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Inspiration for course material

T;E':ll} EIEEE:I:ISEFA Craig F. Bohren YWILEY-VCH ST R E ET- F l G H T I N G
i POPULAR SCIENCE Eugene E. Clothiaux S— k : v
Six Ideas That 1T 1S EXEMPLARY” I —— PHYSICS M&!?:!E“EMDAL!N?Aﬁ

Shaped PhYSiCS “THIS 15 TO

——— - —— ENERGY AND CLIMATE
R WHAT FREAKONOMICS
IS TO ECONOMICS™

TIC. PROBLEM SOLVING

Atmospheric Radiation FOR_

TFUTURE.
PRESIDENTS

UNITT

Some Processes Are Irreversible

An Introduction with 400 Problems

.
THE SCIENCE BENIND THE HEADUNES

@
CHARD A. MULLER

SUSTAINABLE | ENERGY-

WITHOUT THE HOT AIR"

ANJOY MAHAJAN

. FOREWORD BY. CARVER A. MEAD

David JC MacKay

* Six Ideas that Shaped Physics Unit T & Q, Thomas Moore

* Sustainable energy without the hot air, David MacKay

* Fundamentals of Atmospheric Radiation, Bohren and Clothiaux
* Physics for Future Presidents, Richard Muller

* Street fighting mathematics, Sanjoy Mahajan
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Learning outcomes of the course

:ontemporary
: Challenges

How physics can guide/inform society’s
response to contemporary challenges
* Climate change

e Sustainable energy issues

e Space travel
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Learning outcomes of the course

W‘ontempora ry
Challenges

Physics concepts
* guantum bound states

o B response to contemporary challenges
* blackbody radiation \ apply +o > . Climate change
* nuclear physics — : .
: Pny : . e Sustainable energy issues
* light-matter interactions t

Physical reasoning skills

* Building simplified models to represent messy systems

* Making order-of-magnitude estimates and Fermi estimates
* |dentifying fundamental limits imposed by physics
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How physics can guide/inform society’s



Content Overlaps with “Modern Physics”

Key differences:

:ontemporary _ _ .
Challenges - Emphasis on physical reasoning

- Focus on why the physics is relevant today
- Adjustments to align with upper-division material
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Challenge: Climate Change

PHYSICS CHALLENGE

CONCEPTS
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Challenge: Climate Change
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Physics content in Planck’s Law

Equipartition

Thermal
theorem

motion of
classical
oscillator

Occupation
of quantum

Quantum / states
bound
states

Boltzmann
factor

Ethan.Minot@oregonstate.edu

Accelerating charge

generates light

Toy model®

Quantum
theory light
emission
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Challenge: Climate Change

~ 1.5 X107 J/s ~ 1.0 x10'7 J/s
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Sunlight Earth glow
* Temperature & size * Temperature of earth +305 K
of the sun * Transparency of

e Earth-sun distance

atmosphere
-245 K

T=5800K

Simplified models, quantitative predictions, 1°C
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Challenge: Sustainable Energy

Aerodynamics C_QS\ Pl R S - /’/zif;}
. transportation ~©— ©
* wind energy 7

- * Coarse-grained models
- built from basic/generalized principles
- respect fundamental principles (e.g.
conservation of energy)
* Meaningful quantitative predictions

Nuclear energy L) Electrostatics of nucleus

j; Count contact interactions (strong force, 2.4 MeV per contact)

2 n
\"

11
Ethan.Minot@oregonstate.edu



Supporting learning

In-class activities:
Solving questions in groups of 3

Collection of context-rich homework problems

Term project: Write your own rich-context homework problem (topic of personal interest)
Students have the tools to start using physics
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