Arvind Borde / AST 9.002, Week 13: Odds & Ends
The Space Elevator

(1) Solve for v.

Based on “safe rotation rates” around the earth:
The speed at which you must travel to avoid either
crashing to earth or escaping from it.
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where r is the radius of the orbit and m (which
cancels) the mass of the orbiting object.

v=

2

Calculate v for
(2) r ≈ REarth ≈ 6.4 × 106 m.

If other orbital radii are expressed as a multiple of
the earth radius, kREarth , the safe orbital speed
would be

v=

2 × 107
2 × 107
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18,000
√ m/s.
k
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(3) What is the safe orbital speed at an orbital
radius of a trillion earth radii?

(4) What is the circumference of the earth?
(5) How many seconds in a day?
(6) What is the rotational speed of the earth at
the equator?
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As you move from close to the surface of the earth
to far away, the safe velocity drops continuously
from 8 × 103 m/s, faster than the earth’s rotation,
to close to zero, slower than the earth’s rotation.

The height of such an orbit above the earth’s surface would be about 36 × 103 km.
The space elevator proposal calls for a station at
that height above the equator to pull things into
orbit along a rope of sufficient tensile strength

So, somewhere in between, the orbital speed will
exactly match the rotation of the earth.
A satellite orbiting the earth above the equator at
that speed will appear to be stationary overhead.
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Other Solar Systems

Speculation about other solar systems goes back
to ancient Greek times.

An artists conception, based on real observations:

More “recently” (1584) Giordano Bruno speculated that there were “countless suns and countless
earths all rotating around their suns.”
He was accused of heresy.
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Serious work on the rest of the Universe began
with Edwin Hubble in the 1920s.

Picture taken by “Hubble:”

He found that small nebulae (hazy patches) in the
sky were neighboring islands of stars far outside
our own galaxy, each containing hundreds of billions of stars.
Hubble used a telescope on a mountain top.
(1) Why mountain top? Clear air.
Today we use space telescopes (including one that
bears his name).
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It seemed highly probable there’d be planets around
other stars, given that there is a large number of
stars in our galaxy and a large number of galaxies.
(Estimates of both are in the 100s of billions.)

1994, Alexander Wolszczan:
First widely accepted extrasolar planets.
Two or three planet-sized objects orbiting a pulsar,
rather than a normal star. (A pulsar is a remnant
of a stellar “supernova explosion.”)

But over 70 years went by after Hubble’s discovery of other galaxies without convincing proof of
exoplanets. Several times discoveries of extrasolar
planets were announced, only to prove false.
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1995, Michel Mayor and Didier Queloz:
First discovery of a planet orbiting a star similar
to the sun (star 51 Pegasi). About half the mass
of Jupiter, with a period of 4.2 Earth days(!).
New class of planets called Hot Jupiters: hot, massive planets orbiting closer to their stars than Mercury.
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Three months later, Geoffrey W. Marcy and Paul
Butler and team confirmed the previous discovery,
and found two more planets.

(2) Why the recent flood of discoveries?
Technological advances:
◦ better spectrometers,

By the end of the 20th century, several dozen
“worlds” discovered, many after months or years
of observation.

◦ better electronic sensors to record light collected
by telescopes,

The count now is in the thousands.
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Missions

2009: NASA’s first exoplanet mission, Kepler.

2006: French CoRoT mission. First dedicated “exoplanet” space mission; searches for planets that
pass in front of their host stars.
Has contributed dozens of confirmed exoplanets.
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◦ better computer software and hardware to analyze
fluctuations in starlight and the motion induced
by the gravitational pull of unseen companions.

Kepler has found that small planets are likely to be
the most common in the galaxy, and that our sun
is an unusually calm star. Kepler has found exotic,
multi-planet solar systems and hot Jupiters of very
low density.
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Kepler orbit

Methods for finding exoplanets

(3) Finding exoplanets is not easy. Why?
◦ Planets don’t produce any light of their own,
except when young.

. Doppler shift as star and planet rotate around
each other.

◦ They are an enormous distance from us.
◦ They are lost in the blinding light of their parent
stars.
Most effective for Jupiter class planets.
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. Transit. A planet passing directly in front of a
star blocks out a tiny portion of the star’s light,
reducing its apparent brightness.
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Kepler and CoRoT spacecraft
monitor large numbers of stars
for the dimming caused by a
transit. Kepler has discovered more than 1,000 potential exoplanets this way.

. Direct Imaging.
Specialized optics have made
a few exoplanet images possible. One method uses a
masking device to block the
light of a star so that its planets can be seen more clearly.
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. Gravitational microlensing. (Relativity.)

When a planet passes in front of a star, the planet’s
gravity behaves like a lens, focusing light rays and
causing a temporary sharp increase in brightness
21and change of the apparent position of the star.
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