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1.{10%) With basic Bolir theory,

1. calculate the magnetic field experienced by thie proton caunserl by

an electron in its ground state of an hydrogen atem.

. estimate the encrgy of the hyperfine splitting of this state.

2.(5%) The volume of a perfoct gas of N atoms is doubled, the cnergy

Deing held constant. IWhat is the chanee in entropy?

{10%) Drrive tha scattering cross soction of a photen by a free clectron
i the classical approximation, given that the power radiated by an
accelerating charge is

Dela?
Jeb

4.{(5%) Coustruct the Lagragian of a dipole whose opposite charges are

of masses 1y andd my and which is located in a howogencous electric
field £

5.(10%) A spaceship is shot ouf from the sarth into interstellar space

straight to a star at a distance of D, Except for a short tirne at
the beginning, the acceleration of the rocket @, as measurcd by the

passengers, is constant throughout the journey. According to a clock

inside the spaceship, how long will it lake fo get to the star?

(10%) A particle of inass m moves it a potential ¥{r) =

-5 whaon
v < @, and Vr) = 0when » > a. Find the least valuo of ¥y such that

there is a bound state of zero energy and zero angular momentutn
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7.(10%) A long straiehe wire of radius R has a cirenlar hole of radius

allel to the axis of the wire but displaced from the center hy ¢

distanea d. A umiform curre:t I flows in the wire. Find che m
ficld everywhere n space.
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3.(5%) The average msity of hydrogen atoms 1 interg radactic space 1S

about 1 per m*. Assmning an atomic dismeter of 107% cm, estiiate

tlie wean free pa‘h

(10%) N particles are distributed amoug thres states with energy

=0, kt, and 2kt, respectively. If the total equilibriumn energy of ¢

systemn s S00Lkt, what is the value of N7 You do not need to arrive
At o Minal answer in & numerical ‘orin, but should state clearly

how
you derive the answer.

10.{10%%) Detevinine normnalized wave fauction and the energy levels of
a particle in a potential well ¥ for which

. no  for oz < 0 aund for & > o
1 for0<x<a

11.(5%) Explain the distinction between Fraunhofer and Frosnel diffrac-
tion.

12.{10%) Consider a by perthetical medivm in which the avpular moien-

fn e and wavenuimber & of an eleclromaguetic wave are related
o= kB4

Wha: ave the phese velocity and group velocity n th
mecivn?
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