Probiem*]

Two pendulums each of length { are initially situated as in Fig. | The first pendulum
is released and strike the second.  Assume that the collision is completely melastic
and neglect the mass of the strings and any frictional effects. How mgh does the
center of mass rise after collision? [ 10%)
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Figure 1

Consider a solid sphere of mass M and radius & rolling down an nctined p!;ﬁe
without slipping ¢see Fig. 2} Find the speed of its center of mass when cylinder
reaches the hottem. (10%0)

Prablem *3

fa) An infamous problem of gravitation is that you dig 2 tunnel through earth from
one side to the other along a diameter and a particle dropped mta the tunnel will
gxhibit simple harmonic motion.  Now we drop two particles of different masses,
M, ard M, into the tunnel.  What 15 the difference in period of motion between
these two particles? You st justify your answer. (8%)

{6} How does your answet for (a) change if the runnel i3 dug in moon? (5%)



Problem “4
Figure 3 shows an LCR circuil containing a constamt-voliage battery ¥, Find out the
transient current f as a function of time # if switch 5 is closed at £ = 0. 1t 1s assumed

that A > 4% (15%)
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Figure 3

Prohlem *5

A rigid body formed by three rods {ad, @o, bo) is rotating arcund point O with an
- gt -velooiy - o), wikere ab s a metallic rod and wo and Ao are insulators,  An
uniform magnetic induction B and the rotation axis are perpendicuiar to abe plane, as
shown in Fig. 4. The lengths of ab, av and do are 4, &, and ;. The Lorentz
eelation is F = q(ﬁ ST E}. Find out the voltage developed between p-::-ints; aand &

(Hint. Consider the driving force along the radial dircction,) [ 15%)

Two equal masses of aluminum (A7) are at different remperatures, 200 and 257

They are contiected together and allowed to reach thermal equilibrivm,  Calculate
the change in entropy. The mass of 4/ = 20 g and the specific heat of 4! =

cal
0.2 é.ﬂc. (%)



Eroblem *7

A drop of oil 13 added to one surface of prism shown i Fig. 5. The index of
refraction of the oil is just large encugh so that the total reflection at the surface na
longer occurs,  Determine the index of refraction of oil if Pene = 1,30, {7%a)

Figure 5

Problem *$
() Magnesiom fluoride (MgF,, index of refraction = 1.38) is a popular antireflection

| omiy shhimel; o glane. - Detcrmine s thickness of Mgl coatigg-on glass so
that the hest antireflection effect of light with 4 ..., = 5500 A can be obtained.

{6%)
&} Explain why we often see faint purple color on coated lenses. {5%)
Problem *9
{a) Explain the origin of diffraction from crystalline sohds. (6%}

(b) Establish an X-ray experiment to determine the lattice constanis of a sodium
chlonde (NaCf) single crystal.  List the physical parameters required and describe
your method of caleulation. ' {6%%)
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