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Welcome to the Scottish
Solar System!

2009 is International Year of
Astronomy.

Astronomers at Glasgow University
and Glasgow Science Centre are
teaming up to promote an exciting
programme of public astronomy
events throughout Scotland.

Working closely with the Dark Sky
Scotland project, and with
astronomy groups and societies
across the country, we are
coordinating a range of events for
schools and the public during
Spring Moonwatch Week: March
28th - April 4th 2009.

From dark sky abserving to public lectures and exhibitions, our activities will offer
something for everyone, and together will create our very own scale model of the

Solar System!

With Glasgow Science Centre representing the Sun, astronomy events will take
place on ‘planets’, 'moons’ and 'asteroids’ all across the country - from Shetland to

Stranraer.

Click on our map to find events in your area

THE
SOLAR SYSTEM

Upcoming events

IYAZ009 discussion
forum

IYAZ003 nevsletter

INFORMATION ABOUT

Getting started with
astronomy

Scottish astronomy
groups and societies

Astronomy projects for
schools

Astronomy on the web

EXTERNAL LINKS

Or why not organise your own events for International Year of Astronomy 2009?

http://www.scottishsolarsystem.org.uk

University
of Glasgow

glasgow, = >
science|Y
centreL\)






Early Greek Astronomy

The Greeks inherited ideas from Babylonia and Egypt, but
approached astronomy in a scientific way

Aristotle (384 — 322 BC):

Universe divided into two parts:

Corrupt, changeable Earth

Perfect, immutable heavens




Early Greek Astronomy

The Greeks inherited ideas from Babylonia and Egypt, but
approached astronomy in a scientific way

Aristotle (384 — 322 BC):

Universe Geocentric — Earth
Immobile at the centre

56 crystalline spheres: lowest
sphere, the Moon, boundary
between imperfection and
perfection




Early Greek Astronomy

Heliocentric model of Aristarchus (310 — 230 BC):
from eclipse geometry, Sun much larger than the Earth

Idea not widely accepted — no stellar parallax shift
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\SW. Earth In January

YView {rean the Earth in Jonuary

Nearby stars do show an annual
parallax shift, but it is tiny!

First detected only in the mid 19t
Century

Yiew frosm the Earth in Juby



YView {rean the Earth in Jonuary

Even the nearest star shows

a parallax shift of only
1/2000" the width of the full
Moon

Yiew frosm the Earth in Juby



Early Greek Astronomy

With increasingly accurate observations,
Aristotle’s model was found to be inaccurate

* s

Hipparchus placed
the Earth off-centre

His model still ERSS ==
couldn’t explain X -
Retrograde motion
of the planets

MR = —

~Hipparchus | (G










The Ptolemaic Universe

The Ptolemaic model could
explain planetary motions —
Including retrograde loops

Used a system
of Epicycles




The Ptolemaic Universe

Planet
Epicycle :
Earth A
Defarent

Sphere
of fixed

Moon







The Ptolemaic Universe

One could adjust size and
speed of epicycles to
match observations. (Also
placed Earth slightly off
centre). He published his
model around 140 AD In
The Almagest

Not very elegant, but
successful at predicting
the positions of the Sun,
Moon and planets






The Ptolemaic Universe

Planet
Epicycle :
Earth A
Defarent

Sphere
of fixed

Moon
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Author of ‘The Sphere’, standard
textbook on spherical trigonometry

John of Holywood (c. 1200)
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Nicolaus

Copernicus
1473 — 1543 AD
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“In the true centre of everything
resides the Sun”

De Revolutionibus Orbis (1543)



The Copernican Revolution

Simpler, more
elegant explanation
of retrograde
motion

Earth ‘overtakes’
e.g. Mars




The Copernican Revolution

Simpler explanation why Venus and
Mercury appear close to the Sun

Moon







Tycho’s Star and Tycho's Universe

Reknowned Danish astronomer,
excellent naked-eye observer

Tycho Brahe (1546-1601)
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Reknowned Danish astronomer,
excellent naked-eye observer




Tycho’s Star and Tycho's Universe

Tycho Brahe (1546-1601)

Reknowned Danish astronomer,

excellent naked-eye observer

Discovered a

‘new star’
in 1572
(a supernova)

™~




Tycho's Star and Tycho's Universe

Reknowned Danish astronomer,
excellent naked-eye observer

™~

Discovered a
‘new star’

in 1572

(a supernova)

Tycho Brahe (1546-1601)



Tycho’s Star and Tycho's Universe

Reknowned Danish astronomer,
excellent naked-eye observer

™

Discovered a
‘new star’

in 1572

(a supernova)

Aristotelian View:

New star closer than the Moon —
Tycho Brahe (1546-1601) part of the ‘imperfect’ sphere

BUT no measured parallax shift



Tycho’s Star

If Tycho’s star were so close, then it would appear to
change positiont against the background of distant stars

through the gourse of the night



Tycho’s Star

If Tycho’s star were so close, then it would appear to
change positiont against the background of distant stars

through the gourse of the night



Tycho’s Star

If Tycho’s star were so close, then it would appear to
change positiont against the background of distant stars

through the gourse of the night

Tycho Brahe observed NO parallax shi



Tycho’s Star and Tycho's Universe

Aristotelian view
challenged

Tycho also realised
flaws of Ptolemaic
(geocentric) model —
proposed a ‘hybrid’
(Tychonic) model:

Sun and Moon orbit the
Earth; other planets
orbit the Sun




Galileo Galilel
Born 15" February 1564, in Pisa

1589 appointed to the Chair of
Mathematics at Pisa

1592 moved to Padova, teaching
geometry, mechanics and
astronomy until 1610



Kepler's Laws of Planetary Motion

Johannes Kepler (1571-1630): German mathematician and
astronomer

Strong advocate of Copernican
Model




Kepler's Laws of Planetary Motion

Johannes Kepler (1571-1630): German mathematician and

astronomer

Strong advocate of Copernican
Model

1596: published Mysterium
Cosmographicum — sizes of planet
orbits determined by 5 regular
solids of geometry?

Attempt to recapture
Pythagoras’ “Harmony of the
Spheres”
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Kepler's Laws of Planetary Motion

Johannes Kepler (1571-1630): German mathematician and
astronomer
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Strong advocate of Copernican
Model

In 1601, replaced Tycho Brahe

as mathematician to Emperor
Rudolph Il —inherited Tycho’s
planetary data, but couldn’t make

his model work

Kepler abandoned 2000-
year-old belief in circular,
uniform orbits




Kepler's Laws of Planetary Motion

Circle Ellipse




Kepler's Laws of Planetary Motion

1) Planets orbit the Sun in an
ellipse with the Sun at one focus

2) During a planet’s orbit around
the Sun, equal areas are swept
out in equal times

3) The square of a planet’s orbital .
period Is proportional to the
cube of its mean distance from
the Sun

Kepler’s Laws, published 1609, 1619



The Spectacle Vendor by Johannes Stradanus, 1582



Hans Lippershey’s 1608 patent of a device for
"seeing faraway things as though nearby."
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The Observations of Galileo

Galileo Galilel:
(1564 — 1642)




— -

SIDERE VS

oY NI WS
- MAOKA, LONGE '|.'£ AGMHIEAEILIA
511-5:..:..:-;--&# Tl Htalides) i cp-tmimn

AET prﬁnﬂlnl.'l.ﬂ:-
FHILoForarS, g SFIFRONOMPE, !.rJ

CALILEO Gq‘"n.LILED
FATREITIO  FLORENTING
i3 CGyrarat | Fellon Madaadi ko

PERFPFICILLI
- 7 Beliton st o™ =l i PRl TN PRI
H:r_ r'.l.l_rr_rg'lTl Sl ST E G TARTFOR, ITFLE] r-.-,;:r.lrJ.n-.:.r.ni
o il R
¥YATY (K 'I'L|'I.HF"'I'I$

Copa TPV LY -|'-:!-r-|:u1
il B |r|-:: E‘“ I;l.-;:-. J.I'..l'..l-i-,-n:

SO oHE e P e A Eior e

oy 0o ]

MEDICEASIDER A

) :'-!i."..". i"nl."- I}I!II-F [II-.EH |.'I"-'I]'

ﬂ@ilﬁ-‘lﬂil Firenze

Y ENET S _H-u-:lﬁ-:nmhﬂ-ﬂ-— M R

The " Starry Messenger

Published in 1610
 Observations of the Moon

Observations of the Milky
Way

Discovery of the Moons of
Jupiter

* The nature of the planets
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The " Starry Messenger

Published in 1610
 Observations of the Moon

Observations of the Milky
Way

Discovery of the Moons of
Jupiter

* The nature of the planets



The Observations of Galileo

Galileo Galilei:

(1564

1642)
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The " Starry Messenger

Published in 1610
 Observations of the Moon

Observations of the Milky
Way

Discovery of the Moons of
Jupiter

* The nature of the planets



*
*
b *
A
%# ¥ 231;-
*
*
o+
* K x%x ¥ ISI *
*
X

The Pleiades



@ ROE/AAO-




SIDERIEVS

NV N
MAGHA, LONGEQVE ADMIRAEILIA
bﬂ&u:d pudu FagieHislidps pisgranma
xxxxxx et v
P LOTOr .-r.r , alf AETRENOMPE, grrd

GALILED GALILEQ
FATRITIO FLOREMNTLINGD
Paraaies Gyvaraly Peblioo Madwaaika
I-'I‘ERS]"H SILLT

A, s 19

q?'n-.:.r'. -:|u |-| n.afl Ti®
l:l.wll.i' -\f‘ e e Lty maradia, L. iy, o
=

bl L S el 8 ot ke
MEDICEA SIDER A

-5-. N1 :— r\-'-| --r.i "\. -
H'lll:'.?ﬂ."‘-[!'ﬂ.'l-! DE Cll\'IT
i

ek DIMSS.- Firenze

=

have observed the nature and the material of the
Milky Way. With the aid of the telescope this has been
scrutinized so directly and with such ocular certainty
that all the disputes which have vexed philosophers
through so many ages have been resolved, and we are at
last freed from wordy debates about it.

The galaxy is, in fact, nothing but a collection of
Innumerable stars grouped together in clusters. Upon
whatever part of it the telescope iIs directed, a vast
crowd of stars Is immediately presented to view. Many
of them are rather large and quite bright, while the
number of smaller ones is quite beyond calculation.”

from The Starry Messenger (1610)
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The " Starry Messenger

Published in 1610
 Observations of the Moon

Observations of the Milky
Way

Discovery of the Moons of
Jupiter

* The nature of the planets



The moons of Jupiter
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The " Starry Messenger

Published in 1610
 Observations of the Moon

Observations of the Milky
Way

Discovery of the Moons of
Jupiter

* The nature of the planets



Measuring stellar brightnesses

Hipparchus (160-127 BC) introduced a system of
Magnitudes — scale of six classes:

Brightest stars = 15t Magnitude

{

Faintest stars = 61" Magnitude

(same as golf handicaps!)

Since Hipparchus’ day,

7,

I!}

AR { \ T :
;5 Ry £ i

A R

=& Hipparchus

magnitude system extended and refined
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Phases of the Moon

The Moon orbits the Earth once per month.

It doesn’t shine itself, but reflects light from the
Sun. This is why the Moon shows Phases

Sunlight




Phases of the Moon:

New Moon, through
Waxing Crescent, to First
Quarter

1st
Waxing Quarter Waxing

Gibbous Crescent
— L
o % —e_

Sunlight

® - k) Earth | '
. . }_ re

‘i'l.'-n'ung W-nnnq
Gibbous Crescent

. u 1rti=-r (




Phases of the Moon:

First Quarter, through
Waxing Gibbous, to Full
Moon

st
Quarter

Sunlight
Waxing Waxing

Gibbous Crescant
o r—a

) R : . .} New |
""---...1:::j_____{-}_____;;}.---""

Waning i Waning
Gibbkous 2 rd Crescent

Quarter (




Phases of the Moon:

Full Moon, through Waning
Gibbous, to Third Quarter

P
o ) Sunlight

Cuarter

Waxing Waxing

Gibbous Crescant
P

|::'. New | |

Waning Waning
Gibbkous Tn Crescent

C




Phases of the Moon:

Third Quarter, through
Waning Crescent to New

Moon

15t
Waxing Quarter Waxing

Gibbous Crescent
— S
o

. Full .:’ SR _ . _-'.H---.'-.

- —0— 2

Waning

|b|::= [T Crescent
. u 1| 'r--r (

Sunlight










Galileo also observed the phases of Venus

Earth-centred Sun-centred

\ 1Gen1'ter ofi .7
4 epicycle :




The Observations of Galileo

Clear evidence
that the Earth
went round the
Sun, and not the
other way round



DIALD(I)GO

GALILEO GALILEI LINCEO
MATEMATICO SOPRAORDINARIO
DELLO STVDIO DI PISA.

E Filofofo, ¢ Matematico primario del
SERENISSIMO

GR.DVCADITOSCANA.

Doue ne i congreflidi quattro giornate fi difcorre
opraidue

MASSIMI SISTEMI DEL. MONDQ
TOLEMAICO, E COPERNICANO;

Proponendo indeterminatamente le ragioni Filofofiche, e Natural;
tanto per l'vna , quanto per Ualtra parte .

CON PRI

CON LICENZA DE' SYPERIORI,






How do things move?....

. - A 4
R, L

Aristotle’s Theory:

Galileo’s Experiment:

1. Objects move only as
long as we apply a
force to them

1. Objects keep moving
after we stop applying a
force (if no friction)

2. Falling bodies fall at 2. Falling bodies
a constant rate accelerate as they fall
3. Heavy bodies fall 3. Heavy bodies fall at the

faster than light ones same rate as light ones
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Aristotle’s Theory: Galileo’s Experiment:

1. Objects move only as 1. Objects keep moving
long as we apply a after we stop applying a
force to them force (if no friction)

2. Falling bodies fall at 2. Falling bodies
a constant rate accelerate as they fall

3. Heavy bodies fall 3. Heavy bodies fall at the

faster than light ones same rate as light ones
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Gravity Discovery Centre

http://www.gdc.asn.au



Apollo 15 astronaut David Scott
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