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Due Friday, January 17, 2014

The orrery is one of the oldest teaching tools of astronomy. The oldest known proto-
orrery, based on a geocentric model, dates to the 1st century BCE, and modern heliocentric
ones date back to the early 1700s. An orrery is a mechanical device in which balls representing
the Sun, planets, and moons move around tracks approximating their orbits. The balls are
attached to a system of interconnected gears, which drive them at varying speeds so that they
stay in the correct position relative to one another. The gears are attached to a crank, which
can be turned to set all the objects in the orrery in motion, effectively running time forward
or back. For more information on orreries, see http://en.wikipedia.org/wiki/Orrery.

Orreries were often intended to be art objects as well as teaching tools, and some
were ornately hand-painted. I’m unaware of any historical ones on display near Santa Cruz,
but if you happen to visit either Princeton University or the University of Pennsylvania,
you can find on display the first and second orreries constructed in the New World. They
were both made by astronomer David Rittenhouse in the 1770s for use in teaching, and you
can find pictures at http://artmuseum.princeton.edu/campus-art/objects/86634 and
http://explorepahistory.com/displayimage.php?imgId=1-2-C29.

The purpose of this exercise is to calculate some of the quantities necessary for the
construction of an orrery, as a way of getting a better handle on some astronomical scales.
For each of the proposed orreries below, consider whether it would be practical to actually
construct one. A useful reference for the planetary data you’ll need is http://nineplanets.
org.

1. We’ll start by considering construction of a conventional orrery, showing the Solar
system. Suppose we wanted to do so, and to make the planets and the Sun to scale.
To set the scale, consider making the sphere representing the Sun 1 cm in radius. On
this scale, what size spheres should we use for the planets (Mercury, Venus, Earth,
Mars, Jupiter, Saturn, Uranus, Neptune)? How far should the most distant planet
(Neptune) be from the Sun?

2. Suppose that we forget about having the planets be the right size, and we instead
just worry about getting the distances between them right. Let’s set the scale by
placing the Sun and the Earth 10 cm apart. How big will the orrery have to be in
order to accommodate the orbit of Neptune, the most distant planet? How far will the
innermost planet (Mercury) be from the Sun? If we also want to put in the Earth’s
Moon, how far from the Earth will it have to be?

3. Now let’s think about constructing a more modern orrery, one that doesn’t show just
the Solar system, but also includes all the stars within 10 ly of the Sun. You can find
a list of these stars are http://en.wikipedia.org/wiki/List_of_nearest_stars.
Let’s set the scale by placing the outer edge of the orrery 1 m from the Sun; this will
represent a distance of 10 ly from the Sun. On this scale, how far from the Sun should
the Earth be? Neptune?
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4. Consider an orrery that is big enough to encompass the Milky Way Galaxy. We will
place the Milky Way’s central black hole at the center, and place the Sun 1 m away.
The Sun’s true distance to the central black hole is about 8 kpc. How far apart with
the balls representing the Sun and the nearest other star (Proxima Centauri) be on
this scale? If we take the distance between the Sun and Proxima Centauri as a typical
interstellar distance, roughly how many balls are we going to need to place in a 1 cm3

region centered on the Sun if we want to represent all the stars in the corresponding
region of the Galaxy?

5. On the Galactic scale orrery, suppose we wanted to make the Sun move in its orbit
around the Galaxy. The Sun’s speed relative to the center of the Galaxy is roughly 200
km/s. How long does it take the Sun to go once around the Galactic center? Suppose
that we wanted to turn the crank at a speed so that the Sun completed one full orbit
every minute. If we wanted to include a ball representing the Earth on this orrery, and
have it revolve too, how long would it take the Earth to go around the Sun on this
scale?

6. Consider an orrery big enough to reach to extragalactic scales. The Andromeda Galaxy
is 0.77 Mpc away. If we construct an orrery in which the centers of the Milky Way
and Andromeda are placed 1 m apart, how far from the Milky Way center will the ball
representing the Sun be? If we wanted to make the ball representing the Sun to scale
in this orrery, how big would it have to be? For comparison, an atom is ∼ 10−10 m in
scale, and an atomic nucleus is ∼ 10−15 m.

7. Pop culture challenge: now that you have have some sense of relative sizes of in-
terplanetary, interstellar, and intergalactic distances, your final challenge is to identify
some item of pop culture that gets this egregiously wrong. This could be a movie,
a novel, a TV show, or anything else you like. In your answer, identify the source,
explain what is wrong, and suggest what things should look like if one used the correct
scale.

Example: in numerous science fiction movies and stories, perhaps most famously in
Star Wars: the Empire Strikes Back, flying through an asteroid belt is shown as dan-
gerous due to the risk of collisions with asteroids. However, the main asteroid belt
around the Sun is spread out over an annulus from roughly 2 − 3 AU, and contains
roughly 1 million objects larger than 1 km in diameter (source: Wikipedia asteroid
page). If one considers placing 1 million objects uniformly around an annulus of this
size, the result is that the mean distance between any two objects is a bit under 1
million km – so far apart that, if you were standing on one 1 km-sized asteroid, you
wouldn’t even be able to see another one of a similar size without a telescope.
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