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{25%) 1. Suppose that a particle of mass m moves in the xy-plane under the
influence of a force field # = ~k(&z + fy), where £ is a positive constant,
# and § are unit vectors in the directions of positive z-axis and y-axis of a
proper coordinate system, respectively.

(1). Find the equations of motion of the particle.

(2). Show that under the appropriate initial conditions at time ¢ = J, the so-
lutions of the equations of motion are z() = xy cos wt and y(t) = yp sin wi,

where w = \/ ki, g and yp are constants.

(3). Show that the total energy of the particlke is E =. ';f{;,: + ¥p)-

{4). Show that the orbital angular momentum of the particle with respect
to the origin of the coordinate system is =3 % § vVEm Toue.

{25%) 2. A particle of mass m moves in three dimensions under a cen-
tral conservative force with potential energy V{r).

{1). Find the Hamiltonian of the particle in terms of spherical polar coordi-
nates (r, 8, ¢). (Hints: & = r sinf cosg, y=r sinf 3ing, z =r cosl.)

{2). DPetermine Harmilton's cquatwns of mutmn of the particle.

{3). Express the guantity J? = m?r(§% + ¢?sin’8) of the particle in terms
of the generalized momenta and show that it is a constant of motion.

(25%) 3. A very thin ohmic conducting disk of radius &, and conductivity o.
lies in the xy-plane with the origin at its center. A spatially uriform mag-
netic field is also present and given by B = 2 B, cos{wt + a), where By, w,
and ¢ are constants. Find the induced current density j produced in the disk.

(25%) 4. Consider & linear isotropic homogeneous nonconducting medium
of constant permittivity ¢ and constant permeability 1, and with a charpe
distribution and current distribution of volume charge density {7, £} and cur-

rent density 7(,t). In the Lorentz gauge, ie., v -AT+,UEE =(, find the

differential equations satisfied by the vector potential A(7,¢) and the scalar
patential $(F, 1.




