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Modern Physics (Phys. IV): 2704

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




Class Evaluations

Class evaluations are open
Please please take a few minutes to fill them out!

They are completely anonymous and | don’t see them until
after grades are submitted

| rely heavily on your feedback to improve my teaching
and make my classes better for all students

For the lab sections

If you have specific comments for/about Erik please put them in the
evaluation for the individual lab sections (0A33/0A43)

If your comments are about the overall organization of the course,
including labs, you can put them in the evaluation of the main
section (0AAA/oBBB)



Accessing Class Evaluations

Access through ICON:
Go to the ICON homepage (icon.uiowa.edu).
Enter your HawkID and password.
From the ICON Dashboard click on "Student Tools".
Click on "Course Evaluations (ACE)".
The online course evaluation system will open in a new tab.
You will need to log again using your HawkID and password.

Access through myUl:
Go to the myUl homepage (myui.uiowa.edu).
Click on "Course Evaluations".
You will need to log again using your HawkID and password.



Poll on Next Week’s Schedule

Next week will be two days of review and a
special lecture on the "Quantum weirdness/
philosophy of quantum mechanics”. Which

order would people prefer?

Monday & Wednesday review, Friday special

lecture
Monday special lecture, Wednesday &

Friday review



Classical Vs. Quantum Statistics







Concept Check

For which type of distribution does an
assemblage of particles have the lowest
average energy at a given temperature?

Bose-Einstein
Maxwell-Boltzmann
Fermi-Dirac

All the same



Concept Check

For which type of distribution does an
assemblage of particles have the lowest
average energy at a given temperature?

Bose-Einstein
Maxwell-Boltzmann
Fermi-Dirac

All the same



Classical/Quantum Distribution

Functions

Identical Bosons
Bose-Einstein Distribution
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Distinguishable Particles
Maxwell-Boltzmann Distribution
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Low Temperature Limit of

Statistical Distributions
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Bose-Einstein Condensate
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BEC Velocity Distributions

2 D velocity distributions
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BEC vs. Low-Temperature Fermions

(a) BEC (b) Fermi sea

E=Kk]T,;

Q spin
e < @ spin !










Fermi Energy of Metals

Electron energy levels

= fill up to Fermi level
atT =0K ’,
Er = | Er =7eV for copper
/ KT = 0.026 eV at 300K
The energies available L;; ‘ _ ‘
from O{diﬂary thermal eE = 0000004 eV fOf
or electrical processes 100 volts on 1m wire.

are a very tiny fraction
of the Fermi energy.

= . 82 mn'.""':
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Since all available energy
levels are filled, electrons
down in the distribution
cannot interact with
anything unless is is
capable of raising them
all the way to the Fermi
level.

A\

p( E) = glectron density of states




Electron Energy Distribution in

Metals
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The Fate of our Sun

.
The Sun as a
White Dwarf
(6 billion wears from now)
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Degenerate Matter
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Regular gas: many
unfilled energy levels.
Particles free to move
about and change
energy levels.

Degenerate gas: all
lower energy levels
filled with two particles
each (opposite spins).
Particles locked in
place.



Stellar Endgames

Mass < 1.4 solar masses
GRAVITY

Mass > 1.4 solar masses
butmass < 3 solar masses pgass > 3 solar masses

GRAVITY GRAVITY

e

White Dwarf Neutron Star Black Hole
Electrons run out of room to move  Electrons + protons combine Gravity wins!
around. Electrons prevent further  to form neutrons. Meutronsrun  Nothing prevents
collapse. Protons & neutrons still out of room to move around. collapse.
free to move around. Meutrons prevent further

collapse. Much smaller!
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Stronger gravity == more compact.



