Written Examination for Mathematical Methods of Physics
2014.11.08 at 09:00-14:00

Allowed help: “Arfken and Weber” (or “Weber and Arfken”), “Physics
Handbook”, “Beta: Mathematics Handbook”, lecture notes from the course.

In order to get full credit:

1) Used formalisms should be clearly defined

2) All steps in your derivations that are based on references in the above books
should be clearly given through reference to the relevant equations or tables.

: d
1. Use calculus of residues to evaluate the integral f 0 cos(mx)dx

0 x2+1 (2p)

2. Calculate the Fourier transform of f{x) = 1 — [x/2| for —2 < x <2, with f(x) = 0 elsewhere.

(3p)
3. Use the Frobenius method to find the two independent solutions to the equation:
dy? dy _
¥(1-x)Z—x=>-y=0 (4p)

4. Express the Legendre functions P, (x), P,(x) and P, (x) in terms of P,(x) and P, (x) (3p)

5. A sphere initially at 0° has its surface kept at 100° from =0 on (for example a frozen pea in
boiling water). Find the time-dependent temperature distribution. (Hint: Subtract 100° from
all temperatures and solve the problem; then add the 100° to the answer). (4p)

d? d
6. Use Laplace transforms to solve d—tazl — 3 d_}t’ + 2y = at?, where y(r) =0 for < 0 and

¥(0)=1,'(0)=3. For the maximum points the back transform should use the Bromwich
integral. (4p)

dZ
7. Calculate the Green’s function for the differential equation (HE - AZ) y(x) = R(x)
on the interval (—oo, 00) where the boundary conditions are y(—o0) = y(o0) = 0. Gp)

8. Show that J;(x) on the form J,(x) = % fon cos(xsin9)dy solves the Bessel equation for
n=0. (3p)

9. Use the Laplace transform technique and the defining equation of the Green’s function to

d? d
find the Green’s function for the equation ;l-t—JZI -3 ?d_)tl + 2y = f(t), where y(r) =0 for

t<0and y(0)=1,'(0)=3. Use this Green’s function to solve the equation for the case
f(6) = at?. (4p)
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2, with f(x)

<x<

2. Calculate the Fourier transform of f(x) =1 - [x/2| for -2
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3. Use the Frobenius method to find the two independent solutions to the equation:
dy? d
x(1—x)d—i'2—xa-i-’—y=0 (4p)
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4. Express the Legendre functions P,(x), P,(x) and P,(x) in terms of P (x) and P, (x). Gp)
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S. A sphere initially at 0° has its s
boiling water). Find the time-
all temperatures and solve th

urface kept at 100° from 7=0 on (for example a frozen peain
dependent temperature distribution, (Hint: Subtract 100° from
€ problem; then add the 100° to the answer). (4p)
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d2
6. Use Laplace transforms to solve d—i—’ - 3 — + 2y = at?, where y(f) = 0 for 1 <0 and ‘

»(0)=1,'(0) = 3. For the maximum pomts the back transform should use the Bromwich
integral. (4p)
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dZ
7. Calculate the Green’s function for the differential equation (m — 22 ) y(x) = R(x)
on the interval (—oo, 00) where the boundary conditions are y(—o0) = y(o0) = 0. 3p)
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9.4

9. Use the Laplace transform technique and the defining equatlon of the Green’s function to
dZ
find the Green’s function for the equation T - 3 + 2y = f(t), where W) =0 for

t<0and y(0)=1,y '(0)=3. Use this Green’s functlon to solve the equation for the case
f@®) = at?. (4p)
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