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1.(a) Note that the Hamiltonian is of the structure

0 01 000
H=FE,[ 000 |+E]|] 010
1 00 000

The first and third rows (coulumns) of the first matrix is of the form of the Pauli matrix o, so the

eigenvalues and eigenvectors are:

1 1 0

1 1
E,=E, ¢ = 0 E Ey=—-E, = 0 E Es=FE, ;= 1
1 -1 0

(b) For the non-degenerate eigenstate, we have E{" = 3T HWihy = —¢

For the degenerate states, we will have to form the matrix with elements H Sﬁ) where ¢, = 1 and g = 3:

(1) 10 . . . (1)
H,; — ¢ which results in eigenvalues AEYY = ¢, 3¢

2. (2) Yole) = Aexp(—a2/z2) = AP [Z ep(-22ad)d =1 = |AP=/3r/z,
i(w) = aro(r) = (x/10—iP/po) Aexp(—a?/a7) = Alx/xo+(h/po)2t/x7] exp(—a?/27) = (2x/x,) A exp(—a?/x7)
(b) (1|V, exp(—t*/7?) cos(kx — Qt)|0) exp(iwt) = (1|V, exp(—t?/72%) exp(ikz — iQ2t)|0) exp(iwt)

=V, (1| exp(ikz)|0) exp(—t*/72) exp(iwt — iQt)
(1] exp(ika)|0) = |A]* [72_(2x/x,) exp(—222 /a2 + ikz)dx

= |A]? [7_(2z/x,) exp[—(2/22)(x — ika2/4)* — ka2 /8]dx set u = x — ikx?/4

= |A|2 exp(—k*22/8) [7_[2(u + ikaZ/4)/z,] exp|—(2/x2)u?]du = (ikz,/2) exp(—k*22/8)

(c) ¢ (00) = (Vo/ih) (1] expl(ika)|0) [°2 exp(—t?/7?) expliwt — iQt)dt

= (V,/ih) (1| exp(ikx)|0) ff‘;o expl(—1/72)(t — i(w — Q)72/2)? — (w — Q)72 /4] dt
= (V,/it) (1] exp(ik)[0) T/T exp|—(w — )72 /4]
P = |ef! (00)[? = (Vor /h)?m (k222 /4) exp(—k22/4) exp[—(w — Q)27?/2]

2
3. (a) Wehave 3 H =2K/h = <K >=22E, =hw,(n+1)/2— [hw,(n+1)]7/(4V,)
(b) For 3%-H = V/V, so that V,5%-E, =< V >. We have to be careful because w, contains a /V, factor.
The second term in E, has no V, dependence and we have < V' >= hw, (n + %) /2.

(c) We indeed have < K > + <V > = E,.



