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Alexander Pope
(1688-1744):

--- a famous 18th century
English poet, best known for his
satirical verse and for his )
translation of Homer. |

Nature, and Nature’s Laws lay hid in night:
God said, let Newton be! And all was light.
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Chapter 4 Relativity

Special Theory of Relativity (1905)

General Theory of Relativity (1915) (omitted)

What will we discuss?
Basis of Special Relativity
Relativistic Kinematics
Relativistic Mechanics
(1) Basis of Special Relativity “NRE—NTB
Two postulates (principles):
B SUAR ST R 2R RERE BT
One transformation:
LorentzZ 3

s




(2) Relativistic Kinematics
ARt 18 Fh &

B SUARAS 4 F R $GE Fo B 50 W ARAL B A 18] 69 &
WA (XF R REFHGREXTHRE )

Conception of space-time
Velocity transformation
(3) Relativistic Mechanics
ARSI ) 5
5 ARt A8 — B AT ) FH X
(relativistic mass) mass-velocity
(relativistic momentum) energy-momentum
(relativistic energy) mass-energy
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1 Classical Conception of Space-time
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Galileo Transformation
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2 Troubles with Classical Physics
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Michelson-Morley Experiment

In 1887, Albert A. Michelson and
Edward W. Morley tried to measure
the speed of the ether.

The result of the Michelson-
Morley experiment was that the
speed of the Earth through the
ether was zero. Therefore, this |
experiment also showed that there is The first American Nobel Prize
no need for any ether at all. winner in Physics in 1907.

Michelson and Morley repeated their experiment many
times up until 1929, but always with the same results and
conclusions.
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Einstein put his faith in electromagnetic theory and
sought an alternative to the kinematics of Galileo and
Newton.



Einstein’s thought experiment
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3 The Postulates of Special Relativity
and Lorentz Transformation

Two postulates:

(1) The principle of relativity (3 Aast e /&)
The laws of physics are the same in all inertial
reference frames.
(2) The principle of the constancy of the speed of light
The speed of light In free space has the same value ¢
In all inertial reference frames.
It violates our “ common sense”, which iIs firmly
grounded In the Galilean kinematics.
It implies that “it is impossible to accelerate a particle
to a speed greater than c”.
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Lorentz Transformation |
S’#E]X‘J'fs\ﬁﬁii/?ii@v S S'—»z7 (x",y',z't")
FHPEAENXY, 7,1)

N
ﬁV(X’, y,a Z,a t,) 0 0' X:
Z 2
X — ot . N
/X|= :j/(X—Ut) -&: t:t':O H‘—J‘,0,0 _Ei'%
i-p?
4 = L = U/ C Speed parameter
2'=1 2 |Lorentz parameter
v y =1/\1-p
o /N
M's e =y (- X)




- X'=y(x-1ot) X =y (X'+ot")

E Y=y f?<y=y'

Q ZI:Z ;}i Z:Z'

#* . (Y v
StErite 5 x) “t= g (t—x)

C
1) V<<C B, BHEXHE = of|eg T,
2) BRI ARML, the X RHEMAELRXX.
Lorentz T 3% &
[(AX)*+(Ay)+(Az)*-c*(At)?]V2 =
[(AX’) (A )+ (AZ’)*-c(AL)] V2
(X, Y, z, ict)#) m4-D = 18] (Minkowski space)




Velocity Transformation in Special Relativity
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4 Space-time Conception in Special Relativity
Relativistic Kinematics
(1) The Relativity of Simultaneity
(2) The Relativity of Length

(3) The Relativity of Time

(1) Relativity of simultaneity ( ] &M &85 )
--What is simultaneity?
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(2) Relativity of length & & #9485 length contraction
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(3) Relativity of time B 8] #4844
Time dilation BHiE] | B R FZF HESHHmEK
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Relativity of time B} i8] 8482 &
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Twin Paradox
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7 Relativistic Mechanics
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Newton’s law F=ma EF GalileoZ 3 R~% 4
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Momentum conservation

Energy conservation =D AaYA

Mass conservation



1. Mass-velocity relation i ig % &
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In relativistic mechanics, this equation
dp d(mo)
dt dt

Is also adopted as the definition of force, with the
understanding that p is relativistic momentum.
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2. Relativistic energy
Mass-energy relation (R fE< &)

MRk, ZINHFAVESS, SHELE 3 An

X Xd P
E, = jo Fds = | d—tvdt = jo vdp

FIHF d(pv)= pdo+odp Ha p=ﬁ

Fa=4 E _ d
52| - [ v (\/1—5
_ mov mc /1 ,B mc 2

1—,82

)="0v

2 2
E.=mc -m.C




m,c )
= —m,cC
1-8°
B ov<<c
) R P
1- B° 2C
%3 1

C ~

1+

2C



ARSF 3 fE

2 2
E,=mc” -m,c =E-E,

&R = f

Fast iR B % A E=mc”=m,c” +E,
#iE g E, =My’
XA E: HREREFRAE S —FAER .
Z B #IEIAA (1905)
Wobs b => &M (inertia) Py AR b B Pe M Bk

LE (energy) |RARFBRHENEES .




Mass energy equivalence
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3. Energy-momentum relation E(p)
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8 General Theory of Relativity
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3. antie %
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SPACE ENERGY MATTER

1905 SPECIAL THEORY 1905 ENERGY-MASS
OF RELATIVITY EQUIVALENCE

1915 GENERAL THEORY OF RELATIVITY



If relativity is proved right the
Germans will call me a German, the
Swiss will call me a Swiss citizen,
and the French will call me a great
g8 scientist.

If relativity is proved wrong the
French will call me a Swiss, the
Swiss will call me a German, and the
German will call me a Jew.
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See cartoons please




Lorentz Contraction
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an object moving close to the speed of light appears shortened
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Spaceship Moving at the 10 % the Speed of Light

o et - : L i,

Spaceship Moving at the 86.5 % the Speed of Light

e el - : e e T e




Spaceship Moving at the 99 % the Speed of Light
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Spaceship Moving at the 99.99 % the Speed of Light
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Time Dilation
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clocks run slower as one approaches the speed of light
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Twin Paradox

one set of twins leaves the Earth in a rocketship bound for the stars
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60 years later the rocket returns to with the asironaut only 40 years old
due to iime dilation
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Space traveler is
\ ysgu_a;ger than twin
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_ength contraction
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Time dilation

v = ().Y¢
Moving ruler becomes shorter
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Mass increase due to very high speeds

Mass at 0% of the Mass at 9.5 % ot the
speed of light = 10kg speed of light = 100k g

Moving guy gets heavy
HEEE



Albert argues that as you give an object more and more
ene\"gy Go®oeo 2 '

 eoesinstead of going faster and faster
it gets heavier and heavier/

So even if you gave a rocket 1,000,000,000,
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9
%\ 000 foof %?unds of thrust, it would sfill be
going less than the speed of light/
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The greatest equation In physics

In October 2004 readers of Physics World
voted for their favorite equation In the scientific
equivalent of Pop ldol.

The following equations are listed in order
of the number of people who proposed them.

The first two received about 25 mentions
each out of a total of about 120; the rest received
between two and 10 each.



1. Maxwell,s Gauss"s.law f[; . d/& = jpdV \V e D = p

Gauss’s law for magnetism }388 dA =0 VeB=0

Faraday’s law §E-ds = —jZ—f-dA V X E = -0B/ot
Ampere’slawfﬁ-d§=j(]+‘2—?)-d/1 V X H = oD/dt+]

1. Euler’s equation: e7+1=0
3. Newton’s second law: F = ma

4. Pythagoras’s theorem: a‘+ b? =¢?

5. Schrodinger’s equation: Hy =Ew



6. Einstein’s equation: E = mc?
/. Boltzmann equation S = kKiInW
8.1+1=2

9. Principle of least action 0S =0.

10. De Broglie’s equation p = h/A



Comment
1. Mf.v‘,rnllan Nnzsaftnnnce \7/alD— A

“Maxwell’s theory contains four equations, not
one. SO many votes these equations should have
been split four ways, which would surely have
taken them out of top ten.”

1. Euler’s equa “This is mathematics, not physics!”

3. New  This law brought physics into the modern era, but
IS it really one of the greatest equations ever?”

’ o2 K
4. Pythagoras’s tl} i mathematical, not scientific.

5. Schri “It 1s great but very abstrusé énd con_lplicated.



6. Einstein’s equation: E = mc?
Must be the greatest one
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This large outdoor scdlbﬂﬁe representihg “Einstein's famous
equation went on show during 2006 World Cup in Germany
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EW AN E=mc?
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Most beautiful mathematic formula

Euler equation  e™+1=0

Leonhard Euler (1707-1783) --
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%-F 437, Mathematical Intelligencer Z¢.& &9
E R Z R BEUlerF A ALASARENFTAE, £E
#2 1% 7 Pythagoras7 #Z.

4 F14% 4 R Feynmang — K1 3ein+ 1 = 0,
X3 Ak 69 Nobel#y 22 2 45 £ Al K 69 AR F /2 B
WA LEH T: €& “the most remarkable
formula in math”.
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