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1. As a raindrop falls due to gravity, it increases its mass through deposition of vapor  

on its surface. Assume the raindrop maintains a spherical shape throughout, and that 
its radius  R(t)   increases linearly with time, i.e. that constKdtdR ==/ ;  this 
is equivalent to assuming that the rate of increase of its volume is proportional to its 

surface area. Neglecting air resistance, find the velocity )(tv  as a function of time of 
a raindrop that starts at rest and with an initial radius R(0)=a,  at t=0. Check your 

answer by verifying that gttv ≅)(    when aKt << , i.e. a very short time into the 

raindrop’s fall. What becomes of  )(tv  in the opposite limit, aKt >> ? 
 
 
2. A particle of mass m slides without friction on the surface of a sphere of radius a. If 

the particle starts at rest on the top of the sphere, where does the particle leave the 
surface of the sphere? 

 
 
3. The frequency f of a deep water gravity wave (i.e. an ordinary ocean wave) is given 

by 
cbagf λρ∝   where λρ ,, g are the water density, gravitational 

acceleration, and wavelength of the wave, respectively. What are the values of the 
exponents a, b, c and what is the ratio of the wave group velocity/phase velocity? 

 
4. What is the velocity of recoil of an   

57Fe   nucleus that emits a 100 keV photon, 
both in units of the speed of light in vacuum and in meters per second?     

 

5. In the course of pumping up a bicycle tire, a liter of air at KT 3001 =  and 
atmospheric pressure is compressed adiabatically to a pressure of 7 atm. (Air is 
mostly diatomic nitrogen and oxygen). 

a) What is the final volume 2V  of the air after compression? 
b) How much work W is done in compressing the air? 

c) What is  the temperature 2T  after  the compression? 
 
6. The cross-section σ  for collision between helium atoms is about 4*10-16 cm2 . 

Estimate the mean free path λ  of helium atoms in helium gas at atmospheric 
pressure and temperature. 

 

7. A time- independent magnetic field is given by  B=2bxy i + ay
2

j , where i and j are 
the unit vectors in the x and y direction, correspondingly.  
(a) What is the relationship between the constants a and b ? 
(b) Determine the steady current density J that gives rise to the field. 



GWE Fall 2006  
Part I 
 

8. Two unequal capacitors 1C    and   2C  are first charged to the same potential 
difference V. Next, the charged capacitors are connected in series (that is, “plus” to 
“minus” ).  A switch S that is initially open completes  the circuit. 

(a) What are the final charges   1Q  and  2Q , on each capacitor after the switch is 
closed? 
(b) Calculate the loss in stored electrostatic energy, and discuss (without calculation) 
what happens to this lost energy. 

 
 
9. In the design of a camera for use underwater, you have to consider light that has a 

vacuum wavelength l = 597 nm normally incident from water (refractive index n = 
1.35) on a flat glass plate which has on its front surface a coating. The refractive 
index of the glass is 1.50. What is the  refractive index and thickness of the thinnest 
coating layer that causes destructive interference in the reflected wave, minimizing 
reflections in the light? 

 
 
10. The ground state energy of a single, isolated particle in a 3d cubical box (with 

impenetrable walls) is  0E . What will be the ground state energy of a system of 10 
such particles if they are non- interacting and if 
(a) they have spin 0? 
(b) they have spin ½? 

 
 
11. In atomic hydrogen, the hyperfine interaction gives rise to a splitting between the 

total spin (nuclear+electronic)  F=1 and F=0  states, which leads to a transition 
characterized by the astrophysically famous 21cm line. At what temperature of an 
atomic hydrogen gas cloud will the three F=1 states have a total population equal to 
that of the F=0 ground state? 

 
 
12. Carbon-14 is produced by cosmic rays interacting with the nitrogen in the earth’s 

atmosphere. It is eventually incorporated into all living things, and since it has a half-
life of    5730 +/- 40  years, it is useful for dating archeological specimens up to 
several tens of thousands of years old. The radioactivity of a particular specimen of 
wood containing 3g of carbon was measured with a counter whose efficiency was 
18%: a count rate of    12.8 +/- 0.1  counts per minute was obtained. With the sample 
removed a background count rate of   5.2 +/- 0.1  counts per minute was measured. It 
is known that in 1g of living wood there are 16.1 carbon-14 radioactive decays per 
minute.  What is the age of this specimen, and its uncertainty?  
(Errors which are not quoted may be assumed to be negligible).  
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1. Consider a doub le pendulum, i.e., a system consisting of two simple pendula each of 

length l, and mass m with one pendulum suspended from the other. Calculate the 
frequencies of small oscillation for this system, and describe the motion for each of 
the normal modes. Assume the two  pendula oscillate in the same vertical plane. 

l

m

l

m

 
2. One mole of a monatomic ideal gas undergoes a process for which the relation 

between pressure and volume is     VPP /0 α+=  , where both 0P    and  α  

are positive. The gas expands from an initial volume 1V    to a final volume  2V   
Find 

(a) the change in the internal energy U∆  of the gas, 
(b) the work W  done by the gas on its surroundings, and 

(c) the amount of heat Q  transferred to the gas by its surroundings. 
 
3. A permanent magnet with the magnetic moment µ  moves with speed v along the 

axis of a circula r loop of conducting wire. The loop has radius a and resistance R. If  
µ   points in the direction of motion, what force does the particle experience when it 

is a distance    az >>      from the center of the loop? What is the direction of this 
force? You may assume that   cv <<    and that the loop has negligible self-
inductance.  

µ

a

v
z
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4. Two monochromatic, coherent point light sources of the same wavelength λ , are 

located on a line perpendicular to a distant screen. The closest source,   1S ,   is at a 

distance D from the screen, while the more distant one,  2S  , is at a distance D+d;  
both D and d are much larger than the wavelength of the light sources. Assuming that 
there is an interference maximum at the point A where the line drawn through the 
sources intersects the screen, find a formula for the radius r of the first bright ring 
around A on the screen, and get a numerical value assuming  

   mdmDnm 0.1,0.3,600 ===λ .  
 

A

Dd

S1S2

 
 
 
5. An electron moves in one dimension in the infinite potential well shown in the 

diagram. An eigenstate exists at an energy 4eV. Find the minimum value for the 
width of the potential well a. 

 
 

3 eV

-a/2 0 a/2

x
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6. Janice leaves earth at 9 am on a rocket ship trave ling at a speed of v = 0.6c. When the 

clock on the rocket reads 10 am, she sends a light signal back to Jim on Earth.   
 

(a)     When will Jim’s sensors on earth detect this signal according to his clock? 
(b)     After trave ling 6 hours (according to her clock of course!) Janice figures she 
has had enough of space travel and heads back to earth.  The inertial dampeners allow 
her to stop, turn around, and accelerate back up to v=0.6c  in a negligible amount of 
time.  When she gets back to Earth, has she aged more or less than Jim? By how 
much? 
(c)    Draw a space diagram of the entire round trip as seen in the Earth frame, 
labeling the x-axis in units of light-hours and the y-axis in units of hours.  Include 
Janice’s light signal.  Be accurate in your sketch (make it big enough!)  - use minor 
tick marks every ¼ hour. 
(d)  Since Janice sees Jim’s clocks running slow and Jim sees Janice’s clocks running 
slow, each expects the other one to be younger. Explain, using the diagram, why only 
one is younger. 
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