Mathematical Physics FTF131

Time: December 18, 2007 -

Examiner: Jari Kinaret, tel. 772 3668, 0706-457268

This examination contrlbutes 45% to the final grade of the course. The limits for different
grades are: 0-39.9% fail, 40-59.9% grade 3/5, 60-79.9% grade 4/5, 80-100% grade 5/5

Allowed materlal No materlal is allowed. A pocket calculator Wlth no connectlon to
external memories is OK

1. Integrals. ’
(a) How would you determine the approximate value of the integral

n

1
dref—2
/0 - (1+22)"

for large n? ' » | . (3p)
(b) How would you evaluate the approximate behavior of the integral :
‘ ™
) / dt \/ge:c cost
0
for  — +oo0? , v - (2p)

2. Differential mmhons How Would you determine an approximate solution of The differ-

ential equation

y// —zy = 0%
for £ — +oc0? ' (4p)
3. Integral equations. Describe how you would solve the following integral equations, and
explain why you would choose the particular methods (2p each of the three problems) Use
a different method in each case!
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4. Singular pertﬁrbatz’on theory. Consider the Rayleigh oscillator described by

. e o
J+wiy=¢ woy*gw—o(y)]

(0)=0,4(0) =2

where ¢ is a small positive parameter. How would you determine the behav1or of y(t) for
large times (to leading order in ¢€)? ; ‘ (413)

5. Variational calculus. (a) Consider a rectangular hollow cavity with cross section W x L
and depth H (see illustration below). The cavity is closed with a thin membrane (with a
negligible mass) that is attached to the edge (rim) of the rectangular opening. How would
you determine the shape of the membrane when the cavity contains volume V of a gas?
Note that the membrane assumes a shape that minimizes its surface area. ‘ (3p)

(b) Assume now that instead of having the edge of the membrane fixed to the rim, it is free
to move between the bottom and the rim of the cavity (but remains attached to all four
~ walls). What boundary conditions must now be satisfied by the membrane? What is the
optimal shape of the membrane for V < W % I H (2p)

FIG. 1: Tllustration for problem no. 5.
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