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1. (12%) Consider 'TH—"He +¢ +v . Denote the masses of “Hand *He by m m, If
the electron and the neutrino are considered masgless, what is the maxisum cnergy
af the electron in the rest frame of “H?

2. (10%) ™ particles of equal mass, m, are distributed evenly on a circle of radius R,
what are the muments of inertia tensor (N>3), Ty?

3. Consider the following static charge distribution
as in the Figure !
(6%) {a) Work out the potential &t r==> |, L d TL{,&._ > X
{6%) (b) Work out the electric ficld on x axis for any x. /2 :

4, Consider 4 syuware wire loop with resistance R and
mass m maving with velocity v toward a region
of uniform magnetic feld | B, as shown in the
Figure. The direction of the magnetic field 15 i
into the page and perpendicular 1o the lang. At '
=0 the loop starts entering into the region with : XX X
magnetc field. d .
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(4%%) (a) Work out the velocity of the loop as a Ve
function of time under the influence of fﬁ
the Loreniz force. - :E‘H
(4%0) (b) Work out the final velocity of the :
loop
(4%} (o) Work oul the time I when the loop -
enters into the regon of magnetic
field completely,
{3%) (d) Work out the total energy dissipated
in the loop.

5. Three particles connecied by aprings of spring constant . M M
k as shown in the Figare. Assutne thal particles are T G LV gy
constrained 10 move on a ine(x-axis) and assume that R f
the amplimdes of oscillation are smali.

{3%) (2) Write down the equaticn for elgen frequencies of nonnal modes

(3%} (b) How many of the three normal modes have zero fequency ?

(3%) {c} Denve the gigen vectors

(3%2) (dy Derive uigen fequencies

{3%) (e} Ifthe parlicles are allowed to move on a plane, how many extra zero
angd non-rero moedes are allowed 7

{3%) (f) Wnte down the eigen vectors ol the medes m (g}
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4. Taking the rotational and vibrational motion of the molecule inte consideration,
(3%) {(a) What is the specific heat, Cp. of a gas of HD molecule st temperature
higher than its rotational and vibrational energies.
(5%) {b) Whatis Cp d4l temperature between its rodational and vibrationa! energies.
(6%) (¢) What 18 the answer to (a} and (b) for the collinear €05 the molecule ?

7. Consider g Jatlive 10 which each site can have £, 1, or 2 electrons, If a siteis
occuplied by one electron, its energy increased by 5| ; if ocoupied by rwo electrons
il8 energy is £; relative fo an empty site which is taken to have zero snergy.

{8%) {a) What isthe condition on the chemical potential such that the average
number of electron per site, <o, i3 unity ¢
(9%} {b} 1fey=Zey+Hand 5 is small relative to kT and £1, What i2 (he average

energy per site when <n~—1i 7 {Expand to the lowest nontrivial otder in
fh).
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