Name:

PHYS 452: Quantum Mechanics II, Quiz #3

Instruction: use additional sheets if you find it necessary

Consider a particle of mass m in the ground state ¢; of the 1D infinite square well (0 < z < a).
At time t = 0 the potential is changed to

Vo, 0z <3
Viz)=1¢ 0, §<z<a,
oo, otherwise

and at time ¢ = T the potential is reverted back to the original 1D infinite square well. Find
the probability that the particle makes a transition to the first excited state 1)5.

Appendix:

Infinite square well (0 <z < a)
Energy levels: E, = “22:7[;‘2, n=1,2,..00
Eigenfunctions: ¢, (z) = \/gsin (’”x) (0<z<a)

a

a/2, n==k

Matrix elements of the position: [ ¢%(x)x ¢p(z)dz = 0, n # k; n+kis even

0 _7#(22722)2’ n# k; n+kisodd
Time-dependence of the wave function

O
H(r,t) = HO(r) + NH'(r,t), H', = EQp,,  (r,t) = X cn(t)pn(t)e— 7,
ET(LO)—E,(QO)
3

0 = NS Hiye mwter(t),  Hiy = (0ulH|dx).  wn =

Time-dependent perturbation theory formulae
If ¢,(t0) = Onm (e.g. Y(r,t0) = @m(r)) and AH' is small then at time ¢ > ¢,
en(t) = O 4 XelD) 4 X2c2) 4
where .
A0 = G (E) = [ H (1) ot
2_ t ) . ,

CD(t) = ()3 dt' | Hig(€) i (#7) s cioen”

0 0
Fermi’s golden rule
Transition rate: Iy = 2%|H},|* g(Ey), Probability: Pif(t) = 2%|HY,|? g(Ey)
Useful trigonometric identities
sin(a + ) = sina cos § £ cos asin 3 cos(a £ ) = cosacos f Fsinasin
sinasin 8 = 3[cos(o — 3) — cos(a + )] cos avcos 3 = 3[cos(av — ) + cos(a + ()]
sin v cos 8 = 3[sin(a + ) + sin(a — )] cos asin § = 3[sin(a + ) — sin(a — )]



