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Foreword

Math Mammoth Grade 8 comprises a complete math curriculum for the eighth grade mathematics studies. The
curriculum meets the Common Core standards.

In 8th grade, students spend the majority of the time with algebraic topics, such as linear equations, functions,
and systems of equations. The other major topics are geometry and statistics.

The main areas of study in Math Mammoth Grade 8 are:

» Exponentslaws and scientific notation
» Square roots, cube roots, and irrational numbers

» Geometry: congruent transformations, dilations, angle relationships, volume of certain solids, and the
Pythagorean Theorem

* Solving and graphing linear equations;
* Introduction to functions;
e Systems of linear equations;
 Scatter plots/bivariate data.
We start with a study of exponent laws, using both numerical and algebraic expressions. The first chapter also

covers scientific notation (both with large and small numbers), significant digits, and calculations with numbers
given in scientific notations.

In chapter 2, students learn about geometric transformations (translations, reflections, rotations, dilations),
common angle relationships, and volume of prisms, cylinders, spheres, and cones.

Next, in chapter 3, our focusis on linear equations. Students both review and learn more about solving linear
equations, including equations whose solutions require the usage of the distributive property and equations
where the variable is on both sides.

Chapter 4 presents an introduction to functions. Students construct functions to model linear relationships, learn
to use the rate of change and initial value of the function, and they describe functions qualitatively based on their

graphs.

In part 8-B, students graph linear equations, learn about irrational numbers and the Pythagorean Theorem, solve
systems of linear equations, and investigate patterns of association in bivariate data (scatter plots).

I heartily recommend that you read the full user guide in the following pages.

| wish you success in teaching math!

Maria Miller, the author
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Chapter 1. Exponents and Scientific Notation
| ntroduction

Thefirst chapter of Math Mammoth Grade 8 starts out with a study of basic exponent laws and scientific
notation.

We begin with areview of the concept of an exponent and of the order of operations. The next lesson first
reviews multiplication of integers, and then focuses on powers with negative bases, such as (—5)°.

Then we get to the “meat” of the chapter: the various laws of exponents. The first lesson on that topic allows
students to explore and to find for themselves the product law and the quotient law of exponents. After that,
students find out the logical way to define negative and zero exponent by looking at patterns. They practice
simplifying various expressions with exponents, both with numerical values and with variables.

The lesson “More on Negative Exponents’ focuses on expressions with a negative exponent in the numerator,

such as 7/(a ). Thisisto prepare students for calculations that ask them to find how many times bigger one
number is than another, when the numbers are written in scientific notation.

Next, in the lesson “Laws of Exponents, Part 2", students practice applying the power of a power law:
(an)m - anm_

Then the chapter has one more lesson on the laws of exponents (“Laws of Exponents, Part 3”), which
summarizes the laws and gives more practice. Thislesson is not absolutely essential if you're following Common
Core Standards. It is presented here to give a summary, to give practice on al exponent laws, including the
power of a quotient law which was not dealt with alot in the previous lessons. This lesson also allows the book
to meet the Florida B.E.S.T. standards for 8th grade.

Then we turn our attention to scientific notation, first learning how it is used with large numbers and then with
small numbers. The lesson on significant digits follows, helping students to know how to round final answersin
calculations with measurements.

The last topic of the chapter is cal culations with numbers given in scientific notations. These calculations,
naturally, involve many scientific topics such as the atomic world or astronomy.

Pacing Suggestion for Chapter 1

This table does not include the chapter test asit is found in a different book (or file).
Please add one day to the pacing if you use the test.

The Lessonsin Chapter 1 page span Sup%fcﬁged pé?r: g
Powers and the Order of Operations ..........ccccceeveeeneee. 13 3 pages 1 day
Powers with Negative Bases ..........c.ccoovvvreneencniesiene 16 3 pages 1 day
Laws of Exponents, Part 1 .........cccccevvveeevecieneecese e 19 3 pages 1 day
Zero and Negative EXponents .........cccveeeveeveeveesienseenn 22 3 pages 1 day
More on Negative EXPONents .........ccoceeveereereeseeneenennns 25 2 pages 1 day
Laws of Exponents, Part 2 .........ccoooovveeeneneneecene e 27 3 pages 1 day
Laws of Exponents, Part 3 ..........cccceoevenineiencncsee 30 2 pages 1 day
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The Lessonsin Chapter 1 page span pacing pacing
Scientific Notation: Large NUMDErS .........ccceevvevirieenne 32 3 pages 1 day

Scientific Notation: Small Numbers...........cccoceeeecveeienene 35 2 pages 1 day

Significant DigitS .....cccoceveeiievesesere e 37 3 pages 1 day

Using Scientific Notation in Calculations, Part 1 ........... 40 3 pages 1 day

Using Scientific Notation in Calculations, Part 2 ........... 43 3 pages 1 day

Chapter 1 REVIEW .......coeiieeeiesieeeeeesese e 46 2 pages 1 day

Chapter 1 Test (optional)

TOTALS 35 pages 13 days

Helpful Resourceson the Internet

We have compiled alist of Internet resources that match the topicsin this chapter, including pages that offer:

 online practice for concepts;

¢ online games, or occasionadly, printable games;

¢ animations and interactive illustrations of math concepts;
* articlesthat teach a math concept.

We heartily recommend you take alook! Many of our customers love using these resources to supplement the
bookwork. Y ou can use these resources as you see fit for extra practice, to illustrate a concept better and even
just for some fun. Enjoy!

https://l.mathmammoth.com/gr8ch1
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Powers and the Order of Operations

Y ou will recall that we use exponents as a shorthand
for writing repeated multiplications by the same number.

For example, 7- 7 - 7 - 7 - 7 iswritten 7°.

exponent

The tiny raised number is called the exponent. It tellsus

how many times the base number is multiplied by itself. -2k

base

The entire expression, 7 isa power. Weread it as “seven to thefifth
power,” “seven to the fifth,” or “seven raised to the fifth power.” Similarly,

0.5% is read as “five tenths to the eighth power” or “zero point five to the eighth.”

The “powers of 8" are the various expressions where 8 is raised to some power:
for example, 8%, 8* 8%, and 8% are powers of 8.

The expression 9* equals simply 9. In general, a' = a.

=12-12-12-

12

Powers of 2 are usually read as something “squared.” For example, 112 is read as “eleven squared.”
That is because it gives us the area of a square with sides 11 units long.

Similarly, if the exponent is 3, the expression is usually read using the word “cubed.” For example, 1.5°
isread as " one point five cubed” becauseit isthe volume of acube with edges 1.5 unitslong.

A calculator is not needed for the exercises of this lesson.

1. Evaluate.
a. four cubed b. 24 c. 5°
d. 0.2° e 1% f. 100 squared

2. a. Which is more, 42 or 2*? b. Which is more, 2° or 5°?

3. Complete the patterns.

a. b. C.
10t = 2l = 0.1'=
102 = 22 = 0.1°=
10%= 2% = 0.1°=
10* = 2= 0.1%=
10° = 2% = 0.1°=
10°= 2°= 0.1°=
10’ = 27 = 01'=
Sample worksheet from
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The order of operations dictates that powers (expressions with
exponents) are solved before multiplication, division, addition,
and subtraction.

Example 1. Find thevaueof 5 - 0.1% + 0.2°.

First the powers: 0.13=0.1- 0.1 - 0.1 = 0.001, and
0.2°=0.2-0.2=0.04.

The expression becomes
5-0.001+0.04 = 0.005+ 0.04 = 0.045.

The Order of Operations (PEMDAYS)
("Please Excuse My Dear Aunt Sally")

1) Solve what is within parentheses (P).
2) Solve exponents (E).

3) Solve multiplication (M) and division (D)
from left to right.

4) Solve addition (A) and subtraction (S)
from left to right.

4. Find the value of the expressions.

a.4-10°-5.10° b. 4(5° — 2°) 3 5
C T8 t 2
1 3
. 3 _ _ 2 3.8 . 4
d. 7-10°—5(800 - 10°) e 500- 2 4 . g2 ¢ 2-17+2 +20
2 7-7-3
5. Find the value of the expressions.
a. 0.5°-0.2°-0.1° b. 3(0.1° - 0.2°) c. 0.6°+2(1-0.3%)
6. The table on the right shows alist of powers of 4. st=a
a. Find the value of 4" using the value for 4°. (Do not use a calculator.) 42 =16
4° =64
b. Which power of 4 isequal to 65,5367 Use estimation and the table, not a calculator. 4* = 256
he table to check whether 42 + 4% = 4° el
C. Use the table to check whether 4° + 4° = 4°, 45 = 4,006

d. Use the table to check whether 42 - 4° = 4°,

7. a. Find a power of 3 that is greater than seven sguared.

b. Find apower of 5 that is greater than ten cubed.

SafrpdaneYi Shideat fs grgter than three squared.

https://www.mathmammoth.com
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8. a. If 3% =729, find the value of 3.

b. If 28 = 256, find the value of 2.

9. Find the missing exponents.

a. 10°=100 b. 2°=4 c. 9°=3 d. 0=0
e 0.1 =0.0001 f. 0.2 =0.00032 g. 625=5 h. 128=2

10. Find the value of these powers.

T N R e

Example2. Simplify3-s-s-s-3-t-s-t-t.

We can multiply in any order, so let’ sreorganize the expressonas3-3-s-s-s-s-t-t-t.
Thevariable sis multiplied by itself four times, and t three times. Naturally, 3 - 3is9.
So,weget 3-3-s-5-5-5-t-t-t = 95",

11. Simplify.
a 2 -X-X:-X-X-X-7 b. 4-x-x-X-y-y-9:-x-y-Xx
c.5-a-b-b-a-a-2:-b-6 d 03:-p:r-p-r-r-02-r-10

12. a. Find the value of the expression 10a*h? whena=2and b = 3.

b. Find the value of the expression 14x%y° when x =2 and y = 0.

13. When you fold a sheet of paper in half, its areais naturally now only 1/2 of the area of the original paper.
Let’s say you repeat this process, and fold that paper again in half, and again, and again. How many
times do you need to fold a sheet of paper in order for the area of the folded piece to be 1/64 of the area
of the original?

6
PHZ'Z';Q Carn{:r What is the simple value of 9—5?Thereis no need for actual calculations!
,ample worksheet from 9
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Using Scientific Notation in Calculations, Part 2

1. Some students get confused with the rules of exponents when adding numbersin scientific notation.
Compare the problems carefully, and solve. Give your answersin decimal notation. Do not use a calculator.

a (2-10% - (3-10%
b. 2-10°+ 3. 10
c. 8-10%+7.10°

d. (8- 10% . (7- 10°

It iseasy to add or subtract numbersin scientific notation IF they have the same power of ten: you can simply
add or subtract their decimal parts.

Example 1. Add 2.81 - 10+ 5.2 - 10%,

Wewill write 2.81 - 10" with 10* instead of 10™%: 2.81 - 10" = 28.1 - 10*2. Now, the problem
becomes 28.1 - 10*2 + 5.2 - 10'2. We can simply add 28.1 + 5.2 = 33.3. Thefina sumis33.3 - 10%2.

Another possibility isto simply use decimal notation to add the numbers, like you probably did in
question #1. Thisworksif the absolute values of the exponents are not very large.

2. Solve. Give your answer in scientific notation.

a 48-108+5. 10’ b. 9.3-10°+8- 10’ c. 5-10"-7-10° d. 84-10°-4.7- 108

3. Jeremy and Miawere working on the problem 5 - 102 + 2 - 10™*. One of them got the answer 7 - 10/
and the other got 5.2 - 10°*. Is either answer correct? If not, find the correct answer (without a cal culator).

4. Solve.
a 8-10°+6-10° b.3-10%+5.10°
c.2-10%-7-10° d. 54-10%-7-10"*
Sample worksheet from
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5. Compare the volumes of different planets, the moon, and Celestial Body Volume
the sun that are given in the table, in cubic kilometers.
Earth 1.0832 - 10 km®
a. How many Jupiters would “fit” in the sun? m
Moon 2.1968 - 10" km®
Mars 1.6318 - 10" km®
Jupiter 1.4313 - 10" km®
b. How much bigger is the volume of the earth than of Mars? Sun 1.4093 - 10 km?

c. What is the combined volume of the earth and the moon?

6. Count how many breaths you take in aminute (at rest), and from that, estimate how many breathsin
total you would take in a 70-year lifespan. Then choose the closest estimate from the options below.

The number of breaths a person takesin alifetimeisabout: a.5-10° b.5-10° c¢.5-10° d.5.10%

7. A 70-kg male body contains approximately 7 - 10" atoms. Of these, approximately 4.22 - 10? are

hydrogen atoms, 1.61 - 10’ are oxygen atoms, 8.03 - 10?® are carbon atoms, and 3.9 - 10% are
nitrogen atoms.

a. About what percentage of the atoms in a human body are hydrogen atoms?

b. About how many more times oxygen atoms does the human body have than nitrogen atoms?

c. About how many more oxygen atoms does the human body have than carbon atoms?

Sample worksheet from
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8. It is estimated that there are about 10™ ants on this planet, and that the average mass of each ant is about 1 mg.

a. Find the total mass of the ants living on this planet. Give your answer in a sensible unit.

b. Now find the total mass of humansliving in Asia, in kilograms. Use 60 kg for the average weight of
humansin Asia, and 4,800 million for the population of Asia (or check the current population at
https.//www.worldometers.info/world-popul ation/asi a-popul ation/ ).

¢. Which have alarger mass, all the ants on the planet, or the people living in Asia?

9. The water volumein Lake Victoria is approximately 2,750 km®,

a. Convert thisto cubic meters and write the resulting number in scientific notation.
Hint: the unit “km> means “ 1000 meters, cubed”, or (1000 m)3.

b. Now calculate how many bucketfuls of water there arein Lake Victoria. Use 20 litersfor
the volume of one bucket (consider it accurate to two significant digits). (1 m® = 1000 liters.)

Sample worksheet from
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Chapter 2. Geometry
I ntroduction

The second chapter of Math Mammoth Grade 8 covers geometric transformations, angle relationships, and the
volume of prisms, cylinders, pyramids, cones, and spheres.

The chapter starts out with the basics of congruent transformations: translations, reflections, rotations. Students
use transparent paper to perform several of these transformations hands-on, so as to gain an understanding of the
attributes that are preserved in these transformations.

Next we practice these same transformations in the coordinate grid. Students learn how the coordinates of the
points change when a figure is translated or reflected in the x or y-axis. They also explore rotating figuresin the
coordinate grid; here we limit the rotations to 90°, 180°, or 270° degrees.

Then it istime to study sequences of transformations, which enable us to describe more complex
transformations. The key idea here is to understand that a two-dimensional figure is congruent to another if the
second can be obtained from the first by a sequence of transformations.

All of thiswork has related to congruent transformations, which means the size of the figure has not changed.
Now we turn our attention to dilations. In adilation, the figure is transformed so that its size changes but its
shape does not. Such figures are called similar figures. Y et another term describing the same processis scaling a
figure.

Next, we study angle relationships. The first lesson in this section reviews certain angle relationships from 7th
grade (complementary, supplementary, and vertical angles). Then students learn about angles formed when a
transversal crosses two paralé lines: corresponding angles, alternate interior angles, and alternate exterior
angles. They also investigate angle relationships related to triangles and learn how these relationships allow usto
deduce angle measurements of other angles.

In all of thiswork, students are guided to reason using mathematical facts they have learned, and to justify their
reasoning, thus becoming familiar with the process of mathematical proof.

The last major topic of the chapter is volume of various three-dimensional figures. Students solve a variety of
real-world and mathematical problems involving multiple three-dimensional shapes.

Pacing Suggestion for Chapter 2

This table does not include the chapter test asit isfound in a different book (or file).
Please add one day to the pacing if you use the test.

The Lessonsin Chapter 2 page span Supga%ﬁ;d p);%lijr: g
Geometric Transformations and Congruence, Part 1 ........ 51 4 pages 1day
Geometric Transformations and Congruence, Part 2 ........ 55 3 pages 1 day
Tranglations in the Coordinate Grid ...........cccceevrerereneenns 58 3 pages 1 day
Reflectionsin the Coordinate Grid ..........cccccevvvveeecieenenne. 61 3 pages 1 day
Trandations and Reflections .........ccccvceveeveve e ceccesee 64 3 pages 1 day
Rotationsin the Coordinate Grid ...........cccccovevieevieenieerieenee. 67 4 pages 1day
Sequences of Transformations ...........cccoceveeveeereneneeeeeneene 71 3 pages 1 day
Sequences of Transformations, Part 2 ...........cc.ccoeeeevnienne. 74 2 pages 1 day
DIlEHIONS ...t 76 3 pages 1 day

S@Hﬁk@f@ VDA ReINAERCfBOIH e erveve e 79 3 pages 1 day

https://www.mathmammoth.com
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The Lessonsin Chapter 2 page span pacing pacing
Similar Figures, Part 1 ........ccocoeveieinenieeeeecseseeens 82 3 pages 1 day
Similar Figures, Part 2 ........cccccvveeeeeve e 85 2 pages 1 day
Similar Figures: More Practice ........cccccevvvvieeeevc e 87 3 pages 1 day
Review: Angle Relationships .........ccccevvvvervieesienseeseenienns 90 3 pages 1day
Corresponding ANGIES .......oovieeere e 93 2 pages 1 day
More Angle Relationships with Parallel Lines.................. 95 2 pages 1 day
The Angle Sumof aTriangle .......ccocooeeviniveicneseens 97 3 pages 1 day
Exterior Anglesof aTriangle ......ccccveeeveiv e, 100 3 pages 1 day
Anglesin Similar Triangles, Part 1 .........ccccooeeveceviceennnne, 103 2 pages 1 day
Anglesin Similar Triangles, Part 2 ........ccccoccevevveevceevnenne 105 2 pages 1day
Volume of Prismsand Cylinders .........ccoccovovveeeiennneenens 107 2 pages 1 day
Volume of Pyramids and CONES ..........ccoeeeeerenerieienennens 109 3 pages 1 day
Volume of SPhEreS .....cccvvviieccce e 112 2 pages 1 day
Volume Problems ..o, 114 2 pages 1 day
Chapter 2 Mixed REVIEW ......cccceeeeieviceceee e, 116 2 pages 1 day
Chapter 2 REVIEW .....ccueeviiceeee e 118 5 pages 2 days
Chapter 2 Test (optional)

TOTALS 72 pages 27 days

Helpful Resourceson the Internet
We have compiled alist of Internet resources that match the topicsin this chapter, including pages that offer:

« online practice for concepts;

 online games, or occasionally, printable games;

» animations and interactive illustrations of math concepts;
* articlesthat teach a math concept.

We heartily recommend you take alook! Many of our customers love using these resources to supplement the
bookwork. Y ou can use these resources as you see fit for extra practice, to illustrate a concept better and even
just for some fun. Enjoy!

https://l.mathmammoth.com/gr8ch2
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Geometric Transformations and Congruence, Part 1

Two figures are congruent when they are, you might say, identical in the sense that they have the same
shape and size (but may be of different color). We can define congruency as follows:

Two figures are congruent if they perfectly match,
when oneis placed on top of the other.

The figures don't have to be in the same position or
orientation. For example, these two figures are congruent FIGURE A
— if you rotate and move figure A, you can place it

actl top of fi B.
exactly on top of figure FIGURE B

We will now study three geometric transfor mations, or basic ways to move a point, or by extension, a
figure, since afigure can be considered to consist of many points.

1. A trandation of afigure means sliding or moving it a certain A B
distance in a certain direction, without turning or rotating it.
The arrows show how three individual points of the figure
were moved.

We say the tranglation maps point A onto point A' (read “ A prime”),
point B onto point B', and point C onto point C'.

We also say that point A' isthe image of point A under the trandation.

2. A rotation means turning afigure around a certain point.

Here, the lightning figure is rotated around point P.
Each point of the figure movesin acircular arc around point P.

A rotation is measured in degrees, just like angles are.
In this example, the lightning figure was rotated 67 degrees
clockwise around point P.

q

3. A reflection across aline means mirroring the figure in that line.
Y ou could also say the figure was “flipped”.

In areflection, the distance from each point to the reflection line
and the distance of itsimage to the line are equal (measured
along aline segment that is perpendicular to the line).

For example, the distance from point C to theline
equals the distance from point C' to theline.

A reflected figure is congruent to the original.

blample worksheet from
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Chapter 2: Geometric Transformations and Congruence, Part 1

1. Name the transformation that was used to transform the figure on the left to the figure on the right.

In continuation, we will explore geometric transformations and how they relate to congruence with the help of
tracing paper (patty paper) or atransparency.

2. Use tracing paper to determine whether the two figures are congruent. Y ou may move, turn, and/or
flip the tracing paper. First, copy the outline of one figure to the tracing paper.
(Note: when checking for congruency, we ignore the colors.)

o

S

Sample worksheet from
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Chapter 2 Review

1. Describe a sequence of transformations 64‘
that can map figure 1 to figure 2. )
@
19 3
\ 2
1
€6 5 43 20 1 23 45 67
1
2 € \N
3 o g
4
p o,
-6
v
2. Rotate angle DEF both 90 degrees and also 180 degrees Ay
clockwise around the origin.
F
D
3. A quadrilateral was first reflected in the y-axis, and < 3 >
then rotated around the origin clockwise 90 degrees. *
Its vertices are now at points (3, —5), (5, —2), (4, —1),
and (1, —4). What were the coordinates of its vertices
before these transformations?
\ 4
4. Figure A'B'C'D'E' isadilation of figure ABCDE with scale
factor 3/4. Angle B isaright angle. Check all the
statements that are true. B
a. AngleB'isaright angle. c
b. The measure of 2CDE is 3/4 of the measure of ZC'D'E'. b
c. 2Eisequal to £E". 3
d. If CD = 1inch, then C'D' = 3/4 inch.
e. 2D isequal to £E'. A

f. If the perimeter of fi u%eABCDEiSZOinches, then the perimeter of A'B'C'D'E is 12 inches.
Sample worksheet from
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5. a. Perform the following sequence of transformations

to triangle ABC:

First rotate it counterclockwise around point C
90 degrees.
Thenreflect it in the vertical lineat x = —1.

Lastly, trandate it two units to the right and three down.

b. Find another, different sequence of transformations

that does the same as the sequencein (a), and
starts with areflection.

6. Draw adilation of triangle ABC...

A

=Y

a. from point C and scale factor 1/2.

A B

b. from point B and scale factor 2.

A

7. Parallelogram EFGH underwent the following
transformations:

1. Reflection in the vertical line at x = —0.5.

2. Trandation 3 units to the left and 4 units
down.

3. Dilation from point E" with scale factor 2.

A

Wheat are the coordinates of the image of
point F after al these transformations?

Sample worksheet from
https://www.mathmammoth.com
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8. Show that the two triangles are similar by
describing a sequence of transformations that
could map ADEF to the smaller triangle

9. Figure PQRS underwent a dilation, then arotation.
Study the coordinates to find out the details about
each transformation, then fill in the missing coordinates.

Of:é%'rnsl Dilation Rotation
P(-5, 3) P(-8, 5) P(_,_)
Q(0, 3) Q4,5 Q(—_._)
R(-1, 1) R(__._) R'(—4,-5)
S(-4,1) S(-4.1) S'(-4,1)

10. a. Find the value of x.

b. Find the value of a.

Sample worksheet from
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11. Lines| and mare parallel. Figure out the
measure of the angle a. (Y ou may need 57°
to mark more anglesin the diagram.)

12. Linesmand n are parallel. Find the measure of angle x,
and prove why it iswhat you find it to be. In other words,
explain and justify your reasoning. Y ou may need to
mark more anglesin the diagram.

13. A shampoo bottle isin the shape of acircular cylinder. It saysit contains 473 ml of shampoo.
Itsinner diameter is 6.0 cm and its height is 17 cm. What percent of the bottle does the
shampoo take up?

14. Compare a sphere with radius 5 cm with a cone with the same radius.
What is the height of the cone, given the two have the same volume?

Sample worksheet from
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Chapter 2: Review

15. Elkhart Ammonium Nitrate Storage in Elkhart, Texas, is alarge building consisting of a half sphere on
top of acircular cylinder. The stem wall is 36 ft high, and the diameter of the circle (which is also the
diameter of the sphere) is 115 ft. When the storage is filled with ammonium nitrate, the top part of it
(the part inside the half-sphere) forms a cone.

—SurFace o
Ta,

s RADIUS oF
7/  CURVATURE

aaaaaa
oOF SPHERE.

STEM
WAL

CAR =36 ft
T. 2 115 ft
- @‘ ¢— DIAMETER —

Images courtesy of Monalithic Dome Institute, www.monolithic.com

Find the volume of the ammonium nitrate mound when the cone reaches the top of the structure, to the
nearest thousand cubic feet.

Sample worksheet from
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Chapter 3: Linear Equations
| ntroduction

The third chapter of Math Mammoth Grade 8 focuses both on the mechanics of solving linear equations and on
problem solving.

The chapter starts with avocabulary reference sheet. The first actual lessonisareview of integer addition and
subtraction, which you can omit at your discretion. The next several lessons after that review simple equations of
theform px + g =r and p(x + g) = r and and the distributive property from 7th grade.

The next step towards solving more complex equations is the lesson Combining Like Terms. Students add and
subtract like terms, including with decimal or fractional coefficients, and solve equations where like terms need
combined first.

Having learned this, students then tackle some typical algebraic word problems in the following lesson.

Thenitistime to learn to solve equations where the variable is on both sides. There are often several possible
solution pathways. Students also learn about the common error of adding or subtracting “across the sides.”

The lesson Smplifying Linear Expressions focuses on how to remove parentheses after aminus sign, such asin
the expression 2(3 + 2y) — 7(3 — 5y). After that, it istime for more practice and word problems, including age
and coin word problems.

Then we turn our attention to equations with fractions, and the student learns to multiply both sides of the
equation by a common multiple of the denominators. In the lessons on formulas, the student both solves various
formulasfor avariablein it, and uses formulas to solve a variety of word problems.

The lesson More on Equations deals with equations that have an infinite number of solutions (identities) or no
solutions.

The chapter ends with two more lessons on word problems (percent word problems and miscellaneous
problems).

Pacing Suggestion for Chapter 3

This table does not include the chapter test asit is found in a different book (or file).
Please add one day to the pacing if you use the test.

e suggested your

The Lessonsin Chapter 3 page span pacing pacing
Algebra Terms (For Reference) .........cccceeveveeveeve e, 125 (1 page)

Review: Integer Addition and Subtraction ..................... 126 3 pages 1 day

Equations Review, Part 1 ........cccccecoeveevieeveeneeseeseeen, 129 4 pages 1 day

The Distributive Property .......cccccecevecvvveesceevce e seeseens 133 3 pages 1 day

Equations Review, Part 2 ..........ccccooeveveceeceece e, 136 4 pages 1 day

Equations Review, Part 3 ... 140 4 pages 1 day

Combining LIKE TErMS .......cccocvveeceie e 144 3 pages 1 day

Word Problems ... 147 4 pages 1 day

S%Pﬁaﬂ?gl wg?ﬁ@"%@&ff()m .................................. 151 4 pages 1 day
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suggested your

The Lessonsin Chapter 3 page span pacing pacing
Word Problems and More Practice ........c.ccoccoeeeveniniennns 155 3 pages 1 day
Simplifying Linear EXPressions........ccccoeveveeeenenienenes 158 3 pages 1 day
MOF€ PraCliCe .......coevueriirieieieiriese e 161 3 pages 1 day
Age and Coin Word Problems ..........c.coeveinienieneniennen. 164 3 pages 1 day
Equationswith FractionS 1 ..........cccceoveneneieniencsceee 167 2 pages 1 day
Equations with FractionS 2 ..........cccceoveveneieiencncsee 170 3 pages 1 day
Formulas, Part 1 ..o 173 2 pages 1 day
Formulas, Part 2 ..o 175 2 pages 1 day
More on EQUELIONS ........cccoereerierieeeenesieseeeeese e 177 3 pages 1 day
Percent Word Problems ... 180 2 pages 1 day
Miscellaneous Problems ..........cccccveveieininincnceeee 182 2 pages 1 day
Chapter 3 Mixed REVIEW ........cccceririieieieene e 184 3 pages 1 day
Chapter 3 REVIEW ......ccooiiiieieeeercreee e 186 3 pages 1 day
Chapter 3 Test (optional)
TOTALS 63 pages 21 days

Helpful Resourceson the Internet

We have compiled alist of Internet resources that match the topics in this chapter, including pages that offer:

« online practice for concepts;

 online games, or occasionally, printable games;

» animations and interactive illustrations of math concepts;
* articlesthat teach a math concept.

We heartily recommend you take alook! Many of our customers love using these resources to supplement the
bookwork. Y ou can use these resources as you see fit for extra practice, to illustrate a concept better and even
just for some fun. Enjoy!

https://l.mathmammoth.com/gr8ch3

Sample worksheet from
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Algebra Terms

For Reference

Expressions in mathematics consist of: Examples of expressions:
e numbers; 3 3x\2
u 3 . gxz —3x+5 5 <?>
» mathematical operations (+, —, -, +, exponents);
« and letter variables, such asx, y, a, T, and so on. T-29 *_ gy

Note: Expressions do not have an equals sign!

An equation has two expressions separated by an equals sign: Examples of equations:
(expression 1) = (expression 2) 0=0 2z-9) = -7
9=-8 Xx+3 _
(afalse equation) 2 15

A term isan expression that consists of numbers and/or variables that are multiplied. For example, 7xisa
term and so is 0.6mn?.

A single number or asingle variable is also aterm. If the term

isasingle number, such as4.5 or ¥, we call it aconstant. term term
—_—— /-2"—\ term
I 2n the expression on the right, we have three terms: 5xy?, 5x y2 -5 x+ 9
3% and 9, that are separated by subtraction and addition. T
If atermis not asingle number, then it hasavariable part coefficient coefficient constant
and a coefficient.
variable variable
» The coefficient isthe single number by which the variable part part

or variables are multiplied.
» Thevariable part consists of the variables and their exponents.
For example, in 4.3ab, 4.3 is the coefficient, and ab isthe variable part.

Note: aterm that consists of variables only still has a coefficient: it is one. For example, the coefficient of the
term X is one, because you canwrite x® as 1 - X°.

Example. Iss—5aterm? No, it isnot since it contains subtraction. Instead, s— 5 is an expression consisting
of two terms, sand 5, separated by subtraction.

1. Write the expression based on the clues.

It has four terms.

The constant term is the square of the third smallest prime.

The variable parts of the variable terms are ab, a2, and a, respectively.

The coefficients of the variable terms are the three consecutive integers with a sum of 21.
The first two terms are separated by subtraction, the rest by addition.

Sample worksheet from
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Review: Integer Addition and Subtraction

Integers consist of the counting numbers (1, 2, 3, 4, ...), zero, and the negative counterparts of the counting
numbers (-1, —2, -3, -4, ...). So, the set of integersis{...,—4,-3,-2,-1,0,1, 2,3, 4, ...}.

An absolute value of an integer isits distance from zero, and is marked with two vertical lines.
For example, |2|=2and |-18|=18.

We obtain the opposite or negation of an integer by changing its sign from positive to negative, or vice
versa. For example, the opposite or negation of 17 is—17. The opposite of —4 is4.
We can use the negative sign “—" to signify this: —(—5) means the opposite of -5, whichis5.

To add several negative integers, simply add Example 1. To find the sum —8 + (=3) + (-7) + (—11),
their absolute values and write the answer as add8+3+7+11=29.
negative. The value of the original sum is—29.

To add a negative and a positive integer, find the difference in their absolute values. The integer with the
bigger absolute value determines the sign of the final answer.

Example 2. In the sum —9 + 11, the absolute values of the two integers are 9 and 11. Their differenceis
11 -9 = 2. Thismeansthe answer is either 2 or —2. To determine which, check the sign of the integer with
the larger absolute value. In our caseit is 11 (which is positive), so the answer is 2 (and not —2).

Example 3. Inthe sum 7 + (—12), the absolute values of the two integers are 7 and 12. Their differenceis
12 — 7 =5. Thismeans the answer is either 5 or —5. To determine which, check the sign of the integer with
the larger absolute value. Here it is—12 which is negative, so the answer is—5 (and not 5).

So, thisis the mechanical rule, but you don’t haveto useit if you have learned other methods, such as
visualizing a number line.

Example4. -8+ 12+ (-9)+(-1) +5+ (-6) =?
To add several integer s where some are
negative, some positive, first calculate the

partial sums of all the negative integers and of Neadtives -8+ (—9) + (1) + (—6) = 24
all the positive ones. Lastly add those sums. ~eadlives. 9+ D +(6)

Positives: 12+ 5= 17

Total: 17 + (—24) = =7

1. Add.
a (-4)+8= b. 15+ (-25) = c. -12+6= d. -11+(-32) =
e —12+(-2) +(-5) = f. 6+ (-1)+(-5)+2= g -7+10+(-6)+1=
h. 11+ (-2)+ 7+ (-5) +4+(-3) = i, 6+ (-5)+8+(-12)+24+1=

ample worksheet from
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Word Problems

Example 1. The width of arectangleis three timesits length, and its perimeter is 28 m.
What are the width and the length of the rectangle?

First, check what quantity is unknown, and choose avariable for it.

We don't know the length nor the width of this rectangle. However, since we know that the width is three
times the length, we can write the width as an expression of the length. In other words, we can let x be the
length, and then naturally, the width is 3x. We don’t need another variable for the width.

In your solution, you need to specify what x denotes. Y ou can write: “Let x be the length of the rectangle.
After that, write something to the effect: “ Then, 3x isthe width.” Thisisto ensure that a reader understands
your thought process.

Continuing on with the solution, we know the perimeter is the sum of all four sides, and equals 28 m. From
that we can write the equation: x + 3x + x + 3x = 28. Solving that will be easy!

1. Solvethe equation in example 1. Lastly, answer the actual question
(specify what the width and the height of the rectangle actualy are).

2. The length of a certain rectangleis 12 cm more than its width. The perimeter is 136 cm.
How much do the sides of the rectangle measure? Write an equation.

Reminder: Note clearly what your chosen variable denotes in the problem.

Sample worksheet from
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Example 2. Susan and Henry divide atask of washing 170 windowsin alarge building in aratio of 3:2.
How many windows will Henry wash?

Y ou have learned to solve this type of problem using | | | | | |
abar model. We can also use an equation (which will
exactly match the basic ideain the bar model).

Let 3x be the amount of windows that Susan washes, and 2x the amount that Henry washes. This way,
the windows they washed are in the ratio of 3:2. Since we know they washed atotal of 170 windows,
we can write the equation 3x + 2x = 170.

3. Solve the equation in example 2. How many windows will Henry wash?

4. An inheritance of $354,000 was divided between three heirsin the ratio of 1:6:5.
How much did each heir get?

5. The two sides of arectangle arein aratio of 3:5 and its perimeter is 416 cm.
What are the dimensions of the rectangle?

Sample worksheet from
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Example 3. Another type of problem you have solved previously using a bar model is where
the total is known, and the parts making up the total differ by a known amount.

Eric and Jeremy worked last week for atotal of 99 hours, and Eric worked 5 more hours than Jeremy.
How many hours did Eric work?

Let x be Jeremy’ sworking hours. Then, Eric worked for x + 5 hours. Knowing the total, we can easily
write an egquation for this situation.

6. Write an equation for Example 3, and solveit. Lastly, answer the actual question that was asked.

7. Anna has aflock of chickens and aflock of ducks. She has 17 more chickens than ducks,
and in total she has 135 birds. How many chickens does she have?

8. Hans has to cross a bridge and pay a $6 bridge toll when going to work (coming back, he doesn’t have to
pay it). Some days he carpools with two other people, and they share the toll fee equally.

a. Hans noticed that in the last two weeks (which had
10 workdays), he had paid atotal of $36 in bridge tolls.
How many days of those 10 did he carpool ?

b. In amonth (which had 22 work days), he had paid
atotal of $96 in bridge tolls. How many days of those
did he not carpool?

Sample worksheet from
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9. The pet store had three different leashes for sale. The price of one was $5.40 more than the price of the
cheapest, and the price of another was $11.60 more than the cheapest. If you bought al three, your bill

came to $62.60. How much did the most expensive leash cost?

10. The sum of three consecutive whole numbersis 360.
What are the numbers?

11. The sum of three consecutive odd numbersis 1,971.
Wheat are the numbers?

12. The sum of four consecutive multiples of 5is 1,570. What are the numbers?

Hint: Let x be the first

of the three consecutive
whole numbers. What are
the other two, in terms of x?

Hint: Let x be the first of
the three consecutive

odd numbers. What is the
next odd number, in terms
of x?

San

It is possible to write a set of equations for the following problems, but
you haven’'t studied those types of equations (quadratic) yet. So, use
guess and check. It can work equally efficiently!

a. The sum of two numbersis 35, and their product is 300.
What are the numbers?

b. The sum of two numbersis 220, and their product is 9,600.
What are the numbers?
ple worksheet from
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A Variableon Both Sides

Example 1. Solve 2x + 8 = —5x.

Notice that the unknown appears on both sides of the equation. Thisis not a problem; we can till use the
principle of doing the same operation to both sides in order to isolate the unknown on one side. In this case,
we can either subtract 2x from both sides or add 5x to both sides. See both options below.

First subtract 2x: First add 5x: Check:
248 = 5x |2 x+8= -5 |+sx  2-can+s 5 (am
8 = —7x (Switch sides) 7x+8 = 0 -8 ~16/7+8 L 4007

~7x = 8 |+—7 7x = -8 =7 —227+8 2 557
X = -8 x = -8 55/7 = 557

1. Solve the equation in two ways, as instructed.

First add 2s: First subtract 4s:

10—-2s = 4s+9 + 2s 10—-2s = 4s+9 —4s

2. Solve. Check your solutions (as always!).

q

a H+2 = X7 b. 9-2 = 7y+5

sample worksheet from
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3. A common student error isto add or subtract “ across the sides,”

instead of carefully adding or subtracting the same quantity w+8 = 2w—-5
to/from both sides.
_ _ w+8 = -5
Hereis an example of it: the student added 7w and 2w, and wrote 9w
on the next line. Correct the error and solve the equation.
4. Solve. Check your solutions (as aways!).
a. -2y—-6 = 20+6y b. 8-12 = -1-3x C. 6z-5 = 9-2z

5. Fred is contemplating two different job offers. In one, he gets paid $19.50 per hour plus he will receive
a bonus based on the sales he brings in, which he estimates to be about $150 per week. In another job,
he will earn $21 per hour (no bonuses).

a. Write an expression for the weekly earnings in each job, for m hours of work.
Job 1 Job 2:

b. In which job would he earn more, if he worked 20 hours per week?

c. For what amount of work hours would both jobs provide him the same wages?

Sample worksheet from
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Chapter 4. Introduction to Functions
| ntroduction

The fourth chapter of Math Mammoth Grade 8 covers various introductory topics from the theory of functions.
These topics prepare students for studying functionsin great detail in high school math, and even include
preparatory ideas for calculus (rate of change).

The first lesson focuses on the basic definition of afunction, as a relationship between two sets that assigns
exactly one output for each input. It also briefly explains the range and domain of afunction, even though those
terms are not required in the CCS.

Next, we study the rate of change in the context of linear functions. Students cal culate the rate of change from
functions given as atable of values or from their graphs. They aso encounter nonlinear functions and calculate
the rate of change for those in specific intervals.

Then, students learn about the initial value of afunction (its value when the input is zero), and learn that the
equationy = mx + b defines alinear function. They write and plot equations of that form to model linear
relationships. We also spend one lesson looking at linear versus nonlinear rel ationships.

The following major topic is describing functions. Students analyze a graph and tell whether afunctionis
increasing, decreasing, or constant; linear or nonlinear. They sketch a graph matching a given verbal description,
and interpret given graphs of nonlinear functionsin avariety of the rea-life contexts.

Lastly, students compare properties of two functions represented in different ways (algebraically, graphically,
numerically in tables, or by verbal descriptions). For example, distance as a function of timeis given asan
equation for one airplane, and as a graph for another, and students answer questions concerning the speed and
distance of the two airplanes.

Pacing Suggestion for Chapter 4

This table does not include the chapter test asit isfound in a different book (or file).
Please add one day to the pacing if you use the test.

The Lessonsin Chapter 4 page span wp?cﬁgd p};%lijr:g
FUNCLIONS ... 191 4 pages 1 day
Linear Functions and the Rate of Change 1 ................ 195 4 pages 1 day
Linear Functions and the Rate of Change 2 ................ 199 3 pages 1 day
Linear Functions as EQUations. ............c.ccoeevirencinenns 202 3 pages 1 day
Linear versus Nonlinear FUNCLIONS .........ccccccvveeeennnee. 205 3 pages 1 day
Modeling Linear Relationships..........cccccevvvveeeveenene 208 4 pages 1 day
Describing FUNCLIONS 1 .......cccvecveveeece e, 212 3 pages 1 day
Describing FUNCLIONS 2 ......ccoooieiieeeeeee 215 3 pages 1 day
Describing FUNCLIONS 3 ......ccoo i 218 4 pages 1 day
Comparing FUNCEIONS 1 .......ccooveiriniieeeeesese e 222 3 pages 1 day
Comparing FUNCLIONS 2 ........cceeeeveecieeeeee e 225 2 pages 1 day
Chapter 4 Mixed REVIEW .......ccceceeieveceeiee e 227 3 pages 1 day
Chapter 4 REVIEW ......c.covcieeeieeeceece e 230 4 pages 2 days
Chapter 4 Test (optional)

Sample worksheet from TOTALS 43 pages 14 days
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Helpful Resourceson the Internet

We have compiled alist of Internet resources that match the topics in this chapter, including pages that offer:

« online practice for concepts,
« online games, or occasionally, printable games;
¢ animations and interactive illustrations of math concepts;
* articlesthat teach a math concept.
We heartily recommend you take alook! Many of our customers love using these resources to supplement the

bookwork. Y ou can use these resources as you see fit for extra practice, to illustrate a concept better and even
just for some fun. Enjoy!

https://l.mathmammoth.com/gr8ch4
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Functions

A function isarule or arelationship between two sets that assigns exactly one output for each input.
We also use the word mapping for afunction.

Example 1. Theillustration below shows a simple function that INPUT OUTPUT
maps each animal to its favorite sleeping place.

Each animal has a sleeping place, and only one, so thisis afunction.

Example 2. Thetable lists the name of seven children, and the month when each child has their birthday.
Notice that several of them have their birthday in December. Isthis afunction?

Input Allie Julie Danny Juan Pete Bob Samantha

Output September December December June August December February

Y es. The definition only requires that there has to be exactly one output for each input; the outputs don’t
haveto be unique.

1. The relationship shown on the right INPUT OUTPUT
is not a function. Why?

2. A function machine “ingests’ a number (the input) and “ spits out” another 3 15
(the output) based on some rule. This function machine turns any =
number ninto 4n + 1.

a. Number —7 isjust going in. What will be the output?

n
b. Number 17 just came out. What was the input? If 17
4n +1
#1 #2
: - (Input) | (Output) | | (Input) | (Output)
3. Potatoes costs $3 per kilogram. Fill in the tables #1 and #2. Weight| Cost Cost | Weight
Does each table represent a function? Explain. lkg $3 $12
2kg $30
3kg $48
5kg $72
Sample worksheet from 12 kg $90
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4, Thetablelists seven children, and each child' s favorite color.

Chapter 4: Functions

Input Allie Julie Danny Juan Pete Bob Samantha
Output pink and blue blue gray yellow blue and red ? purple
Isthisafunction? If not, change it in some manner(s) so it isafunction.

5. T isafunction that maps the name of a month to the number of daysinit.

a. Create adepiction of T using
adiagram like in example 1.

b. If you reverse the inputs and outputs, is the
resulting relationship a function? Explain.

If the inputs and outputs are numbers, we can plot a graph of the function in the coordinate grid.
Each input-output pair is viewed as an ordered pair (asingle point).

We also use the terms “independent variable” for the input, and “ dependent variable” for the output.

Example 3. Let F be the function (1, 2), (3, 0), (5, 3), (7, 1). i’“
Note: A function can be given asalist of ordered pairs.
The image on the right is the plot of F; yet the plot isnot F. 2 .
The function F is the specific list of inputs and outputs, or R
the relationship itself. ) 6 g X
6. Let G be the function that maps each integer from —4to 4 1 y
to its square minus one. 6
a. Fill in the table, listing the ordered pairs of G. H
Input (x) -4 | -3 | -2 1o
Output (y) 15 &
6
b. Make aplot of G. 4
c. If you reversed the inputs and the outputs, would the 2
relationship still be afunction? Explain. - >
74 73 4L T l ) 5 4 x

Sample worksheet from
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Example 4. Mary bicycled from her home to afriend' s house. The table shows the distance (d)
Mary had covered at specific amounts of time (t).
Input (t) 5min | 10min | 12min | 13min | 15min | 18 min | 20min | 22 min
Output (d) 08km | 1.5km | 1.9km | 1.9km | 1.9km | 24km | 2.7km 3km
We say that distanceis a function of time. The output variable, or the dependent variable,
isaways said to be a function of the input (or independent) variable. This means that for
each moment of time (input) there is a specific distance she has traveled (output).
Isit truein reverse? Istime afunction of distance?
This means we consider distance as the input, and time as the output. If yes, then
for each distance (input), there is exactly one time (output). Is that so in this case?
Name |Age Age| Name
. o .
7. 1s Age afunction of Name? Explain. FenFen| 14 14 | FenFen
Larry | 15 15 | Larry
Is Name a function of Age? Explain. Pierre | 13 13 | Pierre
Sam | 12 12 | Sam
Amy | 14 14 | Amy

8. Choose the relationships that are functions.

13| 0
11 | 12

Rainfall (mm)| 2 | 0 [ o |5 |0
10

@

Day of month | 6

(3) Input isazip code,
output is a person that lives there.

9. Plot the following points that give the age (in years)
and the height (in meters) of various children.

(2,0.8) (5,1.05) (10,1.40) (9, 1.31) (6, 1.17) (5, 1.09)

a. Isthisafunction? Explain.

b. What is the independent variable?
The dependent variable?

Sample worksheet from
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(2) Let Sbe arule that takes any number x
asinput, and gives 4x + 1 as output.

(4) Input is a person’ sfirst name,
output is their bank account number.
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Chapter 4: Functions

(Optional content; beyond the CSS)
The domain of afunction isthe set of inputs. The range of afunction isthe set of outputs.

Let’s go back to example 3, where we had kindergartners and their birthday months.

Input Allie Julie Danny Juan Pete Bob Samantha

Output

December

September December December June August February

The domain of thisfunction isthe list of the children’s names. To write it as a set, we enclose the items of the
set in curly brackets: { Allie, Julie, Danny, Juan, Pete, Bob, Samantha} .

The range of this function is { September, December, June, August, February} .

10. a. Change some thing(s) in thistable so it is afunction. Input Output
b. Give the domain of the function. Name | Grade level
Jenny 8
_ _ Pedro 7
c. Give the range of the function. A 3
Marsha
11. Let F be the function that maps a number x to 2x + 1. Rob
Lettheset {0, 1, 2, 3, 4, 5} beitsdomain. Ann
What isits range?
12. Give the domain and range of each function.
l Iy A y
1 ®
1 *— >
X
> ®
l X
a b. T
Domain: Domain:
Range: Range:

13. Let S be the function that allows any word from this sentence as the input, and the output is the number

of lettersin it. What is the range of this function?

14. G isafunction that maps a number x to x — 5.
If theset {0, 5, 10, 15, 20} isitsrange, what isits domain?
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Linear Functions and the Rate of Change 1

If the graph of afunction consists of pointsthat fall on asingleline, itisalinear function.

We will define alinear function in adifferent manner later, but for now, thisis sufficient, so let’slook at

some examples.

Example 1. The input and output values in the table below define a function. Notice the patterns:

the x-values increase by ones, and the y-values increase by 3s.

Input (x) 0 1 2 3 4 5 6
Output (y)| 3 6 9 |12 |15 | 18| 21

The graph shows that the pointsfall on aline. Thisisalinear function.

Therate of change of afunction is the rate at which the output
values change as compared to the change in the input values.

change in output values

We calculate it asthe ratio of —
change in input values

differencein y-values

In the context of this graph, rate of change = difference in xovalues

yl
20

16

12

A

Y

In this case, each time the x-valuesincrease by 1, the y-valuesincrease by 3. Therate of changeis3/1= 3.

Example 2. The price of bananasis afunction of their weight. What is the rate of change?

Weight in kg (input) 0 2 5 10

12

15

Pricein $ (output) 0 5 12.50 25

30

37.50

Check how much the output (price) changes for a certain change in the input (the weight). For example,
when the weight increases from 0 to 2 kg, the price increases from $0 to $5, or by $5. This happens also
when the weight increases from 10 to 12 kg: the price increases $5 (from $25 to $30).

Rate of change = SO = $2.50/kg

2kg

Note that if the independent and dependent variables have units, we include the unitsin therate of change.

This rate of change tells us that for each one-kilogram increase in weight, the price increases by $2.50.

1. a. Calculate the rate of changein example 2, using the increase in weight from 5 to 10 kg, and the
corresponding increase in price. Do you get the same rate of change as calculated in the example?

b. Do the same using the input values 10 kg and 15 kg.

Sample worksheet from
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Chapter 4: Review

Chapter 4 Review

1. Change some thing(s) in this table so it represents a function.

Input | Output
Name | Age
Fifi 2
Bella 5
Max
Luna
Charlie
Luna
2. Why is the relationship depicted A l
by the graph not a function? 30
20 .
®
10— ®
! ! T,
0 1 2 3 4

i

3. Describe this function by intervals where it isincreasing, decreasing, or constant. Include also whether
itislinear or nonlinear in those intervals.

Ay

A
K\
/

\\
N/
/
4
=y

1
i

4. Give an example where the cost of something is a function of time, and where the function is not linear.
Use atable of values to give the function.

Time(hours)| O 1

2 3 4 5 6 7 8 9 10 11
Cost ($)

Sample worksheetrfrom
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5. The graph shows the value of acar over time.

Value of a Car

$45,000
$40,000
$35,000

$30,000 \

$25,000 \

$20,000 \

$15,000 \\-

$10,000 \\'\\-\_\_

0 1 2 3 4 5 6 7 8 9 10 11 12

$5,000

$0

years after purchase

a. Isthisalinear function?
How can you tell?

Use approximate values that you can read from the graph, and find the rate of change:

b. from 1 to 2 years after purchase

c. from 6 to 7 years after purchase

6. Jayden and his sister race on bicycles from school back home, aroute that is 1.5 miles long.
The equation d = 0.22t represents the distance (d, in miles) that Jayden has ridden, as afunction of time
(t, in minutes). The table below shows the distance his sister has bicycled, at various pointsin time.

Function 1 — Jayden: Function 2 — hissister:

d=0.22t time (minutes)| O 1 2 3 4 5 6
Distance(mi) | O | 0.2 |045]|0.68| 09 |1.12]|1.24

a. Which function has a greater rate of change fromt =2 to t = 4 minutes?
What does that represent in terms of real life?

b. Classify each function as either linear or nonlinear.

c. Assume his sister continues with the same speed till the end as what
sheisriding between 5 and 6 minutes. Who will reach home first?
Sample worksheet from
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Chapter 4: Review

7. The table below shows the depth of the snow as a function of time from the beginning of a blizzard.

time (hours)

0

1

2

3

4

5

6

depth (inches)

17

20

23

26

29

32

35

a. What is the rate of change?

What does it mean in this situation?

b. What istheinitial value?

What does it mean in this situation?

c. Write an equation to represent the relationship between the amount of snow and timein hours.

d. If the blizzard started at 2:30 PM, at what time was the snow 26.5 inches deep?

e. How deep will the snow be at 9 PM?

f. Plot the equation you wrotein (c).

\ 4
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8. Marciaisin math class (in a classroom). The graph shows the distance between her and the blackboard, as
afunction of time. Make up a story that matches the graph.

A

18
Ex
£s -
88
§2 9
% 2
B = 3

6

1 2 3 4 5 6 7 8 time
(min)

9. Greg is running along his usual running route, and his son Trevor goes with him riding a bicycle, but they
don't exactly stay together. The two graphs show the total distance each has covered, as afunction of time.

A
4
K/
=3 // —-—-Trevor
g v
= - Greg
Q O
g /
s2
=
‘-c *
1%
7/
1 ‘/’
/’/
s
> l l l l L »

I
10 20 30 40 50

time (minutes)

a. From 10-20 minutes, who is going faster?
b. Find two pointsin time where the two meet. What distance have they traveled at those times?

¢. Who finishes the route first? About how much quicker than the other (estimate from the graph)?
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Foreword

Math Mammoth Grade 8 comprises a complete math curriculum for the eighth grade mathematics studies. The
curriculum meets the Common Core standards.

In 8th grade, students spend the majority of the time with algebraic topics, such as linear equations, functions,
and systems of equations. The other major topics are geometry and statistics.

The main areas of study in Math Mammoth Grade 8 are:

» Exponentslaws and scientific notation
» Square roots, cube roots, and irrational numbers

» Geometry: congruent transformations, dilations, angle relationships, volume of certain solids, and the
Pythagorean Theorem

* Solving and graphing linear equations,
* Introduction to functions;

e Systems of linear equations;

* Bivariate data.

This book, 8-B, covers the topic of graphing linear equations. The focus is on the concept of slope.

In chapter 6, our focusis on sguare roots, cube roots, the concept of irrational numbers, and the Pythagorean
Theorem and its applications.

Next, in chapter 7, students solve systems of linear equations, using both graphing and algebraic techniques.
There are also lots of word problems that are solved using a pair of linear equations.

The last chapter then delves into bivariate data. First, we study scatter plots, which are based on numerical data
of two variables. Then we look at two-way tables, which are built from categorical bivariate data.

Part 8-A covers exponent laws, scientific notation, geometry, linear equations, and an introduction to functions.

| heartily recommend that you read the full user guide in the following pages.

| wish you success in teaching math!

Maria Miller, the author
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Chapter 5: Graphing Linear Equations
| ntroduction

This chapter focuses on how to graph linear equations, and in particular, on the concept of slopein that context.

We start by graphing and comparing proportional relationships, which have the equation of the formy = mx.
Students are already familiar with these, and know that mis the constant of proportionality. In this chapter, they
learn that mis also the slope of the line, which isameasure of its steepness.

Then we go on to study slope in detail, its definition as the ratio of the change in y-values and the change in
x-values. Students learn that it doesn’t matter which two points on aline you use to calculate the slope, and study
ageometric proof of thisfact. They practice drawing aline with a given slope and that goes through a given
point, and determineif three given points fall on the sameline.

Then it istime to study the slope-intercept equation of aline, and connect the idea of aninitial value of a
function (chapter 4) with the concept of y-intercept in the context of graphing. Students graph lines given in the
slope-intercept form, and write equations of lines from their graphs.

Next, we study horizontal and vertical lines and their smple equations. The standard form of alinear equation
follows next. The last major topic is how the slope reveals to us whether two lines are parallel or perpendicular
to each other.

Pacing Suggestion for Chapter 5

This table does not include the chapter test asit isfound in a different book (or file).
Please add one day to the pacing if you use the test.

The Lessonsin Chapter 5 page span wpfcﬁgd p};%lijr: g
Graphing Proportional Relationshipsl.........cccccovienee 13 3 pages 1 day
Graphing Proportional Relationships2 ..........ccccceeevueeen. 16 3 pages 1 day
Comparing Proportional Relationships ..........c.ccoeveeeneens 19 4 pages 1 day
SIOPE, Part 1 ..o 23 4 pages 1 day
SIOPE, Part 2 ... 27 3 pages 1 day
SIope, Part 3 ... 30 5 pages 2 days
Slope-Intercept EQUation 1 ..........cccoieveeeeeievn e 35 4 pages 1 day
Slope-Intercept EQUaLion 2 ..........cceovvenieneieeeneneeeee 39 3 pages 1 day
Write the Slope-Intercept Equation ............cccccvvrierienene 42 3 pages 1 day
Horizontal and Vertical Lines.........cccceceevevvieeceevienienne 45 3 pages 1 day
The Standard FOrm ..........cccoovveiievece e 48 3 pages 1 day
More Practice (Optional) ........cccccevieevienvienneeseenee e 51 (2 pages) (1 day)
Parallel and Perpendicular LiN€S ........cccccovevvevevcenccinnee. 53 3 pages 1 day
Mixed Review Chapter 5 ..o 56 3 pages 1 day
Chapter 5 REVIEW .......ooeieieiiseeeeesee e 59 4 pages 1 day
Chapter 5 Test (optional)
TOTALS 48 pages 15 days
with optional content (50 pages) (16 days)
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Helpful Resourceson the Inter net

We have compiled alist of Internet resources that match the topicsin this chapter, including pages that offer:

« online practice for concepts;
 online games, or occasionally, printable games;
¢ animations and interactive illustrations of math concepts;
* articlesthat teach a math concept.
We heartily recommend you take alook! Many of our customers love using these resources to supplement the

bookwork. Y ou can use these resources as you see fit for extra practice, to illustrate a concept better and even
just for some fun. Enjoy!

https://l.mathmammoth.com/gr8ch5

Scan me
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Graphing Proportional Relationships 1

ideais that whenever one variable changes, the other varies (changes) proportionally or at the same rate.

We will now review what it means when two variables are in direct variation or in proportion. The basic

Example 1. The wholesaler posted the following table for the price of potatoes:

weight (kg)| 5 | 10 | 15 | 20 | 25 | 30
cost |$5.50$11.00| $16.50 | $22.00|$27.50| $33.00

common to look at the rate “ cost over weight”, such as $27.50/(25 kg), than vice versa.

If al of the ratesin the table are equivalent, then the weight and the cost are proportional.

these rates, and check whether you get the same unit rate.

One other way to check is, if one quantity doubles (or triples), will the other double (or triple) aso?
Thisis especially useful for noticing if the quantities are not in direct variation.

Each pair of cost and weight forms a rate — and so does each pair of weight and cost. However, it is more

To check for that, we have severa means. One isto calculate the unit rate (the rate for 1 kg) from each of

In this case, that is so. The unit rate is $1.10/kg, no matter which rate from the table we' d use to calculateit.

Example 2. Here, when the weight doubles from 5 kg weight (kg)| 5 | 10 | 15| 20 | 25 | 30
to 10 kg, the price also doubles. But what happens with
the price when the weight doubles from 10 kg to 20 kg? cost $6 | $12 | $18 | $22 | $26 | $30

The price does not double! So, the quantities are not in proportion.
The seller is giving you some discount if you purchase higher quantities.

Also, if you calculate the unit rate from $6/(5 kg) and from $22/(20 kg), they are not equal. (Verify this.)

1. Arethe quantities in a proportional relationship? If yes, list the unit rate.

a. time (hr) oOo|l112|3|4]°5 b.| time(hr) o123 ]| 4

distance(km)| O | 50 | 90 | 140|190 | 240 distance(km)| O | 45 | 90 | 135|180

225

C. age (days)| O 1 2 3 4 5 6 7
height (in)| O 0 0 1 2 3 4 5

d. |length(m)| 0 |0o5| 1 |15 2 | 4 | 5 | 10
cost(® | 0| 3| 6| 9|12]|24]|30]60

2. Now consider the tables of valuesin #1 as functions, where the variable listed on top is the independent
variable. For the ones where the quantities were in proportion, calculate the rate of change.

What isits relationship to the unit rate?

Sample worksheet from
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(1) Each rateformed by the quantitiesis equivalent to any other rate of the quantities.

(2) The equation relating the two quantitiesis of the form y = mx, wherey and x are the
variables, and mis aconstant. The constant mis called the constant of proportionality and
is aso the unit rate.

(3) When plotted, the graph isa straight linethat goesthrough the origin.

When two quantities are in a proportional relationship, or in direct variation (the two are synonyms):

3. Choose an equation from below where the Y4

variablesx and y arein direct variation

(proportional): 12
-3 _ 10

Y=+ y=3x

xy=3 y=x’ ;

Then graph that equation in the grid. 6

Hint: The point (0, 0) is awaysincluded in 4

direct variation. All you need to do is plot

one other point, and then draw aline through 2

the origin and that point.

4. Choose the representations that show a proportional relationship.

Y

14

d. ey=2x+9

f. y=(34)x g

5. Two of the above representations are the exact same relationship. Which ones?

Sample worksheet from
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Example 2. In adirect variation, y = 9 when x = 12. Write an equation for the relationship.

Sincethisisdirect variation (proportional relationship), the equation is of the formy = mx,
where mis the constant of proportionality.

The constant of proportionality isthe ratio (dependent variable)/(independent variable),
sointhiscaseitisy/x = 9/12, or 3/4. So, the equation isy = (3/4)x.

At this point, it is good to check that the point (12, 9) satisfies the equation, to check for errors:
Isittruethat 9= (3/4) - 12? Yes, itis.

To graph the equation, we could simply plot the point (12, 9), and draw aline through it and the origin.

6. In adirect variation, when xis 14, y is 10. yA

a. Write an equation for this proportional
relationship.

b. Graph alinefor thisrelationship in the grid.

c. What isx when y = 40?

7. Organic rolled oats cost $20 for 8 Ib. cost ($)4

a. Write an equation for this proportional
relationship, using the variables C for
cost and w for the amount (weight)
of oats.

b. Graph the equation in the grid. Design
the scaling on the cost-axis so that the
point corresponding to 30 pounds fits
on the grid.

¢. How much do 36 Ib of the oats cost? 0 S 10 15 20 25 30 w (Ib)

8. If yis 120 when x is400 in adirect variation,
then what isy when x is 80?

Sample worksheet from
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Graphing Proportional Relationships 2

Example 1. The graph for the cost of apples as afunction Cost of Apples
of their weight is aline through the origin, which means
the cost and the weight are proportional . CA
36
The equation for the graph is C = 3.5w. So, the constant
of proportionality is 3.5, which is also the rate of change 2
of this function. 28 /
The unit rate is $3.50/kg. This corresponds to the point £ 24
(1, 3.5) on the graph. = 20
o
We also talk about the dope of theline, whichisa 1o (1,35
measure of the steepness of the line, or how quickly it 12—
rises upwards (or slopes downwards). 8
It isthe sameidea as the rate of change, but in the context 4
of graphing. Here, for each 1-kg increase in weight, the »
. . D 1 2 3 4 5 6 7 8 9
cost increases by $3.50. This means the slope of thisline ) w
is 3.5 — the same as the rate of change, and the unit rate. kilograms
We will look at slope in more detail in other lessons.
1. The graph shows the distance a caterpillar has crawled over time.
a. Are the quantities time and distance dt
proportional ?
5
How can you tell? g
T 4
©
5
b. What is the caterpillar’ s speed? ‘é 3
Use the same units as in the graph. =
% 2
2
What is the unit rate? 1
What is the slope of the line? 0 1 2 3 4 5 6 7 ?

time (minutes)

c. Write an equation for the graph.

d. Continuing with the same speed, how long
will the caterpillar take to travel 9.5 meters?

2. Another caterpillar crawls 4.5 metersin 5 minutes. Draw another line in the grid for question #2,
for the distance that this second caterpillar crawls over time, going with the same speed.
Isthis second caterpillar faster than the first?

Sample worksheet from
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Chapter 5: Review

Chapter 5 Review

1. Refrigerator companies make estimates of how much energy their fridges consumein typical usage. The
table shows how many kilowatt-hours (kwWh) of energy fridge 1 consumed over time, and the graph shows
the same for fridge 2.

Fridgel Fridge 2
- energy
time (mo) | energy (kWh) (KWh) &

2 75 450

4 150 400

6 225 350 e
300 -

8 300 4

10 375 220 /’6/0
200 P

12 450 150
100 /,/

a. Which fridge consumes more electricity 50 v
in amonth?

>
1 2345 6 7 8 9 1011
How much more? time (months)

b. Write an equation for each fridge, relating the
energy (E, in kwh) and the time (t, in months).

c. Plot the equation for Fridge 1 in the grid.
d. Plot the point corresponding to the unit rate, for Fridge 1.

2. a. Find the equations of the four lines, A y
in slope intercept form.

b. (optional) Find the area of the rectangle. |

Sample worksheet from
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3. Find the equation of each line, in slope-intercept form:

a. has slope 3/4 and passes through (-2, 3)

b. is horizontal and passes through (9, —10)

4. Find the slope of the lines. A y
Notice the scaling. a
24
a
18
b.
Now find the equations for the lines. 2 b,
a. 6

=Y

5. Do the three points fall on one line? Explain your reasoning.

(-3, 1), (-1,-4), (1,-8)

6. Find s so that the point (s, 12) will fall on the same line as the points (3, 9) and (15, 18).

Sample worksheet from
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7. Line S passes through (-5, —2) and (0, 4). Line T is 4y
perpendicular to Line S, and passes through (1, 1).

a. Find the equation of line T, in slope-intercept form.

b. Write the equation also in the standard form. <

8. Mr. Henson runs a garbage pick-up business, with 12 garbage trucks. To run one truck costs him
$1,500 per month in maintenance costs, plus $110 a day for fuel.

Consider the cost of running one truck as afunction of time, in days (during one month only).
Isthisalinear relationship, a proportional relationship, or neither?

Write an equation for it.

9. Match the descriptions and the equations.
y=(-4/3)x—-7

X-—y=-21

Sample worksheet from
https://www.mathmammoth.com
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Has y-intercept —4 and is perpendicular toy = —2x.

Passes through (-5, 6) and has slope 3.
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Has y-intercept —4 and is paralel toy = —2.
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10. Transform each equation of aline to the standard form, and then list its x and y-intercepts.

a y-6=2(x+2

11. A heater wasturned on at 10 AM in acold, uninhabited house, to prepare it for people |ater that day.

The graph shows the temperature of the house. The count of hours starts at 10 AM.

°CA

30

20

temperature
et
S

O/ 1 2

-10

a. Write an equation for the line.

b. If the temperature continues to rise in the same fashion,
what will the temperature be at 2:30 PM?

c. When will the temperature reach 22°C?

d. Let's say the heater isturned off at 1:45.
What is the temperature at that time?

e. If the house had started out at a temperature of —12°C instead,
and the heating process worked in the same fashion (the
temperature rose at the same rate), at what time would the
house reach atemperature of 22°C?

Sample worksheet from
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Chapter 6: Irrational Numbersand

the Pythagorean Theorem
| ntroduction

We start out this chapter by studying the concept of a square root, as the opposite operation to squaring a
number. In the next lesson, on irrational numbers, students find values of square roots by hand. They make a
guess and then square the guess, and based on how close the square of their guessisto the radicand, they refine
their guess until desired accuracy isreached. Thiswill help solidify the concept of a square root, while also
showing how most square roots are nonending decimal numbers, and how in redl life, we need to use
approximations of them to do calculations. Students al so practice placing irrational numbers on the number line,
using mental math to find their approximate location.

Next, the chapter has areview lesson on how to convert fractions to decimals. The following lesson hasto do
with writing decimals as fractions, and teaches a method for converting repeating decimals to fractions.

Then it istime to learn to solve simple equations that involve taking a square or cube root, over the course of two
lessons. After learning to solve such equations, students are now fully ready to study the Pythagorean Theorem
and apply it.

The Pythagorean Theorem is introduced in the lesson by that name. Students learn to verify that atriangleisa
right triangle by checking whether it fulfills the Pythagorean Theorem. They apply their knowledge about square
roots and solving equations to solve for an unknown side in aright triangle when two of the sides are given.

Next, students solve avariety of geometric and real-life problems that require the Pythagorean Theorem. This
theorem is extremely important in many practical situations. Students should show their work for these word
problems to include the equation that results from applying the Pythagorean Theorem to the problem and its
solution.

There areliterally hundreds of proofs for the Pythagorean Theorem. In this book, we present one easy proof
based on geometry (not algebra). As an exercise, students are asked to supply the steps of reasoning to another
geometric proof of the theorem. Students also study a proof for the converse of the theorem, which saysthat if

the sides of atriangle fulfill the equation a® + b? = ¢ then the triangle is aright triangle.

Our last topic is distance between points in the coordinate grid, as this is another simple application of the
Pythagorean Theorem.

Pacing Suggestion for Chapter 6

This table does not include the chapter test asit isfound in a different book (or file).
Please add one day to the pacing if you use the test.

The Lessonsin Chapter 6 page span wpga?cﬁgd p);(();lijr: g
SAUArE ROOLS .....veeieeieesiec e e et saeesre e 65 4 pages 1 day
Irrational NUMDENS ......ccviiieii e 69 4 pages 1 day
Cube Roots and Approximations of Irrational Numbers ... 73 4 pages 1 day
Fractions to Decimals (0ptional)............coeeeerencnienieiennnns 77 (2 pages) (1 day)
DecimalsSto Fractions .........ccceevveeeeceese e 79 3 pages 1 day
Square and Cube Roots as Solutions to Equations............. 82 3 pages 1 day
More Equations that Involve ROOLS ..........ccccceveevvceviencnene 85 3 pages 1 day
The Pythagorean Theorem ...........cccccevvveevenieneeeeseeeee 88 5 pages 2 days

S%Wll irg?go\r}\? 8“21% ﬁ;/éléep??eg%r heorem 1 ......cccooovinene 93 3 pages 1 day
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A Proof of the Pythagorean Theorem and of

TS CONVEISE ..ottt st 96 4 pages 1-2 days
Applications of the Pythagorean Theorem 2 ...................... 100 4 pages 1 day
Distance Between POINtS .........ccccoveevervieesieneien e see e 104 3 pages 1 day
Mixed Review Chapter 6 ........cccovveeeeieneeeere e 107 3 pages 1 day
Chapter 6 REVIEW ........cccoeeiiirierieeeieese s 110 6 pages 2 days
Chapter 6 Test (optional)
TOTALS 49 pages  15-16 days
with optional content (51 pages) (16-17 days)

Helpful Resour ces on the I nter net

We have compiled alist of Internet resources that match the topics in this chapter, including pages that offer:

 online practice for concepts;

< online games, or occasionaly, printable games;

¢ animations and interactive illustrations of math concepts;
* articlesthat teach a math concept.

We heartily recommend you take alook! Many of our customers love using these resources to supplement the
bookwork. Y ou can use these resources as you see fit for extra practice, to illustrate a concept better and even
just for some fun. Enjoy!

https://l.mathmammoth.com/gr8ch6
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Sample worksheet from
https://www.mathmammoth.com 64



(This page intentionally left blank.)

Sample worksheet from
https://www.mathmammoth.com



Cube Roots and Approximations of
Irrational Numbers

Similarly to the square root, we can take a cube root of a number.

Recall that the cube of a number isthat number multiplied by itself three times. For example,
two cubed = 2° = 2. 2.2 = 8. Thisgives us the volume of a cube with edges 2 units long.

The cube root of 8is2. We write it asv/8 = 2. Notice the little “3” that is added to the radical
sign to signify a cube root.

Example 1. Since (—3)(~3)(—3) =27, then ¥-27 = -3.

Like sguare roots, most cube roots are irrational numbers. When it comes to integers, only
the cube roots of perfect cubes are rational; the rest areirrational.

1. Find the cube roots without a calcul ator.

a. V27 b. V125 c. V64 d. V1,000
e V1 f. 216 g. ¥27,000 h. V-8
i, V-1 j. ¥-125 k. Y0 |. ¥/—8,000

2. a. The volume of acubeis 216 cm®. How long is its edge?
b. What is (¥ 4)3?

c. If the edge of a cube measures 50 cm, find its volume.

d. If the volume of acubeis 729 in3, find its surface area.

3. (optional) Find the cube roots of these fractions and decimals, without a calculator.

a. v/ 0.008 b. ¥ 0.125 c. ¥ -0.027

[ 8 64 1
d'3ﬁ e.3§ f{;/—g
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Example 2. We can know that V98 lies between 9 and 10, because 9=V81 < V98 < 100 = 10.

We can even tell it is much closer to 10 than to 9, since 98 is much closer to 100 than to 81.

From that, we can estimate that 2V98 is slightly less than 20, and that V98 + 4 is slightly less than 24.

Example 3. The opposite of V2 is—\2. Since V2 is approximately 1.41, then —\2 ~ —1.41.

4. Find between which two whole numbers the root lies. Notice some of them are cube roots.

a <31 < b. < V65 < C. < \87 <
d. < 5 < e < —\44 < f. < B0 <
9. <37 < h. < V37 < i < V101 <

5. Plot the following numbers approximately on the number line. Do not use a calculator, but think about
between which two whole numbers the root lies, and whether it is close to one of those whole numbers.

V15

47 12

vo o 27 —10

\66/2 n Vi8+1

6. Compare, writing >, <, or = between the numbers. Think between which two whole numbers the root

lies, using mental math.

a. \N27 b. V48 7 c. V18 d. V9 2
e V2 +1 f. V32 +1 6 g. V43 +5 10 h. V88 -3 7

7. a. Between which two whole numbers does V30 lie? And V60?

b. Use your answers to () to determine whether 230 is equal to V2 - 30 .
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8.1s \/57_0 equal to 5—20 ? Explain your reasoning.

9. Use the decimal approximations of common irrational numbers on the right to estimate n~314
the value of the expressions below, to one decimal digit. Use mental math and paper-
and-pencil calculations, not a calculator. V2=~141
a. 5\V2 b. n° c. V5—-+2 d. 2V5-5V2 \5=224

10. a. Find an approximation to V11 to one decimal digit, without using the square root function of a calculator.

b. Use the approximation you found to estimate the values of V11 — V2 and 3v11.

11. Sarah has used the method of squaring her guesses to find out that V45 is between 6.7 and 6.8.

How can she continue from this point to get a better approximation? Do it for her, to two decimal digits.
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Use these exercises for additional practice.

12. Order the numbers from smallest to greatest. Estimate the value of the roots, thinking between which two
whole numbers each square root lies, using mental math.

V5 -1 J1 \19 /2 100 J8 V13 V9 2 V22 +1

13. Plot the following numbers approximately on the number line. Do not use a calculator, but think about
between which two whole numbers the root lies, and whether it is close to one of those whole numbers.

a. —2\2 b. V80/3 c. V27-1 d. \5+7

| | | | | | | | | | | | |

I | | I I I I I I I I | |
-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

14. Plot the following numbers approximately on the number line.
a —\2-3 b. - c. ¥9 d. —36+9 e. —26/2

| I | | | | | I | I | I |

I I I I I I I I I I I I I
=7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5
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Fractionsto Decimals

(Thislesson isreview, and optional.)

Each fraction isarational number (by definition!). Each fraction can be written as adecimal. It will either be
aterminating decimal, or a non-terminating repesting decimal.

It is easy to rewrite afraction as a decimal when the denominator is a power of ten. However, when it is not
(which is most of the time), simply treat the fraction as adivision and divide. You will get either a
terminating decimal or a non-terminating r epeating decimal. See the examples below.

1. Thedenominator isa power of ten. In this case, writing the fraction as a decimal is straightforward.
Simply write out the numerator. Then add the decimal point based on the fact that the number of zerosin the
power of ten tells you the number of decimal digits.

7809 1458
Examples 1. 20 - 78.09 ——— =1.458 = 0.00506

1000 100,000

2. Thedenominator isa factor of a power of ten. Convert the fraction into one with a denominator that is a
power of ten. Then do asin case (1) above.

9 45 2 16 33 11
EXampIes 2. — = ——=045 — = —— =0.016 = - =11
20 100 125 1000 30 10

3. Usedivision (long division or with a calculator). This method worksin all cases,
even if the denominator happens to be a power of ten or afactor of a power of ten.

31
Example 3. Write — asadecimal. 00775
40 40031.0000
This division terminates (comes out even) after just three decimal digits. -280
300
31
Weget — =0.775. Thisisaterminating decimal. - 280
40
200
(The fact the division was even means that the denominator 40 is afactor of some power =200
of ten, and so we could have used method 2 from above. In this case, 1000 = 40 - 25.) 0
E le 4. Wi 18 decimal 016363
xample 4. rltel—1 asadecimal. 11180000
-11
We write 18 as 18.0000 in the long division “corner” and divide by 11. Notice how T 70
the digits “63” in the quotient, and the remainders 40 and 70, start repeating. -66
40
18 —
So T 1.63. -33
70
The fraction 18/11 equals 1.63, which isarepeating decimal. L‘Z 0
-33
7
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Applications of the Pythagorean Theorem 1

Example 1. An eight-foot ladder is placed against awall so that the base of the
ladder is 2 ft away from the wall. What height does the top of the ladder reach?

Since the ladder, the wall, and the ground form aright triangle, this problemis &
easily solved by using the Pythagorean Theorem. Let h be the unknown height. S

From the Pythagorean Theorem, we get:

h

22+n’ =8
2 ft
4+h?=64
h* = 60
h = V60
h=775 \E
Our answer, 7.75, isin feet. This means the ladder reaches to about 7 3/4 ft = 7 ft 9 in. high.

1. The area of asquareis 100 m% How long is the diagonal of the square?

2. A park isin the shape of arectangle and measures 48 m
by 30 m. How much longer isit to walk from A to B
around the park than to walk through the park along @
the diagonal path?
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3. A clothedline is suspended between two apartment buildings.
Calculate its length, assuming it is straight and doesn’'t sag any.

Chapter 6: Applications of the Pythagorean Theorem 1

w 0’9
527 m

6.20 m

4. Find the perimeter of triangle ABC to the nearest

A

tenth of a unit.

>

i
E'S

[«
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Example 2. Find the area of an isosceles triangle with sides 92 cm, 92 cm, and 40 cm.

Solution: To calculate the area of any triangle, we need to know its altitude. ©
When we draw the atitude, we get aright triangle: ;’
hl \2
The next step isto apply the Pythagorean Theorem to solve for the altitude h,
and after that calculate the actual area.
L0\
20 cm

. Calculate the area of the isosceles triangle in the example above to the nearest ten square centimeters.

6. Calculate the area of an equilateral triangle with 24-cm sides to the nearest square centimeter.
Don't forget to draw a sketch.
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A Proof of the Pythagorean Theorem
and of Its Converse

There exist hundreds of different proofs for the Pythagorean Theorem. In this lesson, we will look at two
geometric proofs.
Proof.
b
b 3 b
b
a
a 2 a
a
The figure above has four right triangles, Here the sides of the large square are still a + b,
each with sidesa, b and c. The sides of the  but the four right triangles have been rearranged
outside square area + b. Thetriangles to form two smaller squares, with sidesa and b.
enclose a square with sides c units long.
Since the areas of both large sguares are equal, and the areas of the four right triangles are equdl, it follows
that the remaining (blue) areas are also equal. In other words, the area of square 1, which is ¢?, equals the
area of square 2 (which is a?) plus the area of square 3 (which isb?). In symbols, ¢® = & + b2 (©)

1. Figure out how this proof of the Pythagorean Theorem works.

2. Study one of the proofs enough so you can explain it to someone else. Then do so.
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Chapter 7: Systemsof Linear Equations
| ntroduction

This chapter covers how to analyze and solve pairs of simultaneous linear equations. (The equations studied
contain only two variables.)

Thefirst lesson, Equations with Two Variables, is optional. It reinforces the idea that a point on aline satisfies
the equation of the line, and thus prepares the way for the main topics in the book.

First, students learn to solve systems of linear equations by graphing. Since each equation is an equation of a
line, thisis asimple technique, but it has its limitations, thus, algebraic solution methods will be taught also, in
later lessons.

In the next lesson, we look at the number of solutions that a system of two linear equations can have. The three
possible situations are easy to see based on the graphs of the equations: either one solution (the linesintersect in
one point), no solutions (lines are paralel), or an infinite number of solutions (the lines are the same).

In the next lesson, students learn the algebraic method of solving systems of equations by substitution. Thisisa
straightforward technique that many students will grasp easily. However, one has to be careful not to make
simple mistakes. The lesson has some practice problems where students practice finding errors in solutions.
Instruct the student(s) to check their solutions each time, as that is the best way to catch errors.

Asfor me (Maria, the author), as| wrote the answer key, | immediately checked my solution for each system of
equations, and several timesfound an error that way. (The funniest errors were when | had switched from xto y
in the middle of the solution!) So, checking the solution is important. To save space the answer key does not
include the checks, but the student should always do that, whether with mental math or with a calculator.

The following lesson, Applications, Part 1, has a variety of word problems that students can now solve using a
system of equations.

After that, students learn another algebraic method for solving systems of equations:. the addition or elimination
method. Thisis useful when the coefficients of the variables are such that you can easily find their least common
multiple. Students also practice solving more complex systems, where the equations first have to be transformed
and simplified, or include fractions.

Then it istime for more word problems, in the lesson Applications, Part 2. One lesson is devoted to problems
about speed, time, and distance, and another for mixtures and comparisons. Making a chart is very helpful in
these situations.

Pacing Suggestion for Chapter 7

This table does not include the chapter test asit is found in adifferent book (or file).
Please add one day to the pacing if you use the test.

The Lessonsin Chapter 7 page span wpga?cﬁgd pé%lijr: g
Equations with Two Variables ..........ccccevvveiieve v, 119 4 pages 1 day

Solving Systems of Equations by Graphing ............cc......... 123 5 pages 1-2 days

Number of SOIULIONS .......ccveveeece e 128 4 pages 1 day

Solving Systems of Equations by Substitution .................... 132 7 pages 2 days

ApPPlIications, Part 1 .........cccooereieenineseieesesesesee e 139 4 pages 1 day

The Addition Method, Part 1 .........cccooeevininenceeeceene 143 5 pages 1 day

The Addition Method, Part 2 ..........cccccovvveeeveieceese e 148 5 pages 1 day

MOFE PraCliCe ... peveeseepieprsrseeesseesseesnsesnsesnsesseseesnsessesnes 153 4 pages 1 day
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ApPlications, Part 2 ........cccevcvvieier s 157 3 pages 1 day

Speed, Time, and Distance Problems ... 160 6 pages 1-2 days
Mixtures and COMPEAISONS ........ccceovrerrerrermerererenresreseeennens 166 5 pages 1 day
Mixed Review Chapter 7 .........ccoevereinenineneeeese e 171 4 pages 1 day
Chapter 7 REVIEW .....ccoeceeeeeie e 175 5 pages 2 days
Chapter 7 Test (optional)

TOTALS 61 pages  15-17 days

Helpful Resourceson the Inter net

We have compiled alist of Internet resources that match the topicsin this chapter, including pages that offer:

« online practice for concepts;

¢ online games, or occasionaly, printable games;

¢ animations and interactive illustrations of math concepts;
* articlesthat teach a math concept.

We heartily recommend you take alook! Many of our customers love using these resources to supplement the
bookwork. Y ou can use these resources as you see fit for extra practice, to illustrate a concept better and even
just for some fun. Enjoy!

https://l.mathmammoth.com/gr8ch7
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Equationswith Two Variables

(Thislesson is optional.)

The eguation 2x + 3y = 16 has two variables, x and y. One solution to the equationisx =2 and y = 4,
because when we substitute those values to the equation, it checks, or is atrue equation:

2(2) + 3(4) = 16

But it also hasthe solutionx=0.5andy = 5:
2(0.5) +3(5) =16

In fact, we can choose any number we like for the value of x, and then calculate the value of y, and thus find
another solution to the equation.

For example, if we choose x = —1, then we get
2(-1)+3y=16
fromwhichy = (16 + 2)/3=6. So, x = —1, y = 6 is yet another solution.

All of these solutions, having both x and y values, are
number pairs, and can be considered as points on 4y
the coor dinate plane.

We can make atable of some of the possible
(%, y) values (solutions):

X y
-1| 6
0 |16/3
05| 5
2 4 <

...and there are many more. When plotted, these points
fall on aline— and you can probably guess, the
equation of that lineis 2x + 3y = 16!

(Or, in dope-intercept form, y = (—2/3)x + 16/3.) v

A linein the coordinate plane represents all the solutions to the equation that is the equation of theline. In
other words, each point on thelineisa solution to the equation.

1. Find three solutions to the equation 5x + 2y = 32.

2. Find three solutions to the equation —4x + y = —6.

Sample worksheet from
https://www.mathmammoth.com 119



3. a. What is the equation if its solution set is 4y
represented by thisline?

b. List two distinct integer number pairs that
are solutions to the equation. 1

4. A certain linear equation with two variables has as solutions (0, —5), (2, 3) and (4, 11). Find the equation.

5. A certain linear equation with two variables has as solutions (—1, —5) and (2, 8). Find the equation.

6. Party hats cost $2 apiece and party whistles cost $3 apiece. Randy buys x hats and y whistles.
a. Write an expression depicting histotal cost (C).
b. Now write an equation stating that his total cost is $48.

How many hats and how many whistles could Randy have bought?

¢. Find two other solutions to your equation.
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7. Recall the formulatying together distance (d), constant speed (v), and time (t): d=wt.
Sarah jogs at the speed of 6 miles per hour, and she rides her bicycle at the speed of 12 miles per hour.

a. Convert these speeds to miles per minute.

b. Write an expression for the total distance (d) Sarah covers
in X minutes of jogging plusy minutes of bicycling.

c. What distance does Sarah cover if she jogs for
20 minutes and bicycles for 10 minutes?

d. Let’s say the distance Sarah covers, jogging B
and bicycling, is 20 miles. Write an equation 100
stating this. How many minutes could she
have jogged/bicycled? Find three possible
solutions. 80

60
40

e. Write the equation in slope-intercept form and 20

plot it.

0

0 40 80 120 160 200 x

8. Genera admission to a gardening seminar was $15 but seniors paid only $10. If the total of the admission
fees was $900, give three possibilities as to how many non-seniors and how many seniors could have attended.
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9. A mystery basket contains a mixture of adult cats and kittens (it could even contain zero adults
or zero kittens).
Each cat weighs 4 kg and each kitten weighs 0.5 kg.
Thetotal weight of the cats and kittensis 20 kg.

a. If there are x cats and y kittens, write an equation y A
to match the situation.
48
b. How many adult cats and how many kittens could 40
there be? Find at least three different solutions.
32
24
c. Plot your equation from (a). 16
d. If x=1.5, what isy? 8
Why isthis not avalid solution?
Plot theindividual points on the graph that are 0 0 2 4 6 8 10 ;

valid solutions.

10. Avaand her family went to stay in aresort for afew nights. Each night cost $120 (for the whole family).

The resort offered horse rides for $20 per person.

a. If the family stayed for x nights and did y horse ridesin total, write an expression for the total cost
of these two things.

b. In total, Ava's family spent $760 on the horse rides plus the nights they stayed.
How many nights and how many horse rides could they have paid for?

11. The equation 2x* — 6x — y = 5 is a quadratic equation because the variable x is squared. If x = 0,
then y = -5, so (0, —5) is one solution to the equation. Find two other solutions to it.
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Solving Systems of Equations by Graphing

A system of equations consists of several equations that have the same variables.

A solution to a system of equationsisalist of values of the variables that satisfy all the equationsin the
system. For two equations, thisis an ordered pair.

Example 1. This system of equations consists of two equations.

We signify the system with a bracket.

The solution to the above system is the ordered pair (4, —2), because those values
make both equations true: 5(4) + 4(—2) does equal 12, and —2 does equal —4 + 2.

5Xx+4y =12
y=-x+2

Example 2. The equation y = (3/2)x — 4 has
an infinite number of solutions, and we can
represent those solutions with aline drawn
in the coordinate plane.

Similarly, the equation y = —2x + 3 has
infinitely many solutions.

Here is a system of equations consisting of both:

y=(32x—4
y=-2x+3

Since the solutions to the first equation form
aline, and the solutions to the second also

form aline, what would the point of intersection
(2,-1) signify?

(The answer isfound at the end of the lesson.)

=¥

1. Solve each system of equations using the image.
Thelines are aready plotted init.

2 J V= —7x—23
L y=(W3x-1
Solution: ( , )

b, { y=—(Udx +4

y=-2x+6
Solution: ( : )
c —(U3)x+y=-1
"L 2x+y=6
Solution: ( : )
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Speed, Time, and Distance Problems

There are many jokes about algebra word problems where atrain leaves a station at a certain hour. Y ou can
now solve these types of problems with your knowledge of systems of equations. One of the most effective
ways to do so isto first build a chart.

Example 1. A train leaves a station at 9:00 AM and travels with a constant speed of 90 km/h. Another train
leaves the same station 10 minutes later, traveling to the same direction at the speed of 100 km/h. At what
time will the second train reach the first?

We will be using the formulad = vt extensively in these problems. Let’ s build achart. The goal isto have
TWO, not three or more, variables present in the chart. The formulad = vt has three variables, and since the
speed, distance, and time can be different for each train, theoretically we could have six variables. However,
invariably, the problem gives information for one or some of these variables, and something about the
situation means that the distance or the time or the speed is the same for both trains.

To get started, we gather some information in the chart. The distance that train 1 and train 2 travel until they
meet is the same, so that iswhy we use the same variable, d, for it.

distance velocity time
Train1 d 90 km/h t1
Train 2 d 100 km/h to

Thetimes (t1 and ty) are different, but we do know that they differ by 10 minutes, so, actually we will get by
using only one variable for time, like this:

distance velocity time
Tranl d 90 km/h t
Train 2 d 100 km/h t—10

The chart now contains only two variables. However, we have one more thing to change. The speed isin
km/h, whereas the 10 has to do with minutes. For our egquation to work, the time units need to be the same,
so we will change the 10 to 1/6 (in hours).

distance velocity time
Train 1 d 90 km/h t
Train 2 d 100 km/h t—1/6

The equations always follow the same formula: d = vt, and we use that same formulafor both Train 1 and
Train 2. So, the two equations we get are:

d = 90t
d = 100(t - V6)

The quickest way to solve this system isto set 90t equal to 100(t — 1/6) and solve for t.
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Chapter 7: Speed, Time, and Distance Problems

1. Solve the system of equations from example 1 and answer the question: At what time will the second train
reach the first? I's the answer surprising?

d = 90t
d = 100(t — 1/6)

2. Your friend starts walking at a speed of 6 km/h from your hometo his. Exactly 15 minutes later, you decide
you want to join him so you take your bicycle and start after him, with a speed of 18 km/h. How far are

you when you reach your friend?

distance

velocity

time

Y our friend

You

3. A tortoise and hare race a distance of 100 m. The hare gives the tortoise a 10-minute lead time. Then he
quickly runs the 100 meters and wins the race. After the hare has finished, the tortoise takes an additional
6 minutes to reach the finish line. If the speed of the hareis 15 m/s, find the time the tortoise takesto
finish the race and the tortoise’ s speed.

Hint: since the speed isin meters per second, and the distance isin meters, the time unit will be seconds.

distance

velocity

time

Tortoise

Hare
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Example 2. A train leaves Turin (Italy), heading for Milan (Italy), adistance of 125 km, at 1 PM and travels
with a constant speed of 90 km/h. Another train leaves Milan, heading for Turin and traveling at a constant
speed, at the same time. They meet 45 minutes later. (We hope they don’t crash!) What is the speed of the
second train? What distance has the second train traveled by that time?

Wefill our chart again. The time, 45 minutes, is 3/4 hour. The speed of the second train, vz, is unknown.

There is arelationship between the two distances, because d; + d, = 125 km. So, we can get by with just one
variable for the distance:

distance velocity time
Train 1 d 90 km/h 3/4
Train 2 125-d Vo 3/4

Our equations are: d = 90(3/4)
125 d = (3/4)v;

Here, it is handy to use the substitution method, since (2) 125-675 = (3/4)v
we have an expression for d. So, we substitute 90(3/4), 575 = (3/4)v, | -4
which equals 67.5, in place of d in the second equation: 230 = 3w

v, = 766

So, the speed of the second train is 76.6 km/h. The problem also asked what distance the second train has
traveled by that time. To find that, we use the formulad = vt: d =76.6 km/h - (3/4 h) = 57.5 km.

4. Two trains leave the same station at the same time, one traveling due east and the other traveling due west.
Train 1 travels at a speed of 120 km/h and Train 2 at the speed of 100 km/h. When are the trains 50 km
apart from each other?

distance velocity time
Trainl
Train 2
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Chapter 7: Speed, Time, and Distance Problems

5. Train 1 leaves the station heading due south and Train 2 |eaves the same station at the same time, heading
due north. Train 1 travels at the speed of 70 mph. After 30 minutes, the trains are 75 miles apart. How fast

isTrain 2 traveling?

distance

velocity

time

Train 1

Train 2

6. a. Two horses, Ranger and Chip, start racing at the same time. Ranger runs at a steady speed of 16 m/s.
After 100 seconds, they are 600 m apart from each other, Ranger leading. How fast is Chip running?

distance

velocity

time

Ranger

Chip

b. What would Chip's speed need to be, so that after 100 seconds, he would only be 50 m behind Ranger?

Sample worksheet from

https://www.mathmammoth.com

163



Example 3. A motorboat travels downstream on the river adistance of 5 miles, in 20 minutes. Doing the
same trip upstream takes it 4 minutes longer. How fast is the river flowing? What is the speed of the boat in
still water?

Our chart method will still work. We are dealing with two speeds: that of the boat (w) (in still water), and
that of the water () in the river. Going downstream, the boat’ s actual speed isits own speed PLUS the
speed of the water. Going upstream, it has to fight the current and its actual speed is v, — V.

Thisiswhat the chart looks like. Using these quantities, the speeds will end up being in miles per hour.

distance velocity time
Downstream 5 mi Vi + Vi 20 min
Upstream 5mi Vb — Vi 24 min
Our equations are: 5=20(Vp + V)
5= 24(vp — )

7. Solve the problem in example 3.

8. An airplanetravels from City A to City B in 2 hours 30 minutes, flying with the wind, and in 2 hours
45 minutes flying against the wind. If the speed of the airplanein still air is 900 km/h, find the distance
between the cities to the nearest 10 km.
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9. With atailwind, an airplane can fly from City 1 to City 2, adistance of 650 km, in 40 minutes. If the
speed of the wind is 30 km/h, find the time the plane takes to fly the same distance against the wind.

10. Y ou swim downstream, from a dock to a certain rock in the middle of theriver, in 43 seconds.
Swimming back (upstream) takes you 10 seconds longer. If your swimming speed in still water is 1.0 mph,
what is the speed of the water in theriver?

Thefollowing are “trick” problems. Have fun!

Puzzle Corngr

(1) Train 1 leaves Jackson at 1:30 PM, traveling at 95 km/h towards Atlanta, a distance of 560 km, and
Train 2 leaves Atlanta, heading towards Jackson at the same time, traveling at 105 km/h. When they
meet, which train is closer to Atlanta?

(2) At 6:30 PM, you board atrain in Dallas, heading south, and 10 minutes later, your friend boards
atrain at Kansas City, heading north. If both trains travel at 70 mph, when do you pass each other?

(3) Two trains leave a station at the same time, one heading east, the other heading west.
After 15 minutes, they are 40 miles apart. Which train is traveling faster?
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Chapter 8: Bivariate Data
| ntroduction

The last chapter of grade 8 covers statistical topics that have to do with bivariate data, or data involving two
variables.

The first lesson introduces scatter plots. Students analyze the datain avariety of scatter plots, and determine
visually whether there is an association between the variables. Next, they learn about basic patterns we often see
in scatter plots, such as positive and negative association, linear association, clusters, and outliers. They aso
make scatter plots from given data, describe any special featuresin the plot, and answer a variety of questions
related to the data.

In the following lesson, students fit aline (informally) to the data points displayed in a scatter plot.
Mathematicians have developed several agorithmsfor finding aline of best fit, such aslinear regression, but we
are not using those here. Students use the basic idea of trying to leave close to an equal number of points on each
side of the line, and also judging the fit by the closeness of the points to the line. This resembles the thought
behind the linear regression algorithm, which finds the line of best fit by minimizing the squares of the distances
of the data pointsto the line.

The last topic relating to scatter plotsis the equation of the trend line. Students use the equation of the trend line
to solve problems in the context of the data, interpreting the slope and intercept of the equation.

Then we turn our attention to categorical bivariate data, that is, datainvolving two variables that may or may not
be numerical, but is divided into categories. Students |earn that bivariate categorical data can be summarized in a
two-way table, and if there is a pattern of association between the variables, it can be seen in the table.

Students construct and interpret two-way tables summarizing data on two categorical variables. In the last lesson,
they calculate relative frequencies for rows or columns, and use those to describe the possible association
between the two variables.

Pacing Suggestion for Chapter 8

This table does not include the chapter test asit is found in a different book (or file).
Please add one day to the pacing if you use the test.

The Lessonsin Chapter 8 page span wpgscﬁgd pg?:lijr: g
SCALEr PIOLS ...t e 183 3 pages 1 day
Scatter Plot Features and Patterns ...........cccoovveverenenencneeees 186 4 pages 1 day
FIting @LiNe c.ooove e 190 4 pages 1 day
Equation of the Trend Line ......cccoovvcevcvecene e 194 5 pages 1-2 days
TWO-Way Tables ......cccoiiiieeeree e 199 3 pages 1 day
Relative FreqUENCIES ........ccooeieeere e 202 5 pages 2 days
Mixed Review Chapter 8 ..........ccccoverireneieireseseeeeeniens 207 5 pages 2 days
Chapter 8 REVIEW .....ccueceeieeieceee e 212 3 pages 1 day
Chapter 8 Test (optional)

TOTALS 32pages 10-11 days
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Helpful Resourceson the Inter net

We have compiled alist of Internet resources that match the topicsin this chapter, including pages that offer:

« online practice for concepts;
 online games, or occasionally, printable games;
¢ animations and interactive illustrations of math concepts;
* articlesthat teach a math concept.
We heartily recommend you take alook! Many of our customers love using these resources to supplement the

bookwork. Y ou can use these resources as you see fit for extra practice, to illustrate a concept better and even
just for some fun. Enjoy!

https://l.mathmammoth.com/gr8ch8

Scan me

Sample worksheet from
https://www.mathmammoth.com 182



Scatter Plots

80

A scatter plot depicts bivariate data, meaning that the data involves two variables. In the scatter plot
below, the variables are the husband’ s age and the wife’' s age. Each dot in this scatter plot represents a
husband-wife couple. In other words, the coordinates of the dot give us the ages of the husband and the
wife.
90
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L 60 ?
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o 50+ s
© e © °
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1. Refer to the scatter plot above.

a. Locate the dot with coordinates (36, 41). What does it signify?

b. Find two couples where the wife is the same age in both cases. Estimate the ages of their husbands.

¢. Find the couple with the third oldest husband in this data set. How old is his wife?

d. Isit true that the youngest wifeis married to the youngest husband? Explain.

e. Isit true that the oldest wife is married to the oldest husband? Explain.

f. Do you notice arelationship between the two variables? Explain what you see.
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Equation of the Trend Line

Going back to the Sofia s walks, the graph shows aline that is fitted to the data points. Its equation is

d =0.07t + 0.175, where d is the distance in miles and t is the time in minutes. The equation was calcul ated
by a spreadsheet program. The line we drew in the previous lesson by using the ellipse method is
remarkably close to this line calculated with an algorithm.

Distance and Time on my Walks

3.8
3.6
3.4
3.2

2.8
2.6
2.4+
2.2

distance (miles)

25 30 35 40 45 50 55
time (minutes)

The slope of the line, 0.07, tells us that for each one-minute increment, the distance increases by 0.07 miles.
In other words, Sofiatends to walk at a speed of about 0.07 miles per minute.

The d-intercept, 0.175 miles, means that the equation predicts that at zero minutes, Sofia would have walked
0.175 miles. This doesn’'t make sense. Keep in mind that the equation is calculated using data that was
limited to between 30 and 52 minutes. Estimating values outside of that range is called extrapolating, and
we need to be careful with that. The equation isamodel, and it may not be valid outside the original range
of values.

1. Use the equation, d = 0.07t + 0.175 as amodel for Sofia s walks. Choose al the correct statements.

- Each 1-minute increment in time is associated with a 0.175-mile increment in distance.
- Each 1-minute increment in time is associated with a 0.07-mile increment in distance.
- The average distance she walksis 0.175 miles.

- The equation predicts a distance of 0.07 miles when the time is 0.175 minutes.

2. Concerning Sofia’swalks again, if we tell the spreadsheet program to force the line to go through (0, 0), the
program calculates the equation as d = 0.074t. Thislineisadlightly worse fit considering the data points, but
it matches reality in the sense that when t = O, the distance is zero also.

a. Using this equation, predict how many miles Sofiawould walk in 32 minutes.

b. How much time would you expect Sofia to take for a 3.3-mile walk?

c. Use the equation d = 0.074t and fill in. Each five minutes added to the walk time is associated with

Samﬂe_wefmgﬂg%faﬁmer walking distance.
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3. The scatter plot below shows the weight and height of various adult female German shepherds. (It does not
have to do with weight gain/loss of an individual dog — each dot signifies a different dog.) The equation for
thetrend lineish = 0.16w + 11.68, where h is the height in inches and w is the weight in pounds.

Female German Shepherd Weight and Height

2454

24 -

23.54

23

22.54

22

21.54

Height (in)

214

20.54

20 A

19.5

55 60 65 70 75 80

Weight (Ib)

a. Which statements are correct?
- Each 0.16-1b increase in weight is associated with a 1-inch increase in height.
- Each 1-Ib increase in weight is associated with a 0.16-inch increase in height.

- Heavier dogstend to be taller; and for each 5-b increase in the weight, the dogs tend
tobe 0.8 inchestaller.

- The model predicts a height of 11.68 inches for a dog weighing zero pounds.
- The model predicts aweight of 11.68 Ib for adog that is zero inchestall.

- We should be careful in using this model to extrapolate the heights of dogs less than 55 pounds.

b. Use the equation to predict the weight of adog that is 22.5 inches tal, to the nearest pound.

c. Use the equation to predict how tall a63-1b dog would be.

d. Would adog that weighs 60 |b and is 21 inches tall be considered an outlier?

e. What is the difference between the predicted height of a 75-Ib dog and itsreal height, if in reality
itis24 14 inchestall?
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4. The linefitted to the data about the mass (m) and fuel efficiency (MPG) of cars has the equation

MPG = -0.011115m + 44.156

Car Mass vs. Fuel Efficiency

40
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mass (kg)

a. What does the slope of —0.011115 signify in this context?

b. For each 100-kg increase in a car’ s mass, how much would you expect the fuel efficiency to change?

c. Predict the fuel efficiency of a 2500-kg car.

d. If acar gets 27.5 mpg in highway driving, what would you expect its mass to be?

e. Find the dot in the graph for Lamborghini Murcielago A-S6, which weighs 1650 kg and gets only
14 mpg in highway driving. Based on the equation of trend line, what would you expect this car’s
fuel efficiency to be?

f. Let'ssay you want to buy acar that gets at least 27 mpg in highway driving. Based on the
scatter plot, how much would you expect your car to weigh, at a maximum®?
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5. a. Draw alineto fit the trend in the scatter plot below.

100

goi
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Final grade
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Number of missed classes

b. Find the (approximate) equation of your line.
Hint: find the y-intercept and the slope.

¢. What does the slope of your equation signify in this context?

d. What does the y-intercept of your equation signify in this context?

e. Using your equation, predict what the final grade would be for a student that missed five classes.

f. Tanya calculated the equation of the trend line as G = 3m + 89, where G isthe grade and misthe
number of the missed classes. Explain why this cannot possibly fit the data.
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6. The data shows shots the attempted shots and the shots made of 18 basketball players.

Shots Attempted vs Shots Made

20
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Shots made
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Shots attempted

40

a. Draw aline that fits the trend in the data.

b. Find the equation of your line.

c. What does the slope in the equation signify in this context?

d. And the y-intercept?

e. If aplayer attempts 30 shots, how many shots does your model predict they would make?

f. What prediction does your model make about the number of shots attempted by a player
if they made 8 shots?
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Two-Way Tables

We have been studying bivariate data, in other words, data that involves two variables. So far, that data has
al been numerical: we have had two numerical values for each data item, and therefore, we have been able
to plot the data as points in the coordinate plane, the two coordinates being the values of the two variables.

Now we will look at bivariate data that is organized into categories, and the values may or may not be
numerical.

The two-way table on the right shows how many students in each

grade of an elementary school can swim, and how many cannot. It Grade S\(;,va:rr; cxir;r(?t Total
a so shows the row and column totals.
It is called atwo-way table because it records the information from ! 18 30 48
two variables. In this case, the two variables are the student’ s grade 2 26 25 51
level and whether the student can swim or not.
3 38 12 50

The first variable takes numerical valuesfrom 1 to 5. Thetable hasa
row corresponding for each of those values. The second takes the 4 a4 S 49
values“Yes’ and “No”, and those correspond to the two columns 5 48 4 59
labeled “can swim” and “cannot swim”.

TOTAL | 174 76 250

The original datamay look like this: (1, no), (1, yes), (2, no), (2, no), (3, no), (5, yes), etcetera, each pair of
data depicting one student. But we cannot analyze or summarize the datawhen it isin that format. A two-
way table allows usto categorize and tally up the data, and then also to analyze it to seeif there is any
association between thetwo variables.

In this case, we can see that with advancing grade level, there are many more students who can swim than
who cannot. In 5th grade, nearly all students can swim. So, there is an association between the variables.

The data from a two-way table can be presented as a double-bar graph (Ieft), or a stacked bar graph (right):

Students Who Can or Cannot Swim Students Who Can or Can Not Swim
60 60

50 50 s 7 -

40

40

30 30

students
Students

20 1 f 204

N, W =

grade 1 grade 2 grade 3 grade 4 grade 5 grade 1 grade 2 grade 3 grade 4 grade 5
Dcan swim Bcannot swim
Ecannot swim Bcan swim

A stacked bar graph is more common. From the graphs, it is easy to see that as the grade level advances,
more and more students are able to swim.

10 10
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1. A community college tracked how many of their studentsin a given year completed a certain course
that was offered both as an in-person course and as an online version.

completed | did not complete
Total
the course the course
In person 57 8 65
Online 23 25 48
TOTAL 80 33 113

a. Looking only at those who took the online course, what percentage of them completed the course?
What percentage did not?

b. Looking only at those who took the in-person course, what percentage of them completed the course?
What percentage did not?

c. Isthere arelationship or association between the variables? Explain.

2. Jordan asked a bunch of people at alocal gym asto their opinion on increasing the membership pricein
return for some improved facilities. He categorized the people as 20-30 year olds and as 31+ year olds.
Here are some highlights of Jordan’s research:

 Of the seventy-seven 20-30 year olds, 21 were in favor of the plan.

* Intotal, there were 79 people for and 70 people against this plan.

a. Fill in the two-way table below from this data. Use the two age groups as rows. Fill in al the numbers.

for against | Total

20-30 yearsold

31+ yearsold

TOTAL

b. Overall, are most of the 20-30 year olds for or against this plan?
What about of the 31+ year olds?

c. Now look at the column totals. Are there more peoplein general
that are for the price increase or that are against it?

d. Do you feel thereis an association between the variables? Explain.

e. Why do you think so many of the younger people are against this plan?

Sample worksheet from
https://www.mathmammoth.com 200



3. At afamily reunion, Ashley asked all her relatives whether at the next year’s reunion they should pay afee
and gather at the local amusement park grounds. Here are the answers she got.

» Adults: (18) no, no, no, yes, no, no, yes, no, no, yes, Yes, no, no, no, No, No, Yes, yes
» Teens: (8) yes, yes, yes, Yes, yes, yes, no, no
« Children (16): yes, yes, yes, yes, Yes, Yes, V€S, YES, YES, YES, YEs, Yes, Yes, V€S, Yes, yes

a. Create atwo-way table from the results.

b. Based on the results, are there more people in favor or against gathering at the amusement park next year?
c. Does the answer change if children are ignored?
d. What percentage of the adults are in favor of this?

What percentage of the teens? Of the children? Of everyone?

e. Thetwo variables are: age group (adult/teen/child) and opinion (yes/no). Isthere arelationship
or an association between the variables? What kind?

?uzzqg C‘O!’hf,‘;!“ Type of schooling and number of pets
80

Is there an association between
the variables? Explain.

70

60

B2+ pets
Eone pet
0 no pets

50

40

30

Number of students

20

10

0 .
Homeschool Public school
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