2003 Qualifying Exam

Part I

Mathematical tables are provided.  

Calculators are allowed.

Please clearly mark the problems you have solved and want to be graded.  Do only mark the required number of problems.

Physical Constants:

Planck constant: h = 6.6260755  10-34 Js,  = 1.05457266  10-34 Js 
Boltzmann constant: kB = 1.380658  10-23 J/K 

Elementary charge: e = 1.60217733  10-19 C 

Avogadro number: NA = 6.0221367  1023  particles/mol 

Speed of light: c = 2.99792458  108  m/s 

Electron rest mass: me = 9.1093897  10-31 kg 

Proton rest mass: mp = 1.6726231  10-27 kg 

Neutron rest mass: mn = 1.6749286  10-27 kg 

Bohr radius a0 = 5.29177  10-11 m 

Compton wavelength of the electron: c = h/(me c) = 2.42631  10-12 m

Permeability of free space:  0 = 4 10-7 N/A2
Permittivity of free space:  0 = 1/0c2
Conversions:
1 in. = 2.54 cm

1 ft. = 0.3048 m

1 lb = 4.448 N

Section I:

Work 4 out of the 5 problems, problem 1 – problem 5.

Problem 1:

How much work is required to raise a 100 g block to a height of 200 cm and simultaneously give it a velocity of 300 cm/sec?

Problem 2:

A centrifuge in a medical laboratory rotates at an angular speed of 3600 rev/min.  When switched off, it rotates 50 times before coming to rest.  What is the constant angular acceleration of the centrifuge?

Problem 3:

A long thin uniform rod of mass m = 100g and length L = 1m is pivoted about one end and oscillates in a vertical plane.  Find the period (in s) of small oscillations.
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Problem 4:

An electron is released from rest at one point in a uniform electric field and moves a distance of 10 cm in 10-7 s.  What is the electric field strength and what is the voltage between the two points?

Problem 5:

A hydrogen atom consists of a proton and an electron separated by about 5  10-11 m.  If the electron moves around the proton in a circular orbit with a frequency of 1013 Hz, what is the magnetic field at the position of the proton due to the moving electron?
Section II:

Work 4 out of the 5 problems, problem 6 – problem 10.
Problem 6:

What is the wavelength of a 10 eV electron and what is the energy of a photon with this same wavelength?

Problem 7:

A 20-kg child sits on a turntable at a distance of 1.2 m from the center.  The coefficient of static friction between the child and the turntable is 0.6.  
(a)  If the turntable is rotating at a frequency of 3 revolutions per minute, what is the frictional force exerted by the platform on the child?  
(b)  At what frequency of rotation will the child slide off the platform?

Problem 8:

An electromagnetic wave in vacuum has an electric field given by
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(a)  What is the direction of motion of this electromagnetic wave?

(b)  What is the wavelength?

(c)  Write a formula for the magnetic field vector 
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(d)  Find the intensity of this electromagnetic wave.

Problem 9:

An electron is contained in a one dimensional potential well, having a potential energy of 0 when between x = 0 and x = 8 nm, and a potential energy of ( for all other values of x.  

(a)  Write Schroedinger’s equation for this problem, obtain well-behaved solutions, and determine the energy eigenvalues.

(b)  Obtain normalized wave functions, which will give unit probability of the electron existing in all of space.

(c)  Find the probability that the electron in its lowest energy state will exist in the space between x = 2 nm and x = 4 nm.

Problem 10:

A beam of monochromatic light with a wavelength of 500 nm is directed through an absorber having 5 equally narrow slits separated by 20 (m between adjacent slits.  The resulting diffraction pattern is observed on a screen that is perpendicular to the direction of light and 5 m from the slits.  The intensity of the central maximum is 1.3 W/m2.  

(a)  What are the distances from the central maximum to the first and second principal maxima on the screen?

(b)  What will be the intensity of the central maximum if there are only 4 equally narrow slits (of the same width as in part a), separated by 20 (m between adjacent slits?

Section III:

Work 3 out of the 5 problems, problem 11 – problem 15.
Problem 11:

A homogeneous ladder of length L leans against a wall (see figure).  The coefficient of friction with the ground is µ1, the coefficient of friction with the wall is µ2.  Find the minimal angle , below which the ladder will slip.
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Problem 12:

A spherical charge distribution is given by
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(a)  Calculate the total charge Q.

(b)  Find the electric field and potential for r > a.

(c)  Find the electric field and potential for r < a.

(d)  Find the electrostatic energy of this charge distribution.

Problem 13:

Suppose that a wave function for some state of a particle is


(x) = Ce-x/a, x > 0,


(x) = 0, x < 0.

(a) Find the value of C that normalizes the wave function.

(b) Find the most probable position of the particle.
(c) Can this wave function be an energy eigenfunction of some Hamiltonian 
H = p2/(2m) + U(x).

Problem 14:

Under the influence of the gravity near the surface of the earth a square wire of length l, mass m and resistance R slides without friction down very long parallel conducting rails of negligible resistance.  The rails are connected to each other at the bottom by a rail of negligible resistance, parallel to the wire, so that the wire and the rails form a closed rectangular conducting loop.  The plane of the rails makes an angle  with the horizontal, and a uniform vertical magnetic field B exists throughout the region.
(a)  Show that the wire acquires a steady state speed for any fixed .
(b)  If the angle  is lowered from 1 = /3 to 2 = /6, find the percent change of the steady-state speed of the wire.
(c)  Find the percent change of the corresponding power converted into joule energy.

[image: image6.jpg]



Problem 15:

(a) An electron orbits initially, at time t = 0 around a proton at a radius a0 equal to the Bohr radius. Using classical mechanics and classical electromagnetism derive an expression for the time it takes for the radius of the orbiting electron to decrease to zero due to radiation. Here you may assume that the energy loss per revolution is small compared to the total energy of the atom.
(b)  What implication can you draw from this calculation?  Give a qualitative argument on the need to modify the above estimate.

Lamor formula:  
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