Reexam Mathematical Physics, Prof. G. Palasantzas
e Total number of points 100

* 10 points for coming to the exam

* Justify briefly your answers for all problems
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Problem 1 (10 points) Show that lim — =0 with x € (—=%,+x)
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Problem 2 (15 points)

_ _ v Ccosdn _ _
Determine weather the series 2 _ is convergent or divergent.
n=1 1 + (1.2)°
Problem 3 (20 points)
Suppose a mass m is attached to a spring with spring constant k, and let k=me” . If an .
external force F(7) = Focos(m,f)(@,= @) is applied, then we have the equation of motion <
for non-zero dissipation (c>0): 42 dx <
m—- +c—+ kx=F() (1) s
dr* dt B
Show that a particular solution of Eq.(1) (c* —4mk < 0)is given by: X, (t)= = cos(@w,t+0)

\/ﬂc —ma, )’ +(cw,)
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Tip: x(t) = ¢, cos(a@rt)+c, sin(er) = Acos(af +5) with A =Jc," +e1” andtand =-c,/e;  tap g = —cey/(k — mwé},



Problem 4 (15 points)

. . . : : : . ad’x .
Find the sine series solution of the second order differential equation 2z + 10X = f(t) withf(t)an
odd function [f(-t)=-f(t)] and boundary conditions X(t=0)=X(t=L)=0.

= L
Tip : The Fourer sine expansion has the general form ¥(x)=>"b, sin(nax /L), b, =(2 /LY ¥(x)sn(nax / L)dx, for x [0,L]

n=l 0

Problem 5 (10 points) oo o
Consider the Fourier transform definitions F (k) =f F(x)e ™ *dx and §(k) =J

e—ianxdx

— 00

Calculate the Fourier transform of F(x) = sin?(ex) + cos(&x)

Problem 6 (20 points)

(a: 10 points) Calculate the analytic form of the function G(@:fj(: f_J’;o t2e~|0tlg—2mikt o2 (8rk)dtdk
with o a real number.

(b: 10 points) Consider the boundary value problem for the one-dimensional heat equation for a bar of
length L with zero-temperature ends. The general solution u(x, t) (with t>0 and 0<x<L) has the form:

o0 ; —
_A2¢ . T CILT

u(z,t) = Z B,e"isin—uz , A, =
n=1 L L

Calculate the solution u(x, t) for t>0if u(x, t=0)=f(x)=2sin(6mx/L)cos(3mx/L).
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We form the series Z

n=1

- and we show that it is covergent using
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the ratio test.
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Therefore, since the series is convergent we have: lim a = lim
n—sw n—» 1l

Problem 2

cos 3n

y _osdn
Check convergence of > 2 77775 \
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Problem 5
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