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First, what Is astronomy?

What is astronomy?

The study of celestial objects and the
universe

What is science?

Science is the pursuit of knowledge
and understanding of the natural
following a systematic
methodology based on evidence.

Wh at |S aStrOIOgy? M17, 5500 ly away, 100 ly across

A belief in the supposed influences of
the stars and planets on human
affairs and terrestrial events


http://apod.nasa.gov/apod/image/1106/esoM17b2000.jpg
http://apod.nasa.gov/apod/image/1106/esoM17b2000.jpg

Don’t write this down, but
appreciate subtleties ! |

If you expect to see flames in the telescope
and aliens flying by....you will be
disappointed !

The closest star to us (other than the sun)is . .~ ~... =
approximately 4 years away if you were Pholograph flom UK Schmidt lates by Davia Ml "
traveling at the speed of light. o ,

Anticipation of next question: No, we can'’t
travel at the speed of light.

Even looking through a relatively large b T
telescope, one needs to appreciate subtle : -
features (color, brightness, “fuzzy”
galaxies etc. )



This Is Mars through a really nice
telescope and a CCD camera

MARS - February to March 2002

Feb 15th Feb 16th Mar 1st Mar 2nd Mar 23rd Mar 28th

17:45UT 17:33 UT 17:44 UT 17:34 UT 18:38UT 18:09 UT
CM=228.7 CM=215.9 CM=90.2 CM=77.9 CML=247.2 CML=191.1
D=5.09" D= 5.07" D= 4.82" D= 4.80" D= 4.46" D= 4.38"

D. Peach



How many stars can one see on a clear night ?
Approximately 3000.

What is the closest star to Earth?

The sun...after that, ~ 4 light years away

What is a light year?

the distance traveled by a beam of light in one year
(~9.5 x 1013 km)

That’s about 6 trillion miles, and it would take a
satellite ~20,000 years to travel one light year

So, we are not going to another star anytime soon

What about time travel?
Watch more Star Trek

On what horizon do stars rise? Set?

Rise from general east- Set in the general west
directions (Around Polaris)—the North Star




COORDINATES:
ALTITUDE AND AZIMUTH



Coordinate systems

Coordinates

a set of numbers used to locate
something

Terrestrial coordinates
latitude and longitude

Equator
0° latitude

Prime meridian
0° longitude




Angular Measurements

Degree = a circle’s divided into
360 degrees

minute of arc = 1/60 of a degree

second of arc = 1/60 of a minute
(.... Or 1/3600 of a degree)

Hold finger out at arm’s length =
~2 degrees

Hold fist out at arm’s length =
~10 degrees

Moon and sun are only 0.5 °
(stays constant--if it looks
bigger...it's an illusion)




Horizon system

Horizon system

locating a star/planet using altitude
Locating a Star According to (height) and azimuth (around)

Altitude and Azimuth

Zenith
the point directly above you in the sky

A!tituda\' _ Horizon
: where the "land” or treeline meets the sky

| Altitude
Horizon. "< Azimuth from 0° on horizon to 90° at zenith

Azimuth
from 0° at North and going around 360°




Horizon system

Locating a Star According to
Altitude and Azimuth

Zenith

Altitude

Azimuth

Problems...

1. Stars change position
over the course of the
night because of rotation
of Earth—stars rise and
set like the sun

2. Stars occupy different
positions in the sky at
different points on the
earth (Nvs. S
hemispheres)



Rotation of the Earth

The Earth spins on
Its axis and rotates
around once every
24 hours. This
causes...

1. the Sun to rise
and set.

2. stars to rise and
set



THE SEASONS



Day vs. Night

Rotation: Turning of a body about an axis through its center
-Example: earth rotates on its axis once a day

Revolution: Motion of a body around a point located outside the body
-Example: earth revolves around the sun once a year.

AVACKe) |

1123.5° /rotation
:\s

Equator

Plane of
Earth’s orbit

The Earth rotates on its axis, so the sun, moon, and stars will
appear to rise and set.



The Seasons

Caused by the fact that:

-Earth’s axis of rotation tipped by 23.5° from the
perpendicular to its orbit (causes the seasons).

Axis of

1 23.5° _~"rotation
:\

]

1

Equator

Plane of

Earth's orbit




The Seasons

The Seasons are a result of how direct the sunlight is that strikes
Earth.

Axis of
23,52 / rotation

il ——

Earth’s orbit —

|

Equator

They are not related to Earth’s distance from the sun. In fact, Earth
IS slightly closer to the sun in (northern-nemisphere) winter than in
summer.



The Seasons

2
&
vd

R

Sunlight nearly direct
on northern latitudes

Sunlight spread out
on southern latitudes

Earth at Summer Solstice

Northern summer = more direct light, sun higher in
sky, daytime sunlight is longer



The Seasons

Earth Axis

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

Antarctic Circle

Northern winter = less direct light, sun lower in sky;,
daytime sunlight is shorter



What Is the ecliptic?

Definition #1

the daily path of the sun in
the sky

Definition #2

Path of the sun in its
yearly motion around
the sky




How the path of the sun changes over the course of the
year (this is at 40 degrees latitude) i,

north
celestial

celestial
pole

Earth circles (revolves) around the sun in 365.25 days, and the
sun appears to circle the sky in the same period.

The sun, traveling 360 degrees around the ecliptic in 365.25 days,
travels about 1 degree eastward each day...seasons



COORDINATES:
THE CELESTIAL SPHERE



Celestial Sphere

Celestial Sphere

Imaginary sphere/coordinate

: system onto which all stars
Stars, no maﬁerhowgtg!eStlal Sphere are prOJeCted (Imaglnary
are pictured as beingona Sphere Of What we See)

single crystalline sphere

Thamas T. Arny, Explorations: An Introduction to Astranomy, 2nd edition. Copyright © 1998 The MeGraw-Hill Companies, Ine. All rights resarved.

North Celestial Pole

Point on celestial sphere directly
above North Pole of earth

Horizon

Model: The celestial The human experience of the celestial

sphere sphere PO I al' | S

The North Star because it is
practically located on the
North Celestial Pole



Celestial Sphere

Thamas T. Arny, Explorations: An Introduction to Astranomy, 2nd edition. Copyright © 1998 The MeGraw-Hill Companies, Ine. All rights resarved.

it?
Celestial Sphere Why use It”

Stars, no matter how distant,
are pictured as being on a
single crystalline sphere

The Celestial sphere Is
an easier way to locate
stars because they are
fixed coordinates on
el this map

Model: The celestial The human experience of the celestial
sphere sphere




Celestial Sphere

Locating a Star According to
Right Ascension and Declination

Vernal equinox
Right ascension = 0" oM

~ Lines of right ascension

/Nurth celestial pole

celestial
pole

~NCelestial
equator

Right ascension (RA)

like longitude; RA is an

angular measurement
around sphere
(measured in hours)

Declination (dec)

like latitude; declination
IS an angular
measurement above
or below celestial
equator



Question #1

1. Right ascension is a coordinate that is
similar to

a) Longitude
b) Latitude
c) Declination
d) Time




Question #2

2. Over the course of the year, the Sun’s
position on the celestial sphere

a) changes because the Earth spins on its
axis.

b) remains constant because the Sun never
changes position on the celestial sphere.

c) changes because the Earth orbits the
Sun.



Question #3

3. At 9:00 p.m. tonight, you locate a star
that is at RA= 9 hr and dec = +30
degrees. What will be the celestial
sphere coordinates at 10:00 p.m.?

a) RA=9 hr, dec = +30°
b) RA=9 hr, dec = +40°
c) RA=10 hr, dec = +30°
d) RA=10 hr, dec = 40°




Question #4

4. If you were standing at +23.5 degrees
latitude, when would the Sun be directly
overhead at the zenith at noon?

a) March 21
b) June 21
c) Sept. 21
d) Dec. 21



If you are standing at the North
Pole, your view of the celestial
sphere looks like this...

S 2002 Brmoks Cold Publishing «a division af THomaon Leamics




Diurnal Circles (daily “star trails™)
from North Pole; Polaris at 90
degrees altitude




If you are standing at the equator,
your view of the celestial sphere
looks like this...

@ 2002 Brosks Cole Fublishing < a divition of Thomeon Lesrning




Diurnal Circles from Equator
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If you are standing in Atlanta, your
view of the celestial sphere looks
like this...

| Zenith

North
celestial
pole
South —“ﬁf‘ ' — North
South
celestial
pole

| Nadir



Dlurnal Clrcles from mid-latitude

Circumpolar stars

group of stars that do
not set below horizon
(they go around
Polaris)

Latitude and Polaris

The angle of Polaris
above your horizon is
the same as your
latitude In degrees.




Sidereal Day vs. Solar Day

Sidereal Day

Orbit araund Sun The time it takes a star to line back up
with Earth
orection 1n space 23 hours, 56 minutes, 4 seconds

(~4 minutes shorter than a 24 hr day)

Spinning Earth takes further
4 minutesto face Sun again

Therefore stars rise
~ 4 minutes earlier each night

1° (approx.)

Mean Solar Day

Sidereal and Civil Day Lengths =24 hrs (an . t|me for Sun to return to
same position)




Precession

At left, gravity is pulling on a slanted top.
Wobbling around the vertical.

———
Earth's

orbit

The Sun’s gravity is doing the same to Earth.

The resulting “wobbling” of Earth’s axis of rotation around the
vertical w.r.t. the Ecliptic takes about 26,000 years and is
called precession.




Precession

As a result of precession, the celestial north
pole follows a circular pattern on the sky,
once every 26,000 years.

It will be closest to Vega

Polaris ~ A.D. 2100. Ly
] ] /

There is nothing
peculiar about Polaris AD 14,000
at all (neither
particularly bright nor Thuban
nearby etc.) /E;:‘Sg;{‘;;g

3000 BC

~ 12,000 years from .
now, it will be close to
Vega in the
constellation Lyra.

Polaris



The positions of the stars change over the course of
the year because the Earth orbits the Sun...

Off-season
constellations are
“up” during the
daytime

Notice that between
June and August,
the Sun is directly
“In” Gemini

Notice that June to
August, Sagittarius
IS prime viewing
during summer
nights




POSITIONING OF
THE PLANETS IN
THE SKY

ML S taan m*ﬁ‘:‘i?'?‘



Where are planets located in the sky?

Notice that the
planets lie along the
ecliptic because the
solar system is in the  Satuiln,
same plane (a flat
disc)

N
AN
>
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>
A
>
N
>
A
>
A
>
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>
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Ay
>

Imagine the sun here below horizen
in west




The Motion of the Planets

The planets are orbiting the sun almost
exactly in the plane of the Ecliptic.

oo O .,
............ R
L '\. ......... -%77’7/7
Mercury

The Moon is orbiting Earth in almost the
same plane (Ecliptic).



Motion of the Planets

The Sun, Moon and planets can always be found In
a Zodiac Constellation on the ecliptic.

Planets "wander" across the celestial sphere and
through the stars in two ways:
1. Direct Motion - normal eastward movement of planets

2. Retrograde Motion - occasional westward movement
of planets

Sunrise, looking east

%

’
4
Sun _.'



The Motion of the Planets

Q}/ _ Sunset, looking west

Y
Y
@ sun
Y
N

Sunrise, looking east

’
7’
S 4
un'
7’
: ‘:ﬂ_'

Mercury appears at most
~28° from the sun.

It can occasionally be
seen shortly after sunset
In the west or before
sunrise in the east.

Venus appears at most
~46° from the sun.

It can occasionally be
seen for at most a few
hours after sunset in the
west or before sunrise in
the east.
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Planets may not be
visible at night
because of where they
might be in their orbits.

What if Jupiter were
here?
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Retrograde Motion

Retrograde motion occurs
when an inner planet passes
by an outside planet and the
outside planet appears to go
“pbackwards” in the sky for
a few weeks (this doesn’t
happen in a night)

The movement is
apparent—Mars does NOT
really move like that in
space. The position of mars
shifts against the backdrop
of distant stars.



http://astro.unl.edu/classaction/animations/renaissance/retrograde.html

Mars in Retrograde Motion
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PHASES OF THE
MOON AND
ECLIPSES




Phases of the Moon P

As seen from Earth

) » 0 ©

Waxing First Waxing Full
crescent quarter gibbous

Waning Third Waning
gibbous quarter crescent

¢ (

New

@ 2003 Brooks/Cole Publishing, a division of Thomson Learning, Inc.

First quarter

H

Waxing

gibbous ( ‘ b

c A
Sunset

Full d Midnight 9 Noon

Sunrise

e g

Waning f ;
gibbous .

Third quarter

hases of the moon
occur because we
see only a portion of
the lit side of the
moon from different
angles

alf the moon is always
it and half the moon
IS always dark, but
we might only see a
portion of the lit side

Phases of the Moon are

NOT because of the
Moon going in and
out of shadows



The Phases of the Moon—notice that the lit side
must always face the sun

The first quarter
moon is one
Gibbous comes week through its
from the Latin word 4-week cycle.
for humpbacked. nings. Asithe,

: MOON growsHatier rom
The full moon ] two NEWAOHUIaSISAI!
weeks through its

us
\e)o
4-week cycle. ‘“51:\“9 g

'i_‘1;|‘>:—4 -d F \- od ad ede
] ‘THE SKY. ATi SUNSET

" ] : A L o 3
Full moon New mbon is invisible
rises at sunset near the sun

East South West

New Moon — First Quarter — Full Moon




The Phases of the Moon—notice that the lit side

must always face the sun
The last two'weeks of tl:e
The third quarter oyl of :,';‘fowg’y"":
m?:;‘gi: g:’“"s posltlonI at sunrl?e on A 4
successive mornings. As
4-week cycle. the moon shrlnkg from
full to new, it is said
to wane.

Full moon
sets at
sunrise

-

East South West

Full Moon — Third Quarter — New Moon



The Phases of the Moon

* The Moon orbits Earth in a sidereal period of 27.32 days.

r )
New moon

ﬂpﬂc

Sagittarius

Sun

The sun and moon are near Scorpius

each other at new moon.

© 2003 Brooks/Cole Publishing, a division of Thomson Learning, Inc. ‘ @
One sidereal period
after new moon =
//ﬂpt.c e Moon o Earth
Moon™ =

Sun

" One sidereal period after new moon,
Sagittarius the moon has returned to the same
place among the stars, but the sun Scorpius

' has moved on along the ecliptic.

€ 2003 Brooks/Cole Publishing, a division of Thomson Learning, Inc.

One synodic period
after new moon

liptic
Sun = ECle_i e -
X New
/\_ mc?on One synodic period after new moon,
Sagittarius the moon has caught up with the Scorpius

sun and is again at new moon.
A V|




The Phases of the Moon

@ Earth

Moon

New moon

/”E(:Tip tic

Sagittarius

Sun [ ]

The sun and moon are near Scorpius

each other at new moon.

Earth orbits around Sun =>

@ 2003 Brooks/Cole Publishing, a division of Thomson Le;

One sidereal period

after new moon =
/—Ecipuc

Sun

One sidereal perior: after new moon,
Sagittarius  the moon has reiurned to the same
place among; the stars, but the sun
has moved on along the ecliptic.

Scorpius

* The Moon’s synodic
period (to reach the same
lunar phase) is 29.53 days

© 2003 Brooks/Cole Publishing, a division of Thomson Learning, Inc.

One synodic period

after new moon/’_____,_—-?ciptlc
Sun e
e (~ 1 month).
NS New
/\ fieon One synodic period after new moon,
Sagittarius the moon has caught up with the Scorpius

sun and is again at new moon.




Solar eclipse or lunar eclipse?




Solar eclipse or lunar eclipse?




Lunar Eclipses: Earth’s shadow falls across Moon

partial shadow
IS the
Penumbra,
and a zone of
full shadow is
the Umbra

If the entire surface of the moon enters the
Umbra, the lunar eclipse is total.



Solar Eclipses: Moon’s shadow falls across Earth

Sunlight

\

)
Path of total eclipse

”
A7 Moon

4

/

The sun appears approx. as large in the sky (same
angular diameter ~ 0.5%) as the moon.

— When the moon passes in front of the sun, the moon can cover
the sun completely, causing a total solar eclipse.



Conditions for Eclipses

The moon’s orbit is inclined against the ecliptic by ~ 5°.

Full moon

Node
Ecliptic

= 'S orbjt
Earth’'s umbral shadow
w&%&
T 4
A solar eclipse can only occur A Iunar ecllpse can only occur
If the moon passes a node near If the moon passes a node near

new moon. full moon.
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