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A Trip to the Moon
by Georges Mélies (1902)



https://www.youtube.com/watch?v=BNLZntSdyKE
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5th largest natural satellite
What'’s a ‘natural satellite’?


https://youtu.be/aQKgpm1SJmQ

Lunar rocks retrieved
from the Apollo missions

The Moon is
thought to have
originated from

a glancing collision
with the Mars-size
planet Theia
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The Moon is

thought to have

orlgmat:ed fron:' . 23.5 degree tilt

a glancing collision ....pge— |dentical isotopes
with the Mars-size 1/10th the current distance

planet Theia
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The moon is ‘tidally locked’ to the Earth.
Which side do we see?




Dark side of the moon

Far side of the moon

Lunar rocks from Apollo: Late Heavy Bombardment ~3.9 billion years ago
100 million years after Solar System formation



Far side of the moon




Third Quarter

Waning

Crescent ( '
New Moon ‘ Full Moon

Waxing
Crescent

Waning
Gibbous

Waxing
Gibbous
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A lunar eclipse occurs when the Earth passes between the Sun
and the Moon. What is the moon phase during a lunar eclipse?
a. First quarter

b. Third quarter

c. Full moon ¢
d. New moon A5

e. Green cheese moon |




Suppose tonight is new Moon and you are a Space X employee
working on the side of the Moon facing the Earth. What Earth
phase do you see?

You can’t see the Earth because it is eclipsed by the Sun.
new Earth

first quarter Earth

full Earth

third quarter Earth

NN

As seen from the Moon, how often does the Sun rise?
a. never

b. every ~24 hours

c. ~once per week

d. ~once per month

e. ~once per year



The Power of the Supermoon

Makes you crazy!

Induces natural disasters!




Supermoon (Perigee) Micromoon (Apogee)

14% Bigger

30% Brighter
5% closer than average 5% further than average




The Moon isn’t larger when near the horizon




Abraham Lincoln & the Moon
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Good night
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» The 1858 Armstrong Murder Trial




Abraham Lincoln & the Moon

. ’L

4. * \

x .
* L 3
" 1 ks
x

Good night

» The 1858 Armstrong Murder Trial
» Allegedly witnessed @ 150’ using a slungshot




Abraham Lincoln & the Moon
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« The 1858 Armstrong Murder Trial
« Allegedly witnessed @ 150’ using a slungshot
e 11:00 pm full moon “nearly in mid-heavens”




Abraham Lincoln & the Moon
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Good night

l_A o

« The 1858 Armstrong Murder Trial

« Allegedly witnessed @ 150’ using a slungshot

e 11:00 pm full moon “nearly in mid-heavens”

» The Farmer’s Almanac: 1st quarter; 10 degrees from horizon



Testing the ideas behind gravity with the help of the moon

Gravity compared to Earth’s: 1/6th



https://www.youtube.com/watch?v=5C5_dOEyAfk

Equivalence Principle
-> Are the Sun and Moon “falling” toward the Sun at the same rate?
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Equivalence Principle
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HUMANITY’S FIRST PICTURE
" OF A BLACK HOLE

Department of F
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Photo: Tyler Noragren
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1. The laws of physics are the same for all
observers in uniform motion (non-accelerating).

2. The speed of light (in a vacuum) is the
same for all such observers.



G | Relativit

time dilation
relativistic mass
length contraction
E=mc?

speed of light is
maximum possible

© 2006 Encyclopaedia Britannica, Inc.

gravitational time dilation
orbital precession

frame dragging
expansion of the Universe
light deflection
gravitational redshift
gravitational waves




Time dilation
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Earth &

Apparent
position
of star

The deflection of light



Actual *

position A
o /,// The deflection of light

Apparent
position
of star

Earth




/ distant galaxy " *
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ravitation lensing: maps out dark matter!
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Einstein’s field equations: curvature of spacetime
and how it depends on mass and energy




Einstein’s field equations: curvature of spacetime
and how it depends on mass and energy

cosmological constant Newton’s gravitational
constant
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'ﬁ \Karl Schwarzschild
1 873-1916

First exact solution
*-,-s to Einstein'’s field
" equations, for a

. spherical non-
_  rotating mass



“Stellar mass black holes” form from supernovae




spaghetti-fication
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Event Horizon Telescope
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M87'’s jet




CHANDRA X-RAY

(CLOSE-UP) CHANDRA X-RAY
(WIDE-FIELD)
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6.5 billion times the mass of the Sun
(Sag A* is 4 million times Msun)
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