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Popular Science

The universe will either continue expanding at
its present rate, expand ata slower rate, or it will
begin to contract. None of this, however, can
account for the fact that it sometimes takes four
.days to get a letter from Chlcago.“

‘Let’s see, now ... picking up where we left off ...
one biliion, sixty-two million, thirty thousand,
four hundred and thirteen ... one billion, sixty-
two million, thirty thousand, four hundred and

fourteen ... ”
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some of the transparencies were extracted from http://www.cfa.harvard.edu/seuforum/einstein/resources_speaker.htm .
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THE NEXT GENNERATION

ST

THE NEXT GENERATION

G

"'SHIP I A BOTTLE

www.imdb.com

Captain Picard: In a sense, who knows? Our
reality may be very much like theirs. All this might
just be an elaborate simulation running inside a
little device sitting on someone's table.

memory-alpha.org
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Alpher-Bethe-Gamow theory

Qﬂ;

Gamow produced an important cosmogony paper with his student
Ralph Alpher, which was published as "The Origin of Chemical
Elements" (Physical Review, April 1, 1948). This paper became known
as the Alpher-Bethe-Gamow theory. Gamow had the name of Hans George Gamo\
Bethe listed on the article as "H. Bethe, Cornell University, Ithaca, New 1904-1968
York" to make a pun on the first three letters of the Greek alphabet,

alpha, beta and gamma. Bethe was also known for his sense of humor,

but had no other role in the a-3-y paper, and his name had been added

without his knowledge. Gamow's lifetime interest in playing pranks,

punning, and doggerel verse come across in some of his popular

writings, notably his Mr. Tompkins... series of books (1939-1967).

The results of these calculations were first announced in a letter to The Physical Review, April 1, 1948.
This was signed Alpher, Bethe, and Gamow, and is often referred to as the 'alphabetical article." It
seemed unfair to the Greek alphabet to have the article signed by Alpher and Gamow only, and so the
name of Dr. Hans A. Bethe (in absentia) was inserted in preparing the manuscript for print. Dr. Bethe,
who received a copy of the manuscript, did not object, and, as a matter of fact, was quite helpful in
subsequent discussions. There was, however, a rumor that later, when the alpha, beta, gamma theory
went temporarily on the rocks, Dr. Bethe seriously considered changing his name to Zacharias.
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THe Expanping Universe: A CapsuLe HisTory

Cosmic First Stars, Expansion Today
Background Stars Galaxies Accelerates
Afterglow Develop
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Dark Matter Dominates | Dark Energy Dominates
113.7 113.3 |5 0l

Billions of Years Before Today

http://hetdex.org/dark_energy/index.php
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

matter constituents
172, 312, 512, ...

electron
neutrino

electron |0.000511

muon

. <0.0002
neutrino

muon 0.106

tau
neutrino

tau

Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the
quantum unit of angular momentum, where hi = h/2r = 6.58x1025 GeV s = 1.05x10734 J 5.

Electric charges are given in units of the proton’s charge. In Sl units the electric charge of
the proton is 1.60x10~'? coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c2 (remember
E = mc?), where 1 GeV = 10 eV = 1.60x107? joule. The mass of the proton is 0.938 GeV/c?
=1.67x10727 kg.

Nucleus

Size

force carriers
spin =0, 1, 2, ...

BOSONS

Structure within
the Atom

Quark

Size < 1079m

Electr:

Size < 108 m

Color Charge

Each quark carries one of three types of
“strong charge,” also called “color charge.”
These charges have nothing to do with the
colors of visible light. There are eight possible
types of color charge for gluons. Just as electri-
cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
interactions and hence no color charge.

1074 m

e

Neutron
and
Proton

10-5m Quarks Confined in Mesons and Baryons

One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the
color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
gy in the color-force field between them increases. This energy eventually is converted into addi-
tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into
hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in
nature: mesons gq and baryons qqq.

Size

Atom
Size ~ 10"10m

if the protons and neutrons i this picture were 10 cm across,
then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.

Residual Strong Interaction

The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. It can also be
viewed as the exchange of mesons between the hadrons.

PROPERTIES OF THE INTERACTIONS

-
=

Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denot-
ed by a bar over the particle symbol (unless + or - charge is shown).
Particle and antiparticle have identical mass and spin but opposite
charges. Some electrically neutral bosons (e.g., Z%, v, and n = cc, but not
K9 = ds) are their own antiparticles.

Figures

These diagrams are an artist’s conception of physical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.

Gravitational

Graviton
not yet observed)

104
10-41
10-36

A neutron decays to a proton, an electron,

and an antineutrino via a virtual (m
W boson. This is neutron f decay.

ing)

See ual Strong
Interaction Note

Gluons

Y.

Mesons

1 25 Not applicable
1 60 to quarks
1

Not applicable

to hadrons 20

+a— 0 RO
e*te"—> BB The Particle Adventure
Visit the award-winning web feature The Particle Adventure at

http://ParticleAdventure.org

NS

hadrons” . »
A This chart has been made possible by the generous support of:

U.S. Department of Energy

U.S. National Science Foundation

Lawrence Berkeley National Laboratory

Stanford Linear Accelerator Center

American Physical Society, Division of Particles and Fields

BURLE INDUSTRIES, INC.

©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
materials, hands-on classroom activities, and workshops, see:

http://CPEPweb.org

., quarks &
/ gluons

hadrons \
Z0

hadrons—

RN

Two protons colliding at high energy can
An electron and positron produce various hadrons plus very high mass
(antielectron) colliding at high energy can particles such as Z bosons. Events such as this
annihilate to produc and B” mesons o rare but can yield vital clues to the
val Z r a virtual photon, structure of matter.
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the Atom

Quark

Size < 10719 m

Electron

Nucleus ,
Size < 10~'8 m

Size = 10719 m_

o
Neutron
and

Proton

Atom Size =~ 10~13

Size = 10710 m
If the protons and neutrons in this picture were 10 cm across,

then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.




matter constituents
FERMIONS spin = 1/2, 3/2, 5/2, ...
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p_ electron
€ neutrino

electron .000511

p ol <0.0002 charm
M neutrino

JL muon 0.106 strange

tau <0.02 to
7 neutrino P

7 tau 1.7771 bottom




force carri
BOSONS <iin-o,1.2...

Color Charge

Each quark carries one of three types of
“strong charge,” also called “color charge.”
These charges have nothing to do with the
colors of visible light. There are eight possible
types of color charge for gluons. Just as electri-
cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
interactions and hence no color charge.



A neutron decays to a proton, an electron,
and an antineutrino via a virtual (mediating)
W boson. This is neutron B decay.

PROPERTIES OF THE INTERACTION

Gravitational

Mass - Energy

Flavor

Fundamental

Electric Charge | Color Charge

See Residual Strong
Interaction Note

Al

Quarks, Leptons

Electrically charged

Quarks, Gluons

Hadrons

Graviton

(not yet observed)

W+ W- 20

Y Gluons

Mesons

10-41
(R

An electron and positron
(antielectron) colliding at high energy can
annihilate to produce B? and
via a virtual Z boson or a virtual photon.

1 25

60

Not applicable
to hadrons

structure of matter.

PP — Z0Z70 + assorted hadrons

hadrons.

i Two protons colliding at high energy can

b =0 produce various hadrons plus very high mass
B particles such as Z bosons. Events such as this

one are rare but can yield vital clues to the

Not applicable
toquarks

20
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Baryons qqq and Antibaryons qqq Mesons qq

Baryons are fermionic hadrons. Mesons are bosonic hadrons.
There are about 120 types of baryons, There are about 140 types of mesons,

Quark  Electric  Mass
content charge  GeV/c?

Quark  Electric  Mass

. e e e charge  GeV/c?

Symbol  Name Spin

proton

anti-
proton

neutron

lambda

omega




ELEMENTARY
PARTICLES

I

Three Generations of Matter




Yang, C. N.; Mills, R. (1954). "Conservation of Isotopic

Spin and Isotopic Gauge Invariance". Physical Review
96 (1): 191-195

Conservation of Isotopic Spin and Isotopic Gauge Invariance*

C. N. Yanc T anp R. L. MicLs
Brookhaven National Laboratory, Uplon, New Vork

(Received June 28, 1954)

It is pointed out that the usual principle of invariance under isotopic spin rotation is not consistant with
the concept of localized fields. The possibility is explored of having invariance under local isotopic spin
rotations. This leads to formulating a principle of isotopic gauge invariance and the existence of a b field
which has the same relation to the isotopic spin that the electromagnetic field has to the electric charge. The
b field satisfies nonlinear differential equations. The quanta of the b field are particles with spin unity,
isotopic spin unity, and electric charge e or zero.
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. N. Yang (1922 - ) and Robert Mills (1927 - 1999)
at Stony Brook in 1999. :
francisthemulenews.wordpress.com
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Friedmann-Robertson-Walker 2+ ]

http://web.it.nctu.edu.tw/~wfgore/cosmoloqgy121.pdf



http://web.it.nctu.edu.tw/~wfgore/cosmology121.pdf

X24v24 724 w2 = A2

X24v24 72 =R

X2 4v24 72 w2 =42
X = Asinysinésin o,

Y = Asinxsinfcos oy,
/ = ASiny Cos?,
W = A cosy.

28 http://web.it.nctu.edu.tw/~wfgore/cosmology121.pdf
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X = Asinysinésin o,
Y = Asinxsin 8 cos p,
/Z = Asinycos®,

W = A cosy.

dX?2 4+ dY?2 4+ dZ? + dw?
— A2 [dx2 + sin? vdQ2| .

r = sinx dr = COSxdy

dr?/cos?y = dx? = dr?/(1 — r?)

_dr® L r2(dh2 4 sin2 0 dcpz)_
1 — kr2 |
Similarly for the open space with £ = —1 by

replacing siny (cosy) with sinhy (cosh y).



dr?
1 Lina2

ds% = gijd:l??:d:}[:j

d2
= a2(t) |——— -

1 — kr2

- r2(d6? + sin? ¢ d(pz)—‘

r2(d6? + sin? 6 do?)







(T%) = diag(p, — —p)
DaTab = 0
" dp I
— = -3H()(p+ p) 4B FEE
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ala

V= BHOG A+

4
d (;a?’p) = —p Ara®da

dU = —pdV + 1'dS
U= pV, V =4ra3/3, S the entropy
TdS = dQ

volume of the 3-sphere $3 is 272a> instead of 4mwa3/3.

ds? = a2 [dXQ + sin? XdQ]






d
df —3H(t)(p+p) szvEze

the equation of state p=wp
we can write pt+p=n~p
with the relation v=14w
p X a3
For matter dominated (MD) universe 7 = 1(w = 0) P X ﬂ-_3
—4

For a radiation dominated (RD) universe v =4/3(w = 1/3) p o a

for the case of vacuum dominated (VD) v=20 p = constant.



For matter dominated (MD) universe 7 = 1(w =0) p e a

k 81

H2 _I_ —2 — p H=ala
a 3
For a flat FRW MD universe, H2 = 8nGp/3
with p = pg/a3. Therefore,
. alla, BEN
ST T R
22 — g_ | ty Fert R[] (94)
#)
T he age of the universe can be integrated from
[dt = [da/a. The result is:
> 1

t 2 H;_):HD—

~ 3Hp a



I, a
RD | a? (t/tg)/2
MD | a3 (t/tg)?/3
VD | constant | exp[Hg(t — to)]




S? = R? +{P}
JR 2R EK E L T E K

manifold 7R H2
locally R"
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Riemann, Georg Friedrich
Bernhard %= (1826~1866)

A TRERLESER (Hanover), 2R &E KT
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Hermann Klaus Hugo Weyl
[1885-1955]

- 1918 He produced the
first guage theory in
which the Maxwell
electromagnetic field
and the gravitational
field appear as
geometrical properties
of space-time.



http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Maxwell.html

Gauge/Scale symmetry

L)Lj \ Fiber Bundle
jl/\’ﬁg/j




A" (X)3=d {exp [ 10 (X) ] F(X) }=
exp [10 (X) {1 [dO(X)] ¥(X)}
+exp [16(x)] {d¥(x) }

(d+A") {7’ (x)} =(d+A") {exp [ 16 () | ¥(x)}
=(d+A-1.d0) {exp[10(X)]VY(X) }
=exp [10(x) ]{1 [d6()] Y(X)}
+exp[10(¥)] {d¥(X)}
—exp [10(X)] {1 [dO(X)] Y(X)}
= exp[106(X)] (d+A) {Y(X) }




Theodor Franz Eduard Kaluza
[1885-1954]

e Kaluzain 1919, sent a paper to
Albert Einstein proposing a
unification of gravity with
Maxwell's theory of light

* This paper was communicated

by Einstein himself on 8
December 1921 for publishing



http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Einstein.html
http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Maxwell.html
http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Einstein.html
http://www-groups.dcs.st-and.ac.uk/~history/PictDisplay/Kaluza.html

Oskar Klein
[1894-1977]

* Klein assumed the fifth
dimension to be periodic
with a period [ =
c(2k)2/e where e was the
charge of the electron and
k was Einstein's constant
of gravitation. The
dimension was on the
order of the Planck length.

e Klein's results were
published in Nature in the
autumn of 1926.



http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Einstein.html
http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Planck.html
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Tr(F?) = ——F"F,* Fu,,=TF,
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Grigori Perelman in 1993

Born Grigori Yakovlevich Perelman
13 June 1966 (age 45)

Leningrad, Soviet Union

Residence Saint Petersberg, Russia
Citizenship Russia

Nationality Russian

Fields Mathematics

Alma mater Leningrad State University
Doctoral advisor Aleksandr Aleksandrov
Yuri Burago

Known for  Riemannian geometry
Geometric topology

Proof of the Poincare Conjecture

Notable awards Saint Petersburg
Mathematical Society Prize (1991), accepted

EMS Prize (1996), declined
Fields Medal (2006), declined

Millennium Prize (2010), declined



For compact 2-dimensional surfaces
without boundary, If every loop can be
continuously tightened to a point, then the
surface Is topologically homeomorphic to a
2-sphere (usually just called a sphere).
The Poincare conjecture asserts that the
same Is true for 3-dimensional spaces.



The Fields Medal and Millennium Prize

In May 2006, a committee of nine mathematicians voted to award Perelman a Fields Medal for his work on the
Poincaré conjecture.[14] The Fields Medal is the highest award in mathematics ;[citation needed] two to four
medals are awarded every four years. However, Perelman declined to accept the prize. Sir John Ball,
president of the International Mathematical Union, approached Perelman in Saint Petersburg in June 2006 to
persuade him to accept the prize. After 10 hours of persuasion over two days, Ball gave up. Two weeks later,
Perelman summed up the conversation as follows: "He proposed to me three alternatives: accept and come,;
accept and don't come, and we will send you the medal later; third, | don't accept the prize. From the very
beginning, | told him | have chosen the third one... [the prize] was completely irrelevant for me. Everybody
understood that if the proof is correct, then no other recognition is needed."[14] "'I'm not interested in money or
fame,' he is quoted to have said at the time. 'l don't want to be on display like an animal in a zoo. I'm not a
hero of mathematics. I'm not even that successful; that is why | don't want to have everybody looking at
me."'[23] Nevertheless, on 22 August 2006, Perelman was publicly offered the medal at the International
Congress of Mathematicians in Madrid "for his contributions to geometry and his revolutionary insights into the
analytical and geometric structure of the Ricci flow."[24] He did not attend the ceremony, and declined to
accept the medal, making him the first person to decline this prestigious prize.[25][26]

He had previously turned down a prestigious prize from the European Mathematical Society,[26] allegedly
saying that he felt the prize committee was unqualified to assess his work, even positively.[27]

On 18 March 2010, Perelman was awarded a Millennium Prize for solving the problem.[28] On June 8, 2010,
he did not attend a ceremony in his honor at the Institut Océanographique, Paris to accept his $1 million
prize.[29] According to Interfax, Perelman refused to accept the Millennium prize in July 2010. He considered
the decision of Clay Institute unfair for not sharing the prize with Richard Hamilton,[5] and stated that "the main
reason is my disagreement with the organized mathematical community. | don't like their decisions, | consider
them unjust."[6]

Perelman's proof was rated one of the top cited articles in Math-Physics in 2008.[30]



Possible withdrawal from mathematics

As of the spring of 2003, Perelman no longer worked at the Steklov Institute.[31] His
friends are said to have stated that he currently finds mathematics a painful topic to
discuss; some even say that he has abandoned mathematics entirely.[32] According to a
2006 interview, Perelman was then unemployed, living with his mother in Saint
Petersburg.[31]

Perelman is quoted in an article in The New Yorker saying that he is disappointed with
the ethical standards of the field of mathematics. The article implies that Perelman refers
particularly to the efforts of Fields medalist Shing-Tung Yau to downplay Perelman's role
in the proof and play up the work of Cao and Zhu. Perelman added, "l can't say I'm
outraged. Other people do worse. Of course, there are many mathematicians who are
more or less honest. But almost all of them are conformists. They are more or less
honest, but they tolerate those who are not honest."[14] He has also said that "It is not
people who break ethical standards who are regarded as aliens. It is people like me who
are isolated."[14]

This, combined with the possibility of being awarded a Fields medal, led him to quit professional mathematics. He
has said that "As long as | was not conspicuous, | had a choice. Either to make some ugly thing or, if | didn't do
this kind of thing, to be treated as a pet. Now, when | become a very conspicuous person, | cannot stay a pet and
say nothing. That is why | had to quit." (The New Yorker authors explained Perelman's reference to "some ugly
thing" as "a fuss" on Perelman's part about the ethical breaches he perceived).[33]

It is uncertain whether his resignation from Steklov and subsequent seclusion mean that he has
ceased to practice mathematics. Fellow countryman and mathematician Yakov Eliashberg said that,
in 2007, Perelman confided to him that he was working on other things but it was too premature to
talk about it. He is said to have been interested in the past in the Navier—Stokes equations and the
set of problems related to them that also constitutes a Millennium Prize, and there has been
speculation that he may be working on them now.[34]
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Sir Michael Francis Atiyah, OM, FRS, Isadore Manuel Singer
FRSE (born 22 April 1929) is a British (in 1977), who worked with
mathematician working in geometry. He Atiyah on index theory
was awarded the Fields Medal in 1966,

(born April 24, 1924)

In 1966, when he was 36 years old, he was awarded the Fields Medal,
for his work in developing K-theory, a generalized Lefschetz fixed-
point theorem and the Atiyah—Singer theorem, for which he also won
the Abel Prize jointly with Isadore Singer in 2004.[107]
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1982, Fields Medal, for"his contributions to partial differential
equations, to the Calabi conjecture in algebraic geometry, to the
positive mass conjecture of general relativity theory, and to real and
complex Monge-Ampere equations".
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Stephen William Hawking was born
on 8 January 1942 (300 years
after the death of Galileo) in

A BR.EF Oxford, England.
HISTORY wzzrzus

OF TIIVIE
From the Big Bang to Bla Holes Fj ﬂi’['ﬂ?%‘ -Eﬂjfj :?

‘This book marries a
chlld's wonder to a
genlus’s intellect. We
journey into Hawking's

universe, while
il

marvelling at his mind' 'h,, |
Sunday Times W

THE RECORD-BREAKING BESTSELLER NOW IN PAPERBACK

Intraduction by Carl Sagan

HAWKING




Learning and Scientific Reasoning

Lei Bao, Tianfan Cai, Kathy Koenig, Kai Fang, Jing Han, Jing Wang, Qing Liu, Lin Ding, Lili Cui, Ying Luo, Yufeng Wang, Lieming Li,
and Nianle Wu

Science 30 January 2009: 586-587.
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Ul is a large research-1 state university, U.S. ranking top 60, acceptance rate 59%.
U2 is a large research-1 state university, U.S. ranking top 60, acceptance rate 60%.
U3 is a large tier-4 state university with an acceptance rate of 84%.
U4 is a large tier-3 state university with an acceptance rate of 69%.

The three Chinese universities are labeled with C1, C2, and C3.

Their national rankings are also given below (based on 2007 ranking from

Sina Educatoin News, http://edu.sina.com.cn).

(A national university is one that is under direct control of the department of education.)
C1lis a top 30 national university.

C2 is a top 60 national university.

C3 is a top 130 national university.
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Everything is physics
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[FL{Z Auguste Comte, 1798-1857]



Auguste Comte:
Weathering a Storm of Change

Social Physics

What sort of person would invent sociology?
Certainly someone living in times of momentous
change. Comte (1798-1857) grew up in the wake of
the French Revolution, which brought a sweeping P
transformation to his country. And if that wasn't e R
sufficient, another revolution was under way as factones - ""7 R 0k |
were sprouting up across continental Europe, recasting the_ el
lives of the entire population. Just as people enduring a storm
cannot help but think of the weather, so those living during
Comte's turbulent era became keenly aware of the state of society.

Drawn from his small hometown by the bustle of Paris, Comte was

soon deeply involved in the exciting events of his time. More than anything

else, he wanted to understand the human drama that was unfolding all around him.
Once equipped with knowledge about how society operates, Comte belleved people
would be able to build for themselves a better future He divided.h ucdiscipline
into two parts: how : : and
how society changes
"the study of society,’
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Physics
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Karl Marx (1818-1883)

Galois (11-32) Van Gogh (1853-1890)

Bohr (1885-1962)

Yang (1922- )

Comte (1798-1857)

Picasso (1881-1973)

Carnot engine 1824 Monet (1840-1926)
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STEVEN WEINBERG

Winner of the 1979 Nobel Prize for Physics

pay A .N’IO(]CI“I] V tew of .
the Origin of the Universe
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The Early Universe (Frontiers in Physics)

by Edward W. Kolb, Michael S.
Turner "Our current
understanding of the evolution
of the Universe is based upon
the Friedmann-Robertson-
Walker (FRW) cosmological
model, or the hot big bang
model as it..." (more)
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General Theory of Relativity
ves, no, hot-a-question

* by Paul Adrien Maurice Dirac
"For the space-time of physics
we need four coordinates, the
time t and three space
coordinates x, y, z..." (more)

- EEEER EFE
http://www.cc.nctu.edu.tw/~
gore/apple2.htm
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clker.com

| HOPE ALL YOU READERS
WILL REMEMBER TO BE
GENEROUS TO THOSE LESS
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-~ AND NOW -+
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cryptomundo.com
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As of April 21, 2011, Voyager 1 was about
.\ 116.825 AU, or about 0.00183 light-year
) ) | from the Sun.

http://en.wikipedia.org/wiki/File:Voyager.jpg

The Voyager 1
spacecraftis a 722-
kilogram (1,592-1b)
robotic American
space probe
launched by NASA
on September 5,
1977, to study the
outer Solar System
and eventually
Interstellar space.
Operating for 33
years, 7 months,
and 28 days, the
spacecraft receives
routine commands
and transmits data
back to the Deep
Space Network. Itis
the first probe to
leave the Solar
System and is the
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Stellar Cloud
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b F neutron

A,=h/m,c ~1/2000 A,
~1.319 X 107" m

http://www.strangecosmos.com/images/content/108046.jpt

98


http://www.strangecosmos.com/images/content/108046.jpg

Red Giant Star

magic2011 99
%, 2000 ESPACE www.espace-cd.net




(HST/NASA)

ESEPILEBRXEMED
RETEFRESARERT

FRMEBHEET B
MHNBEE




1E 1

it




Magnetic Magnetic
Field Fole

-EEEE::

Hot Spol H
Emilts X-rays Accretion dls};

Hot zpot
(out of sight)

Drigin of QPO7?

Fentron Star

http://imagine.gsfc.nasa.gov/Images/advanged/xray/xray pulsar.gif 102



http://imagine.gsfc.nasa.gov/Images/advanced/xray/xray_pulsar.gif

http://www.lbl.gov/Science-Articles/

Archive/sb/Nov-2004/03-Bell radiot

elescope.ipq

Antony Hewish

Nobel Prize for Physics (1974)

Jocelyn Bell Burnell

he Nobel award to Ryle and Hewish without

the inclusion of Bell as a co-recipient was
controversial, and was roundly condemned by
Hewish's fellow astronomer Fred Hoyle. Others,
however, have noted that the prize was given
to Ryle and Hewish for their work across the
field of radio-astronomy as a whole, with
particular mention of Ryle's work on aperture-
synthesis, and Hewish's on pulsars.
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£ & /Mikowski vs Friedmann-
Robertson-Walker Spacetime
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THe Expanping Universe: A CapsuLe HisTory

Cosmic First Stars, Expansion Today
Background Stars Galaxies Accelerates
Afterglow Develop
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Dark Matter Dominates | Dark Energy Dominates
113.7 113.3 |5 0l

Billions of Years Before Today

http://hetdex.org/dark _energy/index.php




..the reader exits dizzy, elated and looking ot the world in
terally revolutionary way.” — Washington Post
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Parallel Universes, Time Warps,

and the 10th Dimension



