MidTerm Exam Mathematical Physics, Prof. G. Palasantzas
* Total number of points 100

* 10 points for coming to the exam !

* Justify briefly your answers for all problems

Problem 1 (20 points) Are the infinite series bellow convergent or divergent?

(a: 10 points) Z nsm(1l/n)

n=1

(b: 10 points) Z sin( 1/ 7)

=1

Problem 2 (20 points)

+o0

Find the interval of convergence for the series Z n!'(2x—-1)"

n=l1



Problem 3 (25 points)

Consider a ball that drops from an initial height h (>0), and that
every time it bounces on the ground will lose 40 % of its energy.
If the gravitational constant is g (and ignore any friction losses
due to the environment), then calculate the total time until the
ball stops on the ground (consider infinite number of bounces
until it stops !).

Problem 4 (25 points)

Suppose a mass m is attached to a spring with spring constant k, and let i =mo*
an external force F(7)=Focos(ar) is applied, then we have:

F dx
dt? dt

Equation of motion: 2
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If we assume ¢” —4mk <0, then show that the motionis described by:

= > —~— . ~ ‘ F . . ~ / 2
x(t) = &> [¢,cos(ar) +c,sin(ar)] + ( ° |sin(et), with &= (o\/l—(c’/ 2mo)*
co
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Problem 1
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Problem 2

(n+1)!(2z-1)""
nl(2z - 1)»

l‘-:tn-l-'[ | _ l]m

an | n—00

Ifa, =n!(2z - 1), then lim
n=—00

= lim(n+1)[2z-1/ = ocasn — o0
n—0oo '

forallz# 1 (a) Convergent for x=1/2
(b) Divergent for x#1/2



Problem 3

Se+ D= 1-C —
Drep o heignr o 4= F%— (c=0.4in our case)
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Problem 4

For the solution of the homogenous

= CASE 1l ¢* — 4mk < 0 (underdamping)
Here the roots are complex:
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""Yn 'f)f_ 4 Cél Hige = ¥s coswnit (1)
337 4t
Yo (3 = BCu oS (wet) + B(we) s (wet)

SubMitire 1w (3) =P
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In general we have for the - +BCw. ceSwet ) + hROPcos We

particular solution Es cosogt =0 |
j CesWet +

Y : C BWe
E (k-mwa)ﬁ ¥ ] AT o (@)
giw Wa = e

C Ch-ww?)B - ChWws

Q“‘Wlﬂ?)ﬁ 1 CRW, =Fg (3)
k (n—-snu;‘)B - CcPw =0 @)

since @ =, (andasaresult k- me” =0) we obtain after substition F
=x,(t) = [ —?-)sin(mr)

into the equation of motion:c®B =F, and A=0 co

x(t) = e[, cos(@t) +¢,sin(ar)] + ( F, )sin(a) 1)
co
Full solution:

&= \1-(c/ 2mao)?



