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Introduction 

The California Common Core Standard requires students to know how to solve 
quadratic equations in one variable. (p.65) This requires the ability to take square 
roots. We’re taught that a is the square root of a2, but most square roots are irrational 
numbers and are difficult to calculate. (Recall that an irrational number is a real 
number that cannot be written as a simple fraction.) Indeed, we usually use calculators 
to find square roots. However, most of these algorithms calculators use do not 
calculate the actual square root. (For those who are not familiar with the term: 
algorithm, it means a procedure or formula for solving a problem, based on 
conducting a sequence of specified actions.) Instead, they only calculate 
approximations to the square root. How do these approximating algorithms work? 
This question may sound overwhelming. However, you might be surprised to know 
that approximating algorithms or approximating methods have been used long before 
computers were invented. While the approximating algorithms calculators use may be 
very complex, the earliest approximating methods for finding square roots are a lot 
easier to understand. By acting out the script below or by watching the play, you will 
be learning the method ancient Babylonians used to approximate the value of a square 
root.  

This script aims to recreate a hypothetical scenario in which an ancient 
Babylonian mathematician is trying to approximate the value of square root 5 through 
the method of approximation. He scribbles on a clay plate with a reed, which is not an 
easy thing to do, especially compared to nowadays when we use pens and paper or 
even just simply calculators.  

By learning this particular method of approximation, hopefully you will gain 
some insight into the calculation of square roots in ancient times and to experience a 
calculating method similar to the algorithm calculators use to find the value of a 
square root. The problem set following the script aims to further familiarize you with 
the method of approximation. It also helps you to understand why and how this 
method works.  
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Script 
Narrator introduces the background of Ancient Mesopotamia civilization before other 
students start to act the script:  
 
We’ve now travelled back in time, all the way back to 1700BC, which is nearly 4000 
years ago from now. This is Babylonia, the capital city of Mesopotamia, located in 
present-day Iraq. These ancient Babylonians are writing on wet clay tablets with 
reeds the size of pencils. They are students of Edubba, which is the Sumerian term for 
"scribal school". The scribal school is an institution in ancient Mesopotamia that 
trained and educated young scribes. What these students are doing is a typical way to 
learn and practice their mathematical ability. In fact, archeologists have found a 
large number of tablets preserving scribal students' exercise tablets in the Near East. 
These exercises will help them develop the ability to satisfy the economic and 
administrative needs of the land.  
 
Before we delve into the story, we need to understand that Babylonian math is very 
different from the math we’re familiar with. Therefore, in this play, a few things are 
changed in a way that the audience can understand more easily. For instance, it 
employs a base 60 numeral system whereas we use base 10. The representation of 
numbers and calculations are also very different. See below (this will be shown by a 
projector): 

  
 
In order to let the audience understand the approximation without having to learn 
Babylonian math system, the approximation method will be presented in the modern 
mathematical language. 
 
In addition, a real ancient Babylonian clay tablet and scribbles should look like this: 
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However, to make sure that audience can see the calculation, calculations will be 
written on the whiteboard, (which should by now have been decorated into a more 
clay tablet-like fashion.) 
 
An Edubba student, Kidinnu, scribing on clay tablets. Later he would become one of 
the most famous astronomers and mathematicians of this period of time. But before 
that, he would need to practice his arithmetic skills like all Edubba students.  
 
Kidinnu: How can I figure out the length of hypotenuse of this triangle. The other two 
sides have lengths of 2 and 1 respectively. So the sum of the squares of the other two 
sides are 4…wait no! Should be 5! I made a mistake!  
 
(Kidinnu buries his face into his palms and cries.) 
 
Narrator: It is almost impossible to make corrections on a clay tablet. Once the clay 
dried it was no longer possible to write on or change the tablet. And these clays dry 
fast. Our mathematician-to-be Kidinnu just made a mistake, and now the entire tablet 
and what he had thus far have gone to waste. 
 
Another student: Kidinnu, did you just make a mistake? This approximation method 
requires so much calculation. I’m stuck. 
 
Kidinnu: Hmm, I know there are quite a few steps, but it shouldn’t be that hard. Let 
me find a new tablet. Maybe I can show you how to approximate the square root. 
 
Narrator: The Babylonians had an accurate and simple method for finding the square 
roots of numbers. This method is also known as Heron’s method, named after the 
Greek mathematician who lived in the first century AD. Indian mathematicians also 
used a similar method as early as 800 BC. The Babylonians are credited with having 
first invented this square root method, possibly as early as 1900 BC. The Babylonian 
method for finding square roots involves dividing and averaging, over and over, to 
obtain a more accurate solution with each repeat of the process. 
 
Kidinnu: So first of all, we’ll make a guess of what the answer for the square root of 5 
is. Hmm…I’ll say 2. Since 2*2=4, and this is very close to 5. 
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Now let us divide the original number by my guess. So Divide 5 by 2 = 2.5. 
Next, we’ll find the average of these numbers. 2 and 2.5 = 2.25 (Scribbling on the 
plate.) 
Now we’ll use this average as my next guess. 
 
Kidinuu continue to act out the following process, with the other student occasionally 
pausing for clarificfation: 
 
SECOND PROCESS 
Step 1: Guess 2.25 
Step 2: Divide 5 by 2.25 = 2.22222222  
Step 3: Find average of 2.25 and 2.22222222 = 2.23611111 
Step 4: Next guess is 2.23611111 
 
THIRD PROCESS 
Step 1: Guess 2.236111111 
Step 2: Divide 5 by 2.23611111 = 2.2360248 
Step 3: Find average of 2.23611111 and 2.2360248 = 2.2360679 
Step 4: FINAL guess is 2.2360679 
 
Narrator: Our mathematicians have come to the conclusion that the square root of 5 is 
2.2360679. Let us take out a calculator and find the square root of 5. 
 
Audience calculating with calculator. Sqrt 5 = 2.2360679 
 
Narrator: Although we’ve got used to using a calculator to find out square roots of 
different numbers, in the earliest mathematical history, this is how people used to find 
the square roots. Approximation is a very useful method to find out an approximate 
number of difficult calculations. In fact, it is a very important concept applied in 
calculus by Newton and other mathematicians. 
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Here are 3 more problems for you to practice and to better understand the early 
calculation of square roots. 
 
Problem 1: 
1. Find sqrt 1000 using the Babylonian square root method. 
2. Write out each of your steps. 
3. Check your result using a calculator. 
 
Problem 2: 
Can you figure out why this approximation method works? 
 
 
Problem 3: 
Read the following rationale. Compare it to your answer for problem 2. Can you think 
of how approximation may be used in calculations other than square rooting?   
 
Suppose you’re trying to compute the square root of 2 and you have a guess, say a. If 
your guess is exactly right then a2=2; so a=2/a. But if your guess isn’t right, a won’t 
be quite equal to 2/a. So it makes sense to take the average of a and 2/a, and use that 
as a new guess. If your original guess wasn’t too bad, and you keep using this 
procedure, you’ll get a sequence of guesses that converges to square root of 2. In fact, 
it converges very rapidly: at each step, the number of correct digits in your guess will 
approximately double! 
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