3.2 Frames of reference

Galilean transformations

; rr position in frames §
Time and r=r+ut (3.1) and §'
position? t=t (32) | v velocity of §' in §
t,t' time in § and S’
, = wu  velocity in frames S
Velocity u=u+v (3.3) e
p.p'  particle momentum
Momentum p=p +m (3.4) in frames § and §’
m particle mass
Angular / / N J.J' angul
i ¥ st ¢ : ] gular momentum
momentum Jodr g0 o i) in frames S and §’
Kinetic ' 1osg T,T' kinetic energy in
energy L dichm ot Y (3:6) frames S and S’
“Frames coincide at t=0.
Lorentz (spacetime) transformations®
5 e ¥ Lorentz factor
Lorentz factor y=(1-— 5 (3.7) | v velocity of §’ in §
c? :
c speed of light
Time and position
x=p(x' +vt); x' =y(x—vt) (3.8) B
; ! x,x' x-position in frames
L Yok (3.9) § and S’ (similarly
z=z 2=z (3.10) far api 4
S v t,t' time in frames S and
rzy(b+?x); f=y(bvgx) (3.11) s
E)Lﬁ;e:eeg::)al-lb dX =(cdt,—dx,—dy,—dz) (3.12) X spacetime four-vector

“For frames § and S’ coincident at =0 in relative motion along x. See page 141 for the
transformations of electromagnetic quantities.

bCovariant components, using the (1,—1,—1,—1) signature.

Velocity transformations®

Velocity
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Uy, u;

Lorentz factor
=[1—(v/c))"1/?

velocity of S in §
speed of light

particle velocity
components in
frames § and S’

“For frames S and S’ coincident at t=0 in relative motion along x.
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