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SR Recap

D Lorentz Transformation & Spacetime
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from Einstein 's Postulates

• Laws of physics take the same form in

all inertial frame

• e. must be the same in all inertial frames

inertial frame

• no friction
,
no external foie

(Galileo

=-D a body in uniform motion
Einstein )

◦ a body moving freely in gravity (Einstein)
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Consider the events E
,
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The message of L.T.

is space ⇒ not
absolute (Newtonian

,

also)

b time =p not absolute

Brit spacetime can be considered to be

①Is Lorentz invariant

(a)
2
= 45421

spacetime interval

d.S2 = - (edt} + d✗2+dy2+dZ2

convention : mostly minus 2µV = (-1-10)O '
-1

future + <o ; timelike
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_ →

_
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' ss2{= 0 ; light like or nullproper
time Zone {

" as
"

>o ; space likeprew.im?H >
✗ Note for light like separationI

\ (bs2=o)

\ No L.to can make two null-

past \
, separated events either
\ - occur simultaneously

- at the same spatial position
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* Metric tensor

DS2 = %
,
didXP ; 4/3=0,1, 2,3

{7*1=(-1-10)
\ O

'
-

1
,

ds! %◦d✗°d×° + % ,
DX "DX

'

; i =L, 2,3

= - ¢ dtftfdxt.pt#+dx3P
What is metric tensor

⇒ inner product (map one
of two vectors

to dual vector
A. A = %pÑB^ space)
A. A = %pA×A

=D raising and lowering indices

At = Rap A
" flowing index

At = 29 Ap Cruising index)
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A-
◦
= -A° 2%4, = Stp

Ai = Ai 1-1-2 = 1

A kinematics of particle

wi-fi)

particle -

worldlinÉ¥¥. ' - choose ⇔ a.±,

set ≥ Rte)
↑>✗

measured by the particle 's

g.
< ing momentarily eomoving Lorentz

§
' frame (MCLF)

/ I
-

- t
' / Miron.mnFÉown*
=D ds

'

= - ④dt '} ⇐ - Edel
MCLF

the = c-1) -di
'

From the 4- position vector (on world line

✗
✗

= Rte)

the 4-velocity u&=dr✗
It
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ñ⇐¥ᵈoÉ
= Ice,Ñ) ; 8=dt

a

E± Show that 7- date = Lorentz factor #¥;)
%pñuP= %pdñdr

" only
= (dey

(instantaneously
= £: - ¥

Use Kyle
,
E)

✓C-④ +52 ) = _of

i. a =¥÷
D Momentum and energy

4-momentum p×=mu✗ Note Photon

= mule
, F) P1H-1GI)

using F- = ✗ met

perm, } =D =

, F) PI ⇐

massless
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Energy -Momentum Tensor (set e- 1)

frame $
Fluid f- (Lab frame)Element7¥*

y

Consider in MCLF
,
I '
,
we can define

proper energy density

µ = get + E
p ↑

proper mass proper

density internal energy
density

in the Lab frame (5)

jt = %, jk)

j° : = fluid mass density

jt : : mass flux in the ✗
K
-

direction
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mass current = mass per unit >D-hypersurface 1- d-direction

2. ° = m_ ⇒ I µx°
svxyz ↳d%=dV×y£

It _ s¥µ = 1¥ = Suk

*
jo=g

%
"

HE;."
"

I * = got

.[;÷?⃝j(
non-relativistic)

1µg
(non-relativistic)

= I
,

4- 1£'→v
(MCLF) → §'

j° =
Em

= g
,
jᵗ = 0

AyzbXp

( Lab frame) → $ , from length contraction

= £1T, = .fi?-yy---sr,jt=govk
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Recall that u× = ✗ ( s, Ñ) ; e--1

ice .
no = 8
,

Ui = out

j° = pu° , jk = guk
*

= great
mass 4-ourrent
in Lab frame ( § )

it follows the local mass conservation

qj× = 0

Remark → vector field

mass current = (mass density , mass flux)

*
energy density
energy flux
momentum density
momentum flux

tensor field ! ! !
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t£yidmmf→
Proper

energy density
*
from the from §

' to §

• itnergy increased by 8
D volume decreased by f-

Consider Perfect Fluid w/ F-0
,
Dust

energy density
µ → µf=µu°u° l
-

frame § ') (from §) T
"

→ tensor

UE84
, E)

energy flux in
✗
I
_ direction

0 → µ4vi=µu°ui
µ TE

non- rela
.

no:
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momentum density
◦ MYTH = µuiu°
Tinon- rela .

It) --moi
momentum flux

0 → µr2vivᵗ = Mutu "

non-tea .

Tik⇐ v44 -

- with

-

-

momentum

density
flux ofj - momentum

in XK- direction



- 12-

If -- o → opT%=d
conservation of

energy eonsero .

mass

* % TIP = O
'

momentum eonse.ro.

Thus
,
we have

% a ◦

I

* T9 is divergence free

when energy and
momentum are consented .
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the energy-momentum
tensor

(stress-energy tensor)

T43 : energy density
pressure

p° Ñdmooos shear stress
fflux

Too : energy density Ésysz
%oi : energy flux
pi

1T¥ : momentum density
II.

Tii : momentum flux P*

ysz

=P

pi Intro flux
shear

jij : uh ʳ%→= stress
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Consider perfect fluid (no viscosity
,
no heat conducts

↓
no shear stress

E± 1

fluid in me , fan
fluid
at rest

1-
◦ ◦
=µ

without pressure Tio ≤ Toi = 1- it =

Out
= (1,0/0,0)

1-% =µiuP =p 1-00=0%0 = µ

{1-9} = % %)
FE2

ñ= 811 , E)
moving fluid

without pressure

T" =µu×ws ⇒{ T%µ
82

1-
◦ I
= 1-
I °

aµ *202
'

1-
it =p = 0

\
Tii = 0
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E± 3

perfect fluid
with pressure > 0

④→ 1-
it
= Fi =P
Treat direction I

i. Tij = P Sit

↳:#
in the frame §

1- it ± PP9
~

19 + U4B

=p (29 + in↑)

T" ≥MU9P + PC5P+→

= Getprints + py"

Note that T9 = 1-1
"

Csymmetric)
this property is in fact very general .


