Physics 6H  Freshman Sem nar Fal | 2004 Assi gnnent #8

Readi ngs:
e Albert - Chapter 1
e Albert - Chapter 2
 Boccio - Postul ates
e Boccio - Quantum Details
e Boccio - Superposition B
Summary: This week we will devel op the postul ates which are the

basis for quantumtheory, expand on sone the details
of how quantum t heory works and conti nue | ooki ng at
super posi tion.

Everyone Probl ens:

EP-21 Probabilities

EP-27 Measurenent Results

EP- 28 Ei genval ue and Ei genvectors

EP-32 Projection Operator Representation
EP- 34 Spectral Deconposition

| ndi vi dual Probl ens:

EP-29 Orthogonal Basis Vectors
EP- 30 Expectation val ues
EP-31 Bases and Probabilities
EP- 33 Qperator Al gebra

EP- 35 Powers

EP- 36 Ei genket properties

EP- 37 Hardness World

EP-54 Al bert Figure 2.8

EP-55 Al bert Figure 2.8 redux
EP-67 What cones out?

EP- 79 Ei genval ues

Present ati ons:

The Post ul at es

How It Wbrks

Position Representation, Wavefunctions
Time Evolution of Probabilities

Fi nal Expl anation of Al bert Experinent
El ectron Interference Experinents
Stern-CGerlach Experinents

Sem nar Break:
Extra Probl ens:
EP-21. Probabilities - W stated that if a particle is in the state
|w> and you neasure its color, for exanple, the outcone of the

measurenment is either |green) with probability |<g|1/;>|2 or |magenta) with
|2

probability |(myy) . Let us try this out on a few states.

What are the possible outcones and with what probability do they



occur if the color is neasured of a particle in

(a) the state |hard)
(b) the state |soft)

(c) the state |w>=\/§|hard,+%|soft> (use the (hard,soft) basis for the

cal cul ation).

EP-27. Measurenent Results - Gven particles in state
|a>=%(—3|1>+5|2>+7|3>) where {|1),2)|3)} forman orthonormal basis, what
N

are the possible experinental results for a nmeasurenent of Y and with
what probabilities do they occur is the operator Y is (in this basis)

EP-28. Ei genval ue and Ei genvectors

Find the eigenval ues and normalized eigenvectors of the matrix
(1 2 4
A=|2 3 0
5 0 3
Are the eigenvectors orthogonal ? Conment on this.

EP-29. Orthogonal Basis Vectors

Comput e the eigenvectors of the matrix operator

(10 1
A=L020J
10 1

Construct an orthonormal basis set fromthe eigenvectors of this
oper at or .

EP-30 - Expectation val ues

6 -2 a
Let R=l represent an observable, and |1P>=[ be an arbitrary

2 y
state vector(with [a°+[b=1). Calculate (R’) in two ways:

(a) Evaluate (R’)=(¥|R|¥) directly.

(b) Find the eigenval ues and ei genvectors of R, R|rn>=rn|rn>,n=12 :
Expand the state vector as a |linear conbination of the
ei genvectors |[¥)=c|r)+c,r,) and eval uate <R2>=r12|cl|2+r22|02|2. Do these
results agree with the general results we derived earlier?



EP- 31 Bases and Probabilities

The initial state |y,,) of a quantumsystemis given in an orthonormal
basi s consisting of the three states |a),|) and |y) by the conponents

<a|¢”‘“>=% : <ﬁ|‘/’inn>=\g s Y |Wi) =0

Cal cul ate the probability of finding the systemin the state |yg,)
whi ch has the conponents

<a‘wfinal>=1\_/t3i , </3‘Wﬁnaj>=\/é , \Y‘wfinal>=\/%
in the sane basis.

EP-32. Projection Operator Representation

Let the states {|1),|2>|3>} forman orthonormal basis. W consider the

operator given by I'32=|2><2|. What is the matrix representation of this
operator? What are its eigenval ues and ei genvectors. For the

arbitrary state |A>=%(—3|1>+32>+7|3>), what is the result of BJA?
N

EP-33. Operator Al gebra
An operator for a two-state systemis given by
H = al|2)(1 - 2)(2] + 12| + [2)(2])

where a is a nunber. Find the eigenval ues and the correspondi ng
ei genkets (linear conbinations of |1) and |2), which are eigenkets).

EP-34. Spectral Deconposition

Find the ei genval ues and ei genvectors of the matrix
010
M=|1 0 1
010

Construct the correspondi ng projection operators, and verify that the
matrix can be witten in terns of its eigenval ues and ei genvectors.
This is the spectral deconposition for this matri x.

EP-35. Suppose that we have some operator Q such that Q|q>=q|q> i.e.,
|g) is an eigenvector of Q with eigenvalue q .

(a) Show that |g) is also an eigenvector of the operators QZ,Q“ and €2
(b) What are the correspondi ng ei genval ues?



EP- 36. Ei genket properties

Consi der a 3-di mensi onal ket space. If a certain set of orthonornal
kets, say [1), |2), and |3), are used as the basis kets, the operators A
and B are represented by

(a 0 0) (b 0 0)
A—>Lo _a oJ , é—>to 0 —ibJ
0 0 - 0 ib 0

where a and b are both real nunbers.

(a) Qoviously A exhibits a degenerate spectrum Does B al so exhi bit
a degenerate spectrun?

(b) Show that A and B comute.
(c) Find a new set of orthonormal kets which are sinultaneous

ei genkets of both A and B. Speci fy the ei genkets of A and B.
Does your specification of eigenval ues conpletely characterize
each ei genket?

EP-37. Hardness Wirld - Let us define a state using the hardness
basis (|h),|s))
|A) = cosO|h) + €7 sing|s)

where 6 and ¢ are constants.

(a) Is this state normalized? Show your worKk.

(b) Find the state |B) that is orthogonal to |A). Make sure |B) is
nor mal i zed.

(c) Express |h) and [s) in the (A)|B)) basis.

(d) What are the possible outcones of a hardness neasurenent on state
|A) and with what probability will each occur?

(e) Express the hardness operator in the (|A)|B)) basis.

EP-54. Al bert Figure 2.8 - Consider the follow ng situations based on
Figure 2.8 in Al bert:

(a) just as in the figure
(b) a wall in one path (x,Y,)
(c) awall in one path (x,,Y,)

Make a chart with each row representing one of these situations. In
t he col ums of the chart, give

(1) the state of the particles that energe at ( xY,)

(2) the probability that a hardness box at (X,Yy,) neasures the
hardness to be hard

(3) the probability that a hardness box at (Xx,Yy,) neasures the
hardness to be hard

(4) the probability that a color box at ( x,y,) neasures the
color to be green

(5) the probability that a color box at ( x,Yy,) neasures the



color to be nmgenta

EP-55. Albert Figure 2.8 redux - Again using Figure 2.8 as a guide,

i magi ne that the harness box is placed in the one path at (x,Y,). The
hard output of this box is blocked, but the soft output of this box
sends the particles along the sane path they were on before they
entered this additional box.

(a) What is the state of the particles that energe at ( x,Yy,), Wwhat
fraction of the particles that enter the apparatus energe at
( %,Y,), and what would be the results of neasurenents of the
hardness and col or at ( x,Y,)?

(b) Answer the sane questions if instead a color box is placed in the
one path at (Xx,y,) wWth its nmagenta output blocked and the green
output directing the particles along their original direction.

EP-67. What cones out ?

A beam of spin 1/2 particles is sent through series of three
Stern-Cerlach neasuring devices as shown bel ow

:1 |
H 2 SGz I
8227 SG »
n
> - s,=-1
— T SGz

—

The first SG& device transmts particles with §Z=h/2 and filters outs
particles with S=-n/2. The second device, an SGh device transmts

particles with §=h/2 and filters outs particles with §=—h/2, wher e

the axis n nmakes an angle 6 in the x-z plane with respect to the
z-axis. Thus the particles passing through this SGr device are in the

state |+ﬁ>=cosg|+2>+ei¢sin%|—2> with the angle ¢=0. A last SGz device

transmts particles with éz=—h/2 and filters outs particles with
S =nl2.

(a) What fraction of the particles transmtted through the first S&
device will survive the third nmeasurenent?

(b) How nust the angle 6 of the SGn device be oriented so as to
maxi m ze the nunber of particles the at are transmtted by the
final S& device? What fraction of the particles survive the
third nmeasurenent for this value of 6 ?

(c) What fraction of the particles survive the |ast nmeasurenent if
the SGh device is sinply renoved fromthe experinent?

EP-79. Ei genvalues - Determ ne the eigenval ues and ei genstates of the
following matri x

(2 2 0

1 21
1 21



