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Albert Einstein: Revolutionary of Physics

e 1879 im) — 1955 (Princeton)

| j * revolutionized concepts of
space, time, and gravity
- Special Relativity (1905):

- General Relativity (1915):

» co-founder of quantum theory




Overview: Einstein’s Life
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Einstein in Berlin: 1914-32

* 1914 Max Planck secures Einstein’s appointment
as professor at the Prussian Academy of Sciences
(founded 1700 by Leibniz, German equivalent of Royal Society)




Berlin 1914: World Center of Science

e Einstein becomes part of vibrant scientific community!




Berlin 1914: Outbreak of WW |

 All European nations excited to go to war!

* Einstein takes lone pacifist stand!




General Theory of Relativity (1915-16)

e Big Q: What Is gravity???




General Theory of Relativity (1915-16)

 Principle of Equivalence (gravity = acceleration)

Equivalence Principle




General Theory of Relativity (1915-16)

 Principle of Equivalence (gravity = acceleration)

no gravity | i CRAVITY
no accel - ORM




General Theory of Relativity (1915-16)

e Big Q: What Is gravity???




General Theory of Relativity (1915-16)

* gravity betrayed.:

e gravity: neighboring particles in free-fall slowly
converge (experience: tidal forces’)




General Theory of Relativity (1915-16)

o tidal effect of gravity  similar to behavior of
“straight’ lines on curved surfaces
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ZERO CURVATURE POSITIVE CURVATURE NEGATIVE CURVATURE

(ants are told to crawl straight ahead!)

e Einstein’s great idea: gravity is related to curvature of
space! (surface = 2 dimensional space)




General Theory of Relativity (1915-16)

 Principle 1: “Matter tells space how to curve”

e matter creates dimples’ in otherwise flat spacetime!




General Theory of Relativity (1915-16)

 Principle 2: “Curved space tells matter how to move”

e particles move through spacetime along paths of
least resistance (technically: geodesics’)!




General Theory of Relativity (1915-16)

* Einstein’s Field equations:

e a tensor equation’ very complicated
(10 coupled non-linear differential equations)




Einstein vs Newton

e compare views on planetary motion:
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Einstein vs Newton

» Old view (Newton): Gravity acts at-a-distance’
(.e., speed of gravitational disturbance = infinity)
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e try to detect them with LIGO and LISA!




LIGO Experiment (Laser Interferometer

Gravitational-wave Observatory)
e tries to detect gravitational waves




General Theory of Relativity (1915-16)

* Einstein proposes 3 classical tests of GR:

- Predict "gravitational redshift’
(light escaping from massive body becomes redder)




General Theory of Relativity (1915-16)

 Anomalous orbit of Mercury:
MERCURY'S ORBIT
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* Newton’s theory could not explained the observed
shift of Mercury’s perihelion

 Einstein’s theory (GR) could!!



General Theory of Relativity (1915-16)

e Gravitational redshift:

e Photon climbing out of gravitational well loses energy
less energy = lower frequence = redder color!

* was successfully measured only in 1960 (Pound & Rebka)




General Theory of Relativity (1915-16)

e Einstein Tower: built to measure gravitational redshift

e built by Erich Mendelsohn (1921; expressionism)




General Theory of Relativity (1915-16)

e Bending of light-rays:

Observed position
daring the eclipsa

w

Real posidon
{ same 85 the obzerved positio
when there & no eclipse)

The Sun during
an cclipse

* Prediction: Sun’s gravity deflects light from distant stars!




General Theory of Relativity (1915-16)

e Observe bending of light during Solar eclipse!

 Einstein’s prediction: Stars shifted by 1.75”




Eddington’s Eclipse Expedition (1919)

e Eddington’s observation confirms Einstein’s theory!




After 1919: Einstein the Legend

LIGHTS ALL ASKEW
IN THE HEAVENS

Men of Science More or Less
Agog Over Results of Eclipse
Observations.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to be,
but Nobody Need Worry.

A BOOK FOR 12 WISE MEN

No Meore in All the Worid Could
Comprehend It, Said Einsteln When
His Daring Publishers Accepted It.

e Einstein becomes world-famous!
e travels the globe

* hobnobs with high-society

* begins to exert significant
Influence In politics




1919: Divorce and 2" Marriage

| ade

 marriage with his cousin Elsa Einstein (1919-36)
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 Einstein at City Hall, New York (1921)




Einstein visits America

understand everything | say, and they love you,
because they understand nothing of what you say...”




Einstein’s Favorite Recreational Spots

* his beloved summer house in Caputh (near Berlin)

 many famous and powerful visitors




Einstein’s Favorite Recreational Spots

e [sland of Hiddensee (Germany’s "Martha’s Vineyard’)




Solving Einstein’s Equations of GR

e 1916: Karl Schwarzschild predicts black holes

Horizon

W T

Singularity

A snn: ULARITY
W

i'-l":::::::'::.'"

EYENT HORIZOHN




Solving Einstein’s Equations of GR

e 1917: Einstein constructs model of the universe
that Is eternal and static

* begin by postulating
“Universe looks everywhere the same!”
(homogeneity and isotropy)

° today, we know
3 this is an excellent
approximation, but
In 1917, it was merely
an inspired guess!




Solving Einstein’s Equations of GR

e 1917: Einstein constructs model of the universe
that Is eternal and static

evVery
point of this
universe section can
he regarded as central

e finite but without boundary




Solving Einstein’s Equations of GR

e Big problem: model is not stable!

"'ﬂat section of ‘ e observer’
| the universe

every ; i
point of this - : N=d4xp
universe section car :

he regarded as central . R=[AC]=x=p

e equations predict collapse that seems at odds
with observations of a static universe (=Milky Way)




Einstein’s Greatest Blunder’

 The cosmological constant:

e cosmological constant (lambda) acts as anti-gravity
(physically: very weird stuff, having negative pressure)




Solving Einstein’s Equations of GR

e 1922: an expanding universe (GR without
cosmological constant)

Sy stematic
Expansion
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Escape from Germany (1932)

e Dec. 10, 1932: Einstein and
Elsa depart from Berlin for
a visit to U.S.

e Jan. 30: Hitler comes to
power

e Einstein (being Jewish)
never sets foot into Germany
again
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Einstein’s Favorite Recreational Spots

* his beloved summer house in Caputh (near Berlin)

 many famous and powerful visitors




Einstein in Princeton (1933-55)

ANprpEEm

 professor at newly founded
Institute for Advanced Study




Einstein in Princeton (1933-55)

e 112 Mercer Street: his private house




Einstein in Princeton (1933-55)
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e 1940: Einstein becomes an American




Einstein in Princeton (1933-55)
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e failure to find "unified field theory’
(l.e., gravity + electromagnetism)!




Einstein and the Bomb
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e 1939: Fellow emigreé Leo Szilard (Hungary) warns
Einstein of possible Nazi bomb effort




Einstein and the Bomb

Albert Einsteln
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Tnite Hotlae
Faahington, D.C.

Some Tegent work by E.Fermi amd L. Sailard, wnlch has beon com-
munigated te me ln manusariszt, leads me to expect that the &lesent uran-
{um may Da turned inte A new and Important source of energy in the im-
sodiate future. Sertain aepecta of the aituation which has arisen seem

apll for watehfulneas and, if necessary, gqulck aciion an the part
the Adninlatraticn. I bolieve tharefors that it iz my duty o bring
rair sttention tho followine fecto and recommendations:

T the sourse of the last Cour months L% hos been pede probable -

the work of Jeliot in Troncs As well ad Permi and Szilurd in
that it may Besome possibie ta aet up a nuelear chsin Teaction
in oa Iarge mass of uranium by which vast amounts of power ond lorge guant-
ibies of new radius-1ike slompents would be genarated. Tow 1t sppeate
almaat cortmin that this could Pe mehiieved in the impediate Muiure.

This new shonenencn weuld alas lend to the construstlon of Gomba,
apgd it in aoncelvable - though rush leso gertain - that axtrenaely power-
tul bembe of & new type may thus be conatruoted. A single bomb of this
wype, carrisd by bont and expioded in s pert, might very well destroy
the whale port together with ocome of the surrcunding territery. Howaver,

such bomba might yery well prove Lo be tes heavy for treanspertatlion by

Letter to FDR

E warns president
about Nazi bomb

setting "Manhattan

project’ into motion




Einstein and the Bomb

 Hiroshima bomb: 1 gram of uranium




Einstein and the Foundation of Israel

* Ben Gurion offers Einstein Presidency of Israel
Einstein declines (15t Israeli president: Chaim Waizmann)




1955: Journey’s End

e dies In Princeton hospital, his body is cremated the
same day, and his ashes scattered at undisclosed place




Einstein (part 2)

e | ater Life:

e General Theory of Relativity (1915):




