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1. Show that the vector feld 

~ 9 10 10F = 20x yzx̂ + (2x z + 10y 9)ŷ + (2x y + 25z 24)ẑ 

is conserved and there exists a scalar potential. Calculate the line integral Z 
~Fd~r 

C 

for the curve starting at the point (0, 0, 0) and fnishing at (1, 1, 1). 

2. Assume that the temperature is spherically symmetric, u(r, t). Consider the heat fow 
(without sources) between two concentric spheres of radii R1 and R2, R2 > R1. Determine 
the steady-state temperature distribution, if the temperature of outer sphere is u2 and the 
inner sphere is u1. Assuming the constant specifc heat c and the constant mass density 
ˆ, calculate the total heat energy for this state-state solution. 

3. Consider the vibration u(r, �, t) of a circular membrane of radius a which is described 
by the two-dimensional wave equation 

@2u 
= c 2�u 

@t2 

Find a solution which satisfes 

@u 
u(a, �, t) = 0, u(r, �, 0) = 0, (r, �, 0) = f(r) sin 3�. 

@t 

1 



4. Solve the Laplace equation insider the sphere of the radius a with the following boundary 
condition 

u(a, °, �) = f(°) cos � 

Hint: use the following conventions for the Laplace operator in the spherical coordinates: � � � �
1 @ 2 @u 1 @ @u 1 @2u

�u = r + sin ° + .
2r @r @r r2 sin ° @° @° r2 sin2 ° @�2 

5. On the interval [0, ˇ] solve the heat equation with the source 

@u @2u −t= + 10 sin(6x)e 
@t @x2 

with the boundary conditions 

u(0, t) = 1, u(ˇ, t) = 3 

and the initial condition 

2 
u(x, 0) = 1 + x + 6 sin 6x + 3 sin x 

ˇ 

. 
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