
Math 155. Calculus for Biological Scientists
Fall 2017, August 21st, 2017
Eclipse Math!

Due Monday August 28th at beginning of class. Show work and use extra pages if needed. Stay
neat!
This worksheet is eclipse themed but also includes concepts like measurement, unit conversion,
average rate of change, and basic trig that is necessary for success in calculus. These mathematical
topics may be on the first midterm but you won’t be tested on eclipse specific numbers (such as
distance to moon) or vocabulary (such as prenumbra).

Note: Diagram is not to scale!

One of the most interesting things about the total eclipse is that it’s possible in the first place.
The moon is 400 times smaller than the sun and yet it appears to be the same size. The reason is
simple, the sun is a lot farther away. This fact of nature, that objects farther away appear smaller,
can be exaggerated even further by comparing your thumb to the moon or sun; if you extend your
arm out then the moon is covered up by about half the width of your thumb. This is displayed
geometrically in the image below, from the point of view of your eye the edges of all three objects
line up and thus look the same.We have total solar eclipses visible on the surface of Earth because
even though the radius of the sun 696,300 km and the radius of the moon is 1,737 km, the vast
difference in their distance allow their angular diameters to be nearly the same.

We can use a little bit of geometry or trigonometry we can relate the distance between these
objects and their radii. Since all the triangles in the above picture (from the eye to the thumb,
moon, and sun) are similar triangles (their angles are the same) the ratio r/d is constant between
them. That is the following ratios are equal.

rthumb

dthumb
=
rmoon

dmoon
=
rsun
dsun

Let’s say that we know the distance from our eye to our outstretched thumb is about dthumb =
20 in and the radius of the part of the thumb that covers up the moon is just rthumb = 0.087 in.

Problem 1 Calculate the ratio r/d for your thumb and use this information to calculate the
radius of the moon in kilometers if we know that it is dmoon = 365, 600 km away. Also calculate
how far away the sun is in astronomical units (AU) if we know it has a radius of rsun = 696, 300km.



For unit conversions it may be useful to know the following:

1 in = 2.54 cm

1 m = 100 cm

1 km = 1, 000 m

1 AU = 149, 597, 871 km

Angular Diameter of the Moon and Sun
Numbers you need: Radius of the sun 696,300 km and the radius of the moon is 1,737 km.
Problem 2 At the time of the August 21, 2017 eclipse, the sun is located 151,384,000 km from

the center of Earth.
a) What is its angular diameter in degrees?

b) 360 degrees is equal to 2π radians. What is its angular diameter in radians?

Problem 3 At the time of the August 21, 2017 eclipse, the moon is located 365,600 km from
the surface of Earth.

a) What is its angular diameter in degrees?

b) What is its angular diameter in radians?



Average Rate of Change of Moon’s Shadow on Earth

Definition: Average Rate of Change The average rate of change of the moon’s shadow is
the hypothetical constant rate the shadow would have to travel to cover the same distance on the
Earth’s surface in the same amount of time as the shadow actually moved.

If the moon’s shadow traveled at a constant rate, it would mean that for equal size changes in
time, the shadow would move equal distances. It is possible for a shadow traveling at a varying rate
of change to cross two cities at the same time as a (hypothetical) shadow traveling at a constant
rate.

Problem 4 The Earth’s shadow does not move at a constant rate of change across the Earth.
Why? According to the movie, where in the US does a total eclipse last the longest(approximate!).
See this video to help you think about problem: https://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=4321

Problem 5 For the August 21, 2017 eclipse, the distance from Newport, Oregon to Madras,
Oregon is 232 km, and the time at which the total solar eclipse is observed at these two locations
differ by 0.0619 hours.

a) What is the average rate of change of the shadow between these towns measured in km per
hour?

b) What is the average rate of change of the shadow between those towns measured in feet per
second?

Problem 6 The towns of Carbondale and Hopkinsville are located 155 km apart. The exact
time of totality at Carbondale is 18:21:56, but at Hopkinsville they see the maximum eclipse at
18:26:03.

a) What is the average rate of change of the shadow between these towns measured in km per
hour?

b) What is the average rate of change of the shadow between those towns measured in feet per
second?



Problem 7 The following table gives the distances and times for the total solar eclipse viewed
from several locations along the path of totality from Oregon to South Carolina. From the tabulated
information, calculate the average lunar shadow rate of change between each consecutive pair of
points along the path.

Problem 8 From the table, what is the total length of the path of totality from Newport,
Oregon to McClellanville, South Carolina?

Problem 9 What is the average speed of the shadow from Oregon to South Carolina?


