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1. Consider a tigid pendulum shown in figure 1. The mass of the pendy-
lum is localized g¢ the end and the length of the pendulum ig J.

(a) Plot the Potential energy U/(6) of the pendulum as a function of
8for0<6<on (6 points)

(¢} Find the lowest arder approximation for the period of the motjon ‘
of case (i) in (b) with very iow total energy, and point out what
type of motion is it Let 0(t = 0) = 8, anq difdt =0att=g (5
Points) .

of case (ii) in (b) with very high tota] Energy, and point out what
type of motion is it. Let 6t =0) = 0 and d8/dt =6y at ¢ . (5
Ppoints) :

2. Consider v ga3 moleculeg in 5 cubic box of latera] size L at temperature
T. Neglect the interactions between the particleg

(2) Relate the pressure in the box to the collisions between the molecules
and the box (equations &re not necessary). (7 points)

(b) Derive an expression for the Pressure of the box ag a function of
the kinetic energy of the molecules. (7 points)
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3. Wave-particle duality is & puzzle in the early days of quantum mécha-m
- les. ‘

{a) Describe an experiment that demonstrates that electrons are paI-
ticles (1 points)

(b) Describe an experiment that demonstrates that electrons are waves
(7 points)

(¢) Discuss whether an electron is a particle or a wave, You have to
explain your reasen, (6 points)

4. Let us consider how do dielectrics contribute to the electric field.

(a) Explain (with very short calculation) how does an electric dipole
Tesponse to an electric field that js uniform in space. (6 points)

(b) From (a), explain how does dielectrics contribute to electric field.
Does it increase or redyce the imposed electric field? (6 points)

(¢) Consider a parallel plate capacitor with area A and distance d.
Caleulate its capacitance when theré is nothing between the plates,
then calculate the capacitance for the cage when dielectric material
with permittivity ¢ is filled between the plates. {8 points)

5. Consider a sma]] segment of a string which is under tension 7' (figure
2). The mass density of the string is X.

(a) Let 6(z) be small every%vhere, show that the vertical force acting
on & segment dz is simply Tdzx(0%/82%), This also gives the
instantaneocus acceleration of this segment in the vertical direction,
Le, Adz(8%/682). (8 points)

(b) Show that the string satisfies %-g;} = g;#. (4 points)

(c) Show that any y(z,t) = A{z—vt) is & solution of the Wave equation
in (b), where 4 is an arbitrary constant and v — v T/A. (8 points)

T
= Z\:'..?(.’.ﬁdx:

Figure 2:
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