
PHYS-3202 Homework 5 Due 3 Nov 2021

This homework is due to https://uwcloud.uwinnipeg.ca/s/wxqoYpEEa8WT2LX by 10:59PM on
the due date. Your file(s) must be in PDF format; they may be black-and-white scans or pho-
tographs of hardcopies (all converted to PDF), PDF prepared by LaTeX, or PDF prepared with a
word processor using an equation editor.

1. Energy of an Elliptical Orbit

Show that the total energy of an elliptical orbit is E = k/2a, where a is the semi-major axis
and k is the (negative) constant in the potential energy V = k/r.

2. Hohmann Transfer adapted from Kibble & Berkshire and others

Suppose we want to send a space probe from earth to a planet farther from the sun. The most
fuel-efficient orbit for the probe is known as a Hohmann transfer. Its perihelion is at earth’s
orbit, and its aphelion is at the other planet, which we will choose to be Jupiter. Assume that
both earth and Jupiter have circular orbits (the eccentricities are less than 0.05 in both cases)
with semi-major axes a⊕ and aJ respectively.

(a) Find the required semi-major axis and eccentricity of the transfer orbit for the spaceprobe.

(b) What is the transit time for the orbit? Give your answer first in terms of a⊕, aJ and then
in years given that aJ ≈ 5 AU. Note that the transit time is half the period of the orbit.

3. S2 and the Supermassive Black Hole

Genzel and Ghez split half the 2020 Nobel Prize in Physics for observations of the star S2 in the
center of our galaxy. Star S2 orbits an object of mass M called Sgr A∗ with a period of T =16
years, semi-major axis of a =1000 AU, and pericenter distance of 120 AU. Give your answers
to the following questions to 1 significant digit. Assume that S2’s orbit obeys Newton’s law of
gravitation.

(a) What is the eccentricity e of S2’s orbit? Hint: one approach is to think about the rela-
tionship of the semi-major axis and pericenter distance to the semi-latus rectum.

(b) Find M/M�, where M� is the mass of our sun. (You should find a large mass, which
indicates that Sgr A∗ is a black hole.) Hint: use Kepler’s third law. It is easier if you use
AU and years for length and time units.

(c) Show that the speed v of S2 at the pericenter is
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T

√
1 + e
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.

What is the value of this speed for S2 in AU per year? How does it compare to the speed
of light c = 63000 AU/yr? You can use the results of the previous parts. Hint: note
that the velocity is purely angular at the pericenter. Use the relation between angular
momentum and the semi-latus rectum.
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