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Sample Syllabus

Conceptual Overview

ity

Four-Vectors in SR

Maxwell’s Equations

Schwarzchild Metric

Particle Orbits

Perihelion Precession

Photon Orbits

Bending of Light

Event Horizon

Alternative Coordinates

BHT _cﬁynamics

Kerr Metric

——IKerr Particle Orbits

!
Ergoregion and Horizon

Negative Energy Orbits

Penrose Process

&

Interpreting the Equation

The Observed Universe

A Cosmic I"_I.etrTcE

._".:-.
Cosmic Implications

The Early Universe

Gravitational Waves

Generation of GWs

Applications
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How to make it worlk:

the 7’-‘.Way

® Blend the math and physics

® Use (lots of) 2D examples

o KISS (Keep it Suitably Slmple) ; i
® Drill ‘'em (AKA Index Boot Camﬂ

I}exelga Ownershlp through Activity ™

._".‘1
work = practice

.to Avoid Tedium Credit: NASA



2D Examples

® Flat Spamrdinates

e 6-® Coordinates on Spheres

® - Coordinates on Spheres

Qe Mefrics for weird 2D surfaces —

® “Warp-drive” spacetime ®

N

® Veird Flét-spéce Coordinates. =y

Credit: NASA
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KISS (Keep It
Suita ple)

® T[reat tensors as generalized vectors

® |ike vectors, they represent physical objects

~Like vectors, be naturally represented by
“eollections of components relative to some basis

e Raising or lowering indices “embed@ factors of
the metricrelative to natural definition

ﬁ

orms more “natural than others, but
_ it of indices is reaITy physically irrelevant

31 | Credit: NASA




KISS (Keep It
Suita ple)

® The main point:
e Build on student intuition-about.vectors

® Avoid dual bases, the Levi-Civita tensor, basis
vectors as gradient operators and dlly other
complexity-that is.not absolutely necessary.

e

g

Credit: NASA



mable Drills

Consider the following examples of renaming an index:

a) AN%AP =A% renamedto NA%AF = A¥ (4.26a)
NuwA*BY = 0 renamed to 7,,A*B* = 0 (4.26b)

ap”
dt

= (0 renamed to 63; =0 (4.26¢)

ngﬁ — ”ﬁyA‘ugAyﬁ renamed tO ?7#-1) — ngﬁAaﬁAﬁy (4.26d)

NuyA*B” + 93A°CP = 0 renamed to 7., A*B” + .,A*C” = 0 (4.26¢)

0¢,0°,F* = F renamed to 6%,0%, F* = F* (4.26/)

Exercise 4.5.2. Which of these equations violate Rule 2 about renaming indices?
Why do those equations violate the rule?
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Building Ownership

through A‘Learnmg

® Active learning is essential

® Make them derive (virtually) everythlng"

° R@E{uu’es a redesign of class sessions or the =
book or both »

® Don'’t forget to sellit to the students! ~

LY
o

@ Credit: NASA



HomewﬁPractice

® Reconceptualize homework as being like a
sports practice

® Part of the point of practice-is-the freedom
to try something hard and fail

® Requires reorienting homework grading to
reward good effort .

Credit: NASA




Tricks and Tools for

Avoid*dium

® Computer;programs (but students must own
the algorithm!)

o R@gi_Chaft 1 . <

® General Cleverness *

&
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Why Te%nsors?

® ‘Because thcy are there

® Because doing it provides a firm foundation

f%a’trﬁderE&nding the GR’s big picture

® Experience of empowerment _

Credit: NASA




Thaaks!

.

® Alpha-draft book on'display here (3 copies)
® 3 people will be able to take copies home
® more-can geta.CD with PDFs (ask me)

o

o (Pléd'ée recognize that the draft is very rough)

® For more information: tmoore(@pomona.edu

(€ % e iom e
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