In the mid-18" century, Maxwell unified
electricity and magnetism with his now
famous equations and showed that light
is an electromagnetic wave.

V.E=dzp VxE=—12C
c Ot
? . E = () ? X E = l 471-j + ﬁ_E ames Clerk Maxwell
c ot (1831-1879)

where E is the electric field, B is the magnetic field, j is the
electric current density and c is the velocity of light.



@
>
©
S
(&
b
D
-
(@))
©
=
(@,
-
e
(&
Q
(b
-
©
R
e
i e
=
—d

7

W

Electric
field, E

/

A

Magnetic
field, B




Waves can interfere.




Fringes (in delay)

“Dark fringe” A ] “Bright fringe”
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Michelson & Morley
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Measurements

of time
confirm 2 o
Special

Relativity \ ..

rotation

Westward S Eastward

In Special Relativity, time

passes at a rate that U.S. Naval Observatory
. rc h. o Ao,

depends on your velocity. e

Two airplanes traveled east and west around Earth as it rotated.
Atomic clocks on the airplanes were compared with similar clocks
kept at the observatory to show that the moving clocks in the
airplanes ran slower.




Interactions of light and matter







Lord Rayleigh used the classical theories of electromagnetism and

thermodynamics to show that the blackbody spectrum
should be:

. Rayleigh-Jeans
v~ formula
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Experimental data
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This worked at longer wavelengths but deviates badly at short ones.
This problem became known as and

was one of the many effects classical physics couldn’t explain.




Einstein also showed that, if
can also occur, then bye bye
Ultraviolet Catastrophe.




Light is not only a wave, but also a particle.

Very very dim

Very bright Very very bright




Fourier decomposing
functions plays a big

role in physics.

Here, we write a square wave as a
sum of sine waves of different
frequency.




The Fourier transform is perhaps the
most important equation in science.

spectrum




Diffraction




Diffraction patterns

One slit

Two slits




Dimming the light in a two-
slit experiment yields single
photons at the screen.
Since photons are particles,
each can only go through
one slit, so then their
pattern should become the

single-slit pattern.

: What is going
K on here?

(a) 20 counts










& 2008 Brooks/Cole - Thomsen
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The Schrodinger Equation

O¥(x,f)  h* 0*(x,1)

in +V¥Y(x.,1)
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What on earth is ¥?

P(xx)de =Y *(x,t)¥Y(x,1) dx

J'w W (e )W (1) dx =1
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Quantum theory explains the Periodic Table.

Closed Alkaline
shells  Alkalis  carths

Grops: 1 2
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.
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Molecules and solids

Simple cubic Body-centered  Face-centered
cubic cubic




Nuclear
Physics
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Toroidal
field coils

Poloidal field

Axial current Toroidal field

Plasma










Fundamental Forces

Strength
Force which
holds nucleus 1
OJche
Strength

Electro- <® ®» 1
magnetic O <@ e

Strength

Weak “w'f@ i '@7

neutrino interaction
induces beta decay

Gravity @,‘@

Strong

Strength

6 x 102

Range (m) Particle
10° gluons, |
(diameter of a ngn::lcgom,)
medium sized NuCleus)  yhee = 0
Range (m) Particle
photon
Infinite mass = 0
spin = 1
Range (m) Particle
10° Intermediate
{0.1% of the diameter veitor b.osons
of a proton) w ' w » Z g
mass > 80 GeV
spin =1
Range (m) Particle
graviton ?
Infinite mass = 0
spin = 2






_ _ . A quasi-stellar radio source ("quasar")
GraVItatlonaI Lensi NQ isavery energetic and distant

. Quasars are the most

luminous objects in the universe.
When light from a
distant object like a
quasar passes by a
nearby galaxy on its
way to us on Earth,
the light can be bent
multiple times as it
passes in different
directions around
the galaxy.

The Cosmic Horseshoe




i Jressure produced by the r o
f; avity. When the star’s fuel is +
& mass can collapse into a black

A collapsmg star greater-t a‘rr%s f'
cwill collapse to a black hole. "

+ 'bl*ack hole and RKnown as the event horizon.




The density, p, of
matter in the
universe
determines which
shape it has.

Qy =P/ Poit

where p_; = Is the
for

which the

universe is flat.




ELECTRICITY MAGNETISM

GRAVITATION

ELECTROMAGNETISM SINGLE FORCE?

ELECTROWEAK
GRAND

UNIFICATION

STRONG







the set of all sets that don’t contain themselves







Weirdness In social theory:
Arrow’s Impossibility Theorem (1951)

voting

Non-dictatorship
Repeatability

Relevance

Monotonicity

Efficiency




While these strange ideas in physics,
mathematics, and social theory are real, not all
weird ideas that have emerged are justified.

As a result of these exciting
revolutions, physicists were the

stars of the early 20t century. EINSTEIN
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Weirdness in Music |

In 1907 Schoenberg, who stated publicly
that he wanted to do for music what
Einstein did for physics, introduced atonal
music, which violated all known principles
of what constituted good music and, for the
most part, sounds like noise.
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Arnold Schoenberg (1874 - 1951)

A John Cage
(1912 - 1992)

John Cage is best known -
for his 1952 composition,
4'33", whose three move-

ments are each

- composed entirely of
Stephen Reich (1936 -) silence.
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20th Century Literature

John Bishop, in his introduction to

James Joyce’s Finnegans Wake in

1999, wrote these less-than-

encouraging words: “There is no

agreement as to what Finnegans Wake

is about, whether or not it is ‘about’

anything, or even whether it is, in any

ordinary sense of the word, ‘readable.’

Since Joyce's sentences are packed

with obscure allusions, often written in

dozens of different languages, it James Joyce
remains impossible to compile a 1882 - 1941
definite synopsis of Finnegans Wake.”

Literary critic Fritz Senn said of the currently available summaries:
“We have some traditional summaries, some by Joyce himself. | find
them most unsatisfactory and unhelpful...”




“...The fall (bababadalgharaghtakamminarronnkonnbronntonner-
ronntuonnthunntrovarrnounawnskawntoohoohoordenenthur-

nuk!) of a once wallstrait oldparr is retaled early in bed and later
on life down through all christian minstrelsy. The great fall of the
offwall entailed at such short notice the pftjschute of Finnegan,
erse solid man, that the humptyhillhead of humself prumptly sends
an unquiring one well to the west in quest of his tumptytumtoes:
and their upturnpikepointandplace is at the knock out in the park
where oranges have been laid to rust upon the green since dev-
linsfirst loved livvy. ...”
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|. Weirdness in Psychology

~, T ~

A Sigmund Freud (and others) developed a bizarre
" a and complex theory of human behavior—

Y

‘ psychoanalysis—based mostly on sexual desire.
v Psychoanalysis is unfalsifiable. If you deny your
Oedipal complex, then you’re repressing it!

-

Sigmuhd Freud Richard Webster called psychoanalysis “one of
(1856 — 1939) the great follies of Western civilization.”

H. J. Eysenck says that Freud “set psychiatry back 100 years,”
consistently misdiagnosed his patients, fraudulently misrepresented
case histories, and that “what is true in Freud is not new, and what is
new in Freud is not true.”

J. von Scheidt speculated that Freud's theories were due to his cocaine
use, which increases sexual interest and obsessive thinking.

In any case, Freud was clearly subconsciously influenced by physics!







The revolutions in physics were

the result of new and
and so were

upon us by the world around us.

That they involved weird ideas
that average people couldn’t
understand is due to the fact

that the universe is, in fact, weird.

The “revolutions” in art, literature, psychology, and music were the
result of simple arrogance of the practitioners and their desire to have
their own unintuitive ideas that only they could “understand”™—what |
like to call . But they nicely illustrate the dramatic
effects on others of the genuine revolutions that occurred in physics.



Physicists have responded
In entertaining ways.

In 1995, physicist Allan Sokal successfully
published a fake paper of complete
gibberish in the postmodern journal “Social
Text.” Init, he “concludes,” among other
things, that physical reality is only an

iHlusion. Allan Sokal

In 2005, MIT graduate students
wrote a computer program to
generate bogus research papers
with completely nonsensical text,
charts, and diagrams and got a
paper accepted at the World
Multiconference on Systemics,
Cybernetics and Informatics.

Jeremy Stribling,
one of the MIT
students who
submitted the
paper.

Photo from his
home page.




