Formula Sheet for Relativity

t'=y(t—vx/c?) x =y —wvt) = Z =z

y =Y
t=y(t'+vx'/c?®) x=y'+vt) y=y z=7

— — — 192 2
Special relativity Al=ALJy At = yAt y=1/y1=v¥/c

ds? = —c2dt? + dx?® + dy? + dz*

u'=w-—v)/(1—uv/c?

m(v) = ym, p =ymyv E = ymyc?

x* = (ct,x,y,2)

dx* = (cdt,dx,dy,dz)

10 0 0 0
2= )

4-vectors = \cat’ ox’ 9y’ oz
dx#
ut = —— = (ve, yuy, yuy, yu,)
p* = mout = (E/c, Dy, Dy, P;)
TH — —dp“ dx” TVE = THY
dVv dt

Energy-momentum T9 = energy density

tensor T = T = flux of energy in i-direction
TY = T/t = flux of i-momentum in the j-direction
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Index operations in 00 0 1

special relativity for Ay =AY A*F =ntvA,
A* and B*Y By =mu,B®  B*=n,B" B = NeulayB*Y
Blv — TIA“B;W B/lu — nlvBlw BK/'[ — nkun/lvBuv

A, A" and B, B* are invariants

Lorentz (L) and At = LHAY Ay =1L,"4,
T = =V
inverse (L) AH = [F A" A, =L, A,
transformations B'®v = L* _LV,B** B = [# [V,B'*
between inertial 4 -vy/c 0 0 Y wy/c 0 0
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Maxwell field tensor v — —Ey/c 0 B, —B,
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Maxwell’s equations GAFHY 4 QHEVA 4 gV M —
Charge conservation aJ* =0
Lorentz force law dp*/dt = qF*, u¥
Space-time metric in ds® = g, dx*dx¥ Gvu = Guv
general relativity ds? = —c?dt? dt = proper time interval
Stationary clock in a dt = /=g dt
gravitational field
Proper distance in dL = /g, dr

radial direction

¢ = gravitational potential

Weak-field limit Jee = —1—2¢/c?
A, = guvAV Akt = gHvA,
nd g"" is the inverse of g,
ndex operations in
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For light ray: ds = 0, so use an affine parameter instead

Christoffel symbols
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Metric on the
surface of a sphere
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Schwarzschild metric
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Schwarzschild radius
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Gravitational
redshift
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FRW metric
dA* = R*;,, Atdx*dx”
Riemann tensor R = 0Ty = avrf# * Tl = F;‘aFfﬂ
Ruwd = Rxluv
R/llcuv = _Rlcluv
Ruv = Rlu/lv
Ricci tensor Ry, = 0;T%, — 0,T4 + T, — TITA
R, = 0in empty space
Ricci scalar R =R, = g""Ry,
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Einstein tensor G = Ry — ERguv
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