2002 Qualifying Exam

Part I

Solve all 16 problems without reference material.  

No partial credit will be given.  You will receive either the maximum score or zero for each component of each problem.  

Calculators are allowed.
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PHYSICAL CONSTANTS
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©=3.00x 10° m/sec
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a,=53x10"m

13.6eV

6.02x 102/ mole

Conversion Factors
1eV=16x10"J=16x 10" erg
1m=10" A= 10 fm = 6.25 x 10* miles
1atm = 1.01 x 10° N/m? = 760 Torr
1cal=4186]





Problem 1:

A space ship is moving to the east at a speed of 0.9c relative to the earth.  A second spaceship is moving to the west at a speed of 0.8c relative to the earth.  What is the speed of one spaceship relative to the other?

Problem 2:

An astronaut on a strange planet finds that she can jump a maximum horizontal distance of 15m if her initial speed is 3m/s.  What is the free-fall acceleration on the planet?

Problem 3:

A hydrogen atom is known to be in a state characterized the quantum numbers 

n = 3,  = 2.

(a) Give the allowed values of j.

(b) For each of the allowed values of j, calculate the square of the magnitude of the total angular momentum.

Problem 4:

A 2 cm thick layer of water (n = 1.33) floats on top of a 4 cm thick layer of carbon tetrachloride (n = 1.46) in a tank.  How far below the top surface of the water does the bottom of the tank appear to be to an observer looking from above at normal incidence?

Problem 5:

A liquid of unknown specific heat at a temperature of 20°C was mixed with water at 80°C in a well-insulated container.  The final temperature was measured to be 50°C, and the combined mass of the two liquids was measured to be 240-g.  In a second experiment with both liquids at the same initial temperatures, 20-g less of the liquid of unknown specific heat was poured into the same amount of water as before.  This time the equilibrium temperature was found to be 52°C.  Determine the specific heat of the liquid.  The specific heat of water is 4187 J/Kg°C or 1 cal/g°C.

Problem 6:

Use the measured ionization energy of Helium (Eionization = 24.6 eV) to calculate the energy of interaction of the two electrons in the ground state of the atom.

Problem 7:

(a) Derive an expression for the frequency as a function of time that you would hear if you dropped a source of frequency f0 from a tall tower.

(b) Derive an expression for the frequency heard by an observer on the ground. 

Problem 8:

A disk of resistivity , permeability 0, radius R and height h is located in a homogeneous but time-varying magnetic field B = kt directed along the axis of the disk.

[Note: k denotes a constant and t denotes the time.]
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What are the current density and the total current induced in the disk?

Problem 9:

In the circuit shown, the switch is opened at t = 0, after having been closed for a long time.  Find the current I as a function of time for t > 0.
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Problem 10:

Compare the intensity of a light bulb at a distance of 6 m from it to the intensity at 2m from it.  Repeat this comparison for laser light.  Explain fully but briefly.
Problem 11:

Two telephone poles are separated by 40 m and connected by a massless wire.  A bird of mass 0.5 kg lands on the wire midway between the poles, causing the wire to sag 2.0 m below horizontal.  What is the tension in the wire?

Problem 12:

In relativistic mechanics, energy and momentum of a free particle are related by the expression E2 = p2c2 + m2c4.  Construct the relativistic analogue of the Schroedinger equation by introducing the appropriate operators.

Problem 13:

Near the surface of the earth a uniform disk of mass M1 and radius R is pivoted on a frictionless horizontal axle through its center.  A small mass M2 is attached to the disk at radius R/2, at the same height as the axle.  If this system is released from rest:

(a) What is the angular acceleration of the disk immediately after it is released?

(b) What will be the magnitude of the maximum angular velocity that the disk will reach?
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Problem 14:

A monatomic ideal gas, originally at a pressure P, volume V and temperature T, is compressed to one half of its initial volume. 

(a) If the compression is isothermal (i.e., at constant temperature), what is the final pressure?

(b) If the compression is isobaric (i.e., at constant pressure), what is the final temperature?

(c) What is the amount of heat supplied to the gas during the compression? 

Problem 15:

A particle of rest mass 1 MeV/c2 and kinetic energy 2 MeV collides with a stationary particle of rest mass 2 MeV/c2. After the collision, the two particles stick together.

(a) What are the energy, velocity and momentum of the incoming particle?

(b) What is the rest energy of the outgoing combined particle?

Problem 16:

A particle with mass M and Charge q > 0 moves in a uniform magnetic field 
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 and also in the field of another charge Q < 0 located at the origin.  At t = 0 the particle is at x = z = 0, y = a, and its velocity is 
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.  For what B will the trajectory of the particle be a circle of radius a centered at the origin?
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