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Day 11, 19.02.2019

Einstein’s Special Theory of Relativity, 1



full squad practices yesterday

Tower of Power week



housekeepin

Lectures forever now: Gotta come to class

guestion about anything? I'll make a movie for you:

Please remember —especially true starting now:
need to take hand-written notes

No computers or phones are allowed.

Midterm...before Spring Break

available: Saturday, 23 February midnight

due: Tuesday, 26 February midnight

covering: material beginning through HW4 content
#attempts =1

weight = 2 x HW



Some LON-CAPA

s;('\\\\

I've not adjusted grades for the Kepler problem yet

LON-CAPA "essay" question fields
work okay?
Madame Curie movie - we have a quorum in favor i el
GARSON  PIDGEON
: Madame
I'll post another FB poll targeting the week after break Curre

rreert’ sy MERVIN LEROY
Grodiccect 4y SIDNEY ERANKLIN

* HENRY TRAVERS - ALBERT BASSERMAN - ROBERT WALKER - C AUBREY SMITH

You "vote" for evenings when you CANNOT attend L

parameters: 6:30 on an evening; I'll bring pizza (another poll for kind of pizza); you get liquids
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KEEP

CALM

AND
LET’S
REVIEW




You might want to remember this:

a changing B field creates an E field

a changing E field creates a B field

accelerated charges produce
electromagnetic radiation




s
O
O
=
Qv
O

D
)
)

K e
=
O

(o

)

,. T4

., v 3
,Jl AV)AF J.K




a series of




our

Nobelprize.org

The Official Web Site of the Nobel Prize

firs

Home FAQ Press Contact Us

Nowprize. Alfre s atl e g Flaye = ok atl - Searc

Wilhelm Conrad Réntgen - Nobel Lecture

N O b e Aboutthe Nobel Prizes @1 Printer Friendly (#) Share Tell & Friend (:r‘) Comments
Facts and Lists

1901

» Nobel Prize in Physics P

All Nobel Prizes in Physics .
y Sort and list Nobel Prizes and Nobel Laureate | § Prize category: Physics —

Facts on the Nobel Prize in :
Physics
The Nobel Prize in Physics 1901

Prize Awarder for the Nobel . -
e Wilhelm Conrad Rontgen

Prize in Physics

Nomination and Selection of The Nobel Prize in Physics 1901

Physics Laureates -
a ¢ Wilhelm Conrad Réntgen
Nobel Medal for Physics Ve 3 Biographical Photo Gallery

Articles in Physics { Nobel Lecture Other Resources

Video Nobel Lectures

Nobel Prize in Chemistry
Nobel Prize in Medicine
Nobel Prize in Literature

1 publication

Nobel Peace Prize

Prize in Economic Sciences

no profit

suffered
terribly during
WWI




then

It got strange
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—

The Nobel Prize in Physics 1906
J.J. Thomson

Share this:

The Nobel Prize in Physics
1906

Joseph John
Thomson

Prize share: 1/1

The Nobel Prize in Physics 1906 was awarded to J.J. Thomson "in
recognition of the great merits of his theoretical and experimental
investigations on the conduction of electricity by gases".

Photos: Copyright © The Nobel Foundation

he Nobel Prize in Physics 1906". Nobelprize.org. Nobel Media AB 2014. Web. 10
tp://www.nobelprize.org/nobel_prizes/physics/laureates/1906/>
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then 1t got stranger



1896

Antolne-
Henri

Becquerel

1852-1908

In the audience when X-rays were announced...

Expert in phosphorescence...thought X-rays were
phosphorescence. wrong.

Wrapped up piece of Uranium when it got cloudy in Paris.
When he unwrapped it:

Energy created out
of nothing?

“Becquerel Rays”...didn’t catch on.

But: the idea of matter spontaneously emitting energy did!

He studied it and found the emanations ionized air and
could be deflected by a magnet...so, it consisted of
charged particles & not X-rays
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then 1t got even stranger
still
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1898 believe it or not

Marie true-love stories in physics are rare!

Skodowska
Curie

1857-1934




2 labs

2 accelerators
Fermilab in Batavia, IL

CERN in Geneva, Switzerland
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Particle Detectors

pulse heights
+Qand/or-Q digitized
driftinan E currents flow |

field 4T > |
/v

Many different geometries - limited by $ vs mission

/microns—squared

z

areas - /
feet-

squared

barrels -
feet-radius
microns-squared

tubes - feet-length,

~cm radius
86

Tools of the trade
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t at Fermilab and CERN

our experimen




ATLAS central detector

a solenoid

20



back to the weird

—
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Albert
Michelson
(1852-1931)

and

Edward Morle

The Nobel Prize in Physics 1907
Albert A. Michelson

Share this:

The Nobel Prize in Physics
1907

Albert Abraham
Michelson

Prize share: 1/1

The Nobel Prize in Physics 1907 was awarded to Albert A. Michelson
"for his optical precision instruments and the spectroscopic and
metrological investigations carried out with their aid".

Photos: Copyright © The Nobel Foundation

Share this:

To cite this page

tyle: "The Nobel Prize in Physics 1907". Nobelprize.org. Nobel Media AB 2014. Web. 28

We vemember
him for Hhe wmost
mpovtant
measuvement of
nwothing evev.
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the ether

Earth’s Motion
should cause an
"edther wind"

Ether functioned as a
stationary, Newtonian-
like Absolute rest frame

any problem seeing stars
or the sun?

everyone knew that light
was vibrations of the
"luminiferous ether"”.
everyone.

light going upstream should take
a Aitfevent times Adepending om
Alvection,..upstream?! downstream?
ACVOSS!
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‘‘Michelson Morley Experiments®’

This technique was perfected by cowboy, Albert

trying to measure the speed of Earth icheison anc eventually his sidekick, Edward

Morley at Case Western Reserve in Cleveland

relative to Ether between 1880 and 1888

measure the fringes in light interfering from the two
paths...then rotate the instrument 90 degrees - and do it again.

The differences between the two configurations is related to
the time difference

. presume the velocity

relative to the ether is v

beam
splitter; P

mirror, 52

mirror, S,

4 If the beams get back out of phase...one
— — traveled through the ether differently
from the other.




neat simulation

hWHp://www.kcvs.ca/site/projects/physics__files/specialRelativity/michelsouMorley/mmE xperiment.swt

['he King's

Centre for Visualization in Science

indin new ways to see the world

Who Are We?

Home
Who Are We? The King's Centre for Visualization in Science

Visualizations

Workshops

mssmmmmmme 1 D€ King's Centre for Visualization in Science is a
'-"‘k-"— research centre of The King's University , Edmonton,

KCVS on Other Devices Alberta, Canada committed to improving the public
E7P W™ understanding of science in Canada through the
development of innovative ways to visualize science.
Brian Martin and Peter Mahaffy are co-directors of the
centre, working with an interdisciplinary team of
undergraduate researchers.

GRYSTAL - ALBERTA
L L L gy TLLL L The work of the centre has been funded by The King's University , NSERC through a
Centres for Research in Youth Science Teaching Learning (CRY STAL-Alberta) grant and the
USRA program, SSHRC, and through research partnerships in the United States (NSF), and
Australia (ARC).



http://www.kcvs.ca/site/projects/physics_files/specialRelativity/michelsonMorley/mmExperiment.swf

repeated results for Earth-ether speed:

0

zero. zip. nada. nothing. uh-uh. zilch. naught. diddly-squat.

The earth did not appear to be moving through an Ether.

The question: did Einstein know of the MM experiment?
He always said “no.”







Special Relativity

I the lecture slides Aivectovy:
Hovson | 0__Relativity.pAL is & good intvoduction
Also, chapter 2 in Oevter is gooA.






Albert Einstein

1879 — 1955

94

Oh, that Einstein, always

skipping lectures... I certainly
never would have thought he
could do it.

former professor
Hermann Minkowski
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back to
March, 1905: The photoelectric effect paper.
couple

of

E 11l S t e 11l May, 1905: Brownian Motion... weeks

http://www.aip.org/history/einstein/brownian.htm

June, 1905: The Special Theory of Relativity

next
September, 1905: £ = mc? paper week
following his
nose This? ...a pretty good year.
1907, 1911, 1912, 1915, 1917: General Relativity Just
nefore
General Relativistic Cosmology hreak,
and
forever
Lots of Einstein on the web. This is good: after!

http://www.aip.org/history/einstein/index.html

The Einstein House in Bern

http://www.einstein-bern.ch/index.php?lang=en&show=start
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http://www.aip.org/history/einstein/brownian.htm
http://www.aip.org/history/einstein/index.html

1915 4 lectures with complete GR theory 1920 anti-relativity lectures in Berlin

1916 publishes GR theory 1922 Nobel Prize
1917 1st paper on Cosmology 1931 rejects Cosmological Constant
I l e II I O v e d introduces Cosmological Constant 1933 Hitler elected Chancellor

moves in with Elsa i ) .. )
Einstein renounces German citizenship

1919 divorces Mileva, marries Elsa Moves to Princeton
ar O 1] l l H Jle pse data confirmed by Eddington
- 1913 Professor 1911 Professor

separates from Mileva

’ ' ' Sb@{mm
'B’ E "_‘_\ &‘00@0

4
AL

‘Warsaw
VAL Brest ©

1902: patent

clerk at the
Swiss Patent
office

1909 Professor 1912 Professor
1906 Doctorate work with Grossman

1907 University Bern? nope 1913 12GRpaper 35




EINSTEIN
ON RACE

AND
4 RACISM




hHtps://www.youtube.com/watch?v=0amFZ CFEQk g



https://www.youtube.com/watch?v=OamFZCFfQkg

His 1905 Relativity paper:

On the Electrodynamics of

Moving Bodies

"A storm broke loose in my

mind."
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8. Zur .Elektrodynam-(k bewegter KEorper;
von 4. Finstein,

DaB die Elektrodynamik Max wells — wie dieselbe gegen-
wirlig aufgefat zu werden pflegt — in ibror Anwendung auf
sewegle Korper za Asymmetrien fithrt, welche den P

icht anzuhaften scheiven, ist bekannt. Man denke z. B. an
¢ elektrodynamische Wechselwirkung zwischen einem Mag-
ien und einem Leiter. Das beobachtbare Phinomen hiingt
r nur ab von der Rclati\'bewegung von Leiter und Magnet,
wend pach der iblichen Auffassung die beiden Fille, du8
¢ine oder der andere dieser Korper der bewegte sei, streng
inander zu trennen sind. Bewegt sich nimlich der Magnet
tulit der Leiter, so entsteht jn der Umgebung des Maguneten
lektrisches Feld VOD gewissem Encrgiewerte, welches an

)rten, wo sich Teile des Leiters befinden, einen Strom

£ Rubt aber der Magnet und bewegt sich der Leiter,
steht in der Umgebung des Magneten kein ele itrisches
lagegen im Leiter eine elektro is her

PENANL

€wegung bei den beiden ing Auge gefaBten
setzt — zu elektrischen Strémen von derselben
selben Verlaufe Veranlassung 8ibt, wie im ersten
ischen Krifte.
iele &hulicher Art, sowie die miBlungenen Versuel
gung der Erde relativ zum nlichtmedium 2y kon
fibren zu der Vermutung, daB dem Begrific de

™ KE, - ‘ . . : : X
RURATORIUM G, QUING keine Energie entspricht, die aber — Gleje ,

tube nicht nur in der Mechanik, sondern auch in

Iynamik keine Eigenschaften der Erscheinungen ent-
Imebr fur alle Koordinatensystemc,

die mechanischen Gleichungen gelten, auch die
o und optischen Gesctzo gelten, wie

¥roBen erster Ordnung bereits erwiesen ist. Wir
Vermutung (deren Inhalt im folgenden »Prinzip
* genannt werden wird) zur Voraussctzung er-
‘erdem die mit ihm nur scheinbar unvertriigliche

BARTH.
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Galileo had solved a serious problem

The bus/train/car-beside-you-illusion

you've all had the sensation:

you’'re in a bus/train/car next to a bus/train/car

one of them moves...you instantly wonder if it’'s your bus/
train/car or the other bus/train/car...right?




frames of reference

37



Aristotle
would not
have been
amused

they disagreed

about what
would be the
case

between two
different frames
of reference

"Galilean
Relativity"

G and A:

standing on
deck, boat still
Same on shore



Galileo

1632

He says that the physics
doesn’t know the
difference between moving
at constant speed and not
moving at all

"Shut yourself up with some friend in the main cabin
below decks on some large ship, and have with there |
some flies, butterflies, and other small flying |
animals. Have a large bowl of water with some fish in |
it; hang up a bottle that empties drop by drop into a

wide vessel beneath it. 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; the drops fall into
the vessel beneath; and, in throwing
something to your friend, you need throw
it no more strongly in one direction than
another, the distances being equal;
Jumping with your feet together, you pass

equal spaces in every direction. When you
have observed these things carefully (though there is
no doubt that when the ship is standing still

everything must happen in this way), have the ship
proceed with any speed you like, so long
as the motion is uniform and not fluctuating

this way and that. YOU Will discover not the least

change in all the effects named, nor could

vou tell from any of them whether the ship
was moving or standing still.”®

39



let’s think

hard about

SPACE and TIME

Iing coordinate systems

r@.to&&vei.v moving




a frame of reference: Cool Guy and 01ld Guy.

They each have a coordinate system attached

\\\They each have a clock attached

\
3
\\

Eakch is at rest in his own frame of reference —

unique Rest Frame — the "proper frame"

If the relative speed of Cool Guy is constant with
respect to Old Guy...

They are each in an Inertial Frame of Reference

What does Cool Guy see?
(when he’s not looking in a mirror)

Old guy moving backwards.
41



jargon alert:

Inertial Frame of Reference

refers to: a Frame of Reference moving at a
constant, linear velocity

entomology: from Newton’s First Law idea

example: a spaceship at constant speed




likewlise, a non-inertial frame 1s

um...a frame that’s not inertial?

Yes, where constant motion is not observed — acceleration is at work

....and where there is acceleration there is a Lovce




for measurement of motion, all you need are

clocks and rulers.

that might move relative to one another
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the airport

“Away Frame”’:
the frame being watched

T

“Home Frame”:
watching a moving frame

moving at velocity u
When the origins cross...

definethatast= 0 * | 49
KN




t he ai rp O rt ‘ sidewalk velocity relative to concourse: u= 2 m/s

after 2 s, how far has the sidewalk moved relative to the concourse?

traveler is at xa = 2 m, what’s traveler’s position relative to the concourse after 2 s? |

ut T A

— el

u

“Away Frame”’:
the frame being watched

E—

“Home Frame”:
watching a moving frame

| moving at velocity u \

46




wove the sidewalk T
papev edge to heve

APy

AIRPORT="Home"

47
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wmove thg
poaper eAM
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‘ sidewalk velocity relative to concourse: u. = 2 m{s

after 2 s, how far has the sidewalk moved relative to the concourse? I 4Am
e
|
traveler is at xa = 2 m, what’s traveler’s position relative to the concourse after 2 s? .
J m

- X ::»2 W

W =2 mMEB x2s=4wm

j}—'—‘Z w/s

34




‘‘coordinate transformation?’

take the coordinates in one Frame and

write them in a different Frame

here: Home and Away




the airport

“Galilean Transformation”

T =T A+ ut

“Away Frame”’:
' the frame being watched

.

“Home Frame”:
watching a moving frame

| moving at velocity u I

52




Remember, what Galileo sailid was:

the physics doesn’t care

about constant-velocity motion




view from the concourse:

“Away Frame”’:
the frame being watched

B

“Home Frame”:
watching a moving frame

l moving at velocity u I

54




the physics should be the same

Do any mechanical experiment, and the results are the same,
regardless of from which Frame the measurements are done

- y
. -
’
] A
<AL on
= po
f T

“Away Frame”’:
the frame being watched

e

®

“Home Frame”:
watching a moving frame

| moving at velocity u |

55
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what does 1t mean to say that the ‘‘physics

1s the same”’

the "laws"...the equations are no different if you do a
Galilean Transformation

everywhere there’s an xg, substitutexg =ut + x4 and tg — ta

In many ways “Relativity” theory is mis-named.
It’s not about what changes...but what stays the same.

Here, it’s the form of the equations that stay the same...labels don’t matter







Einstein always

simple questions.

what if you traveled at c alongside of a
light beam?

Direction

It's stopped! No changing E, B! %

motion

No wave any more!

58



since 1t’s a traveling palr of waves

changing E creating changing B

changing B creating changing E

If there's no “changing"...can there be light?




in fact

the faster in space you would travel

time would appear to stop

a light beam from the clock could not keep up

The famous clock tower in Bern
(Zytglogge), Switzerland that Einstein
mused about

60



one right hand tells you the B direction

“Lorentz Force”
how to bend beams

of particles a different right hand operation tells you the force direction

this right hand is an

a simple question, it e L -

1. take fingers and flow

A — — ‘ through the v
_)
- F=Quv x B
b / 2. continue on and flow
. - ’ just care about the direction I through the B
n . 3. for +Q your thumb points
oy in the direction of the F

.- 00—

how about a charge next to a current?

Situation #1

Qc B®
10 6 © 6 0 06 0 O
10 00000000




one right hand tells you the B direction

“Lorentz Force”

how to bend beams
of particles

a different right hand operation tells you the force direction

e ) . this right hand is an
a simple uestion
Called the “cross product 1. take fingers and flow

- g \ through the v
_)
F=Qv x B
2. continue on and flow
just care about the direction I through the B

3. for +Q your thumb points
in the direction of the F

how about a charge next to a current?

Situation #2

B R € @ no velocity, no force

40 0 0 0 ©0 O © O

1
10 © 0 0 0 06 €00

These situations differ only in the reference frame...

But, the physical effect — force or no force — is different!




hold the phone.
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...w

These situations differ only in the reference frame...

But, the physical effect — force or no force — is different!

64



The changing magnetic field creates an electric field in wire
That produces a force on electrons

which moves them in the wire — which is a current

current

h ere’s anot h er one \\//// B—

my favorite coll-magnet

current

an important
thought problem

AL 1

Magnetic field is constant — no electric fields
The electrons in the wire have a velocity

passing by a magnetic field...

That produces a force on them — which is a current



The changing magnetic fie an electric field in wire

which moves the electroir .. .t

3)

an important
thought problem

Magnetic field is constant — no electric fields

The electrons in the wire have a velocity

That produces a force on them —a current.,
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this 1s crazy! the two models of
the world differ

in their treatment of relatively-moving frames of reference!

Seems to depend on Frame: Don’t appear to depend on Frame:
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remember what Maxwell found?

Maxwells aha! moment

—

— —
stuff x B = rate of change of F

oo o
stuff x E = rate of change of B

differential equations

stuff xE‘)=0

_)
stuff x B =0

— —
stuff x B = rate of change of F

stuff x E = rate of change of B

stuff x £ =0 remove the explicit sources, () & 1
_)
stuff x B =0 Look how the equations are

symmetric: E < B

E
§:3X108m/8

C! the speed of light!

Which Maxwell knew.

8
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This offended the young Einsteiln.

He took the Maxwell prediction seriously:

light moves at a constant speed

In 1905 he proposed that ¢ is special

he elevated ¢ to be an




1. All laws of physics — mechanical and
electromagnetic — are identical in co-
moving inertial frames.

taking Galileo seriously, and then adding Maxwell

2. The speed of light is the same for all
inertial observers.
taking Maxwell seriously

\\
M.E. . N. & Gs Laws
\
FEE | 2YPT

— ¢ = Lt 7 1



