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Modern Physics (Phys. IV): 2704

Professor Jasper Halekas
Van Allen 70
MWF 12:30-1:20 Lecture




Last Few Weeks

Light sometimes behaves like a wave,
sometimes like a particle
Particles also sometimes behave like waves

p=h/A

E>=(pc)* + (mc?)?

E _.=hc/A=hv



How do we think about waves?
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How do we think about waves?

Traveling
Waves

Moving
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Wave Packet
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Fourier Analysis

Any wave form can be built up from a sum of
sinusoidal waves of various wavelengths

flx) 4 1 ,nmx,
xX)= - — sin [ ——|.
fe=~ Z - sin(——)




Making Waves

https://p

fourier

net.colorado.edu/en/simulation/

Discrete \ Wave Game  Discrete to Continuous
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Preset Functions
Function: |  Custom

Harmonics: 11

Graph controls
Function of: | space (x

*)sin s

Measurement Tools

Wavelength tool

Math Mode
Math form

Sound controls

Sound

Reset A

Help
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Constructing a Wave Packet

W(x,t) = E A exp [i(knx — a)nt)]
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Plane Waves Vs. Wave Packets

W(x,t) = Aexp [z(kx - a)t)]
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W(x,t)= EA” exp [i(knx - a)nt)]




Concept Check
A\VAVAVAVAVAVAVAVAVAVA
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For which type of wave are the position (x) and momentum (p) most
well-defined?

A) x most well-defined for plane wave, p most well-defined for wave packet.

B) p most well-defined for plane wave, x most well-defined for wave packet.

C) p most well-defined for plane wave, x equally well-defined for both.

D) x most well-defined for wave packet, p equally well-defined for both.

E) pandxare equally well-defined for both.
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Classical Uncertainty Relations

AN ~ €eA/N

__,/\/,_ Ax BN ~€N?
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Classical Uncertainty Relations
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Heisenberg Uncertainty Principle(s)

Ehhh... notthat one...
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At Home With the Heisenbergs

At home with
the

Heisenbergs

I can’t
find my
Car Keys.
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You probgbly know oo much
dbout their momentum,

\




Concept Check

My car has a mass of ~1000 kg. If | know its
position to 1 nm (209 m) accuracy, what is my
uncertainty as to its speed?

~0.1m/s

~101?2m/s
~10722m/s
~1028m/s

h ~ 10734
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