Version 1.0
4.2 Place-Value Systems
4-2.4

4.2 Place-Value Systems
Section Objectives:

· You shall be capable of writing a numeral in its expanded form. (EXAMPLE 1) [Problems 1 – 8]

· You shall be capable of simplifying a number in its expanded form. (EXAMPLE 2) [Problems 9 – 16]

· You shall be capable of subtracting two numbers using the Nines complement and the end-around carry. (EXAMPLES on pages 190, 191) [Excursion Problems, page 191, problems 1 – 6]

· You shall be able to define and give examples for the following mathematical terminology: 

Definitions and Terminology

· base ten numeration system (pg. 183) DEFINITION – The base ten numeration system is a numeration system where the place values are all powers of 10: …, 105, 104, 103, 102, 101, 100.
· expanded form (pg. 183) DEFINITION – The indicated sum of each digit of a numeral multiplied by its respective place value is called the expanded form of the numeral. Refer to EXAMPLE 1 on page 183.
Mathematical Notation or Symbols

	Symbol
	Section
	Meaning

	x0
	4.2
	“x to the zeroth power,” or 1.

	x1
	4.2
	“x to the first,” or x

	x2
	4.2
	“x squared,” or (x) ( (x)

	x3
	4.2
	“x cubed,” or (x) ( (x) ( (x)

	x4
	4.2
	“x to the fourth,” or (x) ( (x) ( (x) ( (x)

	x5
	4.2
	“x to the fifth,” or (x) ( (x) ( (x) ( (x) ( (x)

	100
	4.2
	“10 to the zeroth power,” or 1.

	101
	4.2
	“10 to the first,” or 10

	102
	4.2
	“10 squared,” or 10 ( 10 = 100

	103
	4.2
	“10 cubed,” or 10 ( 10 ( 10 = 1,000

	104
	4.2
	“10 to the fourth,” or 10 ( 10 ( 10 ( 10 = 10,000

	105
	4.2
	“10 to the fifth,” or 10 ( 10 ( 10 ( 10 ( 10 = 100,000


Expanded Form
Hindu-Arabic Numeration - Positional System

Positional Numeration
In a positional numeral, each symbol (called a digit) conveys two things:

1.  face value - the inherent value of the symbol (0,1,2,3,4,5,6,7,8,9), and 

2.  place value - the power of the base which is associated with the position that the digit occupies in the numeral. (1, 10, 100, 1000, 10,000, 100,000, and so on)

NOTE: place holder - a special numeral (the numeral “0”, or zero for the Hindu-Arabic) that conveys no value to the number, but allows the reader to distinguish between different numbers.  For example, without the symbol 0, we would not be able to tell the difference between 37, 307, or 30,007.

EXPANDED FORM

Example: Take 67,482.  What is the meaning of these digits?

	Hundred-Thousands
	Ten-Thousands
	Thousands
	Hundreds
	Tens
	Ones

	0
	6
	7
	4
	8
	2


The numeral 67,482 actually means:

· Zero (No) Hundred-Thousands 
= 0 ( 100,000 = 0

· Six (6) Ten-Thousands

= 6 (   10,000 =
 60,000

· Seven (7) Thousands

= 7 (     1,000 =
   7,000

· Four (4) Hundreds


= 4 (        100 =
      400

· Eight (8) Tens


= 8 (          10 =
        80

· Two (2) Ones


= 2 (            1 =       (           2
 67,482

Definition - An exponential expression is any mathematical expression of the form bn, where b and n are a real numbers, and b is called the base, n is called the exponent.  The expression bn is undefined when b ( n ( 0.

	Exponential Expressions
For any number a and any counting number m,



bm ( b ( b ( b ( …  ( b. (m factors of b)

The number b is the base, m is the exponent, and bm is read “b to the power m.”


Example: See EXAMPLE 1, Section 4.2, page 183. FROM MATH 151 TEXTBOOK

Definition - Any integer that can be written in the following form is considered to be in expanded form.

(am ( 10m) ( (am ( 1 ( 10m ( 1) ( (am ( 2 ( 10m ( 2) ( … + (a2 ( 102) + (a1 ( 101) + (a0 ( 100)

Thus the expanded form of the numeral 67,482 is written as:

   (6 ( 10,000) ( (7 ( 1,000) ((4 ( 100) ( (8 ( 10) ( (2 ( 1)

= (6 ( 104) ( (7 ( 103) ((4 ( 102) ( (8 ( 102) ( (2 ( 101)

· You shall be capable of writing a numeral in its expanded form. (EXAMPLE 1) [Problems 1 – 8]

	Procedure to Write a Number in Expanded Form
1. Rewrite the number as the sum of the ones, tens, hundreds, thousands, and so on. Place parentheses around each of the numbers in the sum.
2. Keeping all parentheses of the sum from Step 1, factor out a 1 from the ones position of the sum, a 10 from the tens position of the sum, a 100 from the hundreds position of the sum, and so on.
3. Substitute 100 for 1, 101 for 10, 102 for 100, 103 for 1000, and so on.


SIMPLIFYING NUMERALS IN EXPANDED FORM

· You shall be capable of simplifying a number in its expanded form. (EXAMPLE 2) [Problems 9 – 16]

	Procedure to Write a Number in Expanded Form
1. Substitute 1 for 100, 10 for 101, 100 for 102, 1000 for 103, and so on.

2. Multiply the numbers inside each parenthesis.

3. Add all of the numbers from Step 2.


Example 1: Simplify the expression given below.

   (6 ( 104) ( (7 ( 103) ( (4 ( 102) ( (8 ( 101) ( (2 ( 100)

= (6 ( 10,000) ( (7 ( 1,000) ((4 ( 100) ( (8 ( 10) ( (2 ( 1)

= 60,000) ( 7,000 ( 400 ( 80 ( 2

= 67,482

Example 2: Simplify the expression given below.

    (5 ( 107) ( (3 ( 106) ( (7 ( 103) ( (9 ( 102) ( (2 ( 100)

= (5 ( 10,000,000) ( (3 ( 1,000,000) ( (7 ( 1,000) ( (9 ( 100) ( (2 ( 1)

= 50,000,000 ( 3,000,000 ( 7,000 ( 900 ( 2

= 53,007,902
Excursion – Subtraction in Base Ten via the Nines Complement

	Digit
	Nines complement

	0
	9 ( 0 = 9

	1
	9 ( 1 = 8

	2
	9 ( 2 = 7

	3
	9 ( 3 = 6

	4
	9 ( 4 = 5

	5
	9 ( 5 = 4

	6
	9 ( 6 = 3

	7
	9 ( 7 = 2

	8
	9 ( 8 = 1

	9
	9 ( 9 = 0


	Subtraction by Using the Nines Complement and the End-Around Carry
To subtract by using the nines complement:

1. Using the table above, find the nines complement of the subtrahend (bottom number).
2. Add the nines complement of the subtrahend (bottom number) to the minuend (top number).

3. Take away 1 from the leftmost digit and add 1 to the units digit.  This is referred to as the end-around carry procedure.


· You shall be capable of subtracting two numbers using the Nines complement and the end-around carry. (EXAMPLES on pages 190, 191) [Excursion Problems, page 191, problems 1 – 6]
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