Correction
We'll use this convention for the metric tensor:

In other words, A =g, A' with
A,=-A"; A =+A" (i=123)
(equation 12.24)

For example,

c?(d1)* = c*(dt)* - (dx)* - (dy)* - (dz)?
= - dx* dx]1

All the results derived in the last lecture are still true with this
notation, because the change is only a change of sign from
(+---) to (—+++).




The electromagnetic field tensor |

-- part 2

| Einstein’s postulate of relativity:
~ | the laws of physics are the same

| in all inertial frames.

Therefore we can, and should,

~ | write the laws of physics (i.e,,

equations) in covariant form.

| Theorem. An equation is

= | covarlant if it is written in terms

of Lorentz tensors, vectors and
‘| scalars.

1 Review tensor analysis

Scalar: invariant w.r.t. Lorentz
transformations;
example -dx"dx = c?(dt)?

| Vector: V" = A“p AV
1 example, x* .

| Tensor: T =AF AY, TP -
| example, g"f ap AV .




=% Proof:
| Consider a theoretical equation,

4| w. . t. inertial frame F,

pv = T BV
W=T,

.| What is the corresponding

equations w. r. t. another inertial

| frame F’?

TR =AF A" TF°
1 p o1
= A" AV TPO
p o 2

=T' nv
TZ

~ ' Q.E.D. The equation is covariant... it takes | =

the same form in all inertial frames.

Define 4-momentum p* = m dx"/dt

The equations of motion is
dp"/dt =K" .
Some other theory must determine

| the Minkowski force, K*.

',: What is K Efor a charged particle in
electric and magnetic fields?

| We know,

|  dp/dt=q[E+uxB]
u =dx /dt

and p = mu /v1-u?/c?




Calculation of dp* /dt = K" . Calculation of dp* /dt = K" .
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Now take a look at this vector

(' must be a tensor!)

K = gy { £¥ ey vy

K°= gy EX u?
C

. T
(<= 4F*q, = 4 (-F“2" P9 43)
Lo"' g{——chy + Fo):'u"}} |

= sz{—FwC + FO’ '“'P}
7 Meke LO=K7 ; epuves F7=0

Aside calculation:
4 - velocity

n®=c /(1-u?/c?)”
n = u /(1-U2/02)1/2
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he electromagqgnetic field tensor

T

1) F"Y must be a tensor.



