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Mathematica - The Principles of Math 
10. The Endless World of Irrational Numbers 
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  00:23 (caption) 

Our world is vast, and space is virtually unending… 
 
00:26 And as well… 
 
00:28 There’s another endless world, that of numbers. 
 
00:32 Let’s embark on a journey into the vast world of real numbers,  
where rational numbers and irrational numbers come together.  
 
00:44 One, two, three, four… We usually use natural numbers, positive 
whole numbers, to count up from one, and the numbers keep getting 
bigger. 
But there’s a limit to expressing things only with natural numbers.  
 
00:44 (caption) 
one, two, three 
three-and-a-half apples       
 
00:50 (caption) 
water  
1-2/3 cups of water 
 
01:03 Sometimes we need to use decimals or fractions. 
 
01:08 And sometimes positive and negative numbers are needed. 
 
01:19 By using natural numbers, integers, fractions, and prime num-
bers, we can express lengths, areas, and volumes of objects more 
accurately. 
 
01:33 These numbers are called rational numbers, and they include 
positive whole numbers, negative whole numbers, and zero. Together, 
these are collectively called integers. 
 
01:32 (caption) 
rational number 
integer 
plus integer 
minus integer 
decimal 
fraction 
 
01:46 Rational numbers besides integers are fractions and decimals.  
So what exactly is the definition of a rational number? 
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01:52 (caption) 
rational number 
any number that can be expressed as the quotient or fraction (a/b) of 
two integers, when the denominator b is not zero 
 
02:07 Let’s see how we can express these numbers in the form of a 
fraction. 
 
02:11 (caption) 
→ 3=3/1, -8=-8/1 0.7=7/10 1.23=123/100 
 
02:18 As you can see, natural numbers, integers, and finite decimals 
are all rational numbers that can be expressed as fractions.  
 
02:33 But take a look at the numbers this boy is writing.  Are these 
also rational numbers? 
 
02:43 These are repeating decimals. They are numbers in which a digit 
or a series of digits other than zero is infinitely repeatedly over and 
over again after the decimal point.  
 
02:55 Since infinitely repeating decimals can be written as fractions, 
they are considered rational numbers. 
 
03:03 (caption) 
infinitely repeating decimals rational numbers 
 
03:14 But is it possible to take an infinite decimal without a repeating 
pattern and convert it into a fraction? 
 
03:21 No. Infinite decimals without a specific repeating pattern cannot 
be changed into fractions. And that means they are not rational num-
bers. 
 
03:29 (caption) 
indefinite decimal without specific repeating digits ≠ rational numbers  
indefinite decimal without specific repeating digits  irrational numbers  
 
03:35 In other words, infinite decimals without a specific repeating 
pattern are irrational numbers. 
 
03:45 But both rational numbers and irrational numbers are real num-
bers. 
 
03:46 (caption) 
rational number 
integer 
positive integer 
minus integer 
 
negative numbers 
irrational numbers 
infinite decimals without specific repeating digits 
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04:03 In the fourth century BC, when people didn’t yet know about the 
existence of irrational numbers, famous Greek mathematician Pythag-
oras had profound thoughts on numbers. 
 
04:16 (caption) 
Everything in the world is made up of numbers. 
Every number can be expressed with integers and their ratio (i.e., ra-
tional numbers) 
 
04:26 Pythagoras and his followers had a firm philosophy on numbers, 
which was like an absolute religion to them. 
 
04:39 And Pythagoras’s followers believed that the lengths of lines 
could be expressed with rational numbers. This led to the creation of 
the long-famous Pythagorean Theorem.  
 
04:56 Meanwhile, Pythagoras’s philosophers discovered issues which 
would challenge their firmly held beliefs about numbers. 
 
05:18 (caption) What’s the length of the hypotenuse of a right triangle 
whose two sides are length 1? 
 
05:27 According to the Pythagorean Theorem, in a right triangle the 
square of the hypotenuse equals the sum of the squares of each side. 
In the right triangle where the two sides are length 1, the square of the 
hypotenuse is 2.  
 
05:40 So what number then, represented by c, makes 2 by squaring 
itself? 
 
05:46 This was the problem they faced. The number that is two by 
squaring itself can’t be written as a fraction. To those who only imag-
ined rational numbers, this was an earth-shattering result. 
 
05:55 (caption) Every number can be expressed with integers and their 
ratio (i.e., rational numbers) 
 
06:04 But I’m sure that you all know how to express c. 
 
06:11 Right. A number which makes two by squaring itself is the 
square root of 2, written with this symbol. 
 
06:19 (caption) 
# √2  fraction     
1.4142135623730950488..... .    
decimals  
irrational number  
 
06:19 √2 can’t be expressed in the form of a fraction. When it’s ex-
panded as a decimal, its digits repeat without any specific pattern, but 
it’s an infinite decimal. In other words, it’s an irrational number. 
 
06:32 To us today, irrational numbers are perfectly acceptable. But to 
Pythagoras’s followers, the invention of irrational numbers was a 
shocking development. 

http://srf.ch/myschool


 

 

 

Script 

 
 

Mathematica - The Principles of Math: 10. The Endless World of Irrational Numbers 

 

srf.ch/myschool  4/5 

 

06:45 They couldn’t destroy their philosophy on rational numbers, 
which was like a religion to them.  
So they decided to hide the existence of irrational numbers. 
 
06:55 But the secret couldn’t be hidden for too long. 
 
07:04 Hippasus, one of Pythagoras’s disciples, revealed the secret to 
the world.  
 
07:09 Legend says that he was killed by drowning as punishment for 
spilling the beans on this dark secret of Pythagoras’s followers. 
 
07:29 To us, irrational numbers are nothing strange.  
 
07:29 (caption) 
an irrational number? 
 
07:37 What are examples of irrational numbers? 
The square root of 2, the square root of 3, the square root of 5, or the 
square root of 7… They are found as the square roots of rational num-
bers. 
 
07:54 π=3.141592653....     
 
07:53 There’s also the ratio of the circumference of a circle to its diam-
eter, better known as pi. If expanded as a decimal, it goes on forever 
without repeating, so it’s an irrational number. 
 
08:04 Pi is an indispensable number when dealing with circles, which 
are used in many math formulas, as well as research in science and 
space exploration. 
 
08:26 Have you ever heard of the golden ratio?  
 
08:29 For centuries, up until the Renaissance, the golden ratio was 
used for making things balanced and beautiful. Its value is about 1 to 
1.618.  
 
08:26 (caption) 
golden ratio 
 
08:38 World famous architectural and artistic works adopted the gold-
en ratio. But its precise value is an irrational number in which there is 
no repeating pattern after the decimal. 
 
08:43 (caption) golden ratio 
 
08:52 Just as pi is the symbol of the ratio of the circumference of a 
circle to its diameter, the golden ratio is symbolized by the symbol φ 
(phi). 
 
09:02 From the world in the time before the birth of Christ to the twen-
ty-first century, the Golden Ratio has been used for things big and 
small. 
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09:16 Irrational numbers came as a shock to those who first discov-
ered them,… 
 
09:22 …and even to use they are complicated numbers. 
 
09:26 But when we understand both rational and irrational numbers 
together, we can get a taste for the vast and mysterious world of num-
bers. 

 

http://srf.ch/myschool

