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[.An incident particle of charge q, with’a kinetic energy of E scatters off a heavy
stationary particle of charge ¢, Use the Born approximation to determine the
differential scattering cross-section. {20%) _

2.Use the variational principle and gaussian trial wave function " y(x) = 4e ™ 10 find

the lowest bound of the ground state of (a)a one- dimensional harmonic oscillator and
(b)a particle in the delta-function potential V(r) = - a5 (x) (20%)

3.The fact that g -particles having energies of a few MeV can leave potential wells
with depths of tens of MeV (inside which they find themselves in radioactive nuclei),
canbe explained by the tunnel  effect. Using a simplified potential

V)= ~Vo,(r <RV (r) = 9%

probability for @ -particles of energy E through the barrier and estimate the medn life
ofan g -emitting nucleus. (20%) o

{r> R, (Fig.1), calculate the transmission
,

4.At 1 <0, an electron is known to be in the n = | eigenstate of a one dimensional
infinite square well potential, which extends from x = 0 tox=a. Att=0, auniform
electric field E is applied in the direction of increasing x. The:eleci:trip ﬂeld is left on for
ashorttime v and then removed. Use time dependent perturbation theoty to
calculate the probability that the electron will be in the fi : 2,3, or 4 eigenstates att>
T.(20%) : IR
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5.Suppose a spin 1/2 particle is in the state y = ;/1—6(1 ;j-),j =y-1 , find the .
expectation values of the three éomp_onents of spin § (ie. (5345, Y,and (S, ). (note
. 01 0 -7 10
Pauli spin matricesis o = jO = 0, = i 20%
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1. A homogeneous sphere of radius @ and permittivity e, is placed in a homogeneous

dielectric medium of permittivity e, At a large distance from the sphere, the
electric field E, in the dielectric is uniform.”(a) Find the potential everywhere
(inside and outside the sphere). (8 points) (b) Find the electric field everywhere. (8
points) (c) Find the distribution of bound charges. (5 points)

. Derive the wave equation from the Maxwell equations. (10 points)

. (a) A charge particle of mass m and charge ¢ is moving in an electromagnetic field

(E and B). Write out its equation of motion. (5 points) (b) When the field is only
magnetic, show that the motion is periodic and obtain its frequency. (10 points)

. Consider a conductor with conductivity o, dielectric constant &, and magnetic

permeability p, (a) for a “good” conductor, calculate the phase difference between
the magnetic field and the electric field of an electromagnetic wave. (b) Determine
the ratio of their amplltudes (c} What is the skin depth of the good conductor? (1a
points)

- The E field in a source—free region is given as E = JE, sin ax cos{wf — kz) Vim.

Determine (a) the-magnetic field intensity, (b) the necessary condition for the fields
to exist, and (c) the time average power flow per unit area. (12 points)

. The magnetic field intensity in free space is given as H =}H0 sin(ef — fz) A/m,

where f is a constant quantity. Determine (2) the displacement current density and
)] the electric field Intensnty (8 points) -

. Find (a) the vector potentlal and (b) magnetic flux density at a distant point of a

small circular loop of radius a that carriers current /. (16%)

- Determine the electric field caused by a spherical cloud of electrons with a volume

charge density p=p for 0<R<b (both py and & are positive) and p=0 for R>5.

(8%)
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