Problem 1 (25 marks)
Statistical operator p is a blend of three projectors,

p = [Dwi (L] + [2)wn(2] + [3)ws(3]

The respective kets can be represented by two-component columns, and p by a cor-
responding 2 X 2 matrix,

b et mel() a3

Determine the values of the weights wy, ws, and ws.

Problem 2 (25 marks)
Operator F' is a function of position operator X and momentum operator P that is
specified by

I

(z|F|p) = e~ (alzl +0lp]) /R
where a and b are positive constants. What is (p|F'|z)?

Problem 3 (25 marks)
Operator A is a function of position operator X and momentum operator P that is
given by

1
A= ﬁ(poX + xoP) with zopg = h.

Its eigenvalues A comprise all real numbers, A|[A) = |[A\)A. Find the position wave
function (z|\) to eigenket |\) with the convention

(x|\) = (a xo dependent pre-factor) x (a function of x/z¢ — ),
with the pre-factor determined by the normalization condition (A|\) = §(A — X).

Problem 4 (25 marks)
Motion along the x axis with a constant force F' acting: position operator X, mo-
2

mentum operator P, Hamilton operator H = S FX.

(a) State the Heisenberg equations of motion for P(t) and X (t), solve them,
and evaluate the commutator [ X (¢), X (to)].

(b) Then find the three right-hand sides in

9] 9]
ih%bg(x,t!x’,t@ =7, ih% log(x,t|2', to) = 7,

. 0
1ha log(z,t|z’, to) =7

in terms of z, 2/, and T' =t — t,.
[As always, logy denotes the natural logarithm of y.]



