
We will start  represents observes  is  spacetime
by touelike  nectar  of length
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What  is the energy
measured by 1 ?

In
a frame where U= [to] it  is c .P°=cg( BU )
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Taking measurements by dot products is common
.

Here's  another :
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,
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In the time position  we have the observed
density .

A  couple of  ways to thank  about this :
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So this  is a density - flux vector
,

N
.

If I am  observe  with 4 - velocity V

then in my rest frame

g CV
,

N ) = [ I
,
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Bat this is true in ay fine

g ( Y , 1) =

coo

Upshot. A distribution  of fluid particles  is described by
a. Hector at  each location

.
The length at the auto -

twiddle
encodes c. rest density.

the director of the ueda - encodes the (spooked
f-velocity ; divide by rest devs . } to got the d- cel
of the fund .



Consider a function  on spacetime

flat,× ) in  you  coordinates
.

Give
a  cane ate ) how does the particle see

f charge .

( Think  of f
, es . , as temperature )
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The four  numbers [ Exo
,

. . .

,
Ifs ] look like they

might be the componentsof a  vector
.

But they are not
.

What happens if we chase  coordinates ?



I = f ( xlxn ) )

FLIK ) ) = f- I x )
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This is true for  all timelike a
'

and
,

as we  will see
,

this implies

I Ia . . .
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Compare I '
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The L is on the way side of he equation
,

ad or the wrong side of the '  ' vector !



The object in question is a  co - vector instead
.

Represents vectors :

y
~

g¥↳! pick other words

T
Colum I = LV is the rule for conversion

.
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Given a function fuorspacetime ,
it determines

a counter  at  every point d£ .

What  are its  components?

Rep I in coordinates as
f

A
geometric

If  = [ 2¥, → ¥ , ]

So what is  a counter ?

Let A be  a vector space .

It's dad space N
't

is the set of linen naps from

N to IR
.

E.g
. suppose N is 4 - dunes coral

with basis eco, - . .

, ex .

So
any VEXcan be  written v=V°eo ' - V' at - - t Pens

.



Now let NEW ! If
 you know R ( e ;) =3 ;

then you know 2161) fo - anyHi .

MCV)= NC vie ;) - Vince ;) = Viz ,

The numbers Ni  are the components of N with respect
to the bases e

. .
. yes .

Concretely :

IV is the set of tireder

A  caveator is just an  element of IF
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For this to make sense

Divi = Bi Li
;

Vj

= Zjvs ✓

Correctors eat vectors and give  you  numbers
,

adore liar naps .

We've seen this
.

g @ p ,
U ) as a function of U (absurd easy )

I g
( N

,
O ) as a function of U ( obseud density)

This is the spacetime analog of " take a
dot product!

In
your past lives  yarn probably confused vectors teacakes

because of the statue  of def products .



In fact
,

there is a  way to convert between

vectors t  coverlet in SR as  well :  we  use g1 G

I. e
. siren a vector N define
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N → Z= NTG

And given a correcter N define  a ueda -

N = @G)
T

= GTZT = GRT

Note : U → z - N

( NTGG )T= @TIE N .



Visually ,
vectors point. They are taunts to caves

.

Co - vectors to not paint .

If does eat point .

But
,
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Related different.at operator : Div

In  an  curtail coad system let Xk ) be  a veto - field
.

DivX I x ) = 20×0+2 ,
X 't 24723×3

.

If we  represent X in a different cooed system
,

Ice ) = LX ( xn )

= LX ( Lx )

I claim DivX ( Lx ) = DivX ( x )
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Recall the dives ace theorem

2- d
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3 - d
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If
 we interpret Xo as a density ( gunk per volume )

CI as a flux gunk per area pentane

and c I. V as the rate  of flew thrush

the boundary

IT dvho.j-fxodvlxa.at/afmcx8dAtodxow
It

+ f!

Jac
DivX

dvdexo
C

¥
adas anant -_ start -

ng amount t total flaws in lout

t production .

c DivX gunk / volume / length . tenth Home

gunk / volume ) time

rate of production


