! i i

D
(‘(/ BITL R RAEOUBERIE PR\ stiEs X | H %/ ="
iRl BT EBRELT 24 IFHE | Ry

L

1. Use Schrodinger’s time-dependent wave equation to derive the continuity

equation %?+V-.7 =0, where p(xf) stands for lw(xOP  and

TG0=Limvy). (15%).
m

2. Use uncertainty principle to calculate the ground-state epergy of one dimensional

. 2
simple harmonic oscillator described by the Hamiltonian H = —zp— -l-%ma)zx2 .
m

(15%)

3. Calculate the ground-state enérgy of system, which is described by the

- hzaz 0, {f x<0
Hamiltonian H = 7 +V(x), where V(x)={1 3 3 o,
2mox —2-ma) X", otherwise

(15 %)

4, The Hamiltoniap for a particle of mass » and charge ¢ in a magnetic field B is
H=(p-qA/c)*/2m. I A=B/2 (-y i+ x j), and then magnetic field is constant and along
the z axis. Assume B is small and drop the quadratic in B. Prove that the interaction
Hamiltonian is - & it = —-Eq—L *B=yp B, where L and # are the angular

H me . .
momentum and magﬁetic moment. (10%)

5. Consider the followiﬁg Hamiltonian
H=H,+H \

» 0. for |xjsL
'S ; where V(x)={ JO" I¥ 2 and H, =-gfr. q and f

=om +V(x)~qfi ©, otherwise

denote, respectively, the charge and strength of electric field, Note that g is positive,

Discuss the effect of perturbed term H) on the energy levels to the second order

using time-ipdependent perturbation theory. (25%)
6. List similarities and differences between phonons and photons.(10%)

7. Make a rough estimate of the binding energy of the donor electron of arsenic ina
germanium crystal, ;taking the dielectric constant of the crystal to have the
value k=16 and the effective mass of the electron to have the value
m' =02m.(10%) |



