Assignment 4: The radius of the Earth
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Purpose:
The purpose of this assignment is for you to apply your knowledge of trigonometry to a real historical application: finding the radius of the Earth.
Skills:
This assignment will help you practice the following skills:
· Setting up trigonometric equations
· Solving equations with algebra
· Reading comprehension of mathematics 
Knowledge: 
The knowledge you will use and practice in this assignment is right triangle trigonometry. 
Task: 
Read the text below, which includes some history as well as some problems.  Answer the problems in your own words.  
I recommend asking for help from the SI or the professor if you have questions about the assignment.  
In this assignment, we learn a bit of the history of trigonometry by looking at the Islamic world.[footnoteRef:1] The medieval Islamic world included much of the Middle East, North Africa, the Iberian Peninsula, central Asia, and more. The rapid expansion of Islam allowed the mathematicians in Medieval Islamic society to learn the methods of various societies, such as India and Greece, where people had been studying trigonometry for centuries.  [1:  The source of all historical information in this assignment is The Mathematics of Egypt, Mesopotamia, China, India, and Islam: A Sourcebook, edited by Victor J. Katz, Princeton University Press, 2007. The section on Medieval Islam was written by J. Lennart Berggren.] 

In Islamic mathematics, there was a close relationship between theory and practice. Theoretical mathematicians would meet with artists and architects to discuss solutions to theoretical problems as well as how the theory could be applied.
We will first look at a problem from Abu al-Rayhan al-Biruni's Book of the Determination of Coordinates of Localities. Al-Biruni was a Persian scholar, born in 973 CE in a region that is now part of Uzbekistan, Turkmenistan, and Kazakhstan. The subject of his book is mathematical geography. In it, he shows how to find the latitude and longitude of a location and how to determine the direction of Mecca from anywhere in the world.
The book describes a method for calculating the circumference of the Earth and then gives measurements taken by the author to be used in the calculation. In this assignment, we will replicate Al-Biruni's work to find the circumference of the Earth using his measurements. 
Al-Biruni writes:
“When I happened to be living in the fort of Nandana in the land of India, I observed from an adjacent high mountain standing west of the fort, a large plain lying south of the mountain. It occurred to me that I should examine this method [to determine the circumference of the Earth] there. So, from the top of the mountain, I made an empirical measurement of the contact between the earth and the blue sky. I found that the line of sight had dipped below the reference line by the amount 0°34’ [i.e. 0.567°]. Then I measured the perpendicular of the mountain and found it to be [about 652] cubits, where the cubit is a standard length used in that region for measuring cloth. Let it be represented in the figure by EL."
Below is an expanded version of the figure in the book. It is not drawn to scale. The observer, Al-Biruni, is standing at point E, on top of a mountain, whose height is EL= 652 cubits.  Al Biruni used trigonometry to calculate the height of the mountain.  The “contact between the earth and the blue sky” is point T, the point on the horizon. This is the furthest point Al-Biruni could see, due to the curvature of the Earth. K is the center of the Earth. Al-Biruni knew that the triangle KTE would be a right triangle because T was chosen to be the point on the horizon. This is a fact of geometry that we won't get into here.
The angle θ is the angle of depression from E to T (note the dotted line is perpendicular to EL). This is the angle Al-Biruni measured as 0.567°. (This is where you can see the picture is not to scale, as it would be a tiny angle.) The purpose of Al-Biruni's measurements was to find the radius and the circumference of the Earth.
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Problem 1. Use the given information to:
a.  Find the radius of the Earth in cubits. Round your final answer to the nearest million cubits.  (This part of the problem is worth the most points. It is the most important part. This part will be graded with the rubric on the last page. In this problem, you should use the methods that we have learned in this class to come up with a way to determine the radius of the Earth with the information given. You must show all your work and explain it. Here is a starting point: Angle θ and angle TEL sum to 90°.  Label all lengths that you can, either with a number or the letter r for radius.  Caution: do not assume angles TLE or TLK are right angles!)
b. Assuming that there are 3520 cubits in a mile, find the radius of the Earth in miles. Round to the nearest 100 miles.
c. Use your answer to part b to find the circumference of the Earth in miles.  Round to the nearest thousand miles.
d. Look up the actual values for the radius and circumference of the Earth. How do your answers compare? (Your answers should not be very far off, so double check your calculations if you get something way off.)


Criteria for success:
Complete and accurate answers to the problems, written in your own words and submitted electronically to GeorgiaView.  You must show all your work.  Problem 1a will be graded with the following rubric:
	Points
	Criteria

	4
	This is correct and well-written mathematics

	3
	This is a good piece of work, yet there are some mathematical errors or some writing errors that need addressing.

	2
	There is some good intuition here, but there is at least one serious flaw.

	1
	I don’t understand this, but I see that you have worked on it.

	0
	I believe that you have not worked on this problem enough or you didn’t submit any work.
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