Finite square well

Announcements:

« 2" exam is next Thursday, Nov. 7 — 7:30pm-9:00pm
 Homework due today.

« Homework #7 to return

A practice exam will be posted on CULearn sometime on
Friday.

Today | will try to answer some questions raised last time, finish
up the finite square well.
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Correspondence principle

Classical Quantum '
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As n increases, the quantum probability averages out to flat across
the well. This is exactly what is predicted by classical physics.
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In HW 4d you will find millions of levels between ground state and
average thermal energy for a normal piece of wire. This basically
means the energy levels form a continuum as in classical physics.

Only really tiny wires have quantum effects at thermal energies
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Modifications of square well potential

Wave function from question 6 Vi

of this week’'s homework set . A /\ /\ /\

In question 1 you determine
that closer spaced waves in x
means higher wave number k.

V(x
From deBroglie, p=hk. Kinetic !

energy = K = p2/2m = h2k2/2m, Eelectron

y

so higher k means higher K. IK N

Since there are no outside
forces, total energy is conserved.

A 4

If kinetic energy goes up, potential energy must go down.
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Clicker question 1 Set frequency to DA

possible n=4 wave function?

Q. For which of the potentials
below is the curve in red a /\ |
\\/ ~ A
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Clicker question 1 Set frequency to DA

possible n=4 wave function?

Q. For which of the potentials
below is the curve in red a /\ |
\\/ ~ A
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A B C D

Wave number k goes up to the right indicating kinetic energy
IS going up and potential energy is going down.

Note that left side smoothly goes to O indicating a finite well
while right side abruptly goes to zero indicating infinite well.
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Analyzing the finite square well

V(x) wire 47 oy Rewritten TISE:
r X 2.l e} dy(x) _ 2m
> A2 = K2 [V(x)_E]l/J(x)
o2
GCJ anrticle
L In Region I & III solutions
0 s —-a—x> are of the form e€* and e .
RegionI:  RegionIl  Region III

Assume a > 0. Then for Region III, e* gives exponential growth
and e gives exponential decay

Region III:; wIH(x) = (Ce* + De™
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Matching boundary conditions

wire
V(x) 4.7 eV
= -_—
9 - DN -
) e .
- ’ < M
LIJ / // \\ \\
Sl ; - ™
RegionI Region 11  Region III
P (x) = Ee™ 1y, (x) = Acos(kx) + Bsin(kx) | 9y, (x) = De=

Matching boundary conditions at x=0 and x=a requires:
W(x) is continuous so ¥1(0) =y,(0) and ¥yu(a@) =y y(a)

d’/}(x) dy,(0) dWH(O) dy(a) dy(a)

T IS continuous so Tx x and g = dy
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Matching boundary conditions

wire
V(x) _ 4.7 eV

S
o
L
a X
RegionI Region 11 . Region III
P,(x) = Ee* 1y (x) = Acos(kx) + Bsin(kx) | 9y (x) = De™™
d d d
221};2(X) = OCZI/JI(X) 2!5)1612()6) —kzl/}H(X) %fll;?z(X) = 2l/}HI()C)
d 2
V20
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Evaluating results dy(x) _2m L - Ep ()

dx’

Outside well: E <V Inside well: E > V Outside well: E <V
V(x) 4.7 eV

/\\’\Eparticle

’@ a \ > X
Potential well is not infinite so-
particle is not strictly contained

In the classically forbidden regions, the particle
has total energy less than the potential energy!

Energy
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Comparison of infinite and finite potential wells

Electron in finite square well
(@=2 nm and V=1.0 eV)

1.0eV

Pr(x)

E, = 0.949 eV
The wave function
extends into the
classically forbidden
region. N

------ 3
E, = 0.585 eV T

E, = 0.263 eV

AL ..,

AWva

=

4

E, = 0.068 eV

OeV

=il
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Infinite potential well
(@=2nm and V = »)

o0

A

A

Pr(x)

o0

The wave

function 1s zero

at the edge of
.the box.

oY
o
£

\/

E, = 0.848 eV

E, = 0377 eV

E, = 0.094 eV

x (nm)

1

2

Note that energy level n has n antinodes
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Clicker question 2 Set frequency to AD

How far does the particle extend into forbidden region?
Outside well: E <V Outside well: E <V

Inside well: E >V

V) 47 eV
(@)

E /\\'\Eparticle

LLI

day (x 0 a dy.(x) X
P _ () Pl _ g0

VD _2m gy (x) =) so -

What are the units of a?
A. J B. J1 C. m? D. m' E. J12
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Clicker question 2 Set frequency to AD

How far does the particle extend into forbidden region?
Outside well: E <V Outside well: E <V

Inside well: E >V

V) 47 eV
(@)

gj /\\'\Eparticle

LLI

day (x 0 a dy.(x) X
P _ () Pl _ g0

VD _2m gy (x) =) so -

What are the units of a?
A. J B. J1 C. m? D. m' E. J12

2 —_
\/6V<§ eV _ e eVm/ 1 or note Y¥,,(x) = De=* and recall
eVes e > M exponent must be dimensionless.
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Particles in classically forbidden regions

How far does the particle extend into the forbidden region?

> V(x) @) 47eV
E /‘/\*\ ] Eparticle
LL] 4/0 \ I/J(a)e -
a _
Y u(x) = De™
Large o means fast drop off L \/Zm(V —E)
Small o means slow drop off “= 7

A measure of the penetration depthis 1/a = A
Distance at which y(x) is reduced by a factor of 1/e.

For an electron with V-E = 4.7 eV this is only 101 m (size of an

atom). Not very far! What changes would increase

the penetration depth?
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Thinking about o and penetration depth

Consider changing the potential energy curve or the particle
energy. What changes increase or decrease the penetration

depth A, = 1/05 wIH(X) _ De_ax o - \/2m(V _E)
h

Changing potential curve. Changing particle energy

V{x) V(X)
| —— — — — ____E
— o o o - — — -___E
) Foaioe _ |___ I o __E
—— ———
0 a 0 a
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Clicker question 3 Set frequency to DA

Which of the four possible scenarios (A,B,C,D) would give the
shortest penetration depth A =1/« _
Y u(x) = De™*

o \/Zm(V—E)
h
AC
V{x) V(X)
T L AD_g
BD | ---f------ m—-
___.-__Eﬂa'ﬁdg. _____ e -_@_E
0) a 0 a
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Clicker question 3 Set frequency to DA

Which of the four possible scenarios (A,B,C,D) would give the
shortest penetration depth A =1/« _
Y u(x) = De™*

Large o comes from large V and/or smallE  , _ \/Zm(V - E)
h

Small A implies large o.

Answer C gives largest value for (V-E).

:

V{x) V(X)
U | AD_¢
BD | --------- R—
___.-__Eﬂa'ﬁdg. _____ . -_@_E
0 a 0 a
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