Physics 451 Sect. 1 Final Exam

Tues., Dec. 16, 7AM — in classroom Class Identification number:

Instructor: Justin Peatross

Time limit: 3 hours — Closed book

Instructions: Write your I.D. number above and on each sheet of your work. Make sure to put
your work in order. Staple it well. Your best 4 problems of the 5 will be scored; your lowest
problem will be automatically dropped. There are no true-false questions. Good luck!
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Integration by parts: |UdV=UV" | VdU
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The Hermitian conjugate of a matrix means transpose and complex conjugate.
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Spin in magnetic field: #=1!"$#3. Adding angular momenta: 5 &.8 (or $- . é)
Bell’s inequality: ‘P(&,E)! P(&,é)‘ " 1+P(1§,6)

1. (From HW problem 1.7) Derive Ehrenfest’s theorem % =1 <—\):> in one dimension.

2. A particle in the harmonic-oscillator potential (i.e., V(x) = Lo ?x?) 1s in the
2
superposition ¥(x,0)= W at t =0, where y,(x) and ! ,(x) are eigen states of

the potential.
(a) Find (p) for 1>0.
Y

(b) Find (x) for t>0. HINT: x! ™



280 1158 AN

eigen values A, A,, B,, B, and their associated eigen vectors |a1),

: o_! 1 0% s 1[0 -
3 (From Test 2) (a) Given operators A=  and B=—| 0 I find the

a,). [b). |b,).

. I
b) You measure AR and obtain value ! —. What is the resulting state expressed in the
> g p

eigen states of B? Find the probability that an immediate subsequent measurement of B

I
ill yield —.
will yie >

4. The Hamiltonian for electron spin in a magnetic field is ¥ =1"B,§,. Let the electron be

. "a % . . .
in state ! =3 g ;&(at t =0, where for simplicity a and b are real and a® +b?=1.

(a) Compute <§X> )

: . . d Ay . B\ .
(b) Show that the Heisenberg equation of motion a<85(> = !—<!. H SX§> + <%> is satisfied.

5. Let a detector measuring spin (in units of !/2) give outputs A(&!)==1, where ! isa
possible hidden variable and & is the orientation of the detector axis. Similarly, let
B(@,! ) = +1 be the outputs of a second detector aligned along unit vector 9. The two

detectors measure pairs of opposite-spin particles, one at each detector. If the detectors
are parallel to each other, the results are perfectly anti correlated: A(&!)="B(&!).

(a) Create three separate illustrative tables of possible outcomes at each detector and the
product of their outcomes for Case I (= #), Case I (=1 &), and Case III (b and &
arbitrary).

(b) Derive Bell’s inequality, which applies to the average of the product of the outcomes:

P(&'), 55) L gt #(")A&") B(kS’, " ) , where the average is over a hidden variable ! , which

presumably is characterized by a distribution ! (") of spin orientations for the particles.

(c) Show whether the quantum prediction P(&'), 19) =1§"P for correlated spins obeys or

disobeys Bell’s inequality by picking some different detector angles. For example, let
b+ P x+2y

9=9. P=> and &=
a=%0, 7 ,and ¢ NE
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5. (a)Case I (9= &)

A(an) B(&!) A(8)B(&!)
+1 -1 -1
-1 +1 -1

repeated randomly

Case Il (b=14a)
A(8) B('4") A(8!)B("&!)



+1 +1 +1
-1 -1 +1
repeated randomly

Case III (® and a arbitrary)

A(8) B(-&)) A(8!)B("8!)
+1 +1 +1

-1 +1 -

+1 -1 -1

-1 -1 +1

repeated randomly
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Inequality violated.



