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ANNOLINCEMENTS

e Reading Assignment for Tuesday, October 3rd:
Chapter 4.4 - 4.5,

 Problem set 6 is due Tuesday, October 3rd at 12:30 pm.

* Regrade for problem set 5 is due Tuesday, October 3rd at
12:30 pm.

e Dr. Cooley will be out of fown Thursday, October 5th. Mr.
Thomas will be in class to lead the lecture discussion in her
place. Problem set 6 is due Tuesday, October 4th at 12:30
pm.
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REVIEW QUESTION 1

Interference of sub-atomic particles is evidence
that:

A) the particles have very small mass

B) the particles exhibit wavelike behavior

C) the particles interact electromagnetically
D) the particles are moving relativistically

E) the particles have very large mass
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From Video Lecture:

Now we can rewrite the particle/wave relationships in
terms of the wave number and angular frequency.

k= and w=27f

h
h=— =1.055x 1073*J - s

27
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Notes on Velocity:

Need to be careful when dealing with matter waves.

hp p

This, however, is NOT necessarily the speed of the particle.

e This relationship confirms that E = pc for light.

e However, matter waves would need to travel at ¢
if this equation were to hold for massive particles
— it does not!

e Tt isalso the case that E does NOT equal pvparticle.

e We will discuss later in the course wave (phase) and
particle (group) velocities.
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If E is not equal to pvparticle, What is the energy of a
massive free particle?

For a nonrelativistic particle:

1, 1

b= §mvparticle — ipvparticle

2F

Uparticle =

p

For a matter wave:
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Consider relativistic effects for a massive particle.

D = 'Ymvpartic> o YT Uparticle

Ymc?

E = ymc?

P
E
B . Uparticle
E

Even relativistically,
E is not equal to pvparticle.

Check this out ...

B 2 Vparticle < C
Vwave — — = 7 Dwave > C

P Uparticle

The wave is superluminall
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From Video Lecture:
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This is the wave function of a neutron. At what value of
X is the neutron most likely to be found?

Ans = C. The probability is largest at the
point where the square of 2 is largest.
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From Video Lecture:

Schrodinger Equation for a free particle:

A4 020 (x,t)

L 0Y(x, t)
om0z~ g

The equation IS a law - like Newton's laws or Maxwell's
Equations for E&M.

Furthermore, the wave function can be used to find
the probability density (probability of finding a
particle in a unit volume).

probability density = |¥(x,t)|°
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From Video Lecture:

Complex numbers:

What does it mean to square a complex number?

Im

z=a+ b
Complex conjugate:

2 =a—bi

» Re

|z\2 — 22" = a? + b2

2| = Vzz* = Va2 + b2
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Consider the following complex function.

f(x) = ae'®
What are it's real and imaginary parts?
i o G)® () ()t (i)
=l o e e T
iz v @)F () (o)t (iz)®
e I TR TR
o (@ (@) o (@) (iz)’
TR TR G TR -
e = cos(x) + isin(z)

Note: the real and imaginary parts are 90 degrees out
of phase with one another: cos(x) = sin(x + m/2)
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B h? 0% (x,t) _ ov(x,t)
The plane wave solution: 2m - 0a? ot

|
.
St

U(x,t) = Ae'Fz=«b) A is a constant

If we insert this into the SWE, we obtain

h k2
= hw

2m

Note: The functional dependence on time cancels.
Thus, this function obeys Schoedinger's equation for
all space and time.
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h2 k2

2m

— hw

Relate plane waves to particles.

p = hk and E = hw

k b d W = E
— % an — 5
Substitute
h'p?  hE
omh®  h
2
o
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What happens in the low velocity limit?

D = Mu
Substitute,
2 9
U >
2m
1
“mv® = F
2

This is the energy of a particle whose velocity <« c.
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An electron moves along the x-axis with a well-defined
momentum of 5.0 x 10-25 kg m/s. Write an expression
describing the matter wave associated with this electron.

The matter wave is given by
U(x,t) = Aellkz—wt)

Need to find k and w.

p  50x107%° kg-m/s
— hk — — =
P = T T 055 < 109 J

k=4.7x%10" m™!
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k=4.7x% 102 m™!

E D?

B=hw Hw:% ~ 2mh

(5.0 x 107%° kg - m/s)?

2(9.11 x 1031 kg)(1.055 x 10—34 J)

w=13x10" s !
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What is the probability of finding U(z,t) = Ae'Fr=wb)

the particle at any given place in
space?

The probability density (probability of finding a
particle in a unit volume) is given by

|2 = U*(x,t)U(x, t)

_ A26—i(kx—wt) ei(ka}—wt)

Probability Density = | ¥’

Since A is constant, this means that such a particle is
likely to be found anywhere in time.
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Final Notes:

- The plane wave is not necessarily a useful description
of a real situation, but a building block.

- We can add many plane waves together to obtain a
description of a real situation.

- Use several sine waves to generate a square wave.
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1
y = sin(t) + 3 sin(3t)
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y = sin(t) + 3 sin(3t) + 5 sin(5t) + = sin(7t) + 3 sin(9t)
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The End (for today)

OKAY, ANYONE WHD'S FEELING | BECAUSE. TM MULTIPLYING | SHIT JUST
LIKE. THEY CAN'T HANDLE THE WAVEFUNCTION BY ITS | GOT AZEAL.

THE PHYSICS HERE SHOULD COMPLEX CONJUGATE.
PROBABLY JUST LEAVE NOW. (

THATS RIGHT.
T~

y@ oX
)

xkcd.com: comic 849
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