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Galilean’s principle of relativity

Post 1: Laws of mechanical motions are invariant in all

inertial frames.

With the ship standing still, observe carefully how the
little animals fly with equal speed to all sides of the
cabin. The fish swim indifferently in all directions....

Have the ship proceed with any speed you like, so long
as the motion is uniform ..... You will discover not the
least change in all the effects named, nor could you tell
from any of them whether the ship was moving or
standing still....

the butterflies and flies will continue their flights
indifferently toward every side, nor will it ever happen
that they are concentrated toward the stern, as if tired
out from keeping up with the course of the ship

Dialogue Concerning the Two Chief World
Systems, --- Galileo

Galileo
(1564 — 1642)
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Fundamentals of kinematics

+ Axiom 1 (symmetries): In every inertial frame,

space is homogeneous and isotropic, and time is

homogeneous.

Axiom 2 (Law of inertia): If there is no force exerted
on a particle in an inertial frame, it keeps the state of a
uniform rectilinear motion. If there is a net force on a

particle, it accelerates.

« Corollary 1: A uniform rectilinear motion observed in
one inertial frame is also uniform rectilinear when observed
in another inertial frame.
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Einstein’s Construction of Special Relativity

dp

Const. of 7= dt

speed of

light

Lorentz transf.
== | of space-time

Relativity coordinate

Prin. mech.

(Galileo) o
Relativity
principle of
EM (Maxwell)

F =q(E
+v X B)

Relativistic
== | Mechanics

Lorentz

transf. of
EM fields

Relativistic
—| electrodyna
mics

Postulates in Special Relativity

* Not self-evident:

1. Light speed invariance is against daily experience

of velocity addition

2. Historically, there were long-term debates on
whether Maxwell’s Eqs are frame-independent or

not.

Constancy of light speed and the invariance of
Maxwell’'s Egs. are like Pythagorean Theorem, though
true, are not suitable for being treated as postulates.
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Clock synchronization without light

o EENA--, NIFRE—IE, JtRASE12REE,

« F, moves at the velocity v relative to F;
F; moves at the velocity f(v) relative to F,

F R
A group of clocks C;(i = 1 — N) located at x; in F;. L
to: 0' of F, passes x;, < x; 0’
ti =ty + (x; — x0)/v: O' of F, passes x;
fw BB
Using the motion of 0 of F,; to synchronize
clocks in F,.
0
14
Clock synchronization
. Corollary 2: f(v) = —v. F b
— W
Assume F; moves at the velocity
f(v) relative to F,.
f(f(v)) =v m f(v) — 4y fw) F R
fW) =—-f(-v) B
e f(v) = —p
+ Later we will prove the universal upper limit of speeds v,
in all inertial frames.
+ Shift speed unit to v, = ¢ > clock synchronization in all
frames consistently.
15
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Physical speeds

+ Definitionl: A speed v is physical if a particle can

« Lemmal: If v is physical, then u is physical for the
entire range of 0 < u < v.

+ Lemma2: If there exists a threshold v;,, v is physical
for 0 < u < vy, and nonphysical for u > vyy,.

unphysical physical unphysical

) ) >
U U

~Vth 127

later we will prove v, is frame-independent

perform a uniform rectilinear motion with such a speed.
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Interface between EM with mechanics

« Axiom 3: q is independent on its state of motion and
invariant under frame transformations.

« Definition 2: Define E and B-fields via mechanical
observables

v

Fgp=qE Fgp=—xqB atv-o0.

C1

Energy conservation > Fp L v

¢, an arbitrary const carrying the speed unit, B/c;invariant

+ Definition 3: g is even under time-reversal and spatial
inversion operation.

17
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Linear transformation of EM fields

+ Postulate 2: Fy's linear dependence on v is valid for
all physical speeds.

v
F =q(E+—XB)
€1

« Corollary 3: Transformation of E and B between two
inertial frames should be linear.

Since force satisfies the rule of superposition, E and B fields
also satisfies this rule in all inertial frames. Hence the
transformation between inertial frames should be linear.

18
Fundamentals of EM
» Postulate 3: Maxwell Egs for steady EM fields established
in one frame (named Frame R).
" c1—>kcl,c2—>%,]§—>§k
# E-dA = 47Q,
- . C = 4/C1C3, B=§\/C2/C1
Sé E.-dl = 0,
# B-dA = 0, v
. FB =q—X B
- Amr Cc
dl = — 4
.?SB dl (‘ZI. dl-B=—nI
19
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Measurement of ¢ without light

in the spirit of Weber-Kohlarusch experiment (1855)

In principle. ¢ defined in Eq. (6) can be measured ex-
perimentally via the ratio between the electrostatic force
and the magneto-static force. Consider two infinitely
large parallel plates with surface electric charge densi-
ties £o respectively. The attractive force density, i.e..
the pressure, on each plate can be calculated via Gauss’s
law Eq. (2) as Pg = 2ro®. Similarly, for two paral-
lel plates carrying electric surface current densities +K
in opposite directions, respectively. The repulsive force
density on each plate can be calculated via Ampere’s law
Eq. (9) as Pg = 27K?%/c%. Then c is expressed as

K |Pg

= g A2
e=1/3, (A2)

F ( - -V =0
B,
¥ VEH
-V +0

20
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FRAGHEM, KEHEI.
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168 T4 52 18] Y FB B 17 3F i8R
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27




Velocity addition I

Frame R: Maxwell Egs for
steady fields apply.

Frame F moves at a physical
velocity v relative to R

Linear transformation +
symmetry analysis =

E, - Ey, B,— By

(2)-62()

(E,B) (E',B')

z*+R F

24
Velocity addition between frames F and R
o (E,B) (E'.B)
» Set EM configuration with v
R
Ey _v_ z
B_z =-= B —_——> v
drift motion: g moves at v in L
R (restin F) > x
Ej, = aE, + bB, = 0. b——ﬂ——ﬁ
) . . a B,
» Set EM configuration with
B,/Ey, =v/c=p
realized by the plate capacitor f B
moving at v in R (rest in F) > —=—Z2=-p
B, =fE,+dB,=0
25
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Charge q of a general velocity w < vy, in R
SetinR: E,/B, = w/c = B, = q's drift motion

In F, g remain a drift motion but its velocity > u

u _Ey _aEy+bB, _a B,—B
¢ By fEy+dB, d1-f,p

. _ (E,B) (E'.B")
* SetinRIE,=0,i.e, w=0
F
Z *R
2u=-v 2> §= 1 P v
w
u Bw=8
—> - X
c 1-Bwp
26
Proof: v, = ¢ and its universality
. v Uth
+ Frame F moves at v relativeto R B = = Bu = ~
 tvy inframe R > vy, and —v, in frame F
vy BB v; P+ P
fr=—=rt By=—2=t
c 1-PBwpB c  1+Bwmp
O O > R
\—Vth Vtn I
V) i - F
—U; V1
O ISOtrOpy |n F 9 Ul S 172 9 ﬁth = 1 = ‘81 - ﬁz
27
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