
.
=

++ 8

sytofMinkowski space

symmetres of Minkowski space are described by the one
-
*

w r

x
+
- ar

-
s -> d

↑

translations'

-> to elements'

subgroup without translations is the togroup O2 -13)

xa T am
~
x
-

where A is defined to preserve space intervals

aa7na
-

=

7a8

↓iscrete subgroups:

~

Ortnochronous 0"1,.3): No time reversal

no
o

=T

~

Proper so (113): No refleations

de+ (x)
=

z

Natural to consider

50 (u,3) or -50
+

2 +,37



*Tensors

Car be understood as maki-liner maps on target spaces of mani -

toits

-

Physically more intuitive:Object in representations of3022, 3),

i.e. than the togroup acts on

*

P(x) +p(x) =Pcs ( ↑assim

P(x) p.cx)
- p(a-x) actn

->
stick to active

-apc=f(x)
=x -,x) =x + a

*
It

↑assime; just relabel & ctre; charge coordinates

* ordurato s ↓art1-sist- old ordinate (

-

or: *ssociate to wear fuels/awnow

"Or
-

f

⑤ DeL L
5 cala vectr

s - need to charge orientation too



v(x) =ar- v-(a-x)

not
atensor of rank (p, 9)

-
m.... ap

↓x)
-.... -q

c a
+
-

&
w

- -

a
- +

&
p

A
v =

↑-

... awa
89- a.... 9p

pr...pq(nx)



vroblemsneee 8

1 start trajectory at

x =

(t,x,y,z)
= 0

Travel with spatial velocity

v
= (v",v.,wE)

Travelling along the by diagonal corresponds to v" = w7 and

vE =0. with a fine parameter is atim

x
o

=(t,v" +.vYx,vE+ 7

Them, spacetime interran Is

e =Manx x- &

:. + +

(v+: + (v +- +(vE +)-

- - n + 1=1v)+x

S
-0 if vc - & slower from light

= 0 if v = - I speed of light)
>0 if r> 1 & faster tran lique)

2. Boost along the i-direction realised by

r - vr 0 O

~ vz r x O

a - L
C -0 r

I -(ii)O O 1 *

where



-

-.
v = -

Nr - vi

Everything is block- diagonal, so focus on

it direction:

Nonoare: (analo: ((% 3.)(3): 37
1

- T1.s:))?S.,: nigan
o

Xp

othcowise

I I. C abuse of rotation

In particular

(
N

nezen:...))::)).2: I

- w + v-y= vv
- vz=

- hEv((==) = C rrr - rrr - rv + vi
S

=v.-) i) = le C

s o that

-0 0

- - O
-

aseo No
= -

o - o

:

McpI
O 00

~

(
a p

as required

3. Rotations ↓boct x-axis are realised by

* - o dS
-0 O

C

I litR =
O O as 0

- sinDi

O v - In O -Sa



Ther

accovers: 11%): ::/:i33.0

C I- 3120)(2s.0, = 309
RieR af

-her

en= 1:((i)(::):1. =)
- SixO

(11:(930mi)).ecoso (

=

no asd
800
so

-(230
+ smic S(cos a ..0))

cos c
S

o - s "O + SIn'O

I Iz

- w

-
. -0 0

I - - O
- (R"a mor RUB T

O o - o

:

Mcp
~

O 00
a p

as required.

Note ↑ This is the defining relation for a. Can in fact devi
-w

we everything else!

↑ake Infinitesimal trans formation

a
v

= 8 - as

t

w



Ther

arayr-a-p

-

(8 + wrc(Mn(6- + o")

- (sn,sY B
+ -ran

-

B
+ c

pr

&

--
8

+ 0(w))9.-

-

Map
-m +

cpa
- O(w-)

a p

=

MaB

- D

wap
= -

wpc

or

x
3400x

n
= IToasta rotationsan

e or implemen as

wio
=- ni. qwjj = - zijn +

0


