
Problem Set 1 Solutions

Problem 1: C

The universe is known to be 13.8 billion years old.

Problem 2: A

1 pc ' 3.1× 1018 cm
1 ly ' 9.5× 1017 cm
⇒Thus, 1 parsec is longer than 1 light year.

Problem 3: C

1 kpc = 3260 ly ⇒ 8 kpc = 26,080 ly,
so life 26,080 years ago would be visible.

It was around this time that early humans (i.e., hunter-gatherers) lived.

Problem 4: B

By Newton’s law of universal gravitation,

Fg = GMm
r2

,

So if both the Earth’s mass and radius increased by a factor of 2...

F = G(2M)m
(2r)2

= GMm
2r2

= 1
2Fg

Since weight is just the force of gravity, you would weigh half as much.
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Problem 5: C

Consider Kepler’s third law:

P 2 = 4π2a3

GM

So for solar mass M , semi-major axis a = 1 AU, and gravitational constant G, we can
calculate period P from the above equation to be 1 year.

Problem 6: E

For bound elliptical orbits, the size, or semi-major axis, depends on the total energy.
The shape, or eccentricity, of the orbit depends on the angular momentum.

Thus, both choices (B) and (C) are correct.

Note: the kinetic energy of an orbit is constantly changing with time if the orbit is not
perfectly circular. This value will be no help to us for the overall shape of the orbit.

Problem 7: A

During a lunar eclipse, the Sun, Earth, and Moon all must be aligned in the order illustrated
below, such that the Moon is hidden in Earth’s shadow. A full moon is defined as the phase
when the Moon is on the opposite side of the Earth from the Sun. Thus, a lunar eclipse
can only occur when the Moon is full.

Image taken from the Smithsonian National Air and Space Museum website.
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Problem 8: D

Since Caltech is at 34◦ latitude, all stars within 34◦ of the South Pole won’t be visible to
us (90◦ separation). The corresponding declination to stars within 34◦ of the South Pole
is -90◦ + 34◦ = -56◦. Thus any declination value less than -56◦ will not be visible.

Problem 9: A

There are 365.25 synodic days in a synodic year.
There are 366.25 sidereal days in a sidereal year.

Since these two lengths of time are equal, there are more sidereal days than synodic
days in a given year, so synodic days must be longer.

Problem 10 (4 points)

First, let’s find the velocity of the asteroid:
The orbital velocity of Earth can be found by taking the distance Earth travels (the

circumference of its orbit) and dividing this by one year (the time it takes to complete the
orbit).

Then the asteroid velocity is given as:

v = 1.5 vorb = 1.5× 2π(1AU)
1 year ' 4.471× 106 cm/s

Next, let’s find the mass of the asteroid:
In general, mass = volume×density. Then assuming the asteroid is spherical, volume

V = 4π
3 r

3, where asteroid radius r = 1 km
2 = 5× 104 cm, and density ρ = 4 g/cm3, such

that:

m = 4π
3 (5× 104 cm)3(4 g/cm3) = 2.09× 1015 g

Finally, let’s calculate the kinetic energy of the asteroid:

KE = 1
2mv

2 = .5× (2.09× 1015 g)× (4.471× 106 cm/s)2 = 2.089× 1028 erg

Note that this value is much greater than the energy released by a 10 Megaton ther-
monuclear bomb, 4.2× 1022 erg, so an asteroid of the given size and velocity would be sure
to kill us all. _̈
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