Positive and
Negative Numbers

Accelerated 6
Unit 7



gSynthesis ..............................................................................................................................................................

List at least two things you know
about positive and negative numbers
on anumber line.

Draw on the image if it helps to show
your thinking.

Summary

Positive numbers are numbers that are greater than 0. Negative humbers are numbers
that are less than 0. Zero is neither positive nor negative.

You can extend a number line to the right of 0 to show positive numbers, and you can
extend a number line to the left of 0 to show negative numbers.

The number 3 is 3 units to the right of 0 on Negative numbers Positive numbers

the number line. i N J
-————F——1—1———

The number —3 is 3 units to the left of 0 on -4 -3 -2-1 0 1 2 3 4

the number line.
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g Synthesis ...........................................................................................................................................................

Describe where —3.2 is on a number line.

Draw on the image if it helps to show
your thinking.

Summary

Two numbers are opposites if they are the same distance from 0 on different sides of the
number line. For example, —4 and 4 are opposites because they are both 4 units away
from 0.

|
NS

—— c —— —
S

Every number has an opposite, including fractions and decimals. 0 is its own opposite.

All positive and negative whole numbers and 0 are a group of numbers called integers. All
positive and negative numbers that can be written as fractions, including whole numbers,
are called rational numbers.

2 and -2 are both integers and rational numbers.

8.3, —8.3, % and —% are rational numbers, but not integers.
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When comparing two temperatures, how
can you tell which is warmer and which

. Ider? 20 g Ras Dashen, [§ 20 [|Cotopaxi,
IS colaer: —28 Ethiopia Ecuador
L T} 15°C
Use the examples if they help with \ Yy W
your thinking. (o _
oi Harbin, zg Mt.Olympus,
_»0 ll China Greece
—40 2°C
\
Summary

A vertical number line is a different way to represent positive and negative numbers.
On a vertical number line, points above 0 are positive and points below 0 are negative.

When talking about elevation, 0 feet represents sea level. This means that a positive
elevation is above sea level and a negative elevation is below sea level.

For example, an anchor that is 10 meters below sea level has an elevation
of —10 meters. A house whose elevation is 8 meters is ~
8 meters above sea level. To show that the anchor has a lower T -
elevation than the house, you can write —10 < 8. 8 -
When talking about temperature, 0°C means the temperature is freezing. 1
If the temperature in Mt. Olympus is —10°C, that means T 0%
it has a temperature of 10°C below 0°C, or below freezing.

10 -T-
If the temperature in Cotopaxiis —3°C, you can write —10 < —3,
which means that it is colder in Mt. Olympus than it is in Cotopaxi.

Lesson 3 Sub-Zero 725
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Describe how to compare numbers on a number line. Use the example if it helps
with your thinking.

M N P R
11—t

Summary

Number lines are helpful for comparing numbers with different signs (like —4 and 3) or
numbers with the same sign (like —4 and —3). Numbers like 4 and +4 have the same sign,
even though one has a + symbol and one does not.

The order of numbers from least to greatest is the same order as they appear on the
number line from left to right. This means that any positive number is greater than any
negative number, and negative numbers farther from 0 are less than negative numbers
that are closer to 0.

To compare numbers, we can use the symbols > (“greater than”) and < (“less than”).

Let's say you want to compare —3 and —1. On a number line, —1 is to the right of —3. This
means that —1 is greater than —3, or —3 < —1. This also makes sense because —1 is closer
to 0 than -3 is.

A number line can also help you order -———t————
numbers from least to greatest. 1 is greater -4 3 -2-1 0 1 2 3 4
than —1 and —3 because it is the farthest to

the right on the number line.
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Explain 2-3 things you know about absolute value. Use the number line if it helps to show

your thinking.

A

|
o -+
|
3, g =
|
g
|
w——
|
N——
|
——t
o -+
[w—
N 4+
w -+
g
3, I =
o -+

Summary

The absolute value of a number is a way to describe its distance from 0. For example:

The absolute value of 4 is also 4, because

The absolute value of —4 is 4, because itis
4 units away from 0. ‘ it is 4 units away from 0.
|41 =4 ~41=4

The distance from 0 to itself is 0, so |0| = 0.
Opposites always have the same absolute value because they are the same distance
from 0 on a number line, but in opposite directions.
|<— 4 units —>|<— 4 units —>|
-—t——t—F 11—t
-5 4 -3 -2 -1 0 1 2 3 4 5

Absolute values are helpful when you are interested in the size of a difference or
measurement but its direction is not important. For example, measuring how far a

dartis from a target.
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Describe a set of actions that would allow this
submarine to collect the star at 5 units. Try to — ®4Floats _______ .5 5
come up with something none of your | ® 4Anchors
classmates will.

Summary

Using models such as floats and anchors on a vertical
number line can be useful when representing addition — @ 2Floats 5

and subtraction of positive and negative numbers. —| ® 8Anchors
For example, consider a submarine whose position is 0
at —6 units. The submarine will move from its position
as 3 floats are added and 2 anchors are removed.
_ i\ __ —

+ Adding 3 floats can be expressed as +3 and represents h A -6

moving the submarine up 3 units. AR e
« Removing 2 anchors can be expressed as —(—2) and —AS 7 'y\ll'

represents moving the submarine up 2 units.

The submarine’s new position would be —1 units. To move the submarine to 0 units from
—1 units, 1 float can be added, represented by +1. —1 and 1 are opposites which add to 0.

Lesson1 Floats and Anchors 363



CJ’ Synthesis

Use the floats and anchors scenario
to explain why it makes sense that

e 5 Floats

0 — (=5) is equivalent to 0 + 5. e 5 Anchors

> X

Summary

Different combinations of floats and anchors can arrive at the same result. Consider

these examples:

« If asubmarine starts at 4 units, adding 2 floats or removing
2 anchors will both result in the submarine moving up to 6
units. Therefore, adding a positive number is the same as
subtracting a negative number.

Adding floats

Removing anchors

4+2=6 4-(-2)=6

« If asubmarine starts at 5 units, removing 3 floats or adding
3 anchors will both result in the submarine moving down
to 2 units. Therefore, subtracting a number is the same as
adding its opposite.

Removing floats

Adding anchors

5-3=2 54 (—3)=2

® 6 Floats 5
e 2 Anchors — oD 4 —

® 7 Floats ST ) 5
® 2Anchors |

0
N2 - 5
4 R -
/AR

74!"\ 2 i AS

When adding two values that are opposites, the sum is always 0. These numbers are also

called additive inverses of each other.

Lesson 2 More Floats and Anchors
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Synthesis

Describe how you can use a number line to determine the value of = in an equation
like 3.1 + = = —2. Use the number line if it helps you show your thinking.

< | >
<z 1 >

0

Summary

When adding positive and negative decimals and fractions, it may help to use a number
line and to think of each equation as representing start + change = end.

For example, consider the equation 3 + (—5.5) = «.

3 represents the starting location, —5.5 represents the change by moving 5.5 units to the
left, and x represents the ending location, which is —2.5.

—4 -3 -2 -1 0 1 2 3 4

Lesson 3 Bumpers 377
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’Synthesis

What happens to the value of a subtraction
expression when you rearrange the order of the

7—4and4 -7

numbers? Use the examples if they help you with
your explanation.

—2 — (=3.5)and —3.5 — (-2)

Summary

When determining the sum, the order of the values in an expression does not change

the final result.

G
3+ (—6)=-3 -_
—-10 -5 0 5 10
—P
-6+3=-3 e—
—10 -5 0 5 10

When determining the difference, the order of the values in an expression changes the

final result. A positive or negative difference indicates whether the second value is greater
than or less than the first value. The two values from the expression can be plotted on the
number line. Beginning at the second value, draw an arrow to the first value. When the arrow
moves right, the difference is positive. When the arrow moves left, the difference is negative.

+14 >
8—(—6)=14 e - —
—-10 -5 0 5 10
—14
<
—-6-8=-14 < ——— _
—-10 -5 0 5 10

Unit 5 Operations With Positive and Negative Numbers



Q/’ Synthesis

Imagine subtracting a pair of numbers. Describe

how you can tell whether the result will be positive - = ?
or negative.

Summary

When adding and subtracting rational numbers, there are multiple paths to the same
solution. Consider some of the following strategies for adding and subtracting signed
numbers.

+ To add two numbers with the same sign, determine the sum of the absolute value
of each number, and then give the sum the same sign as the addends. For example,
-3+ (-4)=—(-3|+|-4)=-B+4) or-7

+ To add two numbers with different signs, determine the difference of the absolute values, and
then give the result the same sign as the number with the greater absolute value. For example,
3+(-49)=—(-4)-13))=—@4—-3)or—1.

«  When subtracting signed numbers, rewrite the expression as addition using the additive inverse
of the second term. For example, =3 — 4 = —3 + (—4) or —7.

Lesson 5 Number Puzzles
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C}’Synthesis ...........................................................................................................................................................

Use the floats and anchors scenario
to explain why it makes sense that 10
(=2)(—4) is positive.

Y. Wavs
NN

Summary

Models such as floats and anchors can also be used to make sense of multiplying positive
and negative integers. Here are some examples.

Action Representation Submarine’s directio Final Value
Adding 2 groups 23 Up 6
of 3 floats
Removing 2 groups —23 Down —6
of 3 floats
Adding 2 groups 2+ (=3) Down -6

of 3 anchors

Removing 2 groups —2 ¢ (=3) Up 6
of 3 anchors

» The product of two integers with the same sign, negative « negative or positive « positive,
is positive.

« The product of two integers with different signs, negative « positive or positive « negative,
is negative.

Lesson 6 Floatingin Groups 401



Q/’ Synthesis

Use the turtle scenario to explain
why it makes sense that (=5)(-2)
is positive.

-30ft —20ft —10ft Oft 10ft 20ft 30ft

—2.0 minutes

Summary

Multiplying rational numbers can help represent position, rate, and time. The position of
an object is equal to the walking rate multiplied by the time or rate « time = position.

Consider these three turtles. They
are all together at 0 feet. A

« Turtle A walks to the right at a rate of
6 feet per minute. 3 minutes ago, Turtle
A was at —18 feet because 6 « (—3) = —18. B

« Turtle B walks to the left at a rate of
5 feet per minute. 6 minutes ago,
Turtle B was at 30 feet because C
(=5)(—6) = 30.

« Turtle C walks to the left at a rate of
3 feet per minute. In 4 minutes, TurtleC =30 ft —20ft —10ft oft 10ft 20ft 30ft
will be at —12 feet because —3 « 4 = —12.

0.0 minutes

408 Unit 5 Operations With Positive and Negative Numbers
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Explain why these expressions have the same value.

Summary

Dividing rational numbers can help represent position, rate, and time.

The time that an object travels is equal to

- the position of the object divided by the rate
- atwhichitis traveling.

position _
rate

time

=K 2

- —-30ft-20ft-10ft Oft 10ft 20ft 30ft

8 minutes

Turtle A walks —2 feet per minute. It begins
at 0 feet and will end at —16 feet. Turtle A will

. —16
walk for 8 minutes because —-= 8.

414 unit5 Operations With Positive and Negative Numbers

The rate at which an object travels is equal to
- the position of the object divided by the time.

position _
time

E=EK

rate

- —-30ft-20ft—-10ft Oft 10ft 20ft 30ft

5 minutes

Turtle B walks —20 feet in 5 minutes. Turtle
B's walking rate is —4 feet per minute

—20
because - = —4.



T . Y

’Synthesis ...........................................................................................................................................................

Describe strategies you can use to decide if a statement
is always, sometimes, or never true. Use the examples . N
in the box if they help you with your explanation. 7S positive

%is less than y

Summary

Reasoning about the value of variable expressions requires some flexible thinking. Using
number lines and testing with example values are two strategies that can help to make
sense of these types of expressions.

Be careful — some things that are familiar from using positive numbers are not the same
when working with negative numbers!

For example, when z is a positive number, 10 — z will be less than 10. But if z is a negative
number, 10 — x will be greater than 10.

420 Unit5 Operations With Positive and Negative Numbers



T . Y

’Synthesis ...........................................................................................................................................................

Describe something you learned o= W —
today that might help someone

else as they complete puzzles D ( D * D ) - D . D+D ) D=
3]

like these.

Summary

Properties of operations, order of operations, and multiplication and division of integers
can be used as strategies to solve integer expression puzzles. For example, making the
following inequality true may involve making a decision about whether the sum inside the
parentheses needs to be positive or negative depending on the sign of the value outside of
the parentheses.

Make the inequality true. ( o+ )>0

Consider that:

positive « positive = positive —» Makes the inequality true
negative « negative = positive —» Makes the inequality true
positive « negative = negative —» Makes the inequality false

negative « positive = negative -» Makes the inequality false

To maximize the value of an expression involving fractions, you must use order of
operations for the numerator, consider the smallest possible value for the denominator,
and apply your knowledge of multiplication and division of integers.

426 Unit5 Operations With Positive and Negative Numbers
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C_J’Synthesis ...........................................................................................................................................................

What new questions do you have about the changing climate after exploring
this lesson?

Summary

Adding and subtracting rational values helps to solve problems involving real-world
situations. Consider these important steps.

1. Reason about which operation is most important to represent the real-world situation.

2. Predict whether the sums or differences will be positive or negative prior to
completing any computations.

3. Apply strategies for addition and subtraction to simplify expressions involving both
operations, noting that there are multiple paths to the same solution.

436 Unit5 Operations With Positive and Negative Numbers
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Explain what you know about the
coordinates of this sand dollar.

Summary

Just like a number line, the coordinate plane can y]wdA
include positive and negative numbers along the z-
and y-axes. The x and y axes cross at the origin, or the

point (0, 0). 5
Coordinate pairs are written (z, y), where the z-value is
the horizontal location (left and right) and the y-value < >
is the vertical location (up and down). For example, —10TTI=01T 10 Jgl 19 10
the point (1, —2) is 1 unit to the right and 2 units down (1,=2) =
from the origin. 5
—10
([ \v
The four regions of the coordinate plane are called Y ]‘O‘A
quadrants. They are numbered 1-4 starting with
the top right quadrant and going in a circle ~—Quadrant 2 Quadrant 1]
counter-clockwise. @:H_)‘——5 k,,.ﬂj—‘f_,ﬁ)[
The image shows each quadrant, along with the sign
of the x- and y-values in that quadrant. >
—’1|0 Th 0 ]’ 10
—Ruperant ST H Quedhant 417
AR s Raa e
—10
([ \v
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Look back over the challenges and select the one you are most proud of solving.

Write some advice for someone solving that challenge.

Summary

While the scale of 1 is often used, coordinate
planes sometimes use different scales to show
very big or very small numbers. This means that
sometimes points are plotted in between tick
marks. Consider the points (1.75, —0.5) and
(—=2.25, 1.5) and where they appear on the

graph shown.

The points (3, 4) and (3, —4) have the same
x-coordinate and the y-coordinates only differ
by their sign. We can see on the graph that those
points are a reflection, or a mirror, of each other
across the z-axis.

The points (-3, —4) and (3, —4) have the same
y-coordinate and the xz-coordinates only differ
by their sign. We can see on the graph that those
points are a reflection, or a mirror, of each other
across the y-axis.

>

l

N

[

W N =

Lesson 11 The A-maze-ing Coordinate Plane
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Describe how you can use the coordinates to calculate the side lengths of a rectangle.
Use the table and graph if they help with your explanation.

T

A (—6, —4)
B (8, —4)
c (8, —10)
D (-6, —10)
Summary

You can plot points on the coordinate plane to create polygons. When the vertices of a
polygon are horizontally or vertically aligned in the graph you can count the number of

v

| 8

units between them to determine the length of that side.

You can also calculate the side lengths using
the coordinates of each vertex. Here are two
calculation strategies:

» Ifthe coordinates are in the same quadrant,
like points A and B, find the length by
subtracting the coordinates that are different.

« Ifthe coordinates are in different quadrants,
like points A and C, use the absolute value to
determine the distance each point is from the
axis between them.

/|~

e

N

-5

Lesson 12 Polygon Maker



