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Measuring at home

How tall are you?
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Measuring at home

What did you use?

“I’m five pencils and a half

tall! I’m taller than you!” “I’m four pencils tall!”

“Wait, they look the same height?!”
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Measuring at home

“The Cubit”
Used by the Egyptians
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Measuring at home

Metric system: multiples of 10

10 mm
A
r h Images are not to scale.
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100 centimeters = 1 meter
1000 m
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1000 meters = 1 kilometer
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“The meter”
Proposed by Gabriel
Moutonin 1670



Measuring Earth

How can we measure the height of a
mountain?
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Measuring Earth
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Measuring Earth

“A mountain is a pencil
high?”
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Measuring Earth

Very far away!
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Measuring Earth

Try measuring how tall is a tree.
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- T = 1T - 1T = T = 1T G 1T I

What did you do?
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Measuring Earth

What did you do?

Using math... we can
measure the height!

20 pencils long
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Measuring Earth

What did you do?

Using math... we can
measure the height!

20000 pencils long
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Measuring Earth

Takeaways from this part
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High School Version

L5 The Cosmic Distance
"PRZJECTS Ladder

Adapted from Terence Tao (UCLA)’s Version
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The Cosmic Distance Ladder

galaxy clusters

How do we
know how far
away things
are?
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Measuring The Earth

How do we measure the circumference
of the earth?

PR#JECTS



Measuring The Earth

How do we even approach this?

|deas?
Thoughts?
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Measuring The Earth

First, how do we even know what earth
looks like?

@W iy 1 Eima,

Harvard Bridge,

BOS, MA. 12.14’ tall (3.7m)
Plane over the Atlantic @ ~33,000 feet (10km)
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Measuring The Earth

We know what the earth’s projection
on the moon looks like!

" Total Lunar Eclipse \\\

May 15-16, 2022 (EDT)

No other 3D object but a sphere has a circle as a 2D projection
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Measuring The Earth

Eratosthenes (276-194 B.C.) measured it !

With h and s known,
79 dist(Alexandria, Syene) you can salvefor@,
— . With 8 known,
3602 Circumference of Earth you can use the equation:
dist(Alexandria, Syene) = 5000 stadia (788.5 km) (360°/8) x (s) % Oo/o
Circumference of Earth = 40551.43 km .. to meagy, D
2

,,ﬁEHquggnce g;et
The tropic of cancer I
is defined as the line
where sun rays are at
a 90-degree angle at
the summer solstice
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Measuring The Earth

Jean Picard measured the perimeter of
earth in France back in 1793 with an
error of 0.18%)!
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Measuring The Earth

This is how we defined the meter!

Now we can measure stuff!

Perimeter of Earth
4x10,000,000

1 meter =

Actually, it turned out that they made a mistake. And so, the perimeter of earth is a
bit longer that it is supposed to.
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Measuring The Earth

Quick side note

If the summer solstice is June 20" (The longest day and shortest night).
Why is it that it's not the hottest day of the year?
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Measuring The Solar System

How far away is the moon?
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Measuring The Solar System

How far away is the moon?

ldeas?
Thoughts?
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Measuring The Solar System

How far away is the moon?

Aristarchus realized the following:
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Measuring The Solar System

How far away is the moon?

&———"~1%hou &———~1hou

Qf‘\\d / )30

L P | Mid-P. | End in Mid-Partial  Early Partial Be
Eclipse Totality Eclipse Eclipse

In about 3.5 hours

So, what do we know?
Time of one Lunar Orbit (28 days), Time it takes to do 2 R4+, (3.5 hours)
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Measuring The Solar System

How far away is the moon?

&———"~1%hou &———~1hou

Qf‘\\d y, )30

Late Partial ~ Mid-Partial gin Mid-Partial ~ Early Partial B
Eclipse Eclipse Totality Ttlty Eclipse Eclipse

In about 3.5 hours
So, what do we know?

Time of one Lunar Orbit (28 days), Time it takes to do 2 R4+, (3.5 hours)

24 hours  2R.qrtn

Circumference of Moon Orbit = 28 days X 1 day X 3E howurs 2457 600 km

Circumference of Moon Orbit = 2nDy,50n = Dmoon = ~391 139 km
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Measuring The Sun

How far away is the sun?
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Measuring The Sun

How far away is the sun?

ldeas?
Thoughts?
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Measuring The Sun

How far away is the sun?

1
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Measuring The Sun

How far away is the sun?

Distance to Sun
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Measuring The Sun

How far away is the sun?

But, we have a problem...

~ 20 minutes — 90 degrees

Angle between

Distance to Sun

This angle is super small!!

1 hour 360 degrees ( 1) Distance to moon
cos| 9 =

X =1/6d _
60min 24 hours X 30 days /6 degree 0 6

20 min X

Distance to Sun

% Distance to sun = ~344 X Distance to moon
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Measuring The Sun

Quick Sum Up

40000 km

Radius of Earth = . = ~ 6366 km

Distance to moon = ~ 61 X RadiuS, -+, = ~388 326 km

Distance to sun = ~344 X Distance to moon = ~1 Astronomical Unit = ~133 584 144 km

What’s Next?
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Measuring The Milky Way

How far away are other stars?
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Measuring The Milky Way

How far away are other stars?

® .
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@ § |deas?
Thoughts?
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Measuring The Milky Way

How far away are other stars?
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Measuring The Milky Way

Measuring Galaxies and very far
away stars

b=V
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Measuring The Milky Way

How far away are other stars?

Distant stars

N

Apparent parallax

motion of near star
P

Parallax angle

=1 arc second

Near star

1 Parsec

Line of sight Parallax Line of sight
in July

in January

=S

1AU

/

Earth's motion around Sun
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Measuring The Milky Way

How far away are other stars?

Kruger 60
Groombridge 34
Struve 2398
Rops 248
Teegarden's Star 61 Cygni
DX Cancri
Lalande 21185 15 light-ygars |
on 10
Luyten's Star L
ProCyon 745
14 5 L\ 5

0ss 6 2 Eid 4:
B—11
Wolf 35 —

l Ldyten 3
Siri a

0ss 128 | —1
| Proxima Centa-
a Centauri
Lacaille 9362
Ross 154
GJ 1061
Gl 6§28
Kapteyn's Star
Lacaille 8760
DEN 1048-3956 <€ Indi
| SCR 1845-6357
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Measuring The Milky Way

Quick Side Note

How do we know that other stars have planets orbiting around them?
The only thing we see is a point of light right?
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Measuring The Universe

Measuring Galaxies and very far away stars
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Measuring The Universe

Measuring Galaxies and very far away stars

ldeas?
Thoughts?
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Measuring The Universe

Measuring Galaxies and very far away stars

This is a bit more complicated...

Emitted
Spectra

Observed
Spectra
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