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Vincenzo & Guilia Galilei

Born in Pisa, Feb. 15, 1564
Oldest of six kids (four survived)
Baptized in Cathedral of Pisa




Santa Maria di Vallombrosa (monastery)
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Pendulum Motion
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1592 — University of Padua




Hydrostatic Balance




The “Sector”
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Hans Lippershey (1570-1619)
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A quick review . ...

* Heavens are perfect

e Earth is fixed,
doesn’t move

 Circles are perfect

* Uniform circular
motion

* Use of epicycles to
explain “retrograde”
motion

Center of
eccentric

Deferent



Geocentric problems

* Planets “orbit” imaginary points. Why?

* Why to closer planets always stay near the Sun? What confines them
there?

* More distant planets only retrograde when opposite the Sun from
Earth.

 What the hell is an “equant?”
e Is it truly Geocentric now?
* However . ... Is this a good “scientific theory?”



Planetary configurations

Angle of 48°
at maximum




Nicholas Copernicus

Polish doctor

Found it “pleasing” that the
Earth might orbit the Sun

Heliocentric idea
Feared criticism

Still used perfect circles for
orbits




De Revolutionibus, 1543

————————




Galileo’s “Optik Tube” (1609)
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“Sidereus Nuncius” (Mar. 1610)
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Jupiter’s Moons
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Saturn has “ears”

e

“smaismrmilmepoetaleumibunenugttausras”






How do you “look” at the Sun?










December 1615 — Heads to Rome










Cardinal Bellarmine
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Pope Urban VIII
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Doue ne i congreflidi quattro giornate {i difcorre
{opraidue

MASSIMI SISTEMI DEL MONDO
TOLEMAICO, E COPERNICANO;
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“Discourse and
Mathematical
Demonstrations
Relating to Two New
Sciences”
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MATEMATI CH E,
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Arttencnti alla
Mecanica & 1 MovimenTr LocaLy

del Signor
CGALILEO GAEILEI LINCEO,

Filofofo ¢ Matematico primario del Sereniflimo
Grand Duca di Tofcana.

Con wna Appendice delcentrodi gnmit& d’alewuni Solids.

IN LEIDA,
Apprcﬂb gli Elfevirii. M. D. C. XXXVIIL.







Died:
January 8,
1642
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Top 10 National Apologies

m 45 W Tweet 0

MEA MAXIMA CULPA

The Galileo Case

His only crime was to claim that planet Earth revolved
around the Sun. That was enough cause for the Catholic
Church to persecute Galileo. The Vatican condemned Galileo
in 1633 for his putatively subversive views, and threatened
the scientist with a burning at the stake. Galileo took back his
statement, but still lived under house arrest for the rest of his
life. It took 359 vears and the leadership of Pope John Paul II
(left) to recognize the wrong. On October 31, 1992, he
formally apologized for the "Galileo Case" in the first of many

famous apologies during his papacy.
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The “nasty five-letter word”



* Magnification — "making things larger”
* Light Gathering — “collecting more light than your eye.”
Depends on “aperture,” or diameter of light collector.

* Resolving — “the ability to see fine detail.” Depends on
guality, aperture & sky conditions. Measured in arc
seconds.



A little diddy . . .bout
Jack & Diane. . ..



Follow this ... ..

Diane . .. 2" telescope, 7x
2" is 8x larger than eye (1/4")
Think “areas” 8 x 8 = 64x more light

Magnify 7x, spread out light 7 x 7 = 49x
64/49 = 1.3x brighter




Follow this ... ..

e Jack... 3" telescope, 500x
» 3”is 12x larger than eye (1/4")
 Think “areas” 12 x 12 = 144x more light
* Magnify 500x, spread out light
500 x 500 = 250,000x

* 144/500,000 = 0.0003x brighter
(3500x fainter!)




Collect Light



Light from
a Distant Object
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“Objective” — whatever is doing the collecting (lens or mirror)
“Aperture” — diameter of whatever is collecting the light (lens or mirror)
“Focal Point” — the spot where the light comes to a focus, the light rays
come together.
“Focal length” — the distance from the lens (or mirror) to the focal point.
“Eyepiece” — what you look into. This does the magnifying. You can
change eyepieces and change the magnification.



Focal length of objective
Focal length of eyepiece

Magnification =




The Refractor

870
courfesy of
David Batchelor

‘ Princile of Xlracting telescope




Binoculars
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Refractor problems

> o Crown Glass




|saac to the rescue!
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S0 . . . what’s wrong with this?


https://www.youtube.com/watch?v=tgbTk6N5kwM

- 200- mch M. Palomar




‘Folded Telescopes” (Cassegrains)
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John Dobson




eck 10-meter




Great Paris Exhibition
Telescope
(lens at the same scale)
Paris, France (1900)

Yerkes O bservatory Large Sky Area

lens Eiglwéirfc:ﬁéogc ale) B Object Flher
d d [ ] H
Williams Bay, Sp—%‘ig;:ﬁ?g € Gra

o RRLTN o
A ) : Keck Telescope
Wisconsin (1893) Hebei, China Canarias Mauna Kea, Hawaii
- (2009) Canary |Sands. (1993/1096)

w \ Spain (2007)
Hooker -
(100") Hale (200")
Mt Wilson, Mt Palomar,
Califomnia C'{cl]!rrr?{g}ld . _ ) ,
0 A _ .
(19208 3._ ' Gemini North _ Subaru . \
> Mauna Kea, Telescope " Thr(ﬂy ll\‘_|leter 'I{'ta-,e:sct:ui:g02?r
Hawaii (1999) Mauna Kea, auna Kea, Hawaii (plannec )
Hobby-Eberly Southern African e ) Ha;,raji-l{lggg} auna fea, Hawall {pia
N Telescope Large Telescope
(1979-1998) (1999-) " Davis Sl.Jﬂ1Ie1a|1ci_.
Multi Mirror Telescope ountains, outh Africa
Mount Hopkins, Arizona Texas (1996) (2005)

Gemini South
Cerro Pachdn,
Chile (2000)
BTA-6 (Large
Altazimuth Telescope)
Zelenchl_llf..slcv_. Russia .
(1975) Large Binocular Telescope
Mount Graham,
Arizona (2005) Large Synoptic
Survey Telescope
Large Zenith Telescope El Pefion, Chile
Bn‘u%h Columbia, Canada (planned 2020}
(2003)

—-— — .
Gaia Kepler
Earth-Sun L2 point Earth-trailing
(2014) solar orbit \
(2009) p European Extremely _
y X : / ' Large Telescope "L'é'gf;
(e ] Very Large Telescope _ cﬁﬁé'ﬁjé'mgf 2022)  same scale
Cemo Paranal, Chile ; 5 ' 4
Hubble Space (1998-2000) : 10m
James Webb Telescope ) i (e

; 5 T - 2 T-t
Space Telescope Low Earth
Earth-Sun L2 point Orbit .
(planned 2018) (1990)

Magellan Telescopes  Giant Magellan Telescope
as Campanas, Las Campanas Observatory,
Chile {2000/2002) Chile (planned 2020)

Overwhelmingly Large Telescope
(cancelled)

Tennis court at the same scale e same scale Basketball court at the same scale



Canary Islands — 10.4 meters







The “ELT”







START A
HOBBY THE
AFFORDABLE WAY

A. JASON® TELESCOPE. For the stargazer or

young astronomer—an educational aid that's thoroughly
enjoyed by the entire family. Features 31 to 525 power,
700mm focal length, 3.0 x Barlow iens, 5 x 24 finderscope.

With 4mm, 12.5mm and 22mm lenses plus 60mm objecti* e
lens. Complete with wood tripod. Assembly required. Lim ted
watanty. Imported. (A)

J5037 $139.99* 12.99 per month*

B. SEARCH MASTER ™ METAL DECTECTOR. Both the 2ma
and the professional treasure hunter will strike it rich. Featu. -

- transmit-er/receiver with very low frequency circuitry and ex- L
ground cancel-control for full-depth penetration and effective
Tune it to find all metals or to reject foils, nails, bottle caps, anZ
other decoys. Will find single coins up to 10" deep, larger obje:
to 5’ deep. Offers 2" cleartone loudspeaker. Uses two 9V batter
(included). Made in USA. (A}

F9656 $159.99* 11.89 per month*




A fun, educatinal hobby! 5x24 'wum*f*u i 1o narrow down
ihe field. Diagona! dome and arcess Y .zay inciuded. Coines
with EZ Cosmos software that’s like naving an astrofogi- Al
encyclopedia on disk. It I be your tour guide through the
neavens. (6330)




. BUSHNELL . _
525 telescode. Magnifies
up to 525 times. Ne. 78-9525.

= 375 power, Sale $49 no.72.9375 ¥
-m 600 power, sale $99 no.78.9500.
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NOTICE!!

Super-Powerful 100-BILLION MILES -

DEEP SPACES
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CHAMPAIGN; K *
URBANA \ * 2

CU Astronomical Society A

ASTRONOMICAL
SOCIETY

Began at the Champaign Park District in 1986 (Halley’s Comet)
Built an observatory southwest of town in 1992 & 2017
Currently 60 members

Outreach to the community (“Market at the Square,” public open
houses, observing In the parks & preserves, dome open houses,
etc) I |




Q: Is the Hubble Space Telescope the largest telescope?

A: NO! 94-inch
primary mirror

Q:...So..What
makes Hubble so
good?

A: Two things:
1) “Windows”
2) “Seeing”




“Star twinkling” ("Seeing”)
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