Physics 6H  Freshman Sem nar Fal | 2004 Assi gnnment
Readi ngs:

 Boccio - Schrodi nger Equation
e Boccio - Sinple Quantum Systens
e Boccio - Uncertainty Principle

Summary: This week we derive the Scrodi nger equation, devel op
procedures to deal with time evol ution of quantum
properties, develop solutions for sinple quantum
systens and present the Hei senberg Uncertainty
Principle (HUP).

Many of the problens this week are standard quantum nmechani cs
probl ens. They are not easy.

Everyone Probl ens:

EP- 38 Angul ar Monent um
EP-40 Atons and Angul ar Monment um
EP-56 Ti me devel opnent
EP-68 Atom near a wal |

| ndi vi dual Probl ens:

EP- 39 Angul ar Monent um Ei genvectors
EP-57 Time devel opnent redux

EP-61 Time Evol ution redux

EP-62 Time Evol ution again

EP-69 Particle in a box with a nenbrane
EP-71 Harnonic oscillator

Present ati ons:

Time Evolution in the Schrodi nger Picture
Schr odi nger Wave Equati on

More Ti nme Devel opnent

Boundary Conditi ons

Infinite Square Wl |

Tunnel ei ng Through a Barri er

Finite Square Wl |

Delta Function Potentials

Hei senberg Uncertainty Principle

Sem nar Break:
Extra Probl ens:

EP-38. Angul ar Monentum - When we neasure the angul ar nonment um of
sone atons along a given direction in space (see Stern-Cerlach

di scussions), say the z-axis, we get three val ues (#,0,-h).

(a) Construct an operator for angular nonentumin the z-direction
(call it O) using the nost sinple basis states that are
ei genstates of this operator



Wen we neasure the magni tude squared of the angul ar noment um of

t hese same atons, we always get #°. Al so, measurenents of the
z-conponent and nagni tude squared can be done in any order and the
results are the sane.

(b) Construct an operator for the nmagnitude squared of the angul ar
nmomentum (call it O,) using the sane basis states you used for
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z

(c) I'n this basis, the operator for the x-conponent of angul ar
momentum i s
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Are the eigenstates of Ciz al so eigenstates of Cix?
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(d) Do éL and O_ commte?

(e) What can you say about successive neasurenents of the
z- and x-conponents of the angul ar nonment unf

EP-39. Angul ar Monentum Ei genvectors - Using the eigenstates of the
O, operator found in Problem 38 as the basis states, find the

ei genval ues and ei genvectors of the O_ operator.

EP-40. At ons and Angul ar Monmentum - Consider an atomin the follow ng
state

1
\f/ 1

) =—=(11)+22) +3i3))

N

where |1) is the eigenstate of ég with eigenvalue 7, |2) is the

A

ei genstate of ég with eigenvalue 0 and [3) is the eigenstate of O
wi th eigenval ue -n.

(a) If the z-conmponent of angular nonmentumis nmeasured for an atomin
the state |p), what are the possible results and with what
probabilities do they occur?

(b) I'f the x-component of angular nonmentumis neasured for an atomin
the state |p), what are the possible results and with what
probabilities do they occur?

EP-56. Ti ne devel opment Let the energy operator for a three state
system be



where the basis being used are the energy eigenstates |abelled by |1),

|2), and
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EP-57 - Time devel opnent redux

Consi der an ener gy operat or

equati o

where {|E=+10),|E =
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Now suppose that we are investigating sone physical

to predict future value of a "spin" operator

where the eigenvectors of the
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t he "energy" basis.

Suppose,

in addition,

be in the state

that is
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, In an eigenvector of the "spin" operator.
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H with three ei genvectors given by the

syst em and want

S wth eigenvectors
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"spin" operator have been witten in

(a) Is this state an ei genvector of the energy operator?

What is the probability that we w |
+10 or =10 in this initial
we will

The tine devel opnent operator

st at e? \What

neasure energy val ues
is the probability that

nmeasure spin values +l1or -1 in this initial state ?
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(b) Determ ne

I's given by

=|2), what is the state

is the state

is

systemis initially prepared to



T|E = +10) = ? T|S=+1)="?
T|E = -10)="? T|S=-1)="?

(c) Using (b) determ ne W&D)='ﬂu(0» = the state of the systemat a
later tine.

What is the probability that we will neasure spin values +lor -1
at this later tinme? You nust calculate the quantities

P(S=11) =|(S= 1y ®)) =|(S= 1Tl (O)

P(S=-11)=|S= -1y V) =|S=-1Tjw(0))

WIIl the spin value ever "flip" from S=+1to S=-1 ?

EP-61. Tine Evolution redux - Imagine a situation in which there are
three energy states |[1) with energy E =1eV, |2) with energy E,=2eV and
|I3) with energy E;=4eV. Let the state of the systemat t=0 be

V() -3+ 512+ 13

(a) What are the possible results of an energy neasurenent on this
systemat t=0 and with what probabilities will each of them
occur?

(b) What are the possible results of an energy neasurenent on this

systemat t=5x10"sec and with what probabilities will each of
t hem occur ?
(c) Are you surprised by your answer? Can you nmake sense of it?

EP-62. Time Evolution again - A state |X) is given in the hardness
basi s as
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(a) What are the possible outcones and probabilities for neasurenent
of hardness and color on this state at t=07

(b) I'magine that due to an external field, the two color states |g)
and |m), are eigenstates of the energy operator with the energy of
the green state being zero and the energy of the nmagenta state

bei ng 1.0x10*J. Wat are the possible outcomes and probabilities
for neasurenent of hardness and color on this state after 1
second?

EP-68. Atom near a wall
An approxi mate nodel for an atomnear a wall is to consider a

particle nmoving under the influence of the one-di nensional potenti al
gi ven by



-V,6(x) x > -d
V(x)={ Ow < g
as shown bel ow
A A V(X
O -
-d X

(a) Find the nodification of the bound-state energy caused by the
wall when it is "far away". Define what you nean by "far away".
(b) What is the exact condition on V, and d for the existence of at

| east one bound state ?

EP-69. Particle in a box with a nenbrane
Do matrix solution and pure Dirac al gebra sol ution.

A box, containing a particle, is divided into a right and a |eft
conpartment by a thin partition. Suppose that the anplitude for the
particle being on the left side of the box is v, and the anplitude
for the particle being on the right side of the box is v, . Neglect
spatial variations of these anplitudes within the halves of the box.
Suppose that the particle can tunnel through the partition and that
the rate of change of the anplitude on the right is given by

4
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where K 1is real. Assune that in the absence of tunneling, i.e., an

i nper meabl e menbr ane, that %%i=0 :

(a) Wiat is the equation that determ nes the rate of change of the
anplitude on the left?

(b) Find the nornalized energy eigenstates (2-conmponent vectors) of
the particle in the box. Have these states definite parities?

(c) Suppose that at time t = 0, the anplitude on the right equals €°
time the anplitude on the left. Calculate, as a function of tine,
the time rate of change of the probability of observing the
particle on the left.

EP-71. Harnonic oscillator - The text and extra notes discussed the
infinite dinmension |linear state space associated with position al ong
one direction in space (the x-axis for exanple), The wave function



Y(X) was defined as the function of x that gives the coefficient
(component) for the basis state for each value of x. In the notes we
sol ve sone 1-di nensional problens (infinite square well, finite
square well, delta unction and barrier). Let us now | ook at the
guant um nechani cal harnonic oscillator. The wave function nust
satisfy the tine-independent Schrodi nger wave equation with a

potential energy function \Kx)=%kx{ that is,
(xIH[w) = (x[Ey) = E(x|w)
H = ;—m +V(X)

n® dyp(x) 1
—— 2 ZkCy (X) = Eyp (X
o W0 =B ()
The ground-state(l owest energy |level) wavefunction is

Y(X) = 51 e | g’= TL
\a\/; ~'mk

how that wy(x) is a solution to the Schrodi nger equati on and determ ne
t he ground-state energy.



