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Kinematics in SR

4-velocity u”

normalized u-u=-—1

U future-pointing  u°> 0
/ .

/ x! any co-moving frame has ¢, = u

dr = dx° ég=u”=<

x0=y3~c0+y7-_5{ — dx'=ydi® =ydr

XO
dr =y~ dx’ t(xY) = 75+ J V1—v2dx®
I

dx*  dx* dx°
xH(7) A s 1. y = ut
dr dxV dr V! 20

proper time 7.

its flow matches the coordinate time of
y > the co-moving frame

interpretation: time measured by a
moving perfect clock

defined intrinsically, by the motion of the
body

natural parametrization related to 4-
velocity



Kinematics in SR

massive particle moving with

constant velocity
/ )
>
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Kinematics in SR

massive particle moving with
constant velocity

/ > x(z) = a" + T u”
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Kinematics in SR

massive particle moving with
constant velocity

/ > xH(t) = a” + T u”

reparametrization:

T>1T=7+D

a—->d=a—Du
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Kinematics in SR

4-momentum

P
particle of rest mass m
ym
H o= H = .
/ i e <rmV’
>
. —_— — 2
5! p-p m

total 4-momentum conserved by local
forces
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Kinematics in SR

4-momentum
04 p
particle of rest mass m
P ym
H = H = .
u / . P ymv’)
>
. —_ — 2
5! p-p m
total 4-momentum conserved by local
forces
small velocity limit v < 1 vyalc <1

1
y=1-7"1"=1+ 572 + 0(v?)

, m + %m?z + 0(v?)
P = .
mv' + 0(v3)
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Kinematics in SR

4-momentum
04 p
particle of rest mass m
pli=mu’ = :
u / L ymv'
> _ 2
5! p-p=—m
total 4-momentum conserved by local
forces
Re-introducing ¢
small velocity limit v < 1 vyalc <1
I 3
2\—172 1_, 3 pho = 37V ot O (Ooule))
y=>0-77) =1+Ev + O(v°) mv(’;,d/c+0((vold/c)3)
1.2 3 1
ot = m+—-mv=+ 0’ E, =cp®=mc+ 5’”73161 + 0 (gl 0))
mv + O(v?)

Poig = €P'=mvy+ 0 ((Val©)’)
22



Kinematics in SR

. light rays (worldlines of photons)
A

() = at + A1 [-1=0
y U
/ y R —(I)°+ Y =0
/ 51 "
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Kinematics in SR

. light rays (worldlines of photons)
A

X)) = at + Al [-1=0
L2 2
0 Il
/ R — (1) +le 0
.Xl l

/ [ velocity = speed of light, i.e. 1
a

dx! _ dxt  di _ [
dx0  dir dx0 [0 i i

-0 [0

lO — Z lili
i ...in any inertial frame!
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Kinematics in SR

04

X

s

)

affine reparametrizations

L—>1=C\l+D

|
[ - 1=—1
C

[ not normalizable

—> no 4-velocity or proper time for photons

a—->d=a—-DI

light rays (worldlines of photons)
xH(A) =at + AIH [-1=0
—(I)°+ Y =0
velocity = speed of light, i.e. 1 |
dx' dx' di I

dx®  di dx0 [0 i i
=0 70

lO — Z lili
i ...in any inertial frame!
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Kinematics in SR

light rays (worldlines of photons)

xO A
// xHFA) =at + A 1H [-1=0
U
u 2 i7i
Ly, () + R0 =
[ x! . o
velocity = speed of light, i.e. 1
a
dx' dx' dAi _ [l

dx®  di dx0 [0 i i

=1
= [0 ]O

0 _ igi
affine reparametrizations ©= Zl { _ _ _
i ...in any inertial frame!

A—>A=Cl+D
| a—da=a-DI photon’s 4-momentum
zqi=Ez
E
pﬂ = _0 [H p-p= 0
[ not normalizable l
: : E E=|7|
—> no 4-velocity or proper time for photons pt = P =P
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Kinematics in SR

Cct 4

future

past

24

light cones, causality
Ax* Ax*n,, <0 timelike
Inside the light cone

Worldlines of massive particles

Future/past distinction

Ax* Ax*n,, =0 null
The light cone

Points connected by light rays

Future/past distinction



Kinematics in SR

Cct 4

future

past

Axt Ax¥n,, >0 spacelike

Outside the light cone

No future/past distinction (somewhere else)

light cones, causality
Ax* Ax*n,, <0 timelike
Inside the light cone

Worldlines of massive particles

Future/past distinction

Ax* Ax*n,, =0 null
The light cone

Points connected by light rays

Future/past distinction

24



Kinematics in SR

cf 4 light cones, causality
I Ax" Ax¥n,, <0 timelike
Inside the light cone

0 ; Worldlines of massive particles

Future/past distinction

past
Ax* Ax*n,, =0 null
Axt Ax"1n,, >0 spacelike The light cone

Outside the light cone Points connected by light rays

T Future/past distinction
No future/past distinction (somewhere else)

No superluminal interactions: no worldlines outside the light cone
events outside past light cone cannot influence O

@ cannot influence events outside future light cone
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Special relativity

End of lecture 1
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