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1 Hyperbolic Identities
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3 Special Relativity

3.1 Invariants and Metric

As? = — A2 4+ Ax? 4+ Ay? + A2
ds? = —dt® + dz® + dy® + d2*

ds® = Ny datdz”
1. As? < 0 = timelike separation
2. As? > 0 = spacelike separation
3. As? < 0 = null separation
Minkoski metric,

" = diag(+1,1,1,1)

N = diag(—1,1,1,1)

3.2 Lorentz Transformations
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As hyperbolic functions for unidirectional mo-

tion with rapidity n,
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3.3 3-Vectors
3.3.1 3-Velocity
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a stationary observer sees a moving frame (5”)
with velocity v. There is another observer
moving in S’ with velocity u® relative to S’.
Both S’ and u* only have components in the
x-direction.
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3.3.2 3-Momentum
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3.3.3 3-Force
L. dpt d .
Y= 22— o (AT

For a boost in the x-direction,
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where v is the primed frame velocity and « is
the velocity of the object (relative to unprimed
rest frame) experiencing the force.

3.4 4-Vectors
3.4.1 4-Velocity
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3.4.2 4-Momentum
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pup! =0, PP = —(me)? = ——=

E
v = —, for photons, p,p" = 0.
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3.4.3 4-Acceleration and 4-Force
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In the MCRF, "0y = {1,0,0,0}"
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3.5 Uniform Accelerating Frames

For a uniform acceleration (g) w.r.t a station-
ary lab frame observer (assuming we start from
7 =0),

ot = é{sinh(g(T —170)),cosh(g(T — 710)) — 1,0,0}"

u* = {cosh(g(T — 7)), sinh(g(T — 79)),0,0}*
0,0}
3-velocity = v = tanh(g(7 — 79))

1= 2~ cosh(g(r ~ )
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a’ = g{sinh(g(7 — 719)), cosh(g(7 — 1o

In general, starting from 7 = 79,
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3.6 Electromagnetism

3.6.1 Faraday Antisymmetric Tensor
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3.6.2 Maxwell’s Equations

OuFM = poj”, 3¥ =A{p, J}"

= F = qF +q(7 x B)
v E="L
€0
V x B = pod + O

= Mo ot
eMP? o, F,, =07
=V -B=0
. 9 -
VXE=—-——B

ot

3.6.3 Natural Units
c=1

= E=vym



3.6.4 E/B field Transformations

FOF = A NP PR = AFAT

Ej = B
E| =~(E, +7 x B)
Bj =B
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|| and L are relative to boost,

3.6.5 Continuity Equations

i =0, = {p, J}*
Number Density: n* = v{Ng, Nou}"

N:7N07%—]j+v.ﬁ:0

3.7 Stress Energy tensors
THY — Tk where
1. T = Energy Density
2. TY = Energy Current Density
3. T = Momentum Density

4. T9 = Momentum Flux

vV, T" =0

Dust:

" = putu”

Perfect Fluid:

’ ™ = (p + P)u"u” + Pp"”

3.7.1 Equation of State

P =wp

1. w= % = Radiation

2. w =0 = Dust

3. w= —% = Cosmic Strings
4. w= —% = Domain Walls
5. w = —1 = Cosmological Constant

3.7.2 EM Stress-Energy Tensor
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4 General Relativity

4.1 Gravitational Redshift
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For a region of constant G field,
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4.2 Geodesic Equations
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For massless particle,
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4.3 Christoffel Symbol

1 o
Fp;w = igp (8uguo + al/g;m - aO'gHV)
4.4 Covariant Derivatives
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4.5 Riemann Curvature Tensor

4.6 Einstein’s Field Equation

1
R, — §gWR =81GT,,
GHY = 8rGTH

4.7 Blackhole Metrics

Vacuum solutions,
=>=G"=0=R"=0=R=0
Schwarzschild Blackholes
2GM dr?
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where, dQ = df? + sin®(0)dp>
_2GM

T , is the Fvent Horizon

Reissner-Nordstrom Blackholes

ds* = —f(r)dt* + f~(r)dr® 4 r2dQ?
2
r
where, f(r)=1- i@
r T

This has 2 ‘Horizon’ solutions,
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Event Horizon: r; = i(rs +4/r2 —4r)
1

Cauchy Horizon: r_ = 5(7“5 — /2 —4r})

rs = 2rg = Extremal Solution

Kerr Blackholes

5 Cosmology

5.1 Friedman-Robertson-Walker

The Metric of the Universe

di?

1— k2

ds* = —dt* + a(t)?( + #2d0?)

k = —1 = Open Universe
k = 0 = Flat Universe
k =1 = Closed Universe

5.2 Friedman Equations

First Friedman Equation
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Second Friedman Equation
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Equation of State

P=wp
Various equations of state
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5.3 Cosmological Redshift
6 Useful Identities
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