Electromagnetism and Relativity
(Chapter 12)

{We live in a 4-dimensional
spacetime. Events (e.g.,
measurements) are observed with
respect to coordinates; space

| (X,y,z) and time (t).
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The event occurs at
S~o pos. (x,y) and time t
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This frame of reference is called an
inertial frame if the “law of 1inertia™

holds true in terms of these coordinates.

4-vector notation

X0 ct

1
w_| x _| x
X 2 y
x3 V4

which can be confusing: sometimes x"means
a 4-vector; but other times x* means the
u component of a vector.

Recall 3-vectors:

X=xi+tyj+zk

X' is a notation for the i - th component of x
xX'=x; x*=y; x3=2z

W, A,.. greekletters=0,1,2,3
i,j, k, .. roman letters = 1,2,3




Einstein’s Postulates

of Special Relativity
(1) The laws of physics have the same
form in all inertial frames.
(2) The speed of light in free space
is the same in all inertial frames;
c = 2.998 x 108 m/s.

Lorentz transformations

(The equations were first published by
Lorentz; they were given a more profound
interpretation by A. Einstein.)

Consider two inertial frames,

I . (ct, x, y, z)

* : (ct’, X2, y’, 27)
Assume that “J¢ ‘moves with velocity vi
with respect to ¥
(Later we’ll generalize the results
for v in an arbitrary direction.)
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The position of 0’(the origin of F?)
X, (t) = v t

is x,, with respect to F;
Exercise.

Derive the transformation x* — x'*.

L.e., given the coordinates of an event in “F
what are the coordinates of the same event
in ) /7

Assume it is linear, so

W 3 [V . .
X szo A¥ X°  (matrix-vector notation)




ct/= AN, ct+ A% x+ N0, y+A° 2z
X'= N ct+ AN x+ AN, y+ ANz
y'= N ct+ N x+ N, y+ /N, 2z
= Nyct+ N x+ N, y+ Nz

(The matrix notation is so much
simpler. We will need to get used to 4-
vector notations; this is also called

. tensor analysis.)

Galilean Relativity

ct’ = ct (1)
x’ = x - vt (2)
y’ =y
z’ =z

(1) there is a universal time .

(2) x’=0 means x = vt, as specified .
Spatial axes just translate without any
scale change.

. So what’s wrong with this? The speed of
light would not be constant.

Special Relativity

Try this ...
ct’ = A ct + A X
x* = A, (x - vt)

Note: x’ = @ means x = vt, as specified.

. and determine A, A,, A, to satisfy the
postulate of the agbsolute speed of Light.
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Suppose i J \—z\ll-ill VJ \—Uyll\- v\-\—w’r‘s

at the origin 0’ at time t’=0.



The light propagates outward at speed c, in either
frame of reference.

e W.R.T. frame F’
(X2+y?+2z2?%)%=ct
or
X’2 + y’2 + Z’2 —_ CZt’z (1)

e W.R.T. frame F
X2 + y2 + 22 = 02t2

outgoing spherical pulse

(samec!) (2)

Substitute the Lorentz transformation into Eq. (1) and
compare the result to Eq. (2).
AZ(x-vt)? +y? + 22 = (A, ct + A, x)?

SO ...
c’t? - x2 = (A, ot + A, x)* - A% (x - vt)?

= (A%- A2 V%c?) c*t?
+ (A, A, + Al vlc) 2 ctx
+ (A22. - A32) X2

Thus, we require,
A12 - A32 vé/c? =1
A, A+ A32 vic=0
A22 - A32 =-1

Exercise: verify that the solution of these
equations is
A = 2 /0:2Y-1/2
A=A, =(1-v?/cH) Y
and A, =-(v/c)(1-v*/c*) 1/
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X = Y (x+vUdr)
/
ﬂ =4 The Lorentz contraction effect. A meter stick moves with
zl = ! velocity v along the x axis of inertial frame F.
?‘ -— ?-/ ( Calculate the distance between the ends of the stick at a given
time t (i.e., for the same time t at both ends).
% il 1% cimica | | Ombves olll In the rest frame (F’) the length is D’ = 1 meter.
veloak, —u7  wont. F7 Vot 1
( N Ll Thus Ax=D"/y=(1 —V?/c?)* D’
O o O 4 If v =0.1c then Ax = 0.995 m; if v = 0.9 ¢ then Ax = 0.436 m.

Oym ¢ & Change the sign of v.



