KING FAHD UNIVERSITY OF PETROLEUM & MINERALS

DEPARTMENT OF PHYSICS

PHYS 301 – MAJOR EXAM -II (TERM 031)

Instructor: Dr. Hocine Bahlouli

Student Name: ________________________________________

ID. No. : __________________ 

· Exam time : 120 Minutes

· Solve the following four problems and show the details of your work

	Grade
	Problem #

	/25
	1

	/25
	2

	/25
	3

	/25
	4

	/100
	Total


Q.1. According to Fermat’s principle, a light ray travels in a medium from one point to another so that the time of travel given by the functional
J = 
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is minimum. ds is an element arc length and ( is the speed of light in the medium which is related to the index of refraction n and speed of light c through
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a) 
Show that the path of travel is solution to 
(y” + (1+y’2)2 
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(2)
(consider that light is traveling in the xy – plane)

b) Show that the path of travel in a given medium is given by a straight line (assume that ( is constant in the medium).
c) Find the path followed by a particle that minimizes (1) in a gravitational field where ( = 
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Q. 2.
Consider a uniform disk of radius R lying in the horizontal xy plane and centered at the origin O of the xyz coordinate system.
a) A point mass m is located along the positive z –axis at a distance z from the center of the disk.  Show that the force acting on m is given by 

F = -2(m( G [1- 
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b) Deduce the gravitational potential at the location of m (you can answer b then a if you decide so).
b) Find the gravitational field due to an infinite plane with uniform surface mass density ( using Gauss theorem and show that this results can be obtained from the above one by taking the limit R goes to infinity.

Q. 3.
Consider a point particle of mass m which is free to slide down on a fictionless incline of angle (, mass M and length L which is on a horizontal fictionless plane (see Figure below).  The particle starts initially from rest at the top (P) of the incline and we denote by S its coordinate along the incline.  The coordinates of the center of mass ( C ) of the incline are denoted by (x,y) while the constant vector from C to P is denoted by A.

a) Show that the Lagrangian of this system can be written as 


L = 
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(m + M) X2 +
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m S2 – m S X cos( + mg S sin(
c) Write down the Lagrangian equations of motion and solve for S.

d) Show that the time for the particle to reach the bottom of the incline is given by

t = 
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Q. 4.
The point of support of a simple pendulum of mass m and length b is driven horizontally by X0 = a sin (t ; a and ( are constants.

Show that L can be written as 

a)   L = 
[image: image11.wmf]2

1

m [ b2(2 + 2 ab (2 sin (t sin (] + m g b  cos(
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b) Write the equation of the motion and solve it for small oscillations.
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