
e.g .
A  racket accelerates fo - 10

years
at tomb

.

( proper ! )

How much nest tone  elapses ?

How for does  it true w .  - . t .
the rest fame

.

K = 10 m/s

* ÷l÷:
I

year = 3×107 seconds c== 3×108 m/s =

I = to years = 3×108 Seconds c
=

3×103
-

10 mls = I yearKI=If .
3×108=3×1092 = lo

C 3×108

rest frame true elapsed
yo smh ( Io ) = 11000 yeas

deduce c.
tofash

( lo ) - D2 scnhllo ) = 11000

Ivy .

Hkly
MY center 27K key edge look ly andromeda 2800k ly



Recall fam Phys lol

MT
n

Mz

if
→ ←

MI U ,
U2 Mz

Rules 1) conservation of  mass

If mi
 = II

,

in ;

2) Linear  momentum :  mini

Conservator  of linen momentum

or k

{ mini =
E mini

total momentum pair
and after

3) I
,

tzmiluil
'

= II. mj IFI
'

Consent.cn  of energy .



( it  may
be there

 is  other
easy involved ; thermal

,
chemical )

EI t Enizluif-E.itE zit
2

2) is  a  consequence  of Newton 2,3

¥ P
,

= E , ddzR=Fz= - Fz,

¥ l Rtk ) = o

We'll assume other observes agree  or  mi , wi and Ef ,
II

.

1)
, 21,3 ) in are Galilean famine ⇒ in all :

Ui  → ui - v in a fume boosted by velu .

Emily .  - v ) = Em
. 

-

ai - ⑤in;) r

= grit ;
- fzmf.lv

=

gun ; Cut - u )

[ lznilui- of
'

-

- Emil all - Eniuiov

ftp..lv/2=EnElu;f-fEiiid.vtfgtn4)lH '



= I tzmj In ;
 - v12

Exercise : If B) holds in every galilean fame

then so do I ) and 2)

Conservator of energy is bedrock
.

These laws are  not compatible with SR
.

Recall
,

for  a boosted observes velocity a becomes

i÷ .

EsIll :3 .EE:
- Sct Cu

-

C - Suk

u - V
-

I - EE



|
M

' "

m=m .tn -

µ Mia , tmzq= Mu

? ←
my a , uz me U ' Cqa , )tf⇒uz

m
,

=  mz =  m U= Iz ( a
, taz )

f. g . Uz = - U
,

U
, Uz= - U

,

Now boost  to ufme with vet a ,

F- - O Tez=
=-291

-UI Itu
a

I =¥¥4= In
=  -a ,

I - 4l4 I - O
2cL

Itza e
- I f- - u ,

= it unless u
,

-_ o
.

It at
a



p
4 - velocity at

pie - tide
;

Instead : Pi=  m

,

.Vi

[
mass of particle  i

.

4-  momentum of particle  i
.

Note : two masses in physics :

1) Inertial

day ( mu ) = F

2) Gravitational F  =  - GmM_
r

2

The  muss here is ( almost ) metal
,

not sanitation I
.

We call it the nest masse of the particle,
and it  is a intrinsic quantity agreed poor by all
observes



R.
= mirink . ]

New law : 4 momentum  is preserved

? Pi - f. I

a) time  component  c Em ; Hr ;) =  c Emf. This )

b) space Em
;

Hv : ) y .  = Eight;)if

interpretation 1) miffy . ) is the observed mass of

particle  i .

This is  a ) conservation at muss

b) conservator at manakin

mHv ) -

-

MI

MIV → 3- momentum
.



Interpretation 2)

Hv ) = ¥⇐ ,

-

- I + I left  ⑥C Est )

cm Nv )=  cm t

II
v2 to C LET

)jc
-2

Multiply by are more c

ma t Iz mu
2

t OLLEY ) me

w
-

classical kinetic energy
nett

energy at the particle, proportion toast mass
.

A- I:p;]
or ' I' :÷::L;

of the particle

( rest t karate )
in This frame

.

c Po =
 END m

,
minimized at  me at  o_O .

justifies the name i vest enemy
"



We will start  represents observes  is  spacetime
by tomelike  vectors  of length c

.

p
I

~ o

What  is the energy
measured by 1 ?

In
a fame where U= [ ! ] it  is cP°=cg( BU )

.

In  another fame g. ( Bo )= gtfo )
.

So energy is g ( to , I ) .

Taking measurements by dot products is common
.

Here's  another :



,

I

I I

I I"
① density : I = of

Sx

1-1 port roles
.

DX

Chunk has
 width IztdxA#

and new density VE
Sx

I  e . New density = Too

Let  me  make a  vector in the rest frame I To ]
In

a frame traveling in  which the particles are teaches
with velocity u

,
Mr ) = C

lesson :] . is :]



In the time position  we have the observed
density .

A  couple of  ways to thank  about this :

¥453
w

↳ 4 - velocity of the

particles .

Let's multiply by c

C  a

ne ,

° %) components.

croc →  ;s÷y
✓

cogs =  coz C

density 4 - velocity
=

coz C I
= of C v

components are obsedmf.iq

y partook flux



So this  is a density - flux vector
,

N
.

If I am  observe  with 4 - velocity V

then in my rest frame

g CV
,

N )= [ so ] GLI )
I for

Bat this is true in ay fine

g ( Y , 1) =  a or


