




A solid sphere of radius a = 0.5 m is partially submerged in a bath of ice water (0° C), while its 
unsubmerged portion is exposed to room temperature (22° C).  Its surface temperature  is  
 

 

 
where  is the polar angle. 
 
(a) Using only a few brief sentences, describe the partial differential equation, boundary 

conditions, and symmetry conditions that govern the system.  Explain the methods you 
would use to solve for the steady-state temperature  anywhere within the sphere, 
where r is the radius from its center and  is the azimuthal angle. 

 
The solution has the form 
 

 

 
where 
 

 

 
(b) Describe the meaning of  and , and explain why the solution is independent of . 

 

(c) Using the relationships , , , 

and 
 

 

 
compute at least two nonzero coefficients of the series solution. 
 

(d) Find a general form for the coefficients and express the series solution in a compact and 
efficient form that could be readily implemented in a computer mathematics program to as 
many terms as desired.  It should not involve numerical integration. 





 
 

 
 

 
to find the electric potential V(r) for the region between two coaxial (infinite) cones with a 
common vertex, one inside the other.  
 
Assume that the interior cone is grounded and the exterior one has a constant potential V1. Use 

. 
 
Hint: Choose the appropriate coordinate system carefully! 
 
 
 



 
A charged particle leaving a conducting surface emits radiation. Assuming a planar perfect 
grounded conductor the radiation can be interpreted as being due to the changing electric dipole 
moment of the accelerated charge and its image. For this problem let the conductor be the x-y 
plane; the particle is currently at position (0,0,z), with z > 0, and is moving perpendicularly away 
from the plane with positive velocity v and positive acceleration a. The particle has mass m and 
charge q, with q > 0. 
 
(a) Sketch the situation, namely the charge, the conducting plane, and the image. In what 
direction is the electric dipole? 
 
(b) In which direction(s) will the emitted radiation be largest? In which direction(s) will the 
emitted radiation be smallest?  Indicate your answers on your sketch and explain your reasoning. 
 
(c) Determine the radiated power for the particle in terms of the given quantities.  
 
 
Helpful formulas:  
 
To lowest order, the electric and magnetic radiation fields from an arbitrary source are given by 
 

 

 

 

 
and the total radiated power is  

 

 
where p is the electric dipole moment and  is its second time derivative.  and  are the usual 
spherical coordinates as used in physics, with  being the polar angle and  the azimuthal angle, 
but measured relative to the direction of  instead of the normal z-axis (if they should differ). 
 







 

 
 

1. -
earth orbit will have two large solid propellant rocket motors that are similar to, 
but longer than, the prior Space Shuttle .  From the 
SLS booster nozzle to the end of the most forward segment is a nominally 
cylindrical duct approximately 45 m in length.  Given the intense heat of the 
propellant, consisting in part of burning aluminum particles, the speed of sound 
inside the motor chamber is approximately 900 m/s. 
 
 

a) The acoustic signature inside the pipe produces a low-

absorbers on the rocket nozzle to prevent the launch vehicle from violently 
shaking up and dow .  These 
vibration absorbers are relatively simple mass-spring-absorber systems 
with a tuned natural frequency so as to reduce the vibration on the rest of 
the launch vehicle.  As the acoustics expert on the development team, 
what frequency do the absorbers need to be tuned to in order to mitigate 
the effect of the lowest acoustic resonance inside the rocket motor?  You 
may neglect any mean-flow effects. 

 
b) Consider an acoustic plane wave propagating down the chamber toward 

the nozzle end.  As it reaches the nozzle exit plane, describe (using 
equations and words) the nominal pressure and particle velocity boundary 
conditions.  

 



c) For this booster, treating the burning rubber, ammonium, and aluminum 
fuel mixture as heated air gives a reasonable estimate for the temperature 
inside the chamber.  If the speed of sound in air is 343 m/s at 20 deg. C, 
calculate an estimated motor chamber temperature. 

 
d) Provide an appropriate criterion for the geometric far field if the distance 

from the nozzle to an observer is r and the dominant noise-producing 
region of the plume is of length L.  Next, if you assume the plume noise 
source is a line array of incoherent monopoles, sketch the rate of change 
in sound pressure level due to spreading to the side of the plume as a 
function of r/L.  Clearly identify key regimes.   

 
e) Although rocket noise source characterization remains an active research 

problem, assume that the source can be modeled as a free-field monopole 
with a radius of 2 m and a frequency of 20 Hz.  What is amplitude of the 
monopole radial velocity if the sound pressure level is 155 dB re 20 Pa at 
a distance of 65 m?   By considering the radial displacement associated 
with this velocity, comment on the physical reasonableness of your 
answer.    

 

 

  
where  is ambient density,  is the sound speed,  is the acoustic 
wavenumber,  is the source strength or volume velocity, and  is the 
distance from the monopole. 

 
 

 
 
 








