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WELL, T THINK WE SHoULDb AT ::j!..
LEAST SAY, 'HI". WHAT'S THE .
WORST THAT CoUuLD HAPPENT?
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“With these clever disguises we’ll be
able to move freely among the
earthlings and observe
them undetected!” ¢
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How Big IS
?



Mercury



Jupiter
Saturn

” Neptune
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PEANUTS

CARL SAGAN SAYS THERE ARE A
HUNDRED BILLION STARS IN QUR
GALAXY AND THERE ARE A
HUNDPRED BILLION GALAXIES
AND EACH BALAXY CONTAINS
A HUNDRED BILLION STARS !
SORT OF PUTS THINGES IN
PERSPECTIVE DOESN T IT
& CHARLIE BROWN?
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. NGC 6520

(star cluster)
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Falps

"You're 'only' ten minutes late? — do

you realize how far the Universe has
expanded In those ten minutes?”
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Sﬂ FIET FIRES EARTH SATELLITE INTO SPA cE
IT IS CIRCLING THE GLOBE AT 18,000 M. P. H.:
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Sputnik
means
satellite in
Russian.
It was
shaped
like a
sphere
and had
four
radiating
radio
antennae.

It was
launched
on
October
4th,
1957.




—Nallas News Staft Phon,

SIGNALS FROM THE SATELLITE
Ham operator Roy Welch of Dallas, seated, plays a
tzpe-recorded gignal from the Russian space satel-
lite for fellow hams at the State Fair of Texas, Welch
recorded the signals on a receiver at his home.
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Qwur replica is being held up in front of the cabinet containing Galileo's original IMSS 2428 telescope for comparsion. | 5
The telescopes are the same size. The original appears smaller because it is further away from the camera. B /

The comparision of the two telescopes shows how beautiful the original s .

instrument must have been and how faithfully we have been able to replicate it.
Made by Jim & Rhoda Momis 07-07-07

This is a replica of one of the earliest telescopes made by Galileo Galilei (1564-1642) after he learnt of the
invention of the telescope in 1608. This refracting telescope magnifies only 14 times and gives a very restricted
field of view. As a result Galileo was only able to view about a third of the Moon through his telescopes. However,
despite these limitations, Galileo published 'Sidereus Nuncius' ('The Starry Messenger') in 1610, which describes

the celestial sights he saw with his new telescope. These included craters on the Moon, the phases of Venus and
the moons of Jupiter. This facsimile was made in 1923 at the Museo di Fisica e Storia Naturale, in Florence, Italy

where the original still resides.







Edwin Powell Hubble
November 20, 1889 —
September 28, 1953
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The 100-inch Hooker telescope at
Mount Wilson Observatory that
Hubble used to measure galaxy
distances and a value for

the rate of expansion of the
universe.
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Keck | exterior

Close-up of primary mirror
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ARE YOU TRYING TO GIVE ME A HEART ATTACK 7Y/
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Edward Pickering, hired a number of women to sort through and organize mounds of data
on the stellar classification of stars. The stars were classified by their spectra, and Annie
Cannon was the most prolific and careful of the workers. She single-handedly classified
400,000 stars into the scheme we use today (O B AF G K M), and discovered 300 variable
stars. She paved the way for women entering the astronomical field.
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Photons

Pixels

/

Photoelectric
layer

Electron
storage layer

Voltage electrodes




An electronic device is commonly used to
record the image at a telescope’s focus

Sensitive light detectors called
charge coupled devices (CCDs)
are often used at a telescope’s
focus to record faint images
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(a) Using photographic film (b) UsingaCCD (c) Combined CCD image
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Hubble Déep Field
South Target -

e -Turnlng its vision toward- southern skies, the Hubbie Space
Telescope made & 10-day-long observation across the' universe
to uncover thousands of never-before-seen galaxies:
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Hubble Deep Field HST - WFPC2

PRC96-01a - ST Scl OPO - January 15, 1996 - R. Williams (ST Scl), NASA
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Kingfish (Key Insights on Nearby Galaxies: _— NGC 3338 NGCE28 .,  NGG7783
a Far-Infrared Survey with Herschel)

http: ffwww.ast.cam.ac.uk/research/kingfish Q b s-.: ! :
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Thaomas T, Amy, Explorations: &n Introduction to Astranomy, 2nd edilion. Copyright £ 1988 The McGraw-Hill Companies, Inc. All rights reserved.

Spiral Galaxies
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Elliptical Galaxies
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Irregular
Galaxies
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Barred Spiral Galaxies
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The Coma Cluster of Galaxies







Cosmic Distance Ladder
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Parallax

Baseline
January

July
- Star appears
here in July

~ Star appears
here in January

January
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Thomas T. Arny, Explorations: An introduction to Astronamy, 2nd edition, Copyright © 1998 The McGraw-Hill Companies, Inc. All rights reserved.

Inverse Square Law

36 36
::_g = 36 photons/mz2 22 9 photons/m2 32" 4 photons/m?2

Area = 4r d?
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Variable Star Light Curves

Mira — A long-period variable star
Period

e

Brightness

1970 1980 1990
Time (years)

Cepheid—-A Short-period variable star
3.92 days




/ 4

Mira at minimum - Mira at maximum
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Measuring
Distance to a
Galaxy Using
Cepheid
Variables as
Standard
Candles

Milky Way
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chemical

compositions as well as surface

tempemt:tis

Stars are classified
into spectral types
(subdivisions of the
spectral classes O, B,
A, F, G, K, and M),
based on the major
patterns of spectral
lines 1n their spectra



HOW DO WE MEASURE
DISTANCE?

* Gauging a galaxy’s actual distance 1s
difficult.

* Hubble managed it by observing the
apparent brightness of stars called Cepheid
variables, whose 1ntrinsic brightness 1s
known.



CEPHEID VARIABLES

* The most important variables stars 1n
astronomy

* In 1912 Henrietta Leavitt discovers a
relationship between a cepheids period of
light change with 1ts absolute brightness

» comparing this absolute brightness with its
apparent brightness we can determine 1ts
distance with the inverse square law.



Henrietta Leavitt Calibrates the Stars



Henrietta Swan Leavitt
(1868-1921).

* Working at Harvard College Observatory,
Leavitt precisely calibrated the
photographic magnitudes of 47 stars to
which all other stars could be compared.

* Humanity's understanding of the relative
brightness and variability of stars was
revolutionized by her work .



Leavitt published her findings in 1912 -- in a chart of 25 cepheid periods
and their apparent brightness. Using this, astronomers only needed to
know the period of a cepheid variable to figure out how bright, and
therefore how far away it was. Until then, methods for measuring distance
in space only worked within about 100 light years. With Leavitt's findings
distances of cepheids could be determined up to 10 million light years.
This became the "yardstick to the universe" used by Edwin Hubble and
others to make discoveries that changed our view of our galaxy and the
universe.



This enables astronomers to
determine distances

Astronomers have found that there is a relation between the period
of a Cepheid and its luminosity.

Find the period.

This gives the luminosity(absolute brightness).

Measure the apparent brightness( what we see).

With the inverse square law, determine the distance to the
cepheid using the luminosity and apparent brightness.
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WHAT IS A TYPE 1A
SUPERNOVA?

* Type Ia supernova occur when a white
dwarf, an aging star about the same size of
the earth but with roughly the same mass of
the sun, a million times more dense than
ordinary matter, accumulates too much
matter from a companion star.




& Addison-Wasley Langman




In 1987 a nearby supernova gave us a close-up look at the
death of a massive star. SN 1987A was a supernova in the
Large Magellanic Cloud (a nearby dwarf galaxy). It occurred
approximately 168,000 light-years from the earth






SN 1998M  »=0.63 SN1998] »=0.83
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 Just after a new moon, when the sky 1s dark,
we make 1mages of 50 to 100 patches of
sky, each containing roughly a thousand
distant galaxies. Three weeks later, the
same patches are 1imaged again.



SearCh Strategy Perlmutter et al. {18964)
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EXPANDING AND
ACCELERATING

* The surprising discovery that the universe 1s

accelerating, and thus is likely to go on

forever, 1s based on observations of these
type la supernovae.



18 December 1998

G

Vol. 282 No. 5397
Pages 2141-2336 57

DQE
ERJS%L




radio continuum (2.5 GHz)
o, S e

melecular hydroger

CRRE . .
Lo g
R T g PR, .

il
‘}'

P

}

:
5
i
+
e
o
.
J
=y

NI







Opagque Visible  Infrared  Water and carbon dioxide in

(total “window” “window” | atmosphere block nearly completely
blockage| ;
Ozone and ordinary Radio Electric charges in
{:!Eﬂr ﬂK}"QEn in ﬂtmﬂﬁ-phﬂrﬂ ”windﬂw” UF]'F]Er 'I:ITI"'I'ICIEPI"IE!I'E‘
(no block completely block completely
blockage] 1 1 | 1 | : | | | a | 1 |
Olmm Inm 10nm 100nm lom 10em 1002m 1mm lem 10em Im  10m
X-rays Ultraviolet Infrared Radio
Short wavelengths Wavelength = long wavelengths
X-rays Ultraviolet radiation \ﬂ Satellite above atmosphere
absorbed absorbed by ozone % : to observe infrared, x-ray, Radi
in upper ﬂnggpherE 00 m and uliraviolet radiation WZHI:;

T S —
WS-  E— [ ——
— —_— o o
-
[
| -

Ozone layer Visible light passes

through atmosphere Infrared mostly

absorbed by
water vapor and
carbon dioxide

Optical telescope Radio telescope












roit

unbound o

elliptical orbit




"It's blacle, and it loolks like a hole.
I'd say 1t's a black hole”



spacetime around the Sun today spacetime around the Sun compressed to a white dwarf

—_— —

B Addison-Weslay Longrnan
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2 Addison-Waslay Longman




The Butterfly

-

A Lesson on Evolution
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Stellar Evolution:

The Deaths of Stars
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A planetary nebula A supernova remnant




Expanding shell
of ejected material




In 1987 a nearby supernova gave
us a close-up look at the death of
_amassive star__
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Before the star exploded After the star exploded



Gas ejected
from the

star




2.The star

then ejects
gas fromits
entire surface. g8

Aging star

Gas ejected
Star —O from the
star

1.The star ejects a doughnut-shaped
cloud of gas and dust from its equator.

channels the
ejected gas into
two oppositely

{b) directed streams. (c)




Outer ring

at edge of
swept-up gas
from earlier
mass loss

Inner ring
of swept-up red-
supergiant gas

An explanation of the rings

Supernova
remnant.
A dark, invisible
outer portion
surrounds the
brighter inner
region lit by
radioactive
decay.




SN1987A ~  °

Inner ring,

about1.3ly
(0.4 pc)in

diameter

Supernova 1987A seen in 1996
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Kepler-186 System

Solar System -
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Emission and Absorption of Light

Emitted electromagnetic
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Emission Spectrum of Hydrogen
and Helium
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Types of Spectra

Continuous

Emission line (hydrogen gas)

Absorption line (hydrogen gas)
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THE FATE OF THE COSMOQOS

* Some say the world will end 1n fire,

* Some say 1n ice........

 “Fire and Ice,” Robert Frost, 1923



» After years of observations using telescopes
all around the globe, the international
Supernova Cosmology project led by
astrophysicist Saul Perlmutter has gathered

enough compelling evidence to predict the
fate of the universe.



Our Galaxy was the Universe

* 1917 Einstein and other physicists believed
our own Galaxy was all there was to the
universe

* a uniformly dense collection of stars and
other matter floating in the void

» problem was, Einstein’s new
General Theory of Relativity would not
allow for a static universe






 Cosmolo

Einstein’s fudge factor
-

gical Constant Lamda

» many values of Lamda are allowed

 Einstein picks a value which gives solutions
for a static universe




“matter tells space-time now to curve,

and space-time tells matter how to
move’------ John A. Wheeler

* One of the fundamental 1deas 1n general
relativity 1s that matter and energy act to
curve space-time, 1e they tell the metric
equation how to behave.

* It 1s Einstein’s field equations that describe
this mathematically




An Expanding Universe
—

e Then 1in 1929

 Hubble finds the universe full of countless
galaxies and

* Hubble discovers light from galaxies are
redshifted




Discovery!

Hi z Supernova Team

Supernova Cosmology Project






Indirect Detection
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Galaxy Rotation - Missing Mass
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Cosmic Acceleration
& Dark Energy

Evidence for cosmic acceleration 1s very
solid (meets “Sagan criterion”)

Understanding 1s not

No evidence that dark energy 1s not the
energy of the quantum vacuum

Many important projects underway
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The Composition
Of the Universe

Most of it is invisible.

1% 3%
The visible universe Hot interstellar and
(Stars, planets, dust) |  intergalactic gas
1

74%
Dark energy

Dark matter and dark energy are
similar only in name. Both are
called “"dark"” becaussa their
presence is inferred by the
gravitational behavior of visible
matter. Dark matter encourages
the growth of structure, while
dark energy impedeas structural
formation.
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Einstein recanted too soon.

Observations of distant type Ia supernova
place them significantly farther away than
would be expected from their redshifts.
Something is pushing everything apart
faster than it did in the early universe.

cosmological constant Lamda 1s the best
candidate.

Vacuum energy density.



Startling Discovery Confirmed

* So instead of slowing down, as everyone
has expected, the universe 1s 1n fact
speeding up. This acceleration appears to
be due to the cosmology constant, lamda,
which may represent as much as 70% of the
total mass density of the universe.

* Lamda’s exact nature remains a mystery,
the universe may expand forever!



CoSMiC STUFF

0-5FoSTARS + 33 TDAK MATTRIL + TS

'0-04% oM
i / oSMIC The RAGC&TLoON D

«— 4l 7= KToms

0.02% C,N,D, ...Fe,.. T

0.5 Y% STARS

3.5 % DIFRKE GAS

0.00019’.9 BH',L

4+ 3214 7o ExoTic DA MATER
0.1-59% NeUTuNOS

? AXISNS 7 NRUTRAUNSS

o bbbt 4 7 DALK ENBIG/

7 VoM enNgpnsy

T QUINTESS entE
777

» Qb % |N NEWFORMS
OF MATTER & ENERSY










“It ain’t over till it’s over”




Time dilation

Clocks starting at
12:00 at each point.

After 3 hours (for an

observer far away Clocks closer to the
from the BH): BH run more slowly.

@ Time dilation

becomes infinite at
the event horizon.

Event Horizon



Gravitational Red - Shift

All wavelengths of emissions
from near the event horizon
are stretched (red shifted).

<~ Frequencies are lowered

Event Horizon — @







Vesc
Vesc
Vesc







Hot accretion

disk
Stellar wind 4_\0

Compact
object




THE DISTANCE LADDER

parallax

redshift

Inverse square law
cepheid variables

type la supernova
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STANDARD CANDLES

 these stars can thus be used as “standard
candles” to measure distance, as more
distant cepheids appear dimmer (apparent

brightness), but their period 1s not effected
by their distance.

* Hubble compared the redshift with the
distance and discovered the expansion.




A NEW MILEPOST MARKER

* Scientists figured that over the 12-15 billion
years of the universe, the expansion would
slow down slightly, thanks to the pull of
gravity that every galaxy exerts on each
other. But spotting such a change would
require probing deep into space by looking
at stars glittering billions of light years
away, too far for cepheid to be seen
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Supernova Explosions of Type | and li

Before Collapse Explosion

1.Companion star adds 2.M becomes > 1.4 M . 3.Explodes as a
mass to white dwarf, Type | supernova.

»
& |
hite dwarf  White dwarf collapses, Probably no remnant.
M<14M, heats and. ..

1.lron core collapses. 2.0uter layers fall inward 3.Explodes as a Type Il 4. Black hole

onto core, heat, “bounce,” SUpernova.

and... ®
leaves or

Yy _
§ ¥ . < " -
B @M b T {jﬁ' Neutron star

assive star, perhaps in
red giant stage, with all
fuel consumed in core.




* Type Ia supernova are white dwarfs which
have a companion star and are slurping up
matter from the companion. They become
denser and denser until a runaway
thermonuclear firestorm 1gnites. This
nuclear cataclysm blows the dwarf star
completely apart, spewing out material at
about 10,000 kilometers per second.



SN 1998M  »=0.63 SN1998] »=0.83
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Nova Outburst in a Binary System

Companion star
White dwarf

We see

Hydrogen rich material
from companion,
accreted on white
dwarf.

White
dwarf
explodes
as nova

Companion star We see

l-I“EwH $-tar
Hydrogen rich
material fuses into
helium, exploding,
and blows
accreted material
off white dwarf.
Explosion = Nova
outburst.




SUPERNOVA COSMOLOGY
PROJECT

-

1998 BREAKTHROUGH OF THE
YEAR



: %, ;
This aobserver This observer

sees blueshift sees redshift
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The Expansion of the Universe
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The Origin of the Redshift

As space expands it “stretches”
the light waves moving through it,
increasing their wavelength, A.

g

Short wavelength implies hot. Long wavelength implies cool.




HUBBLE 'S LAW

» He also finds that distant galaxies are
redshifted more than light from the closer
galaxies therefore......

 the universe 1s indeed expanding

» Hubble discovered that the speed of
recession 1s proportional to the distance
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Galaxies Farther Away Recede
Faster Hubble s Law
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EStimﬂtiﬂg the * Other galaxy
Age of the F
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Universe

D=Vt

Therefore, t =

But according
to Hubble Law,

V=DH

Therefore, t = il =

pi
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A Line of Galaxies lllustrating
Hubble’s Law

10 Mpe 20 Mpc 30 Mpe

-, D) D) D)
- - - -
A B C D

750 km/s 1500 km/s 2250 km/s 3000 km/s
> — —> >




A BIG MISTAKE?

» Einstein dismissed his cosmological
constant 1dea as

* “the biggest blunder of my life”






The Nature of the Universe Debate

most believed that the universe was
slowing down, due to gravity acting on
matter in the universe. The question was...

How quickly was 1t slowing down?
What 1s the mass density of the universe?

Enough to reverse the expansion and

eventually end the universe 1n a Big
Crunch?



NEW KIND OF STANDARD CANDLE

* Type la Supernovas

* So for the past 20 years, astronomers have
turned to the brightness of supernovae
which happen nearly the same way each
time. But these massive explosions are rare,
only 2 or 3 erupt in a typical galaxy per
millennium.






How often do Type la supernova
occur?

* Type la supernova are rare, 1n a typical
galaxy they may occur two or three times in
a thousand years- and to be useful they must
be detected while they are still brightening.



CATCH AN EXPLODING
STAR

* Although such stellar explosions 1n our
own galaxy are very rare 1f you could
monitor a few thousand other galaxies you
can expect about one type Ia will appear
every month. Indeed, there are so many
galaxies 1n the universe that somewhere 1n
the sky supernova bright enough to study
are occurring every few seconds.



T'IME AND ABSOLUTE
BRIGHITNESS

* The glow of this expanding fireball takes
about 3 weeks to reach 1ts maximum
brightness and then declines over a period
of months. These supernova vary slightly
in their brilliance, but there 1s a pattern:

bigger, brighter explosions last somewhat
longer than fainter ones.



SUPERB CANDLES

* Type Ia supernova are so similar, whether
nearby or far away, that the time at which
the explosion starts can be determined just
by looking at their spectrum.

» Type Ia Explosions are so bright that for a
few days they can be brighter than the entire
galaxy



COSMOLOGY PROJECT

* So by monitoring how long they last,
astronomers can correct for the difference
and deduce their inherent brightness to
within 12 percent.

* QOver the past few years modern light
detectors have made these flashers the best
calibrated standard candles known to
astronomers.



Astronomers Find a Way

» The deployment of large electronic light
detectors on giant telescopes produce digital
1images of faint objects over sizeable swaths
of the sky. A single exposure from these
new cameras covers an area about as big as
the full moon and creates a picture of 5000
galaxies 1n 10 minutes.
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THE PROCEDURE IS SIMPLE

* Finding distant supernova Ia is just a matter
of taking a picture of the same part of the
sky a few weeks apart and searching for
changes that might be exploding stars.
Because the digital light detectors can count
photons 1n each picture element precisely,
we simply subtract the first image from the
second and look for significant differences
from zero.



WHAT'S THE WEATHER?

* Because we are checking thousands of
galaxies in each pair of images we can be
confident that the search of multiple pairs
will find many supernova-as long as the
weather 1s good.
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Type la Supernovae
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* Then with the help of the Keck Telescope 1n
Hawai1 we confirm the spectrum and
redshift. We then call the Hubble telescope
into action to study the most distant
supernova, giving much more accurate data
than can be achieved from the ground.
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THE UNSEEN_EFFECT OF




Overview

*Definition
*Current Understanding

*Detection Methods

*Cosmological Impact



Definition of Dark Matter

—

Matter that can be seen by its gravitational
effects, but does not emit light.

Dark Matter Not Dark Matter



Hot or Cold?

Dark matter comes 1in two forms:

Hot Dark Matter (HDM)

-very small particles (neutrinos)

-relativistic velocities

Cold Dark Matter (CDM)

-more massive and slower

-able to form smaller structures like galaxies



Baryons vs. Non-Baryons

CDM could be made of two types of matter
Baryons

-Strongly interacting fermions
-’Normal” matter

The most famous baryons are the protons and
neutrons which make up most of the mass of the
visible matter in the universe

Non-Baryons

-Formed during the Big Bang
-Suitable candidate not directly observed (yet)



Baryonic matter is matter composed mostly of baryons (by
mass), which includes atoms of any sort (and thus includes
nearly all matter that we may encounter or experience in
everyday life, including our bodies). Non-baryonic matter,
as implied by the name, is any sort of matter that is not
primarily composed of baryons. This might include such
ordinary matter as neutrinos or free electrons; however, it
may also include exotic species of non-baryonic dark matter,
such as supersymmetric particles, or black holes. The
distinction between baryonic and non-baryonic matter is
Important in cosmology, because Big Bang nucleosynthesis
models set tight constraints on the amount of baryonic matter
present in the early universe.



MACHOQOs

-

MAssive Compact Halo Objects

Brown Dwarfs
*Exist 1n the halo of galaxies

 Attempts to explain Cold
Dark Matter without new
particles




WIMPs

Weakly Interacting Massive Particles

*Undiscovered non-baryonic particle

Interacts only through the weak and gravitational
forces

*High mass corresponds to a lower kinetic energy,
making the particle “cold”



WIMPs

Supersymmetry

*Several candidates for WIMPs are predicted by
supersymmetry

*Neutralinos are the most probable
*non-interacting

*Combination of Z-boson, photon, and Higgs boson
superpartners



Consensus?

*No WIMPs have been directly observed

*Groups studying MACHOs have not found enough objects
to account for the missing mass problem

*Cold Dark Matter probably a mixture of both baryonic and
non-baryonic matter

*We still do not know for sure



Looking for WIMPs

Several groups are currently running experiments to find WIMPs

*Cryogenic Dark Matter Search (CDMS)
*Cryogenically cooled crystals
*DAMA experiment

*Scintillation detectors

Both detect the collision between a WIMP and target nuclei



Universal Composition




Universal Implications

() = Actual Density / Critical Density

ExPAnsION OF THE UNIVERSE
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Universal Overview

*Dark matter slows the universal expansion rate

*Density of dark matter affects the fate of the universe
»ow density leads to accelerating expansion
»High density leads to Big Crunch

*Dark matter density affects the universal geometry
"[.ow density leads to open universe

"High density leads to closed universe



Universal Overview

*Current measurements indicate a flat
universe with accelerating expansion

*The existence of dark matter can explain
these observations

*Detecting dark matter can confirm
measurements
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Tahle 29-1 The Four Forces

Realative Particles Parficles on which
Force slranglh axchanged ihe Torce can act Hamdge Exampla

Strong Gluons Quarks 10~ 13 m Holding nuclei together

Electromagnetic Photons Charged particles Infinite Haolding atoms together

YWeak : Cluarks, elections,
neutrinos

Gravitational 3w Q™3 Gravitons Everything Infinits Holding the salar syslam
together










More than 99% of the energy from such a supernova 1s emitted in the
form of neutrinos from the collapsing core



We live In a universe

‘soverned by physical laws. The universe iss
understandable.

*where the speed of light is finite. We can look back in
time.

that had a beginning about 14 billion years ago.

*illuminated by starlight -- for now.
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Origin of White Dwarf Stars

Outer layers driven off Quter layers become

by radiation pressure planetary nebula-a
Star expands shell of expanding gas.

into red giant as . Shell finally dissipates,

hydrogen in its paving core star.
core is used up.

With no fuel available for
it to burn, core star cools,
becomes a white dwarf.

o Low mass star like the
Sun, burning hydrogen.
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' DARKMATTER  EEE3

How does dark matter interact with ordinary
baryonic matter ? Is it wimpy?
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THE UNIVERSE

YOURS TO DISCOVER

re
'Ah

INTERNATIONAL YEAR OF

ASTRONOMY

2000

The International Year of Astronomy 2009 (IYA2009) is a
global celebration of astronomy and its contributions to
society and culture and marks the 400th anniversary of

the first use of an astronomical telescope by Galileo
Galilei.




We live In a universe

‘soverned by physical laws. The universe iss
understandable.

*where the speed of light is finite. We can look back in
time.

that had a beginning about 14 billion years ago.

*illuminated by starlight -- for now.



that evolves in our galaxy




And about once a year a star 1s born
In our galaxy

(Painting by William |-
Used with permission.)




And about
Every ten years or so, a star runs out of fuel and dies.




dying stars leave behind compact remnants :
white dwarfs, neutron stars, and black holes.

white dwarfs ) neutron stars

black holes



gravity creates illusions

*yet gravity always wins in the end.



where stars form clusters,




galaxie




clusters of




where galaxies collide.




where black holes with masses of billions of suns,
power the central engines of galaxies.

Les Quasars (Quasi Stellar Radio Sotrces)

Quasar QSO 1229+204

. - ‘ E
- 7

Ground Based Hubble Space Telescope
Canada-France-Hawaii Telescope Wide Field Planetary Camera




where once a day a star explodes in a gamma ray
burst, releasing the energy of 1000 suns.




where all heavy elements have been created in
stars.
You are made of "star stuff".




full of debris

-




where life developed at least
once.
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TO BOLDLY GO WHERE
NO MAN HAS GONE
BEFORE

B
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Dr. Jose D’Arruda
University of North Carolina Pembroke
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Gail Graham, 17, Kl]led
In Westport Crash

Sl‘i‘l‘fﬂﬁ'h'}!ﬂf-n‘!‘- Gask= 1. The..car,.. police . said, - was
Graham ol 8 O CGray Siicol was - raveling west on Old Bedford
Kalled rstandy exrly (oagy wien | TaRd at the tume of the accident.

. ol ol e " The wracks indicate Garvin had
alie Wascrushed  Deoh ool U psgble. controlling  the  car
doar anddtraneol G vie o Uil farcand ~ & curve in fhe  road,
»- Bedtord P W -

Policr said Ty

S At agnou . len &)
8 1oval of 1040 veton

_lane, swerved across the rvad
"and continued for another 65 feet
before cracking into the wall,

s The car caromed off the wall,
X ‘e officers report; the door ap-
\ | pareritly opened as- the -car
rocked fo the right, [ifting the
left wheels off the ground.

Girl Pinned

With Miss Graham half out of
~ fhe cat, the rool crashed into (he
© o, slammung the door shut and
LG her 1o the Twisted frame.

Medicall Examiner Dr. Arthur
Tasalle gave the cause of death
&8 a fractored skull

~ stgdenc - ar Diman  Vocational
High School and worked in seve
_eral laundrits here.

Survivors

"~ She_lraves her lather, Fred- |
et 4rtahn

= eeeter
~¥re. IrFene  (Waters)  Graham
Zabawa: three sisters, Mrs, Wil
{red Pobidoux and Misses Pa-
tricia Ruth and  Carol Ann
Graham and her maternal grand-
ol a stone wall and slamming | mother. Mrs. Rose Waters, all of
into a tree just east of Bread | yhis city; a great-uncle, six

GAIL R. GRAHAM

and Cheese Brook uncles, an aunt and a nephew.
Driver Hurt The funeral will be held Tues-
The driver of the car. Leo  day morning from the Lynch |

Garvin. 28, of 17! Co Funeral Home, 513 Pine Street,
s in fair condilion on | with a solempn hgh mass of
pital today. He suffered a frac- | requiem at 9 in Sacred Heart
tured wrist, head wpunies and  Church.

face ruts. He cramled «
wreck and went for help _rick's Cemetery.

Youths’ Rocket Blast
Shakes Wide Area

An attempt to launch a home- | Avenue when the explosion |
made "Sputiik™ BY Several Fall T iw k"T@ Crutser AT, i
River juvenies resulted in an Soares Said he looked over to

explosion which hionok the  the riverbank and saw "‘a large

~~gkidded 105 feet along the right |.%:

] S T

JERSEY SHORE, Pa., (AP)= |

Teéen members of a family, ine
cluding eight childrern; burned. (o
death early today ifi & @XplOSIOR

and fire which flaghed trrough’ i

their two story pine tmber
home -

A neighbar sad He saw v
farmily. of  Toramee Flooks 3
yeargll track dmver,

utoa seeond Story wamiow durs

ing the hemhe of the Blazegs
tried 1o ot upea Paddet

wo-Story

B Family of Ter
As Flames De

“That’s B0 We s

threnm

=

WHERE 10 DIED IN FLAMES: Torance Flook, 34, his eight children and their maternal grlnd- .
mother, Mrs. Mavde Blaire, 63, died when fire deﬂmyed this frame house just outside the borough
or Jersey Shore today.

rH.ungary Must Lana Turner’s Daugh‘ter
Stabs Mother’s Suitor

| HOLLYWOOD, Cali.,

STALINVAROS, Hungary (AP) | Lana Turner's preity teen-age

| daughter stabbed an underworld |

| boy friend of the movie queen to |
death with an eight-inch carving

| km’fz- last night because she be- |

|
L ol the Interment will be in St. Pat- |

reluctant to leave the police sta- r

—Soviet Premier Nikita Khrush- “I wanted to spend the night

 chev warned Hungarian Com-
| munists today that if a new re-

| volt com_es they must not depend She returned to her home with

Geisler- and Stephen Crane, her
mmr'r""ﬁu?hﬂﬂ'_'unﬁ'_('ﬁi'rﬁ“"
! Lana alsg has been mar-

“ —zerg hour f{or his 151
of 20,000 in 1h|§ steel mill town

by the Communists a

Rehels Delay &ttael\s '_

HAVANA, [(INS) — Tﬂnx:u'n ¢

mounted toward a fever pitch in
Cuba today as the deadline
| passed for the outbreak of total
| rebel warfare to overthrow Presi
dent_Fuigencio Batista

An uncasy calm prevailed in
Havana where reinforced troops
were on the alert to ¢rush any
attacks on the heart of the gov-

| ernment. The seething capilal,
almost deserted by lourisis, was
t-swrpt by all kinds of rumors.

It was believed likely, how-
ever. that insurgent chiet Fidel
Castro would not signal any all-
out assault until Monday, follow-
ing the end of Holy Week obsery-
ances i Roman Catholic Cuba.

Zero Hour

Castro had set midnight as the
nth_guee-
tisla’s re

rilla batile against §

- Orenta Provinee

desert by April 5 and
Insurgents, He dec
olutionary general sliri
be called at the “opportun
Lume

Rausta retaliated h 18su

arms to i
them 1o Kill an wha ure
tthem to 5 it

questions asked
Castr W s
snow halled  sinee

cadre in Decenth
he can throw 50,000 Cubans 1t
the frght ALAInst Ratist.
27.000-man armed forces

The rebel  leader  yesterd
spurned an eleventh-hour goves
ment amnesty offer. Less th
24 hours after the olive

was held oat. the srmy

L a_new wave of violenee &



Youths Rocket Blast
Shakes Wide Area

An attempt to launch a home-

“made “Sputnik™ By several Fall T3

River juveniles resulted in an

explosion. which  thook  the '
Brighiman Stresr -oction ol
Somerset about 8:70 aw might,

Newly appointed Somerset Po-
lice Chief Jobhn ©
the attempt wis made by
or s:x” Fall River youths near
the —-shoralipa . on
Avenue, opposite the Stop and
Shop market,

The blast, which was heard as
far as the high school, about a
mile and a hall away. altracted
hundreds of persons (o the scene

and caused traffic to come to a |

“standstil **

Chiel Scares said he
frolman Roland Hivaid
traveling

Sunny Skies
For Easter

were

The weatherman piomises
‘sunny skies and balmy Spring
breezes tomorrow  for area
Christians who, with Christians |
throug the world. will unite
Ior the joyous Easter celebra-
Lon,

Traditional religious and family
observances will have the Biess
ings of Old Sol if the weatherman
is right.

The scores who will attend

funnise services are promused a -

braunfu!&da“n Hundreds of
offiers will attend | special masses
and snr\'ﬁ*&- Ihmu, hout  area
‘churches . _:v
Sungy hrldg b

SUALter charch paraders” will
have no fear of unexpectod shows
€rs and may “paradc’ to their
hearts ‘contéHt in  their  new
Spring finery.

Soares’ said |
‘three !

- of the youth, but spolted him on |.

iverside |
sl et sl

! Avenue when the explosion

W‘tm
Soares aid he looked over to |

cloud 1 smoke,”” which Patro
man Rivard said resembled a
mushroom.

Rwvard drove the cruiser to-
ward the nriver and Soares
~ walked toward the bridge. The

- run up the riverbank.
River Plunge

! The boy, he said, “took off”

when he saw him and in running
* down toward the river, fell into
| the water,.
The chiel said the juvenile
. then jumped to his leet and be-

the Brightman Street Bridge
about 15 minutes later with two
other *'future scientists.”
The youth, Soares said, -was
“'soaking wet.”
More Questions
The chief took the boy home
. 1o change his clothing and told
. the youth's parents to bring him
to the Somerset police station to-
day for further questioning.
Soares said he would question
the boy concerning what was
used in the "bomb,"” and to make
sure-that a similar thing does
not happen again,
The chiel said such
| ments”
injury, .
Almost  all ! shoppers in the
store across the street rushed
out when the explosion occurred.
Investigating in addition to

Soares and Rivard were Consta-
bles Herbert Menezes and Jo-
| seph Bouchard.

Badly Burned
In Explosion

"expe[i-
could result in serious

} A laboratory technician experi-

menting with a chemical mixture

,nL

the riverbank and saw “'a Iarg'e i
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An attempt to launch a home- !

made "Sputnik™ By <everal Fall T ! Avenue when the explosion

River juvemies resulted in an || 8 s | | SO |
explosion  which  :hook  the ' = Soares 3aid he looked over to
Reighiman  Street  -oction  of | the riverbank and saw ‘‘a large |

" % R R cioud f smoke,” which Patrol-
Somerset about 8:30 last saght, man: Rivard: said rebembled

Newly appointed Somiersel Po- | jnushroom.
lice Chief Jobn O Soares said | Rward drove the cruiser to-
the attempt wis made by "three ' " ward the river and Soares
or ::X " Fall River youths near | walked toward the bridge. The
the ——shorakne——on Jlierside—f+-chiel sud he then saw a2 youth |

Avenue, te the St and . Tun up the riverbank.
< il River Plunge

Shop market. t
The boy, he said, “took off"
The biast, which was heard as | & when he :lw him and in running

far as the hlnh school, about a " down toward the river, fell into
mile and a half away. attracted ' | the water.-

hundreds of persons 1o the scene || The chie! said the juvenile
and caused traffic to come to a I ' then jumped to his feet and be-
"standstiil " : :

P e o e 20 _'nfthe:,rnuh hut:potledhimun
'n'llt'f Scares ':H:nd [ md F,;-“:l- the Brlght_mun Street .Brldgﬂ
) Baland 1 - . about 15 minutes later with two
I-"I'Irl.n vHan LJ'Ld;Jri were il other **future scientists. "’
raveling south on Riverside .| The youth, Soares said, -was

! ""enaking wet "



- SOARKINg wel.

More Questions
The chiel took the boy home

1o change his clothing and told

. the youth's parents to bring him

to the Somerset police station to-

day for further questioning.
Soares said he would question

the boy concerning what was

used in the “bomb.” and to make

- ments’ could result in serious .

sure - that a similar thing does

not happen again, [
The chiel said such *‘experi-

injury., .

Almost all ' shoppers in the
store across the street rushed
out when the explosion occurred.

Investigating in addition to
Soares and Rivard were Consta-

 bles Herbert Menezes and Jo-

- seph Bouchard,
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The Hubble Deep Field
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Mira — A long period variable star Cepheid — A short period variable star

Period ~ 3.5 days
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