Physics 6H  Freshman Sem nar Fal | 2004 Assi gnnment #12

Readi ngs:
e Albert - Chapter 4
e Albert - Chapter 5
» Boccio - EPR and Bell Details
» Boccio - Mdre EPR
e Boccio - Wiither the Coll apse?

This week we del ve even deeper into EPR and Bell and then | ook at the
col | apse process in depth.

Everyone Probl ens:

EP-72 EPR
EP- 77 Ammoni a Mol ecul e

| ndi vi dual Probl ens:

EP- 73 Mor eEPR r edux

EP- 75 Angul ar Monent um

EP- 76 Angul ar Monent um Measur enment
EP- 78 Angul ar Monent um

Present ati ons:

Si ngl e Photon Interference

| nsepar abl e Photons and t he EPR Par adox
The BCHSH I nequality

Proof of the Bell Inequality
Experiments at O say

Bel|'s Theorem wi t h Phot ons

Mor eEPR

Col | apse

Sem nar Break:
Extra Probl ens:

EP-72. EPR - Let the particles entering the ingenious color box
—1/2)

described in the MreEPR handout be ( .
-~\3/2

(a) Wrk out the probability that a particle enmerges fromthe +
out put when the box is in each of its three configurations.

(b) Work out the probability that a particle energes fromthe -
out put when the box is in each of its three configurations.

(c) Show that the probability for either output is 1/2 if the box
randomy sw tches between the three configurations.

EP-73. MoreEPR redux - In the "nore conplete" theory described in the
EPR handout, imagine that the one particle of the pair heading toward
box #1 carries instructions (-+-).

(a) Work out from which output of each box particles energe in all 9
possi bl e configuration of the two boxes.



(b) For a particle with this instruction set, calculate the
probability that particles will emerge fromdifferent outputs of
t he two boxes.

EP-75. Angul ar Monmentum - Wen neasuring the angul ar nonment um al ong
the z-direction of the atons in problem 74, there are sone states for
whi ch the average val ue of the neasurenents is zero.

(a) Find the probabilities of nmeasuring each ei genval ue of ég for the

state |¢>—-——QD 12)).

(b) Use these probabilities to show that the average neasurenent is
zero.

(c) Is there a state for which the average val ue of the neasurenents
of the x-, y-, and z-conponents of the angular nonmentum are al
zero? Show that the answer is no by choosing a general state

ly)=all)+ B|2) and forcing the probabilities to be such that the
aver age neasurenent of all three conponents is zero, yielding
conditions on o and p that can only be satisfied if a=p8=0.

EP-76. Angul ar Monment um Measurenent - A nmeasurenent of a conponent of
the intrinsic angular nmonentum (or spin) of an el ectron always yields
one of two val ues, nanely, =i/2. If we call the conmponent we are
nmeasuri ng the z-conponent, we can easily form an operator

representing this neasurenent (call it ég) and the eigenstates
representing the two states resulting fromthe neasurenent.

a8 ) el

In the (+2),|-2)) basis, the operator representing measurements of spin
along the y-axis is

~  Rh(0 -i
O. =—
E Z(i o)
(a) Find the eigenval ues and associ ated ei genvectors of ég.
(b) What state (call it |X)) results when the |+z) state is operated on
by the operator )
O, =¢""™

where 6 is a constant?

(c) What are the possible outcones of a neasurenent of the
z-conponent of the spin of an electron in the state |[X) and with
what probability will each occur?

(d) What are the possible outcones of a neasurenent of the
y- conmponent of the spin of an electron in the state |X) and with
what probability will each occur?

EP-77. Ammoni a Ml ecul e

In the ammoni a nol ecul e, NH,, the three hydrogen atons lie in a plane



at the vertices of an equilateral triangle. The single nitrogen atom
can lie either above or below the plane containing the hydrogen

atons, but in either case the nitrogen atomis equidistant from each
of the hydrogen atons (they forman equilateral tetrahedron). Let us
call the state of the anmonia nol ecul e when the nitrogen atomis
above the plane of the hydrogen atons |1). Let us call the state of the
ammoni a nol ecul e when the nitrogen atomis below the plane of the

hydrogen atons |2).
How do we determ ne the energy operator for the amoni a nol ecul e?

I f these were the energy eigenstates, they would clearly have the
sanme energy (since we cannot distinguish themin any way). So

di agonal el enents of the energy operator nust be equal if we are
using the (|1, |2)) basis. But there is a snall probability that a

ni trogen atom above the plane will be found bel ow the plane and vice
versa (called tunnelling). So the off-diagonal el enent of the energy
operator nust not be zero, which also reflects the fact that the
"above" and "bel ow' states are not energy eigenstates. W therefore
arrive wwth the following matrix as representing the nost general
possi bl e energy operator for the anmonia nol ecul e system

(2 )

where E, and A are constants

(a) Find the eigenval ues and ei genvectors of the energy operator.
Label themas (|I), [II)).

(b) Let the initial state of the ammoni a nol ecule be |I), that is
lw(0))=]1). What is [p(t)), the state of the ammonia nolecule after

sone tinme t? What is the probability of finding the ammonia

nol ecul e in each of its energy eigenstates? What is the
probability of finding the nitrogen atom above or bel ow the pl ane
of the hydrogen atons?

(c) Let the initial state of the ammonia nolecule be |1), that is
lw(0))=|1). What is |y(t)), the state of the anmonia nol ecule after

sone time t? What is the probability of finding the ammonia

nol ecul e in each of its energy eigenstates? Wiat is the
probability of finding the nitrogen atom above or bel ow the pl ane
of the hydrogen atons?

EP-78. Angul ar Momentum - For a physical situation in which there are
only 2 possible values for the z-conponent of the angular nonentum

it is often convenient to use the eigenstates of the L, operator as

the basis for calculations. In this basis, the L, operator and its
ei genstates take the followi ng form

~ H(1 O ) ] 1 0
LZ=-—( ) wi th eigenstates ( ) and ( )
2\0 0 1

(a) Let us define 2 new states using the l; ei genstates as a basis.



(b)

(c)

(d)

Are these two states normalized? Are these two states orthogonal ?

Usi ng the ei genstates of I:Z as a basis, the operator representing
measurenents of the y-conponent of the angular nonentumis given

as foll ows:
- 0 -i
—
y¥2\i 0

Find the ei genval ues and ei genstates of the I:y operator in the L
basi s.

z

Express the states |A) and |B) using the eigenstates of I:y as a
basi s.

~

Do I:Z and L, conmute? What is the significance of whether they

comute or not?



