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Galiean transformation
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vLG - Ve
HMa 5
V| c=(c2-u?)12
t,=2l,/(c2-u?)2 =(2l,/c)(1-u?/c?) 12
HM,m 3
t, = L/(c-u)+ I,/(c+u)
=(2l,/c)(1-u?/c?)
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A=t,-t, = (21,/c)(1-u?/c?)L - (21,/c)(1-u?/c?) L2
§ U<<CF¥,

A ~ (21,/c)(1+u2/c?) - (21,/c)(1+u?/2c?)

=2(l,- 1)/ + 2 u/c3)(l,- 1,/2)... &2 % = Prig &

BEBRHRAE EHI, PIFFLIAN

A=2(1, - L)lc + (2 ulc¥)(l, - 1,/2)
NBEAGLRERTFiERAHBE, BEOiFHks: S

d=c(A +A’)/A = (I, + 1,)u?/ (Ac?)
b 1,=1,= 1, 8 =2Iu?/ (Ac?)

Michelson-Morley EXp.

u=30km/sec (# 3 28 B ), wc=10%K1
Michelson exp. |=1.2m, A =6x107 m =6000A
8,y =0.04

@2 %% null results

Michelson & Morley (1887 ): | = 12 m, 5., =0.4, 8eyp

<0.005

Morley & Miller (1902—-1904): | = 32.2 m, ., =1.13,
Ogyp <0.015

Ilingworth (1927): 1 =2 m, 8.4 =0.07, 5y, <0.004
Michelson et al. (1929): | = 25.9m, 8, =0.9, 3., <0.01
Joos (1930): 1 =21 m, 8, =0.75, ¢yp <0.002
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e Michelson-Morley Exp. :
case 1: ether % %
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* apparent position
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€ 17 £ (Aberration of Light)
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L_orentz contraction

1. Lorentz &Lﬁ-i ether']"} ’&.E‘hffiqu{

2. Lorentz i 7 B e BF L A
FR A R pHaER G M
R Sy e 3 A d -
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3. Lorentz B3k 7 # H_ethersstressEE strain# i = e

L orentz contraction

From Maxwell’s Equations

(1) For a particle at rest in the ether
¢=qg/R  aspherically symmetric potential

(2) A charged particle moves with a velocity v
through the ether

e no change in the direction perpendicular to
the velocity

e length shorten in the direction of motion in
the ratio (1-v2/c2)1/2
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Emssion of Light by moving objects
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Experimental proofs of the 2nd postulate

* We must emphasize that at the time Einstein proposed it,
there was no direst experimental evidence whatever for the
speed of light being independent of speed of its source.

 Einstein postulated it out of logical necessity.

» The most nearly direct evidence comes from three sources:
(1) observations of double stars

De sitter, Proc. Amsterdam Accad., 16, 395 (1913)
(2) measurement of the speed of the radiation from the
annihilation of rapidly moving positrons
Phy. Rev. Lett., 10, 271 (1963)
(3) measurement of the speed of the photons from the
decay of rapidly moving =% mesons.
Phys. Lett. 12, 260 (1964)
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F e (simultaneity)

T d E(A)PPEFRF Fidd e (C)apE R
L/c L/c

classical (L-vt;)/(c-v)=t; (L+vt)/(c+v)=t,
1= L/c o= L/c

relativity (L’-vty)/c=t; (L’+vty)/c=t,
t;=L’/(ctv) t;=L"/(c-v)
L'=L[1-(v/c)’]Y?  L’=L[1-(v/c)]M?

«d Bk ¥R E
& ELR PR EAfeC o d B kB
© BEL R R EAfeC
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proper time: At=d/c

improper time: At
d>+(VAt’)>=(c At’)?
(cAt)?+(vAt)°=(c At’)?
A t= A t"[1-(v/c)?]V2 --- time dilation

Real Exp. on time Dilation

*m, =200m,
° u—> e+ v
L % # (half-life): t,,=1.53x1076 sec
* N=N_e W) T:4 &3 (mean-life)
T=T,,,/0.693 =2.21x10-6 sec
e B3k v=0.992c
T, =(6265-10)/0.992¢=6.4x106 sec

408=563e ) = t=0.7116x107° sec

i
T

proper

* Toroper! Timproper=0-7116/6.4=0.11
e [1-(v2/c?)]V2=0.126

P ¥ 22 & (Time dilation
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| 4 & (life time)

N =Noe @9 » £ ¢ 7435 2 &3
¥ NINg=1/2 p& > T = 14,,/IN(2) = 1/,/0.693
At : proper time
At - improper time AE7AT y=[1-(v/cy T

Fraction of muons remaining
1.0 p-on moving at V=0.9994C

/

_atrest

rﬂ; forv=o 1 100 Time (us)
T, for v=0.9994C

P £ 32 (Time dilation)

v=0.992¢
(1-v2/c?)12=0.1262

12 time delation gk
=0.715 usec Farth's

Tproper
frame
Timproper_6'4 HSEC =176, B

- rZlength constraction gL 2L

L,=6255 ft=1907 m
L=789 ft=240 m
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Lorentz transformation

Lorentz transformation

Galileo transformation

B ¥tiE R s

x=y (X'+vt’)

dx=y (u,’+v)dt’ u, =dx’/dt’

= dy=du, dt’ u, =dy’/dt’
=7 dz=du, dt’ u, =dz’/dt’
t=y (U'+vxX’/c?) dt=y (1+wu,/c3)dt’

_Ox Uyt
“dt 14 vu,'fc?
Cdy uy'/y/

U, = =
Y dt 14wy ic?

u =24 _ u;'ly
LUt 14wy ic?

u,'=—2=
Y dt

u;

_OX' ug-v
“dt 1wy /c?
_dy Uyl
1—vuX/c2
9 Uy
S dt 1wy, /c?
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_dx Uy +v

Cdt 14wy ic?

dy_ Uy'/?/

Y odt 14 vu,'fc?

dz _ u'ly

Ldt 14 vy, /2

U, =u,V

Uy

U _dxX Uy -v
“dt 1wy /c?
L dy'  uyly
uy_E_l—vu / c?

X
. E_ u, ly

fodt 1-vuy /c?

m) Galiean transformation

u'=07c, v=08

o= 0.7c+0.8c _ 1.5c 096
1+0.7x0.8 156
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Uy +V

Uy =
1+vux'/c2
C+V

== =gy =

ccoséd — (-v) ccosé + v

u,=c cos0 x = (-v)ccoso vcosd
X 1- 3 1+ c
— H c
u,=c sind _ > ,
y \ csinéd~N1-v“/c . , Uy
Uy = , sin 8'= ——
v cosé c
1+ —r—

c
sin@~1-v?2/c?
cosd +v/c

X
6 =90° = sing'=~1-v2/c? <1,

o
tan 9'= Y =
u

0'<90°
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Emssion of Light by moving objects
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4v i B (Acceleration)

duy duy '/dt’ 3 ay
dt 5 3a+wu,'%)° 3+ wuy'fc?)?

Uy +V
Vuy '

dy =

c
_ uy'ly
1+ vux'/c2

(vuy'/cz)ax'

ay

ay—

Uy - 7/2(1+vux'/c2)2 _72(1+vux'/c2)3

t= y/(t'+vx'/c2) ay

ifa,'=0, or u,'=0 =a,=
X d Y2 vuy 162)2
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B4 34 g (twin paradox)

ether twin
start rocket twin
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with outbound pilot rocket twin
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earth twin

rocket twin rides back

with inbound pilot

Dhysics




B4 3 4 % (twin paradox)
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momentum

energy  E=m(v)c? =

'Li+1H—>2 “He
'Li (3 protons+4 neutrons): 7.01595 g/mole
'H (single proton): 1.00782 g/mole
“He (2 protons+2 neutrons): 4.00260 g/mole
(7.01595+1.00782-4.00260x2) =0.01857 g/mole
(0.01857/6.0225x10%3)xc? = 2.771x10*? joules
= 17.344 Mev
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proton-proton cycle: 2 # &~ H 2 & 3R}

H+HMH + g5 +v
11H +fH —>23He +y
H+3He— He+ B +v
3He+3He—sHe+iH +H

Four protons combine to form an alpha particle
and two positrons with 25 Mev release energy

(b) 24 H:
K* >nf4+nrt
Chain reaction:
B 2R B 235U: 0.7%, 238U: 99.3%

IN+25U >EaBr+50Kr +3(3n)  Q ~ 200Mev
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IGURE 6-20 Rubber sheet analogy
or space (technically space-time)
urved by matter.
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- Apparent
~  position
of star

@ L
Observer on Observer on
Earth (a) Earth (b)

Principle of equivalence (% »c iz 72)
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