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MIT Course 8.033, Fall 2006, Formula Sheet 
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4-vectors:	 Metrics (Minkowski, Newtonian, FRW, 
⎞ 

⎟⎠ , 

Schwartzschild), c = G = 1, dΩ2 ≡ dθ2 + sin2 θdϕ2:⎛ 
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x ux 
dXy uy dτ 2 = dt2 − dx2 − dy2 − dz2 

− dr2 

(1 + 2φ)dt2 − r 

X ≡ U ≡ = γu
dτz uz 

dt2= − r 2dΩ2 , 

dτ 2 2dΩ2⎛ 
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= ,kx px 

dr2ky py 
dτ 2 = dt2 − a(t)2 2dΩ2K ≡ P ≡ m0U =γu + r ,kz 1 − kr2 

dt2 

pz 
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dτ 2 = dr2 2dΩ2 

J ≡ ρ0U = 
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P = γuF ≡ 

P/c ,
dτ 

ρc	 Friedmann equation: • 

Lorentz transformation:	 8πG kc2 ȧ•	
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⎟
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ρ − H ≡
3 a2⎛ 
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0 0 −γβ 
1 0 0 

γ(x − βct) 
y 

ax�γ 
0 y�Λ(x̂v) = 0 0 1 0 z� Shell coordinates: z • −γβ 0 0 γ ct� γ(ct − βx) 

dtshell = γ−1dt, drshell = γrdr • Parallel velocity addition:	 r 
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v + v� γr ≡ �
1 − βr 

2 
, βr ≡	

r v�� = 
1 + vv�
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Aberration & Doppler effect:	 Schwarzschild orbits: • • 

cos θ − β	
� 

dr 
�2 

= Ẽ2 ˜ L, r)2cos θ� =
1 − β cos θ

, ω� = ωγ(1 − β cos θ)	
dτ 

− V (˜ , 

dϕ L̃
Energy:	 = ,•	

dτ r2 

dt
E = m0γc2 = 

�
(m0c2)2 + (cp)2	 γ2 ˜= E, 

dτ r 
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L̃2 • Electromagnetism:	 Ṽ (L̃, r)2 1 − 1 + ≡ 
r2r 

1
F = q(E + u × B) 
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Ey
� = γ(Ey − βBz) 

1 
Ez
� = γ(Ez + βBy)	 Rµν Rgµν = 8πGTµν ,− 
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=Bx

� Bx R gµν Rµν ,≡
By
� = γ(By + βEz) Rα 

µαν ,Rµν ≡
Bz
� = γ(Bz − βEy). + Γγ Γα 

µβ νγ − Γνβ 
γRα 

µνβ ≡ Γα 
µβ,ν νβ,µ − Γα Γα 

µγ , 

1
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µν 
..ασ (gσµ,ν + gσν,µ − gµν,σ) �Euler-Lagrange equation: • ≡ 
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