�

; (x, y) = (2, 1) 

 

Answer:  ( ) kjikyxjiA ˆ2ˆ0ˆ0ˆ2ˆ0ˆ0 ++=−++=×∇
�

 

 

8.  For the following scalar fields find the Laplacian at the point indicated. 

 

a.  yzxzyxzyxa ln2),,( 23 −−= ; (x, y, z) = (4, 2, 2) 

 

Answer:  2 2 3 212 4 448.5a xy x z y∇ = + + =  

 

b.  zyxzyxa −= sincos),,( ; (x, y, z) = (0, π, 1) 

 

Answer:  0sincos22 =−=∇ yxa  
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c.  16),( 22 −+= yxyxa ; (x, y) = (2, -2) 

 

Answer:  42 =∇ a  

 


