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Modern Physics for Frommies I « Administrative matters
— International Year of Astronomy (400 yrs.
since Galileo) at UC Berkelcy
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+ Lorentz Transformations
+ Time Dilation

+ Lorentz Contraction

Albert Einstein’s Universe
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Relative Simultangity:

Now consider fust one moviag iain oo with & light Qashey mounied at the center
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Observer on train, Observer on platform.

Light {lashes arive Arrival of flashes is notl
front and back simuhancous.
simuttaneously.
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Spacctime Diagrams

cf ends

World lines
of ends
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a—— light flashes
Worid lines

of {tashes
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Chserver on the Train
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cf’

Obaerver on the Platform
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The Lorentz Transformation
Event = displacerent from origin = location + time x

A 41D vector using
columm matrix z
notation

Chanee frames via o mansformdation).

In Galilean relativity we need only deal with the 3-D vector

X
y Time is an absolute
z
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Transformations belween stationary {w.r.t. cach other) frames

Statfonary frames rotation only

i
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i3 ¥
¥ X =xcosde psind
¥ ¥ x'\ e —xsind yeosd
Translation ° ( J Transform —{ .
o
only & o b — y')
Ay
x =r—Ax ¥ 1y 3-1) this hecomes rather
syl
y’: - Ay HICS8Y .
z'=z2tAz
Rofation and Translation:
Composed of wo successive
: transforms.
1. 1. Goldstein, Classical Mecharics, Addison-Wesley (1930} p. 109
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’ Continious series of events = frgfecfory
b} if the events are locations 1he tralectory is called 3 world fine.
»
\i

, §im Ax

EN = —_

* Vs At—>0 At

Y T Transforms are Similarly for y and z
/Y/ A linear and i
x lim Av,
/ v, orthogonal a=p 50
/ \
\
Transtormations between stationary frames do not change v or &,
ihey are invariants.

Now, consider fwo inertial frames moving relative o one another.
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One dimension, say x. Note that no matier what the direction of the x 100 —vyx
velooity between frames we can always perform an ordinary spatial yllo 0o oy
rolation to align the x-axis with that velocity. 217to o1 o)z
M 7 . o r] oo o 1Ay
! v is velocity of frame 2 w.r.t. frame 1
: - 1 1 = = Lt a a et
¥ (x-direction). v =const. = boost Fajlures of Galilean Relativity:
Maxwell’s equations are not invariant
) N Requires preferred refercnce frames which were ruled out by
/ % experiments like those of Michelson and Morley,
2 / 7,
Galtlean Trangforms:
) Now, apphy Cinstein's postalates
R e T T P S U v, = v, - ¥
Yo=Y vy =V, v
P fpo= 4
I, =1z
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Einsiein’s Postulates
Atf=¢' = he 2 frames

are coincident. A source
at the origin emits a pulse
of light.

(1) Reelativity Pringiple:

‘The faws of physics have the same form in all inertéal

reference frames,

Finsteins postulates=

Physical laws must be

X phrased identically in the 2
systenis

Inertial frame = one in which Newton’s laws are
valid. i.e. one in which an object subject te no
external force moves in a straight line with
constant velocity,

(2) Constancy of the speed of light: (1) = A wave equation of the Torm
. T N - s
Observers in all inertial frames measure the same vakie for 2 E_LZE’_L -9
rtye . 2
the speed of tight in a vacuum. c &
describes the propagation of Hght in both frames

Light propagates through emply space with a definite speed,
¢, independent of the velocity of source o observer. {2y = ¢ will be tne same ia both frames
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Derive the transformation; . . ) .
Since the constant interframe velocily is along x we have Since ¢ is vhe same in the 2 frames swe must have

y=y' ’ ot = ylot—vij

z=z’

and
Require a lincar transformation so that events in the 2 frames are 1-1 o - yiet )
Divide hoth equations by ¢
{'=yt(l-vg)

X' =yt
=yt (1 + v}
(= (- vkl v

Substiluting for
bat 1=y
i

Simplest is of the form

The inverse transformation is
x=yx'rvl)

p
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Where postulate (1) requires that y =
28 January 2009
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1 Note that , 14%- %1_ " \
¥ > is called the Loreniz facior. l-y'_ 1= 1-fF i[—ﬁ_jl i
-4 v 1 1 1-gv ¥
z v o N —— v
¢ ﬁz_c_ is called the speed -7 -5
Substituting indo
X
t= (1= pi
(1 )er

Returning to the transforms for xex’

X' =yl v
And manipulating

x=pie v w)
=yl vt
or the inverse
(=7t +vxcl

Substituling for .y’
VARV RS VA

P
And solbving for £
Ry
f==(1-p* )51
¥y
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fn summary, the Lorentz trausforms (frame boast in x) are: 4
10
xTEpA v And the inverses  x = y/x’ + v 9
ey ey 8
e p— 7
) ; e &
oy vA‘-"(-‘") FE };([ + el 5
Note that for v << ¢ these reduce (o the familiar Galilean 4
transforms, 3
Xy xR X, =X, R0t v, =y, -V 2
. 1
¥ =0 V= vy b
I, = . . 4
: limpy =1 limy ==
3wl R T4
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Simultaneity

“Time can no longer be regarded as an absolute quantity,
Consequences of the Lorentz

Transforms The time tterval berween 2 events and even whether 2
evenls are shmultancons depends on the observer’s roference
frame.

*The world fured upside down™

Simultancous = Af =£,—1, =40
-An English ballad, supposedly played bythe

Reitish band ot 3ord Conmwallis” surrender But

Al the siege of Yorktown {1781 At =y (A —vix /)

Theorem: 2 events are sinwliancous and colocated in

frame F they are simaltancous and colocated in BV,
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Thus simultaneily is not an absolute concept but is relative.
Can we Lorentz transform to a frame in whick the order
of events is reversed?
Cansider 1wo events
At =11,

A= -1

Ay L C L8, NOT ALLOWED
At v ¢
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There are metaphysical arguments involving causality,
predestination, fres will efc.

The superluminal murder trial:
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Time Dilation
Time passes ditferendly in dilferent reference [rames. [ tiet,
clock’s moving relative to an observer are measured by that
observer to run more slowly than clocks at rest.
Let A7, be the time interval measured by a clock at rest wr.t
an observer O,. Af,is called the proper time,

Let’s use train cars again and place another observer, Oy, on
the platform
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Gedanken Experiment:

= 2D
[ Aty ="
¢
2 g Observer on train
| |
= N, iy platfornn
source receiver <10CK
I
&
—
Jptai?
adi|
|
[ |
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Speed of Hght is ¢ in alf inertial frames

2 2
Nl
SR VR &

Square both sides and solve for At

Lorentz Transforms:

Once again, we use the proper time Ar, as the time interval
in the trainliame where the clock is atrestw, 1.t the
obsgrver,

Ay =131,

Go via Lorenéz transform to the frame in which the clock is

o= A +v
N (a1 )2 moving with velocity v w.r.t the observer
272y Ly
A (1) - /)y — )
2D 30 ‘\“41’216‘2
M= reouil that === 2y, i o ]
e ‘lﬁL ¢ Clock is fixed in the train systen, 0 X, — x; = 0 and
CZ
AL ==
A=
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Length Contraction

The lengih of an object is measwred to be shorter when it is
movirg w.r.e. an observer than when it is at rest,

Observer is at
rest w.r.t meter
stick.

s Ly~ hn—>| L, is called the proper fengih

@ o,
Mensurements ol the Iocations of the 2 ends do not have 1o be

made simultancously since the stick is at vest wart. Oy

Now, let’s look at a 21 gbserver with the
stick passing at velocily v.
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In this franme the measurement
of the location of the ¢ads must
e done sinnultancously
because the stick is moving.

[ e e m——— |

D q,
o= s} L, = v
Lab frame; 8 =022 L, =y
|

L=—1i, Lorentz confraction
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7 the direction of motion through
the cther, an electrical eflect on infernotecutar forees.

Factor of (1l-

Rather than invoking an ankrown electrical mteraction
with intermolecolar forces we the contraction

ising from a coordinate tansform under which the
speed of light is invariant.

Velocity Addition

Let o and #* be the velocities of
an object in F and I
respectively. F* moves to the
lc\_ﬂ with velocity v w.rt. F

and

vy b

This is not in agreement wilh the Loteniz transtorms
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) . v.-i v _vtu
Xy - And the inverses x = y{x’ + uf} T, S
' 7% 1+ 3
yEy 4
B v, v,
V= ——— v,
, i » 1 uv, m 1,
{0 = - e 3
7 o} P e
Axl
Vo =— v V..
A v, z v, = z
A1 v, 7|1+ HY,
e e
[ Using differentint calcutus or else some messy algebra ; Nofe the effects transverse lo the boost duc (o the Lorentz
transformation of the time coordinate.
Again, for v and i < <¢ these redaee o the Galtlcan velocity
iranstorns
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Example: Velocity Addition
Find speed of 2 w.r.t. Earth

<Lk el
) Carth is frame F.

Bl 2 is frame F*. x, x°
s are along flight

“p=06ik wih

st to anh
- i
- v(.:—vu _ 0.60c+0.60c l,}(}c ~0.88¢
P Lo
C

Gatilean transform — v, = 1.20¢

There is no addition of velocities that will resultinv>¢

Example: Constancy of ¢

Replace 2 with Fight from 1's headlight in previous example
Find speed of light w.r.t. Earth
Carth is frame F.

1 is frame F’. x, &’
arc along flight

Fa H

’ 1=<llr}?;:_n"nhr b
e '“'V _votu _cx060c  160e
Tl W i+(G§’UC}C, 1.60

P

Tev it for T lraveling at 0.9%¢ wort. Farth

v, + U e+0.99% 199 .
(0.99c)e 199

TRY IT w.
RIS kel L
2 ¢
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Experiments and observations L ) ) - L
Chassically, a puriicke moving at £.98¢ covers 2000 min 6.8 X 70050,
Muon decay: IE ety
n2)] - . . . .
~(In2) e Decay faw => only 3 g should servive the frip

Radioactive decay law:

N=Nge

where 1, = 1.52 x 10 seconds

Count for some period of time

Top - 100

mowmitain :

v, = 0.98¢

Bottom = 540 £ 232

Relativistically, we reafize that the guoted halflifeof 152 x
16 s is that of a g at rest. AL # = .98, time dilation is
significant.

An observer in the lab will pereeive that a clock

moving with the m 1o be slowed by a factor of g

0982y 5

2000 m
1 P Drecay fasy =» 338 prshoutd survive the trip. Agreentent
= with experiment.
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Aliernatively, examine the problem from the point of view of an
observer traveling with the 4.

This observer sees the 2000 n1 flight path as length contracted by a
factor of 1/y 1o 400 m,

The time to travel this contracted difference is thus reduced by

a factor of 145

Decay law =» 538 surviving 25.

identical result, in agrecment with experiment, is obtained by
using either time dilation or space contraction.
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