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NEGATIVE NUMBERS
OBJECTIVES
· To show how to use negative numbers in algebraic computations

· To provide a visual representation of negative numbers 

· To introduce the concept of an absolute value 

EXAMPLE ILLUSTRATIONS 

Example #1:  A football team with an inexperience quarterback decides to emphasize run plays. At one point after returning a punt to the 13-yard line, they run the ball on six consecutive plays (with a 10-yard penalty on the other team after play #3) with the following results:

1. halfback gains 6 yards off tackle

2. halfback loses 2 yards
3. full back gains 4 yards up the center 

4. halfback loses 3 yards 

5. fullback loses 1 yard

6. fullback gains 5 yards up the center

Two questions:

1. What was the net gain in yardage over the 6 plays?

2. At what yard marker are they to start the next play?
The net yardage can be summed, while indicating a loss of yardage as a negative:

(+6) + (-2) + (+4) + (-3) + (-1) + (+5)

Since the product of a + and – is - , then this can be re-written as

6 -2 + 4 – 3 – 1 + 5 = 9 

The team gained 15 yards but lost 6, for a net gain of 9 yards. For a net gain of 9 yards, the ball sits on the 22-yd line.
Example #2:  A hot-air balloon is floating along at an altitude of 18,000 ft. Because of temperature, wind, and storm conditions, it frequently changes altitude. Assume that over a 3-hour period, the altitude of the balloon is:
	6:04 am
	18,000

	6:38
	21,400

	6:53
	19,900

	7:17
	20,200

	7:46
	20,700

	8:13
	18,800

	9:02
	18,500


In the first period, the balloon rose 3,400 ft, but in the next 15 minutes, the balloon dropped 1,5000 ft, which will be indicated as -1500. Additional changes were +300, +500, -1900, -300 ft. The net change is:
3400 + (-1500) + (+300) + (+500) + (-1900) + (-300)
or

3400 – 1500 + 300 + 500 -1900 -300 = 500 ft

which is the same as 18,500 – 18,000 = 500 ft.


In both examples, changes occurred as measured from some datum (i.e., the 13-yd line in Example 1 and mean sea level in Example 2). In both cases, changes occurred from step to step; therefore, the point of measurement at each step changed so a loss in yardage on the football field or the loss of altitude was considered a negative value to indicate direction. When a person catches the flu their temperature is normal, 98.6 °F, which is the datum. As the illness intensifies, the temperature increases so the change is positive. At night, the rest may contribute to a drop in temperature, which may be a positive change when compared to normal but a negative change compared to the temperature of the previous night.

In each of the cases, a negative value indicated as reversal of direction. Therefore, the sign of the number conveys one piece of information while the magnitude indicates another piece. Magnitudes can not be added without a consideration of direction. If we ignored direction in Example 1, the ball would sit on the 34-yd line rather than the 22-yd line. In Example 2, the balloon would be floating at an elevation of 25,900 ft. In both cases, accounting for direction is important.
VISUALIZATION 

In each of the three cases cited, direction can be visualized and associated with an outcome. A gain of yardage in football is one step closer to the goal line. A change in elevation in a balloon reflects a change in air density and change in balloon volume. A change in body temperature has health implications. Each of these changes can be visualized.

Mathematical operations that involve negative values may be more easily understood if the operations are visualized much as gain or loss of yardage on a football field. A straight line is useful for visualization (see Figure 1). The zero point is the primary datum. A positive value indicates movement to the right while a negative value indicates movement to the left. So if we have to add a series of values that includes negative values, visualization can help assess the result. Consider the following sequence: 
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. Looking at the individual steps, our position at the start is the 0 mark. The first change is a +2, which moves the marker to the +2 point. The change of -3 would cause movement to the -1 mark at the end of step 2, then -2 at the end of step 3, +2 at the end of step 4, 0 at the end of step 5, and -3 at a the end of step 6. Graphically, the individual steps are shown in Figure 2.
As an alternative, the 2 and 4 cause a movement of 6 to the right, and the -3,-1, -2, and -3 cause movement of 9 to the left. Thus, a net change of 6 to the right and 9 to the left give a movement of 3 to the left, or -3.
EXAMPLES WITH FRACTIONS

The same visualization can be used to appreciate adding or subtracting values that involve negative fractions. Adding 
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 involves two moves to the left, one move of ½ and a second move of ¾ of a unit. Therefore, subtracting ¾ from – ½ moves 5/4 units to the left of zero. 


Consider the four problems that involve calculations with values of the same magnitude:
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The effect of the differences in signs should be noted. It may be easier to visualize if the second and fourth operations are written as:
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In the second of these two equations, the initial position is – 5/4 rather than +5/4, as in the first of the two.
MULTIPLICATION AND DIVISION

The multiplication and division of the magnitude of negative numbers is identical to that for positive numbers; however, when negative numbers are involved, the signs of the quantities must be considered. The following rule governs these operations:

Rule: 
For the multiplication or division of quantities that involve negative numbers:

· If both quantities are positive, the result is positive;

· If both quantities are negative, the result is positive;

· If one quantity is negative and the other is positive, then the result is negative.
Illustrations of this rule are as follows:

3 (2) = 6



      3/2 = 1.5
- 3 (-2) = 6



-3/ (-2) = 1.5

-3 (2) = -6



  -3/ 2 = -1.5
3 (-2) = -6



3/ (-2) = -1.5
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ABSOLUTE VALUE 

The absolute value of a quantity is its distance, either in the positive or negative direction, from zero. The absolute value of a quantity or expression is indicated by a pair of vertical bars, as follows:
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The absolute value of any number is zero or positive, so
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However, in the case where the quantity is not a number, e.g.,
[image: image10.wmf]a

, we do not know if a is positive or negative, only that it is a distance a from the zero point.

ACTIVITY: DON’T BE NEGATIVE

The game  Don’t Be Negative can be played by 2 to 4 people. The board has 5 rows and 5 columns. Game pieces are used to determine the number of points scored; multiple copies of the game pieces can be made on a photocopy machine. The game pieces should be shuffled so that drawing is random. The following rules apply and score is kept on the score card.
RULES

· If you select an ADD card, algebraically add the number to any number on the board.
· If you select a SUBtract card, algebraically subtract your card number from the board number.

· If you select a MULTIply card, multiply algebraically the board number and the number on your card.

· If you select a DIVIDE card, algebraically divide he board number by the number on your card.

· If you select a BONUS card, algebraically add the bonus amount to your score, with play passing to the next player.

· If you select a PENALTY card, algebraically reduce your score by the amount shown.
· First player to 50 points wins.

· If any letters (A, B, C, D, E) are on the card, you are limited to those rows.
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	PLAYER NAME

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


FIGURE 1.  Number Line.

FIGURE 2.
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	SUB

  -1
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  -2
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  -1
	SUB
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   3
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   2

   A
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  -3
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	MULT
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  3
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POINTS
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   3
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   2
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