
That is guv is an an tensor

In general objects that satisfy S S are

called Lorentz scalars

example gu xx x2 RE 1712

Note
Wr VmAmr transforms as a contravariant

four vector

Aside In threedimensional Euclideanspace
the

metric tensor is dig Transformation laws are

Aij Rik RseAke
where RTR I One difference is thatthereis

no distinctionbetween covariantandcontravariant

indices

height ggganerenmmutatodd permutation of
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Under proper Lorentz transformations

E'm B Me N N AB Es
at k

definitionofdeterminant
Eur B det N

euro det 11 1
for proper Lorentz
transformations

End is a p do invsor

I can construct a pseudo scalar

curseambrcadp

Beware some books define Eo 123 1

The list of all possible invarianttensors

under proper Lorentz transformations
are

guv guv E MrsB Europ

and products thereof

GmrGap an invariant 4th rank tensor



Identitresinvalringenate
B
Europ 24

EMB Emus 68Bo
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E Ensor det 8s did't
o o rt
Bp d SE

quote ergot det
4x4

exercise write out the 4x4 matrixabove

Examplesoffourrects
1 Velocity four rector

an If re re Edge

I proper time dt2 gudxudx Lorentz
scalar



de r dt E

ya
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Under Lorentz transformations

u'm Mru

Suppose in an inertial reference frame K

the velocity four vector is
all

The reference frame K is moving at velocity I

with respect to k

What is u'M Use Mv boost matrix with
boostparameter B Ea

un re J E 8 11 E k

Relation between E and Fi
i ii



w
tw

Lawofadditrinofvelocities

Special case I II I E ki
F I KE 12

IT De
E

In limit of cons EEE E

2 Momentum four vector

pitman E P

m mass of theparticle intrinsic property
oftheparticle

I Lorentzscalar

7 8me

E Ymca



I Igf after dividing thetwo
equations above

P2 guvpmp pop Ip 12 Me

p E 1EtapmI
non relativistic limit 1151 o

Ee met III
p
rest energy

I non relativistic
kinetic energy

ft ffmcma.fi
Tatristicatnathe

kinetic energy

3 Force and acceleration four vectors

É dÉ valid in relativity



É If 18mi rmdÉtmight

1 FET
k
E E If

I TI

Newton's 2nd law

m ma

II KE K t.IE
I i II
É 83mdÉ linear motion



2 I I dff circular motion

I 8m diff circular motion

relativistic mass

Should it be defined to be 8m as in

circular motion

Should it bedefined to be 83m as in

linear motion

Whatabout in other cases where É is not
even proportional to off

Conclusion relativistic mass is not a useful

concept It is best to regard mass as an

intrinsicpropertyof aparticle ie a

Lorentz scalar quantity that does not

depend on the reference frame

See L B Okun Physics Today 42 31 3611989



 

3 Force and acceleration 4 rectors

Last time we saw that the relativisticgeneralization
of Newton's second law was

É rm 1 e LIE
where PELE Introducing É If we can

rewrite the above equation as

É rm at III a E

É E 8mi a I II 23mE a

since r Fa
off rmc me II 83mias

If É E power

Forcet vector Minkowski force

Ki II rÉ F
Ir



Agitqitera safe.at
Since ph man

Ku man

note

Proggesgy AMBn AnB

gmA B

Proof Recall Wu c

O unum 2undgg 2am

Since un is timelike larum o

xu is spacelike Canso
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since Iris c D anglebetween
Panda



g Farsi

Constant acceleration in relativity

is not constant at

Instead it is constant g

Example constant linear acceleration all e

g 83 a

diff la 2 3g I E kg

HI EET
Imy rt c

The trajectory of theparticle
E VI

at gsinh SI I cosh Ec
x2 it g hyperbola in

spacetime

This is called hyperbolicmotion


