Section 2.1
 Numeration Systems, Place Value, and Hindu-Arabic Numeration System
Definitions.  A number is the idea or abstract notion of quantity.




A numeral is the symbol/s used to represent a number.




An algorithm is a systematic procedure for calculating or solving a problem.




A numeration system is any particular system of numerals and algorithms for numbers.

We examine the structure of our numeration system, the Hindu-Arabic numeration system. The system has three key characteristics:


1.  positional (place-value)



2.  additive



3.  multiplicative


Examples and illustrations: 



1.
Which of the three properties justifies that 234, 324, and 432 are numerals representing different numbers?



2.
Use 234 to explain why the system is additive.



3.
Use 234 to explain why the system is multiplicative.



4. 
Write 83,427 in expanded notation.


5. 
Why do we say the Hindu-Arabic system is a decimal system?

What are the characteristics of the system of the Roman Numerals?  (I, V, X, L, C, D, M)
Materials:     Dienes Multibase Blocks and Abacus

	Block Language
	block-block-block
	flat-block-block
	long-block-block
	block-block
	flat-block
	long-block
	block
	flat
	long
	unit

	Abbreviation
	BBB
	FBB
	LBB
	BB
	FB
	LB
	B
	F
	L
	U

	Place -value
	109
	108
	107
	106
	105
	104
	103
	102
	10
	1

	Base ten value of  base two blocks.
	
	
	
	
	
	
	
	
	
	

	Base ten value of  base three blocks.
	
	
	
	
	
	
	
	
	
	

	Base ten value of  base four blocks.
	
	
	
	
	
	
	
	
	
	

	Base ten value of  base five blocks.
	
	
	
	
	
	
	
	
	
	

	Base ten value of  base six blocks.
	
	
	
	
	
	
	
	
	
	

	Base ten value of  base seven blocks.
	
	
	
	
	
	
	
	
	
	

	Base ten value of  base ten blocks.
	
	
	
	
	
	
	
	
	
	

	Base ten value of  base twelve blocks.
	
	
	
	
	
	
	
	
	
	


Activity
Use the Dienes' multibase blocks to help convert each of the following problems to base ten.


Numeral


Block Language
 


Base Ten

12three

212three

1212three

13four 

213four 

1213four 

13five 

213five 

4213five 

13six 


213six 


513six 


2513six 

Note.  The exponential form of the place-value system in the different bases (expanded notation):


(an an–1…a2a1a0)(base b) = anbn + an–1bn–1 + … + a2b2 + a1b1 + a0b0 

Use the Dienes' multibase blocks to help convert each of the following problems from base ten to the indicated base.

1.
Convert 37 to


(a)
base three


(b)
base four


(c)
base five


(d)
base six

2.
Convert 357 to


(a)
base three


(b)
base four


(c)
base five


(d)
base six
3.
Make up your own problems with a number in one base, and then convert it to a number in a different base. 
