KING FAHD UNIVERSITY OF PETROLEUM & MINERALS
DEPARTMENT OF PHYSICS

PHYS.300 - MAJOR EXAM -II (TERM 211)

Instructor: Dr. Hocine Bahlouli

Student Name:

ID. No.:

e Exam time : up to a maximum of 90 Minutes
» Solve the following three problems and show all
details and intermediate steps to gain full credit.

Problem # Grade
1 /33
2 /34
3 /33
_ Total [ J100 ]




Q.1. Consider the following general form of functional

J=

£ )
[ 7ds = [ £+ y ) dvs ds = v +dy’; y(x) = 3 9(x,) = v,

which we would like to minimize with fixed end points y;and yy, ds is an
element arc length in xy-plane and f{y) is a given function of the curve or
path y(x).

a)

b)

d)

Show that the function y(x) that extremizes the functional J satisfics
the following differential equation

L+[y'@] =472 y'(:c)=—z-’:;}fT (12pts)

where A is an integration constant to be determined by the boundary
conditions on y(x).
Show the above result using both Euler cquation and it second form.

Integrate the above differential equation and express x(y) in its integral
form. (Spts)

Solve the above differential equation for y(x) in the particular case
when f(y)=1, give an interpretation for this result and give one
example of a physical phenomenon that falls in this category. (8pts)

Find the path y(x) followed by a particle that minimizes J when
S =+y. (8pts)



Q. 2 Consider Gauss theorem for a mass density p, Gauss surface of
surface S and volume V

$ gdi = ~47Gm,,,,,, = -47G [ pdv (1)

a) Explain how symmetry considerations ensure that g(7) = -g(r)#, at a
distance r from an infinite vertical wire of uniform linear mass density
A1, 7 being the radial unit vector away from the wire. (5 pts)

b) Let us apply Gauss theorem to compute the gravitational
field g at a distance r from an infinite vertical wire of

uniform linear mass density A1. (7 pts)

c) Consider a second horizontal wire of length L and uniform linear mass
density Az at a distance D from the vertical wire. Find the net
gravitational force on the horizontal wire from the infinite one. (10 pts)

d) Study the above gravitational force in the limit L<< D, and explain the
simplicity of this result knowing that the total mass of the horizontal wire
is M= AzL ( use In(1+x)~x as x> 0 ). (5 pts)

H-\-_\_\_‘_‘—‘—~—_

e} If you are given a spherically symmetric gravitational potential ar), r

| being the radial distance from the center of a spherical mass

) distribution. Using (1) and the divergence theorem:; (7 pts)
VO , Aeda = [ Vedar )
b A I
G{ . show how you can obtain the radial mass density p(r) from (1).
)%‘;r Apply you results to find p(r) associated with a given g(+) = —i~
a +r-
Ny where a and b are given positive constants.
i
¢ N
) A

V._4




Q.3 Consider a simple pendulum in a vertical plane (mass mz. length b) whose
point of support is a mass m1 which can slide horizontally on a frictionless
surface and whose position is given by x(1). Let us compute the Lagrangian
and Euler Lagrange equations. Every part of our system is assumed to be
massless except for the two point masses my and ma.

a)

b)

Explain why the system has only two degrees of freedom (x, @) and
show that its Lagrangian can be written as (13 pts)

L(x,0,%,6:0) = %("" +m,)x +%m:_(2b_"cécos£) + b*6")+ m,gb cosé.

Write down Lagrange equations of motion for both x and & and

deduce that the quantity (10 pts)
M=(m +m)e+ m,bfcosd

is conserved, what is its physical meaning? Deduce the equation of

motion for 0 using «; =g/b.

Suppose that the point of support of the pendulum is forced to oscillate

with a given amplitude A and frequency @, that is x(1) = A cos wl. Deduce
the new Lagrangian in its most simple form, and solve the equation of
motion for small @(#) using results from chapter 3. (10 pts)
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