Coordinate Transformations s

Galilei transformation:

¥=x—vt, y=y, =2z =t

Lorentz transformation:
, x — vt , , , t —vz/c?
T =—F— Y=Y =z =2z =
V1—v?/c? V1—v?/c?

e Check time dilation by clock at rest in S.
Proper time interval: A7 =ty — ;.

to —t

Lorentz transformation for z; = za: t) — | = ———
1—v2/c?

A
Dilated time: A# = —————.
V1—v?/c?
e Check length contraction by ruler at rest in S’

Proper length: ¢y = xf, — x.

To — I

Lorentz transformation for ¢, = t5: ), — 2] =

Contracted length: ¢ = ly4/1 —v?/c%.

e Check relativity of simultaneity.

Clocks between S and S” synchronized, t =t =0 and x = 2’ = 0.
t —vz/c?

Clocks in S go slower and are out of sync when viewed from S

Reading of ¢ in S" at 2/ = 0: t'(t,x) =

Longitudinal velocity addition:

Substitute # = vyt and 2’ = v,t’ into transformation equations.

e Nonrelativistic: v, = v;) +v = U],J = v, — .

L vpt — vt t —upt(v/c?)

e Relativistic: vt/ = — 2o, /= 222,
b V1—0v2/c2 V1—v?/c?

, v, — v v, + v

= v, =

=—Pr o g =—L
Pl —wuu/c? 14w/

. . , c—v
Universality of ¢: v, ¢ = v, > —— =c
1—cv/c



Transverse velocity addition:
Set 3 = ut', y = uyt and x = vpt, 2’ = vt'.
t —vpt(v/c?)

V1—0v2/c2

Then use y = 3y and time dilation, ¢ =

e Nonrelativistic: u; = Up.
! Uyt
e Relativistic: u;, = vy_¥_5mt
t’ t/ t’
= up/1 —v?/c? N /1 — v?/c?
u = ——-—-—-> Uy = ——————..
P 1 —vyv/c? b L+vw/c?



