General Relativity Review


I. Geometry 

a. Sphere

i. Sum of Interior Angles of a Triangle = 
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b. Line Elements

i. 
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II. Space, Time and Gravity

a. Coordinate Transformations – displacement(translation), rotation, uniform motion, Galilean transformation

b. Rotation of Axes 
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c. Principle of Relativity

d. Newtonian Gravity 

i. 
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e. Variational Principle: 
[image: image12.wmf][()]((),())

B

A

t

t

SxtLxtxtdt

=

ò

&

 
[image: image13.wmf]00

dLL

S

dtxx

d

¶¶

æö

=Þ-+=

ç÷

¶¶

èø

&


III. Special Relativity

a. Einstein’s Postulates

b. Simultaneity

c. Time Dilation 
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d. Length Contraction 
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e. Line element 
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f. Spacetime Diagrams and Light Cones

g. Lorentz Transformations/Boosts
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      hyperbolic angle 
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h. Proper time 
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i. Addition of Velocities 
[image: image22.wmf]'

2

'

,

'1

x

x

x

dxVv

V

dtvVc

-

==

-

 etc.

IV. Four Vectors and Dynamics

a. 
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b. 
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c. 
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f. 
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 and finally:
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V. Gravity as Geometry

a. The Equivalence Principle

b. Clocks in a Gravitational Field and Gravitational Redshift 
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c. Newtonian Gravity
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d. Newtonian Motion
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VI. Curved Spacetime

a. Coordinate Transformations

b. The Metric 
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c. Einstein Summation Convention

d. Local Inertial Frames

e. Light Cones and World Lines
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f. Length, Area, Volume Computations (Diagonal Metrics)

g. Orthonormal and Coordinate Bases
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Observer's Laboratory: 
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VII. Geodesics

a. Variational Principles
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b. 
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c. The Geodesic Equation for Time-like Geodesics 
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d. Christoffel Symbols 
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e. Symmetries and Conservation Laws

i. Cyclic Coordinates

ii. Killing Vectors

iii. Constants of Motion/First Integrals

VIII. Schwarzschild Metric

a. The Metric
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b. Description

i. Symmetries

ii. Schwarzschild Radius

iii. Total Mass 

c. Gravitational Redshift 
[image: image49.wmf]1/2

*

2

1

M

R

ww

¥

æö

=-

ç÷

èø


d. General Concepts for Particle Orbits

e. Use of Effective Potential

f. Types of Orbits

IX. Black Holes

a. White Dwarfs, Neutron Stars, Black Holes

b. General Behavior of Coordinate Systems

i. Schwarzschild

ii. Eddington-Finkelstein

iii. Kruskal-Szekeres

iv. Penrose

c. Event Horizon

d. Light Cones

e. Collapse to Black Hole

X. Gravitational Waves

XI. Cosmology

a. Critical Density

b. CMBR – Cosmic Microwave Background Radiation

c. Hubble Constant

d. Cosmological Redshift
e. Cosmological Constant

f. COBE, WMAP

g. Isotropic, Homogeneous

h. Flat Robertson-Walker Metric

i. Scale factor and relation to Hubble Constant

j. Age of the Universe

k. Friedman Robertson Walker Models

l. Friedman Equation

m. Big Bang

n. Matter vs radiation dominated
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