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Diameter of the Earth

omon in Alexandria

Well in Syena

» Eratosthenes measures an angle of 7°, for a distance of 5 000
stadions
» He deduces the circumference of the Earth: 250 000 stadions

» ~ a radius of 6 400 kilometers (in modern units)



Earth-Moon distance

» Aristarchus of Samos, in -350
> — in 3 hours, the Moon travels the distance of 1 Earth radius
» How many Earth radii does the Moon travel in 1 month?



Earth-Moon distance

» Aristarchus of Samos, in -350

» — in 3 hours, the Moon travels the distance of 1 Earth radius
» How many Earth radii does the Moon travel in 1 month?

» Circumference of the orbit = 216 Earth radii

» = diameter of the Moon's orbit = 70 Earth radii



Earth-Sun distance

> Aristarchus measures an angle of 87°

» He deduces that the Sun is 20 times further away from the Earth
than the Moon is

» So the Sun is 20 times bigger than the Moon, or 7 times bigger than
the Earth



Earth-Sun distance ... or not...

> Aristarchus measures an angle of 87°

» He deduces that the Sun is 20 times further away from the Earth
than the Moon is

» So the Sun is 20 times bigger than the Moon, or 7 times bigger than
the Earth

» Actually, the angle is 89,85° — He couldn’t have measured the
angle with so much precision

= distance VERY underestimated!



The planets

» Nicolaus Copernicus,
1543

» cosf = ratio between
the Earth-Sun and the
_ Earth-Venus distance
“. » For Venus, § = 46°




The planets

» Nicolaus Copernicus,
1543

» cosf = ratio between
the Earth-Sun and the
_ Earth-Venus distance
“. » For Venus, § = 46°

: » But the Earth-Sun
' distance is wrong!



Planetary distances

Planete | Distance Soleil - planéte (en unités astronomiques)
Mercury | 0,4

Venus 0,7

Earth 1

Mars 1,5

Jupiter 5,2

Saturn 9,5

But how many kilometers in an astronomical unit?

» Aristarchus was off by a lot

» By the 18th century, several scientists made different estimates of
the Earth-Sun distance, but a lot of disagreement between them

» An opportunity in 1761 then in 1769 : the transit of Venus

> Several expeditions to observe the transit from different places



Transit of Venus
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» Edmond Halley established the

method in 1716 —_—
» Observe the transit from 2 —
different latitudes -

» Given the radius of the Earth
» Johann Encke found 153 million
kilometers (actually 140)

» Still a bit off, but the different
measurements finally start to
converge






Stellar parallax

> received light # emitted light

» Since Copernicus, we know that
stars are much further away
than the Sun

» Friedrich Bessel towards 1830

» 1 parsec ~ 3 x 10'3 kilometers



Stellar parallax

W > received light # emitted light

‘ \ » Since Copernicus, we know that
, . stars are much further away
, N than the Sun

, "\ » Friedrich Bessel towards 1830

,/—\h » 1 parsec ~ 3 x 10'3 kilometers
v » Hipparchos & Gaia space

telescopes

» Stars that are a few thousand
* * light-years aways



Variable stars

» Henrietta Swann
Leavitt, 1912

— Cepheid variables
» Standard candles
» Period-luminosity link

» 10 million parsecs

Dol Caphei

Absolute magnitude
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Period-Luminosity Relation for Cepheids
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Star colors

Ejnar Hertzsprung, 1911
Pleiades et Hyades

Henry Norris Russell, 1914
Color-magnitude link
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clusters up to 100 000 parsecs

Absolute Visual Magnitude
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Nearby galaxies

» Controversies on Andromeda’s nature
— Are there objects beyond the Milky Way?
» Edwin Hubble, 1927




Far-away galaxies
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» Hubble, 1929 g

» Galactic distances with ¥

the Cepheid variables o
> Redshift by ; =
spectrography .

» Redshift-distance link
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Diameter of the Moon

» Aristarchus in -270

» Compare the curvature of the Moon to
that of the shadow of the Earth

» radius of the Moon = 0.35 x radius of
the Earth (actual ratio is 0.27)
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