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1. Distance as a clock.

The title of this course is an oxymoron since ELECTRODYNAMICS == RELATIVITY. In clas-
sical and quantum physics (non-gravitational) we start by postulating the existence of space and
time. These are, in non-gravitational physics, the arena where everything takes place. The space
that we work with is the three dimensional Euclidean space R3. One way of describing it is using
three coordinates

R3 = {x, y, z; x, y, z ∈ [−∞, ∞]}. (1)

We define a distance between P and P′ as∣∣PP′
∣∣ = √(x− x′)2 + (y− y′)2 + (z− z′)2 (2)

time is a parameter with respect to which positions of free particles particles change at a con-
stant rate.

Mathematically, we describe the motion of free particles by giving (x(t), y(t), z(t)) : coordi-
nates as functions of t,

d2xi(t)
dt2 = 0, i = 1, 2, 3 (3)

Here x, y, z are the free particle coordinates in an “internal frame”, the frame where r̈ = 0 holds
for a free particle (r̈ = d2r/dt2) for a free particle x = v0t, y = z = 0.

2. The principle of relativity.

Principle of relativity (Galileo or Einstein) : “Laws of nature are identical in all inertial frames”.
Equivalently, “Identical experiments in two inertial frames yield identical results”.

What do we mean by laws of nature . Equations that describe dynamics.
Now we need to get more specific. Identical equations means that the equations have the same

form in two inertial frames provided, you express them (the equations) via the coordinates r, t in
the given inertial frame.

FIXME: DRAW x,y,z COORDINATE SYSTEM with origin O. And another with origin O′

where the origin is moving with velocity v in the y direction.
The Galilean relativity principle states that “equations of motion are invariant under Galilean

transformations”. What do we mean by transformations? If we have a point P(t) in space with
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coordinates in both frames that are related. It is pretty clear that the coordinates x = x′ and z = z′.
What about the y′ coordinate? For that we have y′ = y− vt, so that the origins overlap (O = O′)
at t = 0.

In Galilean relativity, time is absolute. i.e. It is the same in all inertial frames. It is now a
no-brainer to find the velocities of the particle. Taking derivatives we take time derivatives of

x′ = x (4)
y′ = y− vt (5)
z′ = z, (6)

for

v′x = vx (7)
v′y = vy − v (8)

v′z = vz. (9)

In vector notation we have

r′ = r− v0t (10)
v′ = v− v0 (11)

The principle of relativity says that the dynamical equations are invariant under such transfor-
mations.

Take Newton’s law for example applied to two bodies, labeled by their masses M1 and M2.
These bodies may be interacting. For example, with Newtonian gravitation

V(r1 − r2) = −GN
M1M2

|r1 − r2|
, (12)

or the Van Der Waals, interaction

V(r1 − r2) = −const
1

|r1 − r2|6
, (13)

Our interaction is via a gradient ∂ f (r)/∂r = (∂ f /∂x, ∂ f /∂y, ∂ f /∂z)

M1r̈1 = − ∂

∂r1
V(r1 − r2) (14)

M2r̈2 = − ∂

∂r2
V(r1 − r2) (15)

In the unprimed frame, these are “the laws of physics”. Consider a primed frame O′ : r′i =
ri − v0t (for i = 1, 2). Taking derivatives we have v′i = v′i + v0, and v̇′i = v̇′i.

We note that the distance between the two particles is unchanged in the primed coordinate
system
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r′1 − r′2 = r1 − v0t− (r2 − v0t) = r1 − r2 (16)

Similarly

∂

∂ri
=

∂

∂(r′i + v0t)
=

∂

∂r′i
(17)

Observe that the interaction 14 is unchanged by this change in coordinates.

3. Enter electromagnetism.

If the only interactions are 1/r gravity and 1/r Coulomb, Galilean relativity holds. Electro-
magnetism came along and Maxwell’s prediction that electromagnetic waves exist and propagate
with speed

c ≈ 3× 108m/s (18)

(Note that in SI units c = 1/
√

ε0µ0).
It was proposed that the speed of light was the speed in a medium (the “aether”) through

which electrodynamic waves propagate. The idea was that the oscillations of this medium consti-
tute electromagnetic waves. Then “c” would be the speed of light with respect to that medium.
This medium would fill all space.

FIXME: PICTURE of gradient field, with aether velocity at different points. Superimposed on
this is a picture of the Earth’s orbit, so that the velocity of the aether could be measured at different
points of the earth’s orbit by measuring the speed of light at different points in the orbit.

FIXME: PICTURE of interferometer.
We can study this effect by rotating this platform to measure at different points of the day and

the year.
We note that the speed of the earth is approximately v+ = 150 × 106km/107s ≈ 15km/s.

The shift of fringes would then be v+ ≈ (v+/c)2 ≈ 10−8. What Einstein did was to elevate the
principle of relativity to one that applies to electromagnetism, but replacing the transformation
relating frames to the Lorentz transformation, a transformation observed by Lorentz and Poincare
that leave Maxwell’s equations invariant. Einstein did this by postulating that the speed of light
is a constant in all frames, and we will see how this is the case.

Student’s question. Isn’t this true only outside of matter? In matter we have electromagnetic
wave propagation at speeds less than c.

A: (paraphrasing) We can consider the in-matter case to be a special case, treating collections of
discreet particles as continuous approximations. It’s only as a side effect of these approximations
that one produces the in-matter Maxwell’s equation, and we will consider the “vacuum” Maxwell
equation as always true, provided the points of interest do not fall exactly on any specific particle.
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