Ellipses
Astronomy
Optional Lesson

[Start this lesson with a cone made of Styrofoam, jell-o, model magic, or
anything else that’s solid, but malleable.]

What is an Ellipse?
An ellipse is not a circle, and it’s not an egg. It’s kind of like an oval, but not
quite. Strictly speaking, it’s an elongated oval.

If you imagine (or have) a cone and you cut a slice of the cone that’s parallel to
the base, what shape do you get? [Do this so the students can see that you
would get a circle] But, what if you make a slice that’s not parallel to the base?
[Also make this cut] A non-parallel slice of cone produces an ellipse. But, you
don’t need a cone to make an ellipse, they’re actually fairly simple to draw.

[Each student needs a piece of cardboard, some sheets of white paper that fit
on top of the cardboard, two tacks, a string tied into a loop, and a pencil]

Procedure:

1. Lay one piece of paper on top of the cardboard

2. Stick the two pushpins in the cardboard a few inches from each other

3. Loop the string around both tacks and your pencil, so that if you were
to pull the string tight it would make a triangle whose points are the
two tacks and the pencil

4. Place the pencil on the cardboard, so that the string is taught and
trace the pencil along the inside of the loop of string until your pencil
is back where you began

5. You should now have an ellipse on the paper

Move the two tacks farther or closer apart and draw another ellipse.

How do the two ellipses compare? [Have students share their observations
with one another.]

If you put the tacks on top of each other (or simply use one tack), what shape
results? [Students should draw a circle]

All ellipses have two fixed points inside, those are the tacks, they’re called foci.
Investigating Properties of Ellipses

Now, mark any spot on the perimeter. Take a ruler, and measure the distance
from that point to each of the foci. Add those distances up.



Now choose a different point on the perimeter and do it again.

Is the total the same? [Students should notice that the sum is the same each
time for everyone in the class| It will always be the same no matter which point
of the perimeter you choose.

In the case of the Earth’s elliptical orbit of the Sun, the Sun isn’t at the center;
it’s at a focus. It was Kepler who found that this is true for every planet!

Does the diameter of a circle ever change? [No| How do you measure the
diameter? [Measure a line through the center of the circle] How would we
measure the diameter of an ellipse? [Students may have a variety of answers
for this]

An ellipse’s diameter varies in length. The longest diameter is called the major
axis; the shortest is the minor axis.

major axis

minor [axis

The flatter the ellipse, the greater the difference between the major axis and the
minor axis. So, if an ellipse has a very small difference between the major and
minor axis, what shape is it likely to resemble? [A circle]

There’s a special name for that difference between the major and minor axis.
Mathematicians call it the eccentricity. Essentially, the eccentricity of an ellipse
tells you just how flat the ellipse is.

Mathematicians have a special way of calculating the eccentricity because they

like it to be a positive number between zero and one. So, the official way of
calculating the difference is:
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The two foci are always on the major axis of an ellipse. Draw the major and
minor axes on two of your ellipses, and try to be as precise as possible.

Now, measure the distance from each foci to the center of the ellipse—the
center is where the major and minor axes intersect. What did you find?
[Students should find that the distance from each focus to the center is the
same. If students are finding their numbers to a be a bit off, this is a great time
to have a quick impromptu discussion about human error.]

In fact, for all ellipses, each focus will be the same distance from the center of
the ellipse!

Thanks to Kepler

Although Kepler lived a somewhat tragic life, his contributions were some of
the most important evidence that the Copernican Model was correct. Kepler’s
three laws accurately described the way planets moved, and we still rely on
them today to predict planetary motion. Kepler found:

1. Each planet travels around the Sun in a path that is an ellipse. The Sun
is located at one of the foci, so as the planet travels in its obit its distance
from the Sun changes.

2. The speed of a planet’s orbit depends on its distance from the Sun—the
close a planet is to the Sun, the faster it travels, and the farther a planet
it from the Sun, the slower it travels.

3. The farther a planet is from the Sun, the longer its orbit of the Sun will
take, and the longer its year will last.

Earth’s Eccentricity

Earth’s eccentricity is about 0.017, meaning that at its farthest point from the
Sun it’s about 3 million miles farther from the Sun than it is at its closest point
to the Sun. That might sound like a lot, but in fact it’s quite small. If we look at
a picture of Earth’s obit, you see that it actually looks very circular. In fact, you
need very precise measuring tools to identify that Earth’s orbit is an ellipse.

Kepler’s original illustration
from New Astronomy chapter
24.

This diagram shows the
circular orbit (the bold circle)
that the Earth was
hypothesized to have and
the elliptical orbit (the dotted
shape) that Kepler observed
the Earth to have.




What’s especially interesting is that the Earth’s orbit actually changes
eccentricity. Every 100,000 years it cycles from nearly circular to more
elliptical and back. During years when the Earth is more elliptical, and
therefore more eccentric, the Earth is farther from the Sun and closer to the
Sun than during times of nearly circular orbit. This means that the Earth
experiences greater variation in the amount of solar energy that reaches us,
and this variation has a direct effect on our climate!



