
ASTR120 Fall 2009
Homework 1

Scales, ancient astronomy and the laws of planetary motion
(Due 15th September 2009)

1. [Q24 from Chapter 1] The diameter of the Sun is 1.4×1011cm and the distance to the nearest star, Proxima
Centauri, is 4.2 ly. Suppose you want to build an exact scale model of the Sun and Proxima Centauri, and you
are using a ball 30 cm in diameter to represent the Sun. On yourscale model, how far away would Proxima
Centauri be from the Sun? Give your answer in units of kilometers, using scientific notation.

2. [Q29 from Chapter 1] The speed of light is 3.0×108ms−1, and the average distance from the Earth to the
Sun is 1.496×108km. How long does it take for light to travel from the Sun to theEarth?

3. [Q38 from Chapter 4] A certain comet is 2AU from the Sun at perihelion and 16AU fromthe Sun at aphelion.

(a) Find the semi-major axis of the comet’s orbit.

(b) Determine the period of the orbit.

4. Aristarchus’s measurement of the relative distance to the Moon and Sun... Aristarchus estimated the ratio
of the distance to the Moon and the Sun using a geometric method. He attempted to determine the exact time
at which the Moon displayed half-phase, and estimated that at that time the angular separation of the Sun and
the Moon on the sky wasθ = 87◦.

(a) By drawing a diagram, clearly explain why the ratio of thedistance of the Moon to the distance of the
Sun is given by

DSun

DMoon
=

1
cosθ

. (1)

(b) Using Aristarchus’s number ofθ = 87◦, calculate the inferred ratioDSun/DMoon.

(c) In fact, if Aristarchus had been able to perform the measurements more accurately (and correct for the
refraction of light in the Earth’s atmosphere), he would have obtained the correct value ofθ = 89.853◦.
Using this value, calculate the actual ratioDSun/DMoon.

5. Fun with Kepler’s laws of planetary motion... consider a planet that is in orbit about the Sun. Leta be the
semi-major axis of the orbit,b be the semi-minor axis, ande be the eccentricity.[In answering this question,
you might find it useful to consider these facts: the distancebetween the center of an ellipse and one of the foci
is ea; the area of an ellipse isπab.]

(a) By using properties of the ellipse and Kepler’s 2nd law, show that the ratio of the planet’s speed at
aphelionVa to its speed at perihelionVp is given by

Va

Vp
=

1−e
1+e

. (2)

(b) Again, using properties of the ellipse and Kepler’s 2nd law, show that the period of the orbitP is given
in terms of the speed at perihelion and the semi-minor axis bythe formula

P =
2πb

Vp(1−e)
. (3)
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