Astro 109 Lecture 4:
Learning from the Sun and Moon

September 12, 2014
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A zodiac constellation

PISCES

visible in the night sky
about now; one of 48 0]
constellations tabulated

by Ptolemy. :
Latin name means 0]

“water-carrier.”

In Egypt, associated with *|

the annual flood of the
Nile; in Babylon,
represented the god Eg,
also associated with
flooding.
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Constellation of the day: Aquarius

Image credit: IAU/Sky & Telescope



Why astronomers like Aquarius

Image credit: NASA

(GALEX ultraviolet = blue; Spifzer'+WlSE 3.4-4.5 um
near-infrared = green; Spitzer+ WISE 8-24 um mid-infrared = red)* .

* |tisthe home of the Helix Nebula, a planetary nebula formed when an
aging star ejected its outer layers into space, leaving behind a white
dwarf.



Organizational reminders
Office hours are Friday 3:00-4:30pm in Scott Hall 102,

Tuesday 3:00-4:30pm in Serin Physics and Astronomy
Building 401, and some evenings in Sakai chat room.

Reading for next Wednesday: Section 2.3, 3.1.

Homework for next Friday: 10 questions, available in
Sakai “Tests & Quizzes,” due before class. Don’t wait
until the last minute to submit!

Please register your clicker in Sakai! Currently: 114/126.



All weekly study groups scheduled!

Elsie Lee Monday 1:10-2:30pm College Ave Kreeger 117
Isabel Kennedy Monday 6:40-8:00pm Livingston Tillett 111
Ryan DeGregorio  Tuesday 8:10-9:30pm Busch ARC 326
Adrian Casper Wednesday 1:10-2:30pm College Ave Kreeger 117
Zac Csorny Wednesday 2:50-4:10pm College Ave Kreeger 117
Ragen Patel Thursday 2:50-4:10pm College Ave Kreeger 117
Anthony Xing Thursday 5:00-6:20pm Livingston Tillett 111

* If none of these times work for you, active participation in my office
hours can earn you the extra credit you would get from a study group.



Sign up for study groups in Sakai

All study groups next week are now available for signup (note:
you do need to sign up again for each separate week).

Tips:
— When you sign up, you should get a confirmation email.
— Please cancel your slot if you're not going to use it!
— Bring textbook and copy of last year’s midterm.

Questions to prepare to discuss with LAs next week:
— How do we explain the motions of the Sun and the stars in the sky?
— What are a solar day, a sidereal day, and a year?
— How do we explain the phases of the Moon?

Questions from last year’s midterm you should be able to
answer after today’s lecture: #13 (52%), #20 (67%), #27 (51%).



Homework # 1 — Question 7

Powers of ten can sometimes be represented using the “M”
symbol, e.g., 6.5 x 1073 = 6.5 x 1000 = 6500. Using this
notation, what is the value of (4 x 10715) — (1 x 1073)?

3 x 10712.
4 x 10°M12.

A large number that is slightly smaller than 4 x 10715.
4 x 1075,

o0 w P

The original expression equals
4,000,000,000,000,000 — 1000 = 3,999,999,999,999,000
making answer C correct.



The Sun and the Moon (and the Earth!)



Rotation vs. revolution

* Rotation = an object (star, planet, moon, etc.) spinning
on its own axis.

* Revolution = one object orbiting around another.

Image credit:
www.history.com
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Example: Earth requires 23 hours and 56 minutes to rotate
on its axis, and 365 days to revolve around the Sun.



Hang on — “23 hours and 56 minutes”!?
* Sidereal day = how long it takes a planet to make one full
rotation relative to the stars. (For Earth, this is 23:56.)

* Solar day = how long it takes a planet to make one full
rotation relative to the Sun. (For Earth, this is 24:00.)

e Difference is because the Earth moves in its orbit around
the Sun — so has to rotate just a bit extra.

Sidereal Time

Earth’s Orbit

Star overhead

Sun and star overhead

Image credit: Cornell University




¢ Which way do planets rotate/revolve?

 The Earth may have a sidereal day of 23:56... but which
direction is it spinning on its axis and orbiting the Sun?

* Avery convenient fact about the solar system: nearly
every major body rotates/revolves in the same prograde
direction — counter-clockwise when viewed from
“above,” following the “right-hand rule.”

weird exceptions

North pole

Earth: 23° Uranus: 97° Venus: 177°

Image credit:
forum.nationstates.net




g

Prograde motion is why Sun, stars move E to W in sky

* Sun moves from east to west across the sky every day.
e Stars move from east to west across the sky every year.

Image credit: US DOE/ARM



Two volunteers, please!



Clicker question # 1

What is the best definition of a sidereal day?

A. The time it takes a planet to orbit the Sun.
B. The time it takes a planet to spin on its axis relative to the

Sun.

C. The time it takes a planet to spin on its axis relative to the
stars.

D. The time it takes the Sun to change its position relative to
the stars.

E. Adaythat only seems real when you are on the other
side of it.



Group clicker question # 2

What would happen if the Earth spun on its axis faster
than it does now, but the time it takes to orbit the Sun
stayed the same?

A.

B.

The Earth’s solar day would get shorter, and the Earth’s
sidereal day would stay the same.

The Earth’s sidereal day would get shorter, and the
Earth’s solar day would stay the same.

The Earth’s solar and sidereal days would both get

shorter, but the difference between them would stay the
same.

The Earth’s solar and sidereal days would both get
shorter, and the difference between them would get
smaller.

We would attract unwanted attention from the Klingons.



¢ Solar day vs. sidereal day vs. year

e Earth rotates (spins) lots of times on its axis in the time
it takes to orbit the Sun, and in the same direction — so

year > solar day > sidereal day.

* The relationships among these quantities can be
different for different planets!

* Consider Mercury (specific numbers not important):
— year (orbital period) = 87.969 Earth days
— sidereal day = 58.646 Earth days

— solar day = 175.938 Earth days
— If you lived on Mercury, you could celebrate your birthday
twice every day!



Phases of the Moon



Phases of
the Moon

* Waxing = going from
new moon to full
moon.

* Waning = going from
full moon to new
moon.

 We're always seeing
reflected sunlight.

http://ganymede.nmsu.edu/tharriso/ast110/class05.html




Phases of
the Moon

* Crescent = closer to
new moon than full
moon.

e _Gibbous
(“humpbacked”) =
closer to full moon than
new moon.

http://ganymede.nmsu.edu/tharriso/ast110/class05.html




Understanding
lunar phases

Waning Crescent Third Quarter
Rise: 3 AM. Rise: midnight
Highest: 9 AMm. Highest: 6 Am.
- | 7 Set: 3 PM. Set: noon
Sy
New Moon )
Rise: 6 AMm.

Waning Gibbous
Rise: 9 pMm.
Highest: 3 AMm.
Set: 9 am.

Highest: noon
Set: 6 PM. g

Waxing Crescent
Rise: 9 Am.
Highest: 3 pm.
Set: 9 PM.

First Quarter Full Moon
Rise: noon Rise: 6 PM.
Highest: 6 PM. : - Highest: midnight
Set: midnight Wa’;;ggg'gg"’"s Set: 6 AM.
M oonNn moves Highest: 9 pM. Rise, high point, and set times are
Set: 3 AM. approximate. Exact times depend

on your location, the time of year,
and details of the Moon'’s orbit.

prograde!

© 2010 Pearson Education, Inc.



Clicker question # 3

On August 20, the Moon was a waning
crescent. If you had gone outside
before sunrise, where should you have
looked to see the Moon?

A.

m oo w

toward the south

toward the north

toward the east

toward the west '
straight overhead




Clicker question # 4

If you see the Moon rising at midnight, what phase is it?

full
third quarter

new .

first quarter

m O O T >

triple witching hour




Clicker question # 5

At approximately what time would you see a full Moon on
your meridian?

A. After a party that got a little out of control.
midnight

6am

noon

SR

6 pm




Group clicker question # 6

In this photograph, taken by the crew of Apollo 8, Earth is
seen with the north pole approximately at the top. In
what phase did the Moon appear to observers on Earth?

waxing crescent
first quarter

full
third quarter

m O O T >

wahing crescent




Always
see the

same face
of the

Moon...




Two volunteers, please!



Does the Moon rotate?

a If you do not rotate while walking around b You will face the model at all times only if
the model, you will not always face it. you rotate exactly once during each orbit.

© 2010 Pearson Education, Inc.



Clicker question # 7

Suppose you lived on the Moon near the center of the
side that always faces Earth. Which of the following
would you NOT see?

A.

oo o e

the Earth rising and setting

the Earth passing though a full cycle of phases
the Sun rising and setting

stars rising and setting

the Sun crossing your meridian every four weeks



