_ ~ Chapter 2 |
o Dis_covering the Universe for YQurself. .

We had the sky, up there, all speckled with

stars, and we used to lay on our backs and

look up at them, and discuss about whether
they was made, or only just happened.

Mark Twain (1835 — 1910) |
American author, from Huckleberry Finn



2.1 Patterns 1n the Night Sky

Our goals for learning:

« What are constellations?
 How do we locate objects 1n the sky?

* Why do stars rise and set?

 Why don’t we see the same constellations
throughout the year?
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What are constellations?

A constellation 1s a
region of the sky.

s s, Orion
; jangle TR
Frncyml 3 i .Tw'." ter_TT_‘!“q i Be__térgeuse AT
Canis Minur : |
88 constellations « Monocerss’

fill the entire sky. WA L

/'Canis Major

Eiriua__v.-' . »
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The Celestial Sphere

north celestial
pole
Stars actually lie at

different distances;
0 arrows indicate
w0~ where they appear
v 235 | to be located on the
——  celestial sphere.

south celestial
pole
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The Celestial Sphere

north
celestial
pole
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The Milky Way

A band of light
making a circle around
the celestial sphere.

What 1s 1t?
Our view 1nto the
plane of our galaxy.
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How do we locate objects 1n the sky?

(1) Know your reference points.
(2) Locate an object by its altitude (above
horizon) and direction (along horizon)

zenith
(altitude = 90° )

altitude = 60°
direction = SE

meridian

horizon
(altitude = 0° )

—— — —
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We measure the sky in angles...

Stretch out your arm
as shown here.
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Angle measurements:

e Full circle = 360°

1° = 60" (arcminutes)

1"= 60" (arcseconds)

Mot to scale!
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Why do stars rise and set?

north celestial pole

|
T

north pole
= E'Eﬂﬂl (=T uatﬂr

Earth rotates east to west, so
stars appear to circle from

west to east.
SR

south celestial pole
Copyright © Addison Weslay
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Our view from Earth:

Stars near the north celestial pole are circumpolar and
never set.

We cannot see stars near the south celestial pole.

All other stars (and Sun, Moon, planets) rise in east and
set 1n west.

north celestial pole
|
This star is »—— 2 zenith
circumpolar i
and is always

visible. ‘

Celestial Equator
_.,_a-t—")

This star is h
never seen. ~ - \
Y our horizon

south celestial pole

{(a) Northern Hemisphere
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Thought Question
What 1s the arrow pointing to?
A. the zenith
B. the north celestial pole
C. the celestial equator

7
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What 1s the arrow pointing to?
A. the zenith

B. the north celestial pole

C. the celestial equator
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Why don’t we see the same
constellations throughout the year?

Depends on whether you stay home:
Constellations vary with latitude.

Depends on time of year: Constellations vary as
Earth orbits the Sun.
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Review: Coordinates on the Earth

 Latitude: position north or south of equator

* Longitude: position east or west of prime meridian
(runs through Greenwich, England)

Greenwich Rome:
latitude = 42° N
longitude = 12" E

line of L _\\0/ 2
longitude ‘ meridian

lina of

y Miami:
latitude = 26° N
longitude = 80° W
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The sky varies with latitude but not longitude.

‘up” (zenith)
north celestial pole north celestial pole

- ~
i (tup!l
(zenith)

34

south celestial pole ,
P south celestial pole
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altitude of the celestial pole = your latitude

Eelpeel position after ..
Little Dipper 6 hours *N,

south
celestial pole

-

17> pointer stars
. Southern ¢ *

ot
Cross «*

position after o
6 hours

| 2

looking northward Interactive Figure locking southward

X
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The sky varies as Earth orbits the Sun

* As the Earth orbits the Sun, the Sun appears to move eastward
along the ecliptic.

* At midnight, the stars on our meridian are opposite the Sun the

_ Aries Pisces
: Aguarus
Mar. 21 4
Taurus Apr. 21
May 21 P Feb. 21 Capricornus
Od“'}%:: Jan. 21
Gemini Oct,21  “ept-21 Aug 51 k=

: Mow. 21
m le gl ..Iul'y' 21 Saguuanus
f’{ F s I "

4 c/ Dec. 21 \.
Juna 21 \ k June 21 DE!C-
-
- 21
# = ".ﬁ D&/

“r -
/p Jan. 21 78 ~"  Earth's actual P':"*'mﬂ
/ h L = Ma'«_.' 21
July 21 Feb. 21 ADr 21
r Mar. 21 P Ophiuchus
Cancer  Aug.21 % pvi2t
r
e Oct. 21 Scorpius
F

The Sun appears in this L8O Libra Interactive Figure
direction on August 21 Sept. 21 Virgo B \
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What have we learned?

north
celestial

e What are
constellations?

* A region of the sky;
every position on the
sky belongs to one of
88 constellations.

« How do we locate
objects 1n the sky?

* By its altitude above
the horizon and its
direction along the
horizon.

horizon

altitude = 60°
meridian direction = SE

Capyright © Addison Wesley
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What have we learned?

 Why do stars rise and set?
* Because of Earth’s rotation.
 Why don’t we see the same

constellations throughout thcs
year?

* The sky varies with latitude.

* The night sky changes as Earth
orbits the Sun.
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2.2 The Reason for Seasons

Our goals for learning:
 What causes the seasons?

 How do we mark the progression of the
seasons?

* Does the orientation of Earth’s axis change
with time?
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Thought Question

TRUE OR FALSE? Earth 1s closer to the Sun in summer
and farther from the Sun 1in winter.
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TRUE OR FALSE? Earth 1s closer to the Sun in summer
and farther from the Sun 1in winter.

Hint: When it is summer in the U.S.,
it is winter in Australia.
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TRUE OR FALSE! Earth 1s closer to the Sun 1n summer
and farther from the Sun 1n winter.

* Seasons are opposite in the N and S
hemispheres, so distance cannot be the reason.
e The real reason for seasons involves Earth’s

axis tilt.
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What causes the seasons?

Summer Solstice: Sunlight falls more directly on the Northern Winter Solstice: The situation is reversed from the summer
Hemisphere, making solar energy more concentrated (notice solstice, with sunlight falling more directly on the Southern
the smaller shadows) and making the Sun’s path longer and Hemisphere than the Northern Hemisphere.

higher through the sky.

sunlight sunlight
N N p é o
. N\ 9 Spring Equinox y >
~ N The Sun shines equally on both hemispheres. / -
\\ k. y //
- = N y 4 o
/’
/-
~ b 4 -
- —— y
y .

Summer Solstice
Northern Hemisphere
receives its most direct

~/ Winter Solstice
2% Northern Hemisphere
receives its least direct

sunlight of the year; N sunlight of the year;
Southern Hemisphere Southern Hemisphere
receives its least direct - receives its most direct
sunlight. o sunlight.
Not lo scale! On the scale the orbit is drawn,
Fall Equinox § Farth would be too smaill to see (and the Sun
The Sun shines equally on both hemispheres. would be a tiny dot).
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Axis tilt causes uneven heating by
sunlight throughout the year.




Summary: The Real Reason for Seasons

» Earth’s axis points in the same direction (to
Polaris) all year round, so its orientation relative
to the Sun changes as Earth orbits the Sun.

* Summer occurs in your hemisphere when sunlight
hits 1t more directly; winter occurs when the
sunlight 1s less direct.

« AXIS TILT 1s the key to the seasons; without it,
we would not have seasons on Earth.
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How do we mark the progression of the seasons?

* We define four special points:
summer solstice
winter solstice
spring (vernal) equinox
fall (autumnal) equinox

Spring Equinox : -
- The Sun shines aqually on both hemispheres, s =
A 1

0 N,
5 N
i ‘_ P v -
N -
R a — /__.-
. —
- A
\

/N Winter Solstice
Morthern Hemisphere
receives its least direct
sunlight of the year;
Southern Hemisphers
receives its most direct

Summer Solstice
MNorthern Hemisphere
receives its most direct
sunlight of the year;
Southern Hemisphere
receives its least direct

P

sunflight. sunlight
g Net to scale! Gn the scale the orbit is drawn,
Fall Equinox > Earth would be foo small 1o see (and the Sun
The Sun shines equally on boath hemispheres. wodld be a liny dot)
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We can recognize solstices and equinoxes by Sun’s
path across sky:

meridian  zenith

Summer solstice: highest path,
rise and set at most extreme
north of due east.

Winter solstice: lowest path,
rise and set at most extreme
south of due east.

Equinoxes: Sun rises precisely
due east and sets precisely due
west.

© 2005 Pearson Education, Inc., publishing as Addison Wesley

© 2005 Pearson Education Inc.,
publishing as Addison-Wesley



Seasonal changes are more
extreme at high latitudes

Path of the Sun on the summer solstice at the Arctic Circle
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2.3 The Moon,
Our Constant Companion

Our goals for learning:

 Why do we see phases of the Moon?

* What causes eclipses?
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Why do we see phases of the Moon?

: The photos show how she would
see the lunar phases from Earth
as she turns to face the Moon in

m each position as it orbits Earth,

 Half the Moon el

Highe_s:ta: ,9. .'\ M T:;i ;c::l rﬁiuﬁ:éez
illuminated by Sun e % e
and half dark 4,9 -

Waning Gibbous
Rise: 9 FPm

* We see some LY (8 b

Combination Of the Waxing rescenl

Rize: @ A M

bright and dark Hugsr;;ssct}g
faC e S First Quarter

Full Moon

Rise: nocn EAN Mt
Rise and set times Highest: & P ) hise_. A ._d |
are approximate. Set: midnight Waxing Gibbous ighwst; sdnighl
Rise: 3rm Set: 6 &M

Highest: 9 pm

Interactive Figure
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Phases of the Moon




Phases of the Moon: 29.5-day cycle

RSN e

ncw

crescent
waxing

* Moon visible in afternoon/evening.
* Gets “fuller” and rises later each day.

first quarter
gibbous
full

gibbous
waning

* Moon visible 1n late night/morning.
* Gets “less” and sets later each day.

last quarter

crescent
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What causes eclipses?

 The Earth and Moon cast shadows.

* When either passes through the other’s shadow, we
have an eclipse.

penumbra

umbra \
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When can eclipses occur?

* Lunar eclipses can occur only at full moon.
* Lunar eclipses can be penumbral, partial, or total.

Penumbral Lunar Eclipse
Moon passes through penumbra.

I

Partial Lunar Eclipse

Part of the Moon passes through
umbra.

Total Lunar Eclipse
Moon passes entirely through

umbra.
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When can eclipses occur?

* Solar eclipses can occur only at new moon.
* Solar eclipses can be partial, total, or annular.

A total solar eclipse occurs
in this region,

i ‘x path of total eclipse

A partial solar eclipse occurs in the lighter area
surrounding the area of totality.

)

t path of annular eclipse

If the Moon's umbral shadow does not reach
Earth, an annular eclipse occurs in this region.
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Why don’t we have an eclipse at every new and full
moon?
— The Moon’s orbit 1s tilted 5° to ecliptic plane...

— So we have about two eclipse seasons each year, with a lunar
eclipse at new moon and solar eclipse at full moon.

Full and new moons coour

Full:and naw moons not near nodes; nclipﬁes possible.

near nodes; no eclipses.
Nodes are the points whare
the Moon's orbit crosses the
. H"‘“ ecliplic plane

Full and new
moons not
near nodes,
no eclipses,

Full and new moons occur
near nodes; eclipses possible.

The pond surface represents the ecliptic plane (the plane of Earth's orbit around the Sun)
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Summary: Two conditions must be met
to have an eclipse:

It must be full moon (for a lunar eclipse) or new moon
(for a solar eclipse).

AND

The Moon must be at or near one of the two points 1n its
orbit where 1t crosses the ecliptic plane (its nodes).
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What causes eclipses?
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Solar Eclipse

View from Earth

View from space

| .
il

(not drawn to scale)

& -

publishing as Addison-Wesley



Lunar Eclipse

Penumbra . 'ﬂ

(not to drawn scale)

View of Moon from Earth
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Predicting Eclipses

* Eclipses recur with the 18 yr, 11 1/3 day saros

cycle, but type (e.g., partial, total) and location
may vary.

2017 Aug. 27

2016 Mar. Q9 o

\_:D
021 pgc, 04
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What have we learned?

- Why do we see phases of the Moon?
« Half the Moon is lit by the Sun; half is in shadow.
» The appearance of the Moon to us is determined by
the Sun, Earth, and Moon positions.
- What causes eclipses?

* Lunar eclipse: Earth’s shadow on the Moon. Can be
penumbral, partial, or total.

« Solar eclipse: the Moon’s shadow on Earth. Can be
partial, total, or annular.

 Tilt of Moon’s orbit means eclipses
occur during two periods each year.

» Eclipses recur with the
18 yr, 11 1/3 day saros cycle
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2.4 The Ancient Mystery of the Planets

Our goals for learning:

* What was once so mysterious about the
movement of planets 1n our sky?

* Why did the ancient Greeks reject the real
explanation for planetary motion?
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Planets Known 1in Ancient Times
Mercury

— difficult to see; always close
to Sun in sky

Venus

— very bright when visible —
morning or evening “star”

Mars

— noticeably red
Jupiter

— very bright
Saturn

— moderately bright
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What was once so mysterious
about planetary motion 1n our sky?

 Planets usually move eastward from night to night
relative to the stars.

— You cannot see this motion on a single night; rather,
planets rise in the east and set in the west.

* But sometimes they go westward for a few weeks or
months: apparent retrograde motion

-

,’ T | Sept. 2004
Virgo\ /

\/'Mar. 2005X Jun. 2005

/""\ Libra g " / .
& \ L
‘\‘ e );...-’_;
f———"  \ )(
// \ Sept, 2005 Dec-2004

Dots represent Jupiter's approximate position at 1-month intervals.
(Jupiter not to scale.)

sarson Educati
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We see apparent retrograde motion when
we pass by a planet 1n 1ts orbit.

North

Gemini

[~

East

18/
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Explaining Apparent Retrograde Motion

» Easy for us to explain: occurs when we
“lap” another planet (or when Mercury or
Venus lap us)

* But very difficult to explain 1f you think that
Earth 1s the center of the universe!

* In fact, ancients considered but rejected the
correct explanation...

© 2005 Pearson Education Inc.,
publishing as Addison-Wesley



Why did the ancient Greeks reject the real
explanation for planetary motion?

 Their inability to observe stellar parallax was a major factor.

distant stars

Every January, Every July,
we see this: /_ we see this:
- nearby s‘tkb

(not to scale)

January
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The Greeks knew that the lack of observable
parallax could mean one of two things:

1. Stars are so far away that stellar parallax 1s
too small to notice with the naked eye

2. Earth does not orbit Sun; it 1s the center of
the universe
With rare exceptions such as Aristarchus, the Greeks

rejected the correct explanation (1) because they
did not think the stars could be that far away...

Thus setting the stage for the long, historical showdown
between Earth-centered and Sun-centered systems.
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What have we learned?

North  What was so mysterious about
e planetary motion 1n our sky?

* Like the Sun and Moon, planets
usually drift eastward relative to
the stars from night to night; but
sometimes, for a few weeks or few
months, a planet turns westward in
its apparent retrograde motion.

« Easy for us to explain: occurs
when Earth passes a planet by
(“laps 1t”) 1n 1its orbit. But difficult
to explain if you think Earth 1s the
center of the universe.

East
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What have we learned?

 Why did the ancient Greeks reject the real
explanation for planetary motion?

* They could not detect stellar parallax.

* Most Greeks concluded that Earth must be
stationary, because they thought the stars could not
be so far away as to make parallax undetectable.

distant stars
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