
 

The linear egs we derived in the previous

lecture are very useful and
can be

used to derive avariety of results

light bending light retardation
tense thinning effect Cow's J

t gravitational field of spinning objects

is different from static ones

However it is important to realize that

these eps mute To see this

we need to move away from
the static

limit

Let's first look at how things I work

out in E M Remember hit the

invariant com for a point particle is
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particle we sow in the previous lecture
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The second term is the integral of a

divergence for any fixed v
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This we see that the Tmo of the

point particle must be such Hst

On TM t o

otherwise we would be in contradiction
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Phyically This anoles sense As

the particle accelerates under the effect

of a FM field it gains cumuli

energy
However sine E and P

must be conserved they must one from

somewhere the EM field unit also

have some
energy

The total energy
momentum tensor of

the system is therefore
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let us now try to
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To figure out what OnTII is we want

to rewrite the RHS as an integral over
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Can we
guess

what TM
En
should be

Let's look for something quadratic in

F bust Is symmetric
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Exerceitoism
usual energy rarity in grunion
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to is the Poynting vector
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Note There is a systematic way of
obtaining Tw directly from the

action We won't go into details

but the only observation that

is important for our purposes is
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This is tune in general

Remy we have shown that the print

particle emir is compatible w

conservation of E and P only if

the EM field has a Tmo
Em

Furthermore
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let us now turn to and



we immediately see that there is

a Ibom he our derivation of the

field egs we armed

duty
But this is incompatible w the

eons we obtained
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We understand why its because

on TY t DTM o

I depends on how
On The other hand our derivation of

the ears relied on the fact that

the source Tw must be conserved

This suggests that our action should be
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This is a matrix eg for Atm

It admits a consistent solution with

a schematic bum That is
easy

to

figure out
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also has a contribution that depends onTpp

Plugging this book into the Lagrangian



We see that consistency require the

action to have the bum
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It we vary this action we get
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However
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If we can figure out what all he

um lives Terms are explicitly then

we can use our egs to figure out

what happens in the strong field

regime k h 21

Rather than following the strategy outlined

above to derive these terms we will

try to be clever and understand the

physical meaning of the point putich



action

The pout of the action that depends

on the paint particle is
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The last step is a gun for how

the last line of
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should remain to

If his gun is arrest then the particle

seems to be moving in a spacetime

where the Minkowski metric Your

has been lustified a bit to become



Your t k hmu

Rememember that you is what we use

to ululate the distance between

events in space time

As you d X
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What we found is that at least in

the regime where khan cel a

paint particle behaves as if the distance

between speatime points depended

on the gravitational field

What if k hmu 21 It seems














