Thought Question

A. lihe supernova remnant still exists now, and we will
watich it disperse over fhe hexi 10,000/ Earth years.

B, Inh redlity, fhe supernova remnant has already.
dispersed, but we will'watch il disperse over the
next 10,000 Earth years.

C. The image of ihe supernova dispersing will not
reach us for anotiher 2 million years.

D. We will'never see tihe supernova remnani because’ it
hasi already dispersed.



Our goals for learning;

* How does the Earth move around the sun?
= \What does the universe look like from Earih?

= Why! do stars rise and set?.
= How does tihe sky:chahge with latifude and over thelyear?

* Whaiiare the reasons; for the seasons, what: are fhe

Seasons?.

= Why doesi e moon change phases?

= Why do we gei eclipsesiand what: are fihey?
= Wihal exactly isiihe zodiac?



tey Polaris to Polaris

ecliptic plane

(not to scale!) Qg

perpendicular
to ecliptic plane



Summer Solstice
Sunlight falls more directly on the Northern Hemisphere, making
solar energy more concentrated and making the Sun's path longer

Winter Solstice
The situation is reversed from the summer solstice, with sunlight

falling more directly on the Southern Hemisphere than the .

and higher through the sky; notice the smaller shadows. Northern Hemisphere; notice the longer shadows.

- sunlight sunlight

4 - 2

sunlight sunlight

4 —

Spring Equinox
The Sun shines equally on both hemispheres.

Northern Hemisphere
oasamenmnners receives its least direct

\ sunlight of the year.
2

'S Winter Solstice

Northern Hemisphere
receives its most direct ===« .
sunlight of the year.

Summer Solstice s/ 5

Southern Hemisphere receives ils
most direct sunlight of the year.

Southern Hemisphere receives its
least direct sunlight of the year.

Not to scale! On the scale the orbit is
Fall Equinox drawn, Earth would be oo small to see
The Sun shines equally on both hemispheres. (and the Sun would be a tiny dot).




*Celestial Equator - Projection of the
equator on the sky

*Ecliptic - Apparent path of sun in sky
*But we are tilted 23.5 degrees with
respect to our orbital place so these two
don't line up

*The sun looks like it is getting higher and
lower in the daily sky



Anobject s altitude (above horizon) and direction
(along horizon) speciiies 1ts location i your local
sk

zenith
(altitude = 90°)

meridian

horizon
(altitude = 0°)




Not to scale!

> There are 360" (degrees)iin a circle or 21 radians in'a
circle.

o [here are 60" in a degree, " means arcminute.
e [here are 60" in an arcminute, means arcsecond.

o [here are 24 hours in a day, the earth rotates a full
360 degrees in a day.




position northior
southioff equator

position east or
west of prime
meridian (runs
Through
Greenwich,

Ehgland)

line of
longitude

line of
latitude

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

meridian

latitude = 26°N
longitude = 80°W




> How: many degrees' in longitude does the
earth rotate through in one hour?

> Talk to a friend for a minuie or two and
write your answer dewn on a piece oif paper



south celestial
pole

Notice how everything
looks like it is equally far away

‘Project the coordinates on
the earth onto the sky
*The Earth is tilted
towards the North Star,
Polaris, at 23.5 degrees
from the plane of our orbit
*The North Celestial Pole
Points towards Polaris
*The ecliptic, the apparent
motion of the sun in the
sky, is tiled 23.5 degrees
from the celestial equator



Describing our way around the
celestial sphere



> 88l of 1hem defined by
the TAU

> 13iin/the Zodiac (Ever —=
heard of: Ophiuchus;, a o/~ o VR

GCania Mikhor
5

guy holdingia'snake) A

> Tnterestingly it has N
Barnard'sistar ~6 light
years away, only  Alpha
and Proxima Centauri,
a binary pair ~ 4.3/ lys
away. is closer

» %
\ .
L .

- " ‘

\  Fetelguze 1
! \ /




north celestial pole

> Right: Ascension (RA)
describes; east o wesi and
runs from 0.1 2, ...24=0 hours

> Declination|ist just fhe
projection of latitude on fhe . .
night sky wr

> Tihe zero hour! for RA s
Wwhere the Ecliptic
intersects the celestial
sphere on fhe Spring
Equinox

soulh celestlial pole



Stretch out your arm

as shown here.




> Everything appearsifo circle this point ih
the night sky because oui north pole,
whichiis in the direction of our rotation
axis, points to it.

* I'f Polaris is af the zenith ai the North
Pole where is it in Boulder?

> How aboui' at the equator?
> How aboui'in Southern Latitudes?




\‘* North Star - Polaris

Boulder is 40'N
Latitude
North v South
*._ 90° * o
Y ™ 0
M/. ﬁi
At North Pole At Equator
Latitude = 90° Latitude = 0°
To measure latitude:
Measure angle between Polaris

and the horizon



Big Dipper

position after

6 hours

| =

Little Dipper

> Polaris

» s
o
\

%~ pointer stars
-‘./p-o

position after .,
6 hours °*N,

south
celestial pole

Southern o *

Cross «*
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Circumpolar stars 4
t

— Stars that never set

your location i CE R —

» Move counterclockwise
around north celestial ator | A A
pole =

// N S Aot s

\ 6 hours
\



north celestial pole

Apparent motion = Stars
appear to move counter-
clockwise (when looking

/__,-«——V_ = p
< South Pole > : \

|

south celestial pole \

in the east - | \
in the west |



Actual motion =

T Earth spins with axis
pg pointed in fixed

.‘.‘ direction - towards
il Polaris

to Polaris

1,275 km/hr to Polaris

ecliptic plane



> Putyour right hand out:.
> Make a thumbs up.

> Now: you know! tihe direction of the earfh's
rofation, the planets orbit around fhe sun, the
moons orbit around the Earth.

> Everything goes from Wesi to Easi so
everything appears toirise in the east and sei in
the west, think of the merry-go-round



north celestial pole /E .

Earth rotates west to east, So
stars appear: to cirele from

east to west.
S

south celestial pole
Copyright © Addison W esley




Which way do stars appear to
move in the northern hemisphere?
How about the Southern?

Hint, Rise in the East, Set in the West,

always:



> The sun and stars appear fo go  countier
clockwise or counierclockwise in fhe
hemispheres?

+ Rise in the east set in the west

= \/isualize a clock

= ey ¥



Thought Question

ihe Earthisiorbitf around fihe Sun

Earth spinning oniitsiaxis

Our solar system moving in‘the Milky:Way: Galaxy
Iihe Sun'simovement around the Earth

Tihe Earth changing ifis axial Tl

Moo ® >



Proof of Earth Spinning

Foucault’s Pendulum. = NewronsiisiLaw:
: Objects in motion tend
Paris, 1851 . J

to stay in motion

I | = More on this later.
. " Penaulum swinging wants
r' i

tiolstay swinging in the

same direciion
- Even ift the Earth moves

Underneatn it

36



More Proor or Spinning earth

Wway to: IViercury.




Can we see all the stars each night?



> Only stars always above our Horizon,
remember whal fihe Horizon is?



north celestial pole
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south celestial pole
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Thought Question

About 10 minutes
)

How long was this About 1 hoeur
J

Abouti 8 hours
Abouit 24 hours

photograph?




Starsinear fhe north celestial pole are circumpolarand
never seir.

We cannoil: see stiars near fhe south celestial pole.

Allfotiher stars (and Maon, planets) rise'in east and
seili in wesi.

zenith



Why does the sky look different from different latitudes?



north celestial pole

—’—"—— E—
—— ——

< North Pole >
celestial eqy,
\ ,'. ’

South Pole

: |

south celestial pole




Thought Question

A. Alllstarsiwouldbe circumpolar

B, Noisiarsiwould be circumpolar (everyihing would
rise and'set)

C. EXxactly tihe same as Boulder.

D. Some circumpolar sfars, some normal; but would
be different stars than Boulder:.

E. Tihere would be a bigiguy in a red suit flyingall
over fhe place.



Question

Mo a® >

You are ai
You are ai

> You are at

You are ai

. You are oni the equator:.

atitude 40°S.
atitude 50°IN.
ongitude 50°E.
atitude 40°N



> I befter be the northern hemisphere o make it
easy

= Your alfitude is Polaris's Latitude

> Do you have a watch?

* Add 6/'hours to fihat and you have Greenwich
mean fime.

> For every hour'your watch is earlier for sunrise
or sunset or'noon (sun af meridian) you are 15
degreesilongitude 1o fhe west, for every hour
later youlare 15 degrees 1o fhe east;



So far, everything we’ve been
talking about is Daily Motion

N

> RiSing, sefting, changing positions over a few
nours...



> e Suniappearsi o move (along ihe ecliptic) a
little bifr each day.

- This is the origih of zodiac symbols
> Astironomersiusually' falk about what constellation
the Sun is “in"

- We are referring to the constellation that fhe Sun is in
front of (if we could see fhe stars during the day)



Reading Question

A, ihepaih thal The Earfiniorbifs areund the Sun:
Tlhe gradual change off the Earthisiaxis inispace.

€. lihne appareni movemeni of the stars due o e Earih’s
rofation.

D.  lihe reverse movemeni off the planetsidue fo fihe Earth's
orbifiaround the Sun.

£ Jhe actual path of the planetsiin theirforbif: around hhe
Sun:

0>



* Precession, 26,000lyear cycle
= Equinoxes;and|solstices change sorobviously: musi: RA andiseasons

* The Earthiis noi a'perfect sphere, it bulges due 1o spihning,
actually, i bulges aboui: 43 km' at equator

= Gravity from the'sun andimoon fiugs on fhe Earthiand causes it to
precess muchi like a spinhing fiop

= Earth's il with respect fo ifis orbital plane doesinot change

* Nihe North Star does
= Sodoes the zodiac



Figure 2.20 Isuncive figirew, Precession affects the orientation of a
spinning object’s axis but not the amount of its tilt

Polaris
|
|

precession of axis

a A spinning top b Earth's axis also precesses.
wobbles, or precesses, Each precession cycle takes
more slowly than 1t spins. about 26,000 years.




Actual motion = Earth orbits the Sun.
Plane of orbit = ecliptic

Pisces

Aries AT
v ‘ '| Capricornus
nght =% Jan. 21
Oct 21 Sept. 21 A, 21 ,
Nov. 21 _
Wy July 21 Sagittarius
/) Day,,
5 P \\
Dec. 21 b e
75 \\ Dec.
N\ L2 B o
Jan. 21 \\
Eaf!hs ac:ualposmd‘
Feb. 21 Ay)‘h
July -3 o 21
Mar o g Ophiuchus
the g,
Cancer % Un's apparent position in the zodt N
% Oz ,
Scorpius
) Libra

Virgo



What about 13000 years from now?
What sign will you be?
What sign are you really right now?

Ever heard of The Age of Aquarius?



Reading Question

A, ihe planet rises in the'wesiand seis ih iheeast:

Bl e planed: fadesiiniinibrightness over fhe period of several
nours;

¢, heplanetmovesibackwards fhrough the'sky overia period of:
many: nighis:

DI ihe planeiimoves backwards iniiis orbif around hihe Sun.

E. ihe planetmoves throughi consiellations thai are noi pari of
The zodiac:
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* Heat

- The closer you are fthe
hotfer it is

* Sound

- The closer you get, the
louder i1 1S

> Light

- The closer you gef, the
brighter ifi is




When tthe Sun is It is
summer; and when tthe Sun is
I istwinter.






Sunisiposition at-noeniin
stummers higher alfifude

Sunisiposition at-noeniin
winter: lower alfitude

This picture is an analemma it arises due
to the variation of the solar day due to a
change in the Earth’s orbital velocity and
the tilt of our axis with respect to the
ecliptic, don’t worry about it.




When the Sun s hightin

fihe Sky' fheramouni: of Whenne Suniisilowiinithersky, gine
direct sunligh'f received s amountiof direci sunlight receivedis

. : less. This results:in
greater. This results in




How do we mark the
progression of the seasons?

We defiine fiour special points in ouroroit (dates):
Summer soisiice
Northern hemisphere tilted /.- /" the Sun
Winier solsiice
Northern hemisphere tilted . - =7 fhe Sun
Springj(vernal)lequinox =1 T 2 firom) the Sun

Winter Solstice

Fall Equinox




Summer solsiices Highesi
paih;, rise and sei; ai mosi:
extreme north of dueeast.

meridian zenith

Winter solstice: Lowest:
paih;, rise and sei; ai mosi:
extreme south of due east:

Equinoxes: Sun rises
precisely due’easi andisets
precisely due west:.




Thought Question

al

. you musi be located atf Eartihi'siequatior, any: fime

of year.

il must be the day of either the spring or fall
equrnex.

youlmust be at the equator ANDI IS the spring
or: fall equinox

i must be the day of the summer solstice
i must be the day of the winter solstice



Why doesn’t distance or hours of
daylight really matter?

e Variation of Earth-Sun aistance is smalil
= Jlf)f)U'j’ 3J/9

‘-1\

= This small variation is overwhelmed by. "r'r 2 ffac
axis filt, water distribution, and orbital speed.




> Earth's axis points in the same direction (fo
Polaris) alllyear round, so ifs orientation
relative to the Sun changes as Earth orbits
the Sun.

> Summer occurs in your hemisphere when
sunlight hitis i more directly; winter occurs
when the sunlight isiless direct.

IS he key ol he seasons; without;
i, we would net have seasons on Earth.




zenith
meridian 90°

north
celestial
pole

south
celestial
pole



Have you been reading/paying attention?



Thought Question

A, All'stars would be circumpolar (excepi possibly.
Polaris)

B. Noistars would be circumpolar (excepi possibly.
Polaris)

C. EXxactly tihe same as Boulder.

D. Some circumpolarsiars, some hormal; bui:would
be different stars than Boulder:.

E. Therewould'be a bigiguy in'a red suit: drinking
pifha coladas:



zenith

north celestial pole meridian

south
—8 celestial
pole

south celestial pole

north celestial pole 90°
north  go°N
celestial
pole

30°N : 30°S

south
celestial
pole

south celeslial pole



Thought Question

Clockwise ([
Countier-clockwise &\
L't dependsioni fihe season

o O o

There is no soutin celestial pole so fhere
will'be nol circumpolar stars.



Reading Question

A, Tihe poinfsiinihe Mooh's orbittwhere it is directly in froni or behind the
Earfih (compared 1o the Sun):

The pointiin ihe:Moonisiorbit:where it crosses: fihe ecliptic plane.
The pointsiin the Moon's orbif:whereiit can be seen as full.
Iihe points where you can'see Eirst and Third @Quarter moons.

Mo & ®

Iihe poinits on the horizon where fhe Moonishould riseor seiy.



> Why dowe see phases: of ihe Moohn?

> How, can we tell time by the phase and posifion of fhe
moon

The'moon s thought: torhave been formed by a huge impact
with fihe Earth early iniour planets history

ihe moon isi~ 1.25-1.51light seconds away, how. fiar is Fhai?

Tihe mooniis; slowly moving away: firom us; bui right Now: is
The same angular size on fhe sky as fthe sun, thisiis
important;, why?

e moon s also responsible fior The tidesion the earth.



Whny do we see only one side of the Moon?

(ﬁ

Syhcnronous
rotation: the Moon

rofaties il ione

ompletie fime with
zach complete orbit



The changing phases of the Moon originally
inspired the concept of the month
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. New

) waxing crescent;
) first quarter
> waxing gibbous

n full

.
& |waning gibbous
“:

r

\

last quarter

waning crescent;

waxing

waning





../../Movies/lunation_ajc_slow.mov

It the Moon was in the full phase today, how many of the Moon
phases snown above would the Moon go througn during the next
11 days?

AL Only-one

5. lwo

C.  linree

D More thah three
. None



Phases of the Moon

Although the
Moon is always
% lit by the
Sun, we see
different
amounts of the
lit portion
<‘> from Earth

depending on
where the
Moon is
located in its
orbit.




Moon is

illuminated (always

=) by Sun

We'see a changing

combination of the

bright and dark

tacesias Moon
orbits the Earth

Waxing Crescent
Rise: 9 Am
Highest: 3rm
Set: 9pm

Waning Crescent
Ree: 3AM
Highest: 9 Am
Set: 3rm

First Quarter
Rise: noon
Highest: 6 M
Set: midnight

TNM Quarter

Rise: midright

Highest: 6 am
Sel: noon

p—
E Waning Gibbous
. o Rsa: 9rm
k i-‘ Highest: 3 am
Set: 9 am

Highest: midnight

Waxing Gibbous Sat 6 AM

Rise: 3PM
Highest: 9 pum Rise and set times are
LS AM only approximate.




* lime

* Moon Phase If youl know

oy - : any two, you
Moon Position in can figure out

the sky the third!



Phases of the Moon

Understandi
ng this
picture is
8% key to being
able to tell
time by moon
phases




What time
does a
first
quarter
Moon
@ rise?

)'(



Thought
Question

Phases of the Moon

Which one
1S the
@ first
quarter
Moon?



Which
situation
shows the
Moon on the
eastern
horizon?

A

B.
C.
D.



Thought
Question

Phases of the Moon

P

What time is it
for the guy
standing on
the Earth?

@ ~6AM

»

vB. Noon
C. ~6PM
D. Midnight



Phases of the Moon

What time does
a first
quarter Moon
rise?

A. 3am

B. 6am
':é:’ C. Noon
D. 3pm

E. 6pm



Phases of the Moon

What time is it
when the
waxing
crescent
moon is on
the meridian?

A. 3am
':é:’ B. 6am
C. Noon

D. 3pm

E. 6pm



Phases of the Moon

What time is
it when the
waxing
crescent

> moon is on
the meridian?

VA
-
v

9 PM



Planetary motion



Do the planets reverse course?
. Planetsiusually’ move slightily: eastward from
Night: Tornighil: (ol in the course ofi one nighitt)
relative to iihe stars.

* BUili somefimes iiney gorwestward relafive 1o
e stars for'a fiew weeks: apparent
refrograde motion






../../CosmicPersepective(new)/Applets/chapter02/mars_retrograde_motion.htm

> Easy for us 1o explain: occurs when we

“lap another planet (or when Mercury: or
Venus laps us)

= But very difficult fo explainiif you think
that Earth is the center of the universe!



> Sidereal (1-2)/is mofion witih respect o
backgreund stars

> Synodic (1-3) is derived from the greek
word for assembly, it refersifo the body
being orbited

L 0



* A sidereal day is 23 hours, 56 minutes, and 4
seconds

> A mean solar'day: isi 24 hours

> Due to the precession off the earth the sidereal
andisolar year vary by aboui 20 minutes (fry 1o
convert 1/26000 years fo minutes)

> Leap years were invented fo keep the Vernal
Equinox on March 21st, basically: tor prevent the
precession of the earth from changing our
calendar



How about the Month?

@

. Synodic moenitn:29.9/days
. Sidereal monih 27.35 days

> How much does fihe earth move ina moeoonthn?.

Earth's orbit




Inferior planets are closer fjo the sun fihan we are (Mercury
and Venus)

Superior planetsiare farther (Mars; Jupiter, Safurn, Uranus,
and/Nepitune)




> Canlinferior planets be in oppoesition?
> Which planetis exhibit phases?



Reading Question

Mg Q

ihe smaller circleraround'which the planetsimoved in Prolemy:s
model of the'solar system

A modelliniwhich the Sun is at the center off the Solar System.
When the Moonh blocksionly pari of e Sunis: shadow.
Tihe poiniiin a planeiisiorbifiwneniii is closest 1o e Sun.

The believed orbiiiof the Sun'around the Eartniin early:Greek
models;



1 1 1 dolalate o




> When either the Earth or the Moon passes
Through the otfherisishadow, we have anieclipse.

penumbra
umbra




Thought Question

A. New
B, Full
C. Crescent
D. Gibbous
E. Bad
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> Lunar eclipses
can occur only

- zt»

01- fu” moon. Total Lunar Eclipse

»E*

> Lunar eclipses
can be
penumbr'al , Partial Lunar Eclipse
partial, or

total. - <al

Penumbral Lunar Eclipse




Total Lunar Eclipse of 2010 Dec 21

Ediphic Cospuncion » 081433510 (» 83265 U1 )
Gredtest Edpse » DEI1804.2T0D (» 816571 UT )

Perurrteal Magnitude - 2 2807 P. Radhus - 1 208" Garema - 03214
Ukrtbead Magritude - 1.2561 U Rachus - 070118 Axis - 03N

Saros Senes = 125 M =4801 12

Sun ol Qreglest Edipse Moo of Geootesl Eclpse
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el cosemeses — W

* Makes a

Tanh's Usnbeas
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19.30 UT 18.51UT 18.10UT

Partial Lunar Eclipse of 2006 September 7, Sighet, Romania
Dobson 150 mm fi5 and Canon PowerShot AS10

(c) Sorin Hotea



Solar Eclipse

View from space

rays
- @

(nof drawn to scale)




Remarkable fact: Sun and Moon are same angular
size viewed from Earthl!

Realistic: scale /s HUGE - TThe Sun is 400 times bigger than
the Meon but almost exactly’ 400 times farther away.



> Solar eclipses
can oceur only at
new moon.

Solar eclipses
can be partial,
total, or
annular.

TOTAL ECLIPSE

(‘ 2
Moon .

PARTIAL ECLIPSE

path of total eclipse

ANNULAR ECLIPSE







Thought Question

A, occur when the Moon is closer to the
Earth

B. occur when the Moon is farther from the
Earth

can occur al either fime

D. only occur when the Moon is ai just the
right distance

O



I I '

Moon's apparent size changes througnout the Moon's oroit




’-'

Moon's distance from Earth varies

arth Vioon closest tor Eartn

[T
)
=

\Vioon farthest from

N 4
Perigee

2004-12-26 2004-07-02

405,363 km 357,448 km
29.94 arc-mins 33.66 arc-mins

Altitude @ 77.81° Altitude @ 21.72°







Total Eclipse "
2009 Jul 22+« %

/

Makes a

shadow.
CHvi

Q/JQJ

Mag. = 1.080 N SR 7 Alt. = 86°
Gam. = 0.070 T = Dur. = 6™ 395

FLEsponan, WASAS COFC
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1000 UT 10,15 UT 1025 UT 10035 UT 10.45 UT 1050 UT 10.54 UT
® O 0 O Q
10,55 UT 10055 UT 10.56 UT 1057 UT 1058 0UT
1:-.;.:: 11.06 UT 1116 UT 1125 UT 1140 UT 1150 UT 12,06 UT

(c) Sorin Hotea

Total Solar Eclipse of 2006 March 29, Manavgat, Turkey
Minolta DIMAGE 7Hi and Baader AstroSolar filter









Solar images from NASA's Solar and Heliospheric
Observatory (SOHO) spacecraft - makes an artificial eclipse
all the timelin space

go

-See http://sohowww.nascom.nasa.gov/

2007,/09/05 06:06


http://sohowww.nascom.nasa.gov/

Why don’t we have an eclipse at every new
and full moon?

= Ihe Moon'siorbit isHilted 55 1o ecliptic plane...
=~ S0 We have aboUi fwo eclipse: seasons edch yeariwhen anew or fullimoon
occurs at the: 1. L iofithe Moon's orbii:

The pond surface represents the ecliptic plane (the plane of Earth’s orbit around the Sun).




Thought Question

A lunar eclipse may: oceur in iwo weeks

Allunar eclipse may;ecceur inabouta monih

Anoither solar eclipse will“happen nexi monih
Youllfhave fio wait another year 10)gel anofiner chance.

You' cannoi; easily: predict:when the nexi lunar or'solar eclipse
will’eceur:

e G WS



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

2. The Moon must be at or near one of
the two points in its orbit where it
crosses! the ecliptic plane (the
nodes).



