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+ Administrative matters
~ Upcoming Physics Colloquin
— Progress on Blackboard® site
+ Lorentz Contraction
* Velocity Addition
+ Examples, Experiments and Obscrvations
= Movie(?)
« Doppler Effect
+ Cerenkov Radiation
+ Apparent Paradoxes
+ Spacetime

4 Febiuary 2009 Maodern Pigsics | Lecture 4

Physics Department Colloquia

Candidates for astrophysics faculty position:
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Wednesday, February 4, £00-5:00 PM i HR 127 — Brenda Frve,
City University of Dubtin. Conditioas ard Envirommants of
Galexies of Early Tines.

Monday, February 9, 4:00-3:00 PM in HR 232 — Nate McCrady,
UCLA, Young Massive Clusters: Building Blocks of Galaxies.

Regular colloquium series restarts February 25, Speakers and
topics TI3A.
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Lorentz transforms {frame boost in x) are:

xX'=pa-vh And the inverses x = yfx 4+ vt
¥y y=y'
Py -t t=yfr 4 et

Time Dilation

Gedanken experiment

A=,

Loventz transforms ——
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Length Contraction
The lengih of an object is measured {o be shorter when it is
moving w.r.L. an observer than when it is at rest.

Gedanken Experiment

Observer is at .
rest w.r.t meter o Ly is called the proper length

stick. 1< Lo:f"”_"l Time for light ta traverse

Lais A

)

@ o, T

o

Measurements of the locations of the 2 ends de not have 1o be
made simuitanconsly since the stick is at rest w.rt O

Now, let's look at a 2M observer with the
stick passing at velocity v.
4 Febiuary 2009 Modein Physics | Lecture 4 5

1
Herg c=——
Af

In this frame the measurement
of the location of the ends must
I be done simultangousty
because the stick is moving.

e

©
0, I

¢ is the same it both frames, so: ¢= w-\-;m =y Apply e dilation
Mo

i
Al
iyt /L
Note that —(—'Z)—“—’-ml:c = L=—iy
AL AL g
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Lorentz Transform
X, =p{x-vr)=s L = p(L—vr)
In theLab frame &f=0 =L =yL

Lorentz confraction

Lorentz and Fitzacrald {1890°s): Length conlracts by a
factos o {1-v7eN in the direction of motion through

the ether, an electrical effect on intermolecular forees.

Rather than invoking an udawown cleetrical interaction
with idermolecular forees we see the contraction
arising from a coordinate ranstorm under which the
speed of light is invariant,
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Velocity Addition

Let u and v be the velocities of
an object in F and F?
respectively. F* moves to the
le\_ﬁ with velocity v w.r.t. F

Tn Galilean relativity we simply have v" = v-u
and

vyt

‘This is not in agreement with the Lorentz transforms
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X' =y -ut And the inverses x = y{x' + ut}

V.~ _ Vetu

- uv - v,
- I+ —¢
¢ ¢
P - v Ve
2 pey v, = S v, = ———
- . ) v, uv,.
ey £t ) (= (i + v el 7| 1- e ¥ 1+C—2
v,.= Ax v = ax v, v,
AL M Vo = — V=
w, uv,
4 1- F y| 1+ 2
¢ ¢
[ Using differential calenius or else some messy algebra | Noie the effects transverse to the boost dus to the Lorentz
transformation of the time coordinate.
Again, for v and 1 << these reduce to the Galilean velocity
transforms
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Example: Velocity Addition Example: Constancy of ¢
oot e ﬁ Find speed of 2 w.rt. Earth Replace 2 with light from 1’s headlight in previous example
wapevita
; - I . .
skt | 4 Earth is frame F, Find speed of light w.r.t. Earth
%7 2 is frame . x, x* cwil .
v . [ )
Al b are along flight Earth is ﬁm}e F. ,
'uré\;xcrll:-‘lbllh . lis l;rame F XX
;
V.o H 0.60¢ +0.60¢ 1.20¢ A7 are along flight
V= e = (0.600){0.60) =135 =0.88¢ anrIT X
e S Sttt heal S ! ettty e c+0.60c  E60c .
Il = el = = =
¢ - 1, {060c)e 160
Galitean ranstorm — v = 1. 20¢ =
Try it for 1 traveling at 0.99¢ w.rt, Earth
There is 10 addition of velocities that will resultinv> ¢
L c+0.99c  1.9%
TRYIT L L {0.99c)c 199
C2 c2
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Experiments and observations
Muon decay: 1, = 200m, Hoevy, p—evi,

—(In2

Radioactive decay law:
" ylaw NN

where {,, = 1.52 x 10 seconds

Classically, a particle moving at 0.98¢ covers 2000 m in 68 X

Decay law = only 43 muons shoald survive the trip, yel we

sew 540,

is that of a g at rest. At B == (.98, time dilation is significant.

f sec.

Relativistically, we realize that the quoted half-life of 1.52 x 10 sec.

M
Count for some period of time
An observer in the lab will perceive that a clock
.98 Tap = 10060 £ 31.0 muons moving with the g to be slowed by a factor of
v, = bhAac
H
2000 m Bottm = 340 2 23,2 muons P=098 = =35
l /" Decay law cotrected = 538 4 should survive the trip.
= Agreement with experiment,
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Alternatively, examine the problem from the point of view of an
observer traveling with the a1,

This observer sees the 2000 m flight path as length contracted by a
tactor of 1/y to 400 m.

The time to travel this contracted difference is 1hus reduced by

a factor of 143,

Decay law corrected =» 338 surviving g,

Identical resul, it agrecment with experiment, is oblained by
using either time dilation or space condraction,
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MOVIE TIME
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Doppler Effect

Classically, e.g. sound waves

L2 o Bk i b bt e M R R

¥

B )]Hl)l}l}llijlllllmm
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source"!
[ ( SRR
\ )l
: Moving !

E/‘;st:mrz) . :}
k‘ i‘ Oserver

v = wave velocily
v, = source velocity

(L) = away/towards
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n ' =n vy )i

For light we must treat the problem relativistically.

No medium (ether) so only relative velocily of source and

observer matters,
Source at rest w.r.t. obsever

We cannot have v>c. emitting light of frequency

S?mv g Jyand wavelength A, = of £
gl ' The time between anrival of

WAVES i

Aty =2 or 4, = cAr,
c

Now, let the source move
owards whe ebserver with
speed v The observer sces a
somewhat redoced 2
A=cAl—vM
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Aty is the proper time (time in rest frame of source) between
emnission of waves.
. o A,
Time dilation: Al = Al = s
1—v / ¢
A, [e-v)

A={e-v)Ar=(c- \')W"W/“

o1

or A=A, BLUESHIFT

¢ty

If the source and the observer are moving away from each other,

v — -vand
Py REDSHIFT
NYe-v
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Cerenkov Radiation

Apparent Paradoxes

The twin paradex;

v>on . . .
[dentical twing, Pat and Mike, bor at the same moment
Atage 20 Pat travels to e-Centauri at & speed of 0.9¢ and then
returns to Farth at the same speed.
Mike remains on Farth and works the Tunily farm,
Pat returns to Farth to find that 8.4 years have passed.
i.e Mike is 284 years of age.
Pal however has only aged
£ d, = 37 vears
i, Pat is 23.7 vears of age.
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OK, that’s the picture in Mike’s frame. Proper application of Lorentz transforms —» Pat is indeed
. younger
What happens in Pat’s frame? A
Pat will see himself at rest and Mike iraveling at 0.9¢ One can also invoke General Relativity since acecleralions
are involved.
Pyoesn’t s mean that at the reunion their ages will be
reversed?  PARADOX
Symmetry in what the twins observe is only apparent .
Symmetry is broken by the out and back natwre of Pat’s
journey.
Only Mike is always in a single inertial frame. Pat is in several
4 February 2008 Modern Physics | Lecture 4 23 4 Fabruary 2009 Moctem Physies | Lecture 4 24
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The Pole in the Barn Paradox:

Farmer Brown wants to store a pole in his barn but the pole is
too long.

A9 ke poke oad o 10 matsn boen
hihalr peespodhe whinla ko samo
o frarm,

Ie hires an ouf of work runuer (disqualified for use of banned
substances) to carry the pole into the bam at o speed o 0.9¢

1
f===09
¢
i
Vo= = = 2.29
I-5
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In the barn’s (or the farmer’s) frame, L= L,/ y = 8,73 m, pole
should momentarily fit.

vl Wit pein B s e, Benlt s

u 220 o AR Fobriohind

= resre— el wErgl ] [LELE L1 il

oo D i G b, B Ret s g by
anctsorver b fre o,

This is the barn frame.
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In the sunner’s frame, the barn appears 1o have shrank w = 2, 7y
= 4.37 m, the pole should stick ont even worse than before

A o P pobet e sheny of B g,
he born IR conirpatazd el B pokr
winows B ¥ekiz
PARADOX
oy nol?
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The elosing of the doors, if simultaneous in one frame,
need not be so in another frame.

Let’s consider events involving the two ends of the pole.

Front of contracied pole enters bars;

N =04 By =0
-

Modern Physics | Lecture 4

4 February 2009

873 m

Back ol contracted pole enters barn: 4, = =32.29 a3
- 3.9¢
. . m
Front of contracled pole leaves barn: 1, = 0w = 37.04 ns
e

Back of pole enters barn before front leaves, Doors can be
simultancously shut momentarily. Let's quickly close and open
the doors at 1, = 32,353 ns

Modem Physics | Leclure 4 0
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Ly

Back of contracied bara reveals frontof peler £, =

4 Febiuary 2009

Modern Physles | Lecture 4

A

20 m

Front of contracted barn engulfs back of pole: fon = e 407 ns

. . {
Back of vontracted bamn reveals back of poler #

o =16.14 ns+71.07 ns
= 90.21 ns

£5

In the basn frame both doors close and immediately
reopen at 7, = 32.35 ns,
Let™s Lorentz ransforn fo fhwe pole frame.
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Front door: = y(i,m ‘—"Tw} =229(32.35 ns +0) = 74.08 s

¢

el Ao e y(10
3ack door: Low =¥ [!Mm _ vx;.;,,,,J ~219 [32_35 ns— {0.9¢ )E m)]
¢ e

= 538 ns

Doors closing-opening are simuflaneous i the bar frame bul
nof in the pole frame.

From the pele point of view the front door cleses and opens just
afler it passes the back of the pole. The back door closes and
opens eartior before the front of the pole 8 reached. The doors
closings and openings are nol simeltancous and allow the passage
of the bam over the pole without hitting either door
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So what finally happens? New clement. What happens as the pole
is brought to stop?

1

Suppose tie funmer prabs the back end of the pole as it enlory
Barn and brings the sole lo a stop.

121,;

The pole must then reverl to its proper length in the barn frame,
Either the door is knocked back epen, o hole is punched in the far
wall of the barn or both.

Farmer Brown is not happy!

K=me (y-1)=(25 kg) (3x10° mss) (229-1)=3x10" 3

Hizroshima. August 1943, Littde Boy, =[5 kilolons = 6.3x 1T
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4-D Minkowski Spacetime

Recall the matrix formulation of the Lorentz transform for a
boost along the (+) x-axis

. ¥ 0 0 —v
X
* 0 1.0 0
Y2t 0 01 o’
z Z
akt ) |r[=] 0 0y Lt

Aty event location is noted as a 4-D vector with the 4%
ditnension being thme,

To keep the same wnits lor all axes replace £ with o,

4 Febdiuary 2009 Modern Physics | tedura 4 a5

Hermann Minkowski
1864-1909

3

“The views of space amd time whicl T wish to lay betore you have sprumyg
from the soil ofexperinrental physics, and thevein les theie stronpth. They wre
padical. Henceforth space by Hself, and tinge by tself] sre doomed to fade
away inio mere shadows, and only a kind of union of the two will presarve s
independent reatity.”

Hermann Minkowski in his talk at the 80th Assembly of German
Natural Scientists and Physicians, September 2t, 1908
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Minkowski space and Minkowski diagrams

Pvents A and B are conneiod
{rajectory catfed a worldline

7 Liglit cone
| Y Points or locations are

lightlike cvents.

Evenis move on patits

X
called world lines
- I N
fip leaves R (I)nl_\‘ tumelike world
v.ovelooity ! {ines are allowed
’ |
{ Cannot see outside light
cone
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Lorentz Invariants and4-dimensional distance; inrerval (5)
b 2 2 ? .
o acceteration In3-D: & =(Ar) +({Ay) +(Az)" is the square of the
e distance between 2 points. s = 0 only if the two points are
colocated.
Future
ligght cona ) Galilean transforms => 4% and hence d are the same in any
constant velocity . - . , .
T 4 ) itiertial frame and are thus said te be invariani.
- World Ling.—_deceleration
falpre Pl
prosent | i e Is there a quantity, similar to o, which is invariant under the
i Past Night Lorentz transforms in 4-D?
1 cona
st S R S -
i ’ Tratlitional 20 Consider two inertial frames, F and F7, and the quantities
1 ) 2
P rapresanialtion = xl —(Cl)
-~ " 5
X L g Sd:.\"z"“{ﬁ!')
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Appiying the Lerentz transforms we find that &2 =5, so the
quantity & is an invariant,

Inclading the other spatial coordinates, y and z,
2 2 . .
we have s =x'+ 3+ 2" —(or) as an jnvariant,

In analogy to the distance between two points in 3-1) we can

determine the 4-1) separation of two events in Minkowski
space.

(as) () () =(2)' - (3er)

As i3 called the spacetime inteived beiween cvenls
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