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Section 4.1: Early Numeration Systems
Practice HW from Mathematical Excursions Textbook (not to hand in)

p. 185 # 1-23 odd, 33-55 odd
In this chapter, we look at different ways to represent numbers. We start by looking at the some numeration systems that were used in the past. In Section 4.3, we look at a more modern way that numbers can be represented on a computer. Here are some examples of some of the more common ancient number systems.
Examples of Early Number Systems
1.
Egyptian.

2.
Hindu-Arabic (what most people use today).

3.
Roman

4.
Mayan

5.
Traditional Chinese

6.
Babylonian

In this section, we examine the Egyptian and Roman number systems.

The Egyptian Numeration System

The Egyptian numeration system uses pictorial symbols called hieroglyphics as to represent numbers. The following table out of your textbook gives the Egyptian hieroglyphics for powers of 10 from one to one million.


To represent numbers that are not a power of 10, the Egyptian system writes the number as a sum of the symbols represented by the given powers of 10. We illustrate how this is done in the following examples.
Example 1: Write the Hindu-Arabic numeral 364 using Egyptian hieroglyphics.

Solution:












█
Note: In the Egyptian hieroglyphic system the order of the hieroglyphics is not that important. Each of the following Egyptian numerals represents the number 364.




Example 2: Write the Hindu-Arabic numeral 12332 using Egyptian hieroglyphics.

Solution:












█

Example 3: Write the Hindu-Arabic numeral 2354612 using Egyptian hieroglyphics.

Solution: First, write the number  2354612 as
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This following is one possible answer:
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Example 4: Write the Egyptian numeral                                                           as a Hindu-Arabic numeral.
Solution:
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Example 5: Write the Egyptian numeral                                                           








as a Hindu-Arabic numeral.

Solution:
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Roman Numerals
The Roman numeration system was used in Europe during the reign of the Roman empire. It is still used today on some clock faces, numbering in some books, and expressing dates when certain things were made, like movies, for example. The following table expresses values for the basic Roman numerals.

	Hindu-Arabic Numeral
	Roman Numeral

	1
	I

	5
	V

	10
	X

	50
	L

	100
	C

	500
	D

	1000
	M


The following represent the basic rules for employing and reading Roman numerals.

Rules Employed in the Roman Numeration System
1. 
Moving left to right, if the numerals are list from largest to smallest, just add the numerals.

2.
The numerals that are powers of 10 (I, X, C, and M) may be repeated up to three times. If these numerals are repeated, just add them to determine their numerical value. Note that the numerals V, L, and D are never repeated.

3.
The numerals I, X, and C are subtracted from the number to the right if their value is 

less than the number to the right. For example, IV = 5 – 1 = 4, XL = 50 – 10 = 40 and CM =  1000 – 100 = 900. However, the number subtracted from the left can be no less than one-tenth the number to the right. For example, the numbers IL and XM
are not legitimate Roman numerals since I (the number 1) is less than 
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 of L (the number 50) and X (the number 10) is less than 
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 of the number M (the number 1000). The following table (next page) lists all of the possible legitimate numbers from this subtraction process.

	Roman Numeral
	Value from Subtraction

	IV
	5 – 1 = 4

	IX
	10 – 1 = 9

	XL
	50 – 10 = 49

	XC
	100 – 10 = 90

	CD
	500 – 100 = 400

	CM
	1000 – 100 = 900


Example 6: Write CLXVIII as a Hindu-Arabic numeral.
Solution:











█

Example 7: Write DCXXXIV as a Hindu-Arabic numeral.
Solution:











█

Example 8: Write MMDXCIV as a Hindu-Arabic numeral.
Solution: Note when moving from left to right, the Roman numeral X (value of 10) is smaller than the numeral that follows it C (value of 100) and the Roman numeral I (value of 1) is smaller than the numeral that follows it V (value of 5). Hence, we must employ the subtraction property when computing these numbers. Hence, we obtain
MMDXCLIV = M     +   M    +  D    +    XC      +   IV

                        = 1000 + 1000 + 500 + (100 – 10) + (5 – 1)

                        =  2594
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Example 9: Write the Hindu-Arabic numeral 352 as a Roman numeral.
Solution:
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Example 10: Write the Hindu-Arabic numeral 2007 as a Roman numeral.
Solution: Note that 
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Note that the Roman numeral representations for 1000 (M) and 1 (I) can be repeated up to 3 times. Hence, the Roman numeral representation for 2007 is

MMVII











█

Example 11: Write the Hindu-Arabic numeral 459 as a Roman numeral.
Solution:
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Fact:  In the Roman numeration system, a bar over a numeral is used to denote a 1000 times the value of the numeral. 
For example, 
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However, this method should only be used to write Roman numerals higher than 3999,

given by MMMCMXCIX, which is the maximum value of a Roman numeral written in standard form.
Example 12: Write 
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as a Hindu-Arabic numeral.
Solution:
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Example 13: Write 8071 as a Roman numeral.
Solution:
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