King Fahd University of Petroleum and Minerals

Physics Department

PHYS 373: Computational Physics 

Spring 2005

Final Exam

Part I. Take-Home
Sunday, June.12.2005

Due date: June .13,2005
​​​​​​​​​​​​​​​​​​​​​​​
Problem 1: Air Resistance
Consider the problem of a falling sphere with air resistance. In three dimensions, its motion is described by the vector equation
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Note that 
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 is a unit vector pointing in the direction of the momentum. If the particle is initially at the origin traveling at 50 m/s in the direction of the x-axis, what are the position and the velocity of the sphere as a function of time, 
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Problem 2. Application to Atoms:

In this problem, you will compute the ground state (“1s state”) wave function for the hydrogen atoms. An elementary book on quantum mechanics will help. 

To use an integration method, you may need the change of variables
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in order to handle the limits of integration.
a. Normalization

Compute the normalization of the ground-state (“1s state”) wave function for the hydrogen atom
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Check that the total probability of finding the electron adds up to one
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b. Electron-Nuclear Potential Energy
Compute the electron-nuclear potential energy for a single electron in the 1s state
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Note that because there is only one electron 
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c. Electron-Electron Potential Energy

Compute the Hartree electron-electron potential energy for the 1s state
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Note that for 
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, the potential from the Poisson’s equation is
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Problem 3: Electrostatic Calculations
Consider a charge wire running parallel to the axis of a uniform, hollow rectangular conducting channel. Suppose that the vortices of the channel lie at 
[image: image12.wmf]).
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 Suppose further that the wire carries a uniform charge per unit length of magnitude unity. The electric potential inside the channel satisfies
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where 
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are the coordinates of the wire. Assume that the box is grounded; the potential is subject to the Dirichlet boundary conditions 
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We require the solution in the region 
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Solve for the potential and make contour plots on the x-y plane for the following cases

1. 
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2. 
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3. 
[image: image19.wmf])

25

.

0

,

25

.

0

(

)

,

(

0

0

=

y

x


_1178612756.unknown

_1178613404.unknown

_1178617395.unknown

_1178777173.unknown

_1178777797.unknown

_1178777186.unknown

_1178777139.unknown

_1178616932.unknown

_1178617208.unknown

_1178617280.unknown

_1178617119.unknown

_1178613580.unknown

_1178613124.unknown

_1178613312.unknown

_1178612874.unknown

_1178528760.unknown

_1178612671.unknown

_1178528655.unknown

