Chapter

Algebra: Machines
and Puzzles

Dear Student,

Here is an input—output machine that
you will see in some of the lessons in this
chapter.

describe how jt works to 3 younger student?
If it is new to You, try to figure oyt how
it works.

You already know how to add, subtract,
multiply, and divide, but did you know that

Mathematica”y yours,
The authors of Think Math1



Food for Thought

Eod is like fuel. It stores the energy your body
needs to grow, play, and stay healthy. This energy is
measured in calories. You need a balance between the
number of calories you eat and the energy you use.

If you don’t get enough calories, you may feel tired.
But, eating too many calories can also slow you down.

apple (medium)  banana (medium)

80 calories 110 calories ariledlchicken

peanut butter (1 tbsp) American cheese (1 0z) sandwich:
190 calories 94 calories

tomato (medium) fruit yogurt (6 oz)

25 calories 150 calories
lettuce (1 cup) turkey (2 oz)
5 calories 50 calories

bread (1 slice) roast beef (2 o0z)
75 calories 177 calories

300 calories

b CED @ O G CCEED

Use the food pyramid to answer the questions.

© Plan a sandwich using any of the ingredients shown above.
How many calories are in your sandwich?

€) How do the calories in your sandwich compare to the calories in
a ready-made grilled chicken sandwich?

Q Michael is a professional soccer player. He can burn about
1,000 calories during a game. What combination of foods on
this page could Michael eat that would be burned up during a
soccer game? Create two different menus for Michael to eat.




The table below shows the approximate number
of calories used in 10 minutes for different activities.
Use the table to answer the questions.

Calories Used in Various Activities

Calories used in 10 minutes | 50 Ibs | 100 Ibs | 150 Ibs
if your weight is...

Activity
Sleeping 4 8 12
Standing 8 16 24
Raquetball 30 60 920
Running 44 88 132
Rock climbing 30 60 90

© How many calories would a 150-pound person
burn waiting in line for 10 minutes?

€©) How many calories would a 100-pound person
burn by sleeping for 1 hour? for 8 hours?

Q How many calories would a 150-pound person
use playing racquetball for 30 minutes?

Make choices to balance calories and activities.

e Research the number of calories that two
other activities use up in 10 minutes.

e Select an activity from this page or from
your research that you would like to do.
Estimate the number of calories you would
use in one hour of that activity.

Fact

: . When Sir R@nulph Fiennes
* Use the food options from Fact Activity 1 or and Dr. Mile Stroud walked

research the Falorie content of other foogls. across Antdrctica in 1993,
Create two different lunch menus thaTt will they each @ised about 12,000
balance (be about equal to) the calories you
use in one hour of the activity you chose.

calories pefl day-about as
many calorfes as are found in
200 appleg 24 burritos, or
6t chocolate.

e Present your choices on a chart or poster.



SrCAll EXPLORE
Exploring Coin Combinations

© Here is the kind of question you will not often see
in this program.

Ashley made a 75¢ purchase.
She paid with a one-dollar bill.
How much change should she get?

All Ashley needs to know is that she should receive a
quarter’s worth of change!

€ In this book, you are likely to find questions like this:

How many different combinations
of pennies, nickels, and dimes make
a quarter’s worth of change?

€ List four different combinations of coins that make 25¢.
You will list more later.
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Cross Number Puzzles

REVIEW MODEL

You can practice computation and learn about equations and
properties of addition in Cross Number Puzzles. To complete
these puzzles, follow the rule: Amounts on both sides of a
thick line must be the same.

Look at the numbers in You can write addition and subtraction number
this Cross Number Puzzle. sentences to go with a puzzle.
Some number sentences you might write for this
25 | 17 | 42 puzzle are:
53 -38=15
40 + 55 =95
40 | 55 1 95 05 — 53 — 42

(25 +17) + (15 + 38) =42 + 53 = 95

Solve this puzzle by choosing numbers to make amounts
on both sides of thick lines the same.

Example Find the missing numbers.

N
p . 24 and 51 are on one
In the second row | see 45 on one 24 | 51 side of the thick line.
side of a thick line and 73 on the What b.elo-)ngs on the
other side. | need more on the side 45 73 other side?
with 45. How much more? | can think 24 +51 =1
of M +45=730r73 -45=1 5 9 148 75 is the missing
kThe missing number is 28. ) number.
. J

+/Check for Understanding

Copy and write the missing numbers in the Cross Number Puzzles.

(1 . © . O
13|25 | m : 271 | m |382| 683 | m | 194
19| m |73 108 m [575] m 100 m
| E|m : | m|m : m| w115
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EXPLORE
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Machines

If you press Button A, type in these inputs, and
press ENTER, you get these outputs.

@PO®®

-

.

[ INPUT | [ OUTPUT |
15 3
258

~

© Find a rule for what the machine is doing when you press

Button A.

Exploring Input-Output

~

s

| INP-U HOUTPUT]
ERNA
228
(1 §20300

@e®6®®

€©) Do the numbers in this table work for your rule?

INPUT

MACHINE OUTPUT

5

12

50

10

24

100

€ This table shows a three-step rule. What do you notice about each output?

> [ s [ 1] 3|[o]lla][122]]50
adds|| 7 |[10]] 6 |] 8] 5 17 || 55

Double || 14 [[ 20 [[ 12 || 16 || 10 || 18 || 34 || 110

subtract10 || 4 || 10 || 2 || 6 || o || 8 |] 24 || 100

a [[1w0]] 2] 6|l o]l s]]24]]100

6 Chapter1




REVIEW MODEL
=1

Input-Output Tables

To complete an input-output table, you use a rule, or
rules, and an input number.

This table shows a 1-step rule. The rule is add 6.
Sometimes you have to figure out what the rule is by
looking for patterns in input-output pairs you know.

INPUT 6 3 10 0 21 7 Think:

219 llw.ell 6 ||l27]|m] 7+6=13

OUTPUT 12 9 16 6 27 [ | So, the output is 13.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

This table shows a 3-step rule. The rules are multiply
by 3, then subtract the input, then add 2.

s[5 [0 |[= |[][5] mink
Multiplyby 3 | 15 || 36 || 0 || 24 || 30 || m | 9x3 =27
Subtract the input 10 24 0 16 20 [ | 27 — 9 =18
Add 2 12 26 2 18 22 | 18 +2 =20
1226 | 2 || 18] 22]] m | so,the output
is 20.

/Check for Understanding
Copy and complete the input-output tables.

INPUT 10 20 30 40

Subtract 8
OUTPUT

32 0 | |
32 0 |

Multiply by 4
OUTPUT

N
|
|
|

Qm 5 [ 1 ][ 11]] 8 m 0]l o |l 8]l 7
Multiply by 2 10 | | C_ I Multiply by 3 [ | [ | [ | [ |
Adda || 14 || m || m || m |- Divideby3 || m || m || m || m

Subtract 2 12 [ | [ | [ | Add 10 [ [ [ [
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=5

Exploring Button B and
Button € on the Machine

This is what happens to 6, 10, and 7 when Button B on
the machine is pressed.

| HOUTPUT]\ ([ INPliTHOU;I’FEJT]\ ([ INEUTH

L6 Jls]| (igllez])| |7 ]]
ZgSco  gEgco  EEso
(1§12 ) 3]0] (1§ 20300 (1§ 20300
PPeP® |PEPEPE |GEE®®

© What is a rule for Button B?

€©) How would you make bag-and-dot drawings for your rule?

This is what happens to three inputs when Button C on
the machine is pressed.

[INEUT | [ou : ([ INP U HOUT-PUTf ([ INF:UT | [ ouTPUT
HH'-J w53
panls paald oo
(1§20 3]0] (1§20 300] B EE
0@ 00O @0@

€© What is a rule for Button C?

@O What will the OUTPUT be if the INPUT is 4?

8 Chapter 1



REVIEW MODEL
=

Negative Numbers

You can use a thermometer or a number line to help you
think about negative numbers.

On a thermometer, positive temperatures are above 0.
Negative, or minus, temperatures are below 0.

On a number line, positive numbers are to the right of 0.
Negative numbers are to the left of 0. 0 is neither positive 10
nor negative.

Negative Numbers Positive Numbers

< | | | | | | | | | | | | | | |
= [ [ I [ [ [ [ [ [ [

| || ||
1 L L
109 87654321012 34526 78 910

A
7

Negative numbers are always written with a negative sign.
~6 is read “negative 6.”

You can use a thermometer or a number line to help
you subtract.

INPUT 7 6 5 4 3 2 1 0
Example —
Rule: Subtract 4 OUTPUT 3 2 1 0 1 -2 -3 4
or — 4.

[Think: Start at 3. Move 4 spaces left on the number line. End at _1.j

/Check for Understanding

Copy and complete the input-output tables for the
subtraction rules.

© Rule: Subtract 2, or — 2. - € Rule: Subtract 5, or — 5.

INPUT . INPUT

OUTPUT 2 ; OUTPUT

e Rule: Subtract 8, or — 8. o Rule: Subtract 10, or — 10.

NS | 12 || 10 8 6 : N8 (20 || 10 5 0
outeuT I RIE RIR : outeuT [IERIE RIE BIR
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Exploring Button D
on the Machine

If you press Button D, type in these inputs, and press
ENTER, you get these outputs.

([ INPUT HOUT-PUTf ([ INP-UT Hour-Purf ([ IN-U HOUTPUT]
KRN -
g2gcn  geScm S22
(1§23 ]0] (1 J20300 (1 §20300

P00@® 000OO® 0PEO®

© Find a rule for what the machine is doing.
Try combining operations.

€ Do the numbers in this table work for your rule?

INPUT 6 8 5 10 25 12
OUTPUT 13 17 1 21 51 25

10 Chapter 1



REVIEW MODEL
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Multiplying Cross Number
Puzzles

You can practice multiplication in Cross Number Puzzles.
Remember the Cross Number Puzzle rule: Amounts on both
sides of a thick line must be the same.

Look at the numbers in Puzzle A and in Here are some matching addition
Puzzle A X 5. and subtraction sentences for these
) ) ) puzzles.
e Each number in Puzzle A X 5 is 5 times
the matching number in Puzzle A. Puzzle A Puzzle A X 5
3+7=10 15 + 35 =50
* The new puzzle still works—the amounts 15—-—9=6 75 — 45 = 30

on both sides of a thick line are the same.
When multiplying a puzzle by

a number, you multiply all the

A A X5 numbers in that puzzle by the
3 | 7 |10 15 | 35 | 50 number.
(3 X5)+(7X5)=10 X5,
6 9 15 30 | 45 | 75 or 15 + 35 =50
9 | 16 | 25 45 | 8 |125 (15 X'5) = (9 X 5) = 6 X5,
or75 —45 =30
/Check for Understanding
Copy and write the missing numbers in the
Cross Number Puzzles.
) )
C Cx4 - D D X2
3|6 | m 22| m|m| |1 ]16]m m 32| .
2 5 | / [ | 20 | 13 7 | | [ | [ |
| N |E (= | = H | E| N 28| m | m

Chapter 1 11



REVIEW MODEL

Problem Solving Strategy

Look for a Pattern

Hailey is making a design with squares.
She started at the top and kept adding rows
of squares to the bottom. Row 2

Row 3
Row 4

Complete the table to show the number
of squares there will be in rows 5, 6, and 7.
Write a rule.

Row B 2 3 4 5 6 7 r
Number of Squares 3 5 7 HE E B B

Strategy: Look for a Pattern

Read to Understand]

What do you know from reading the problem?

Hailey made a design with squares. The design shows 1 square in
Row 1, 3 squares in Row 2, 5 squares in Row 3, and 7 squares in Row 4.

. How can you solve this problem?

You can look for a pattern in the table that tells you how to find the
number of squares, if you know the number of rows. Then you can use
the pattern to complete the table and to help you write the rule.

. How can you find the pattern?

Look at how the input- and output-pairs relate. Each output is twice
the input minus 1. So, a rule for the pattern is 2r — 1. To complete the
table, use the Row numbers in place of . (2 X 5) — 1 = 0.

Look back at the problem. Did you answer the questions that were
asked? Do the answers make sense?

12 Chapter 1



Problem Solving Practice

Problem Solving
Strategies

v/ Act It Out

Look for a pattern to solve these problems.

o Mike saves 4 pennies on Day 1, 8 pennies on Day 2, ¢Look for a
12 pennies on Day 3, and 16 pennies on Day 4. If the Pattern
pattern continues, how many pennies will he save on v Make a Graph
Day 8? What is a rule for the pattern? v Make a Model

v Make an

Q Monica is making picture frames where the length and Organized List
width are related by a rule. Sizes are shown in inches in v Make a Table
the table. What is the length when the width is 8 inches? v/ Solve a Simpler

. Problem
What is a rule for the pattern? )
v/ Use Logical
Reasoning

Mixed Strategy Practice

v/ Draw a Picture
v/ Guess and Check

v/ Work Backward

v/ Write an Equation
. J

Use any strategy to solve. Explain.

€©) Anthony had 4 boxes with 6 erasers in
each box. He gave 2 erasers to each of
3 friends. How many erasers does he
have left?

© In the morning Thomas spent
15 minutes raking and 20 minutes
mowing the lawn. In the afternoon,
he spent twice as much time raking
and twice as much time mowing. How
much time did Thomas spend raking
and mowing?

For 7-9, use the table.

© How much farther is it from Dallas to
New York than from Dallas to Chicago?

© How far is a round trip between Dallas
and Atlanta?

©) Carla made a round trip between Dallas
and one of the cities listed in the table.
She drove 2,722 miles in all. To which city
did Carla drive?

@ Madison earns $10 each week walking
a neighbor’s dog. She saves half the
money she earns. How long will it take
her to save $50?

@ Jasmine bought a notebook for $5, a
ruler for $2, and a set of markers for
$4. Heather bought a book bag for $8
and some pencils. They both spent the
same amount of money. How much
did Heather pay for the pencils she
bought?

Distance Between Dallas
and Some United States Cities

City Number of Miles to Dallas
Atlanta 782
Chicago 967
Miami 1,361
New York 1,550
San Francisco 1,732

Chapter 1 13



Vocabulary

Choose the best vocabulary term from Word List A for
each definition.

Word List A

algebra
© Division is a(n) __? double
© Numbers to the right of zero on a number line are __? equal.s
numbers. function
_ 5 negative
€) Numbers to the left of zero on a number line are __? operation
numbers. . .
organized list
o To_?  anumber, just multiply it by 2. output
o An algebraic expression is ? _ for arule in a function positive
machine. rule
shorthand
O If two values are the same, then one value __? __ the other. zero

@ If the input of an input-output table is 8 and the ?2 s
subtract 2, then the output is 6.

0 One way to solve a problem involving groups of numbers is to
make a(n) __?

Complete each analogy using the best term from Word List B

Word List B. o
combination

O Addend istosumas 2 _isto product. factor

@ Input is to rule as __?__is to algebraic expression. Inverse
variable

(D Talk Math

Use the vocabulary terms operation, rule, and inverse
to discuss with a partner what you have just learned
about algebra.

@ How can you identify a rule to complete an input-output table?

@ If you know the output of a function machine, how can you find
the input?

14 Chapter 1



Venn Diagram

@ Create a Venn diagram for
the words addend, algebraic
expression, factor, input, output,
product, rule, sum, and variable.

@ Create a tree diagram using the
word function. Use what you know
and what you have learned about
algebra and rules.

COMBINATION The word combination has different meanings
in the English language. The root of the word combination is
combine which means “to put together.” The combination for a
combination lock is put together in only one way. If you try other
arrangements of the group of numbers, they won’t open the
lock. In mathematics, however, a combination is simply a group of
numbers in any arrangement or order. For example, the list of the
numbers 5, 13, and 22 is considered

to be the same combination as the

Technology
numbers 22, 5, and 13. Multimedia Math Glossary

www.harcourtschool.com/thinkmath
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Find a Rule

Game Purpose
To practice finding rules for pairs of input-output numbers

Find a Ryle

How To Play The Game

Play the game with a small group of
students. The group will need pencil
and paper or space at the board with
chalk or a marker.

Decide who will be the rule-maker.

The rule-maker draws an input-output

table and chooses a secret rule. The rule

can use addition, subtraction, multiplication,
or division.

Examples of rules: + 9, — 8, x4, - 3

The other players take turns writing input numbers in the input-
output table. The rule-maker writes the output for each input
number using the secret rule.
e If the output is not a whole number, the rule-maker writes
an X in the box. This might happen if the rule-maker chooses
a division rule or a subtraction rule whose output will be less
than zero.

When a player thinks he or she knows the secret rule, that player
asks the rule-maker to give an input.
e If the player gives the correct output, he or she wins that
round. The winner becomes the next rule-maker and
chooses a new secret rule.

e If the player is not correct, the game continues until another
player determines the secret rule and wins the round.

Play as many rounds as time allows.

16 Chapter 1




Fact Builder

Game Purpose

To practice multiplication facts up to 12 X 12

Materials
e number cube (numbered 1-6)

How To Play The Game

Two, three, or four players can play.
Each player needs a pencil and paper.

R —

The first player tosses the number cube
twice to get two factors and writes the
multiplication fact.

e Players must agree that the product is correct. To check
the product, draw an array or use counters.

e If the product is correct, the player receives 1 point.

00

factor, and writing the product.

The next player tosses the number cube once and adds the
outcome to the lesser number to make a new multiplication fact.

Continue taking turns, adding the number tossed to the lesser

e If the toss of the cube causes one factor to be greater than 12,

start again by tossing two cubes.

Example of play: Outcome

Multiplication Fact

3x5=15

5x(3+4)=5x7=35

First 3
Second 5
Third 4
Fourth 6

7x(5+6)=77x11=77

rounds as time allows.

@ The first player to score 10 points wins the round. Play as many




What's Going On Here?

Derrick and Lea like to make up codes to try to stump one
another. After a lesson on input-output tables and rules, they
decided to make up their own math codes. Try these math codes
to see whether you can keep up with Derrick and Lea.

Write a rule for each symbol.

© What does the ¥ mean?

OUTPUT

INPUT

INPUT

OUTPUT

9 Create your own math code. Write some examples using
the code. Then challenge a classmate to determine the

meaning of your code.

18 Chapter 1



	HSP Think Math! Student Handbook
	Chapter 1 Algebra: Machines and Puzzles Student Letter 
	Lesson 1
	Lesson 2
	Lesson 3
	Lesson 5
	Lesson 6
	Lesson 7
	Lesson 8
	Chapter 1 Vocabulary
	Game: Find a Rule
	Game: Fact Builder
	Challenge

	Chapter 2 Multiplication and Large Numbers
	Lesson 2
	Lesson 3
	Lesson 6
	Lesson 7
	Lesson 9
	Lesson 12
	Chapter 2 Vocabulary
	Game: Product Grab
	Game: Factor Search
	Challenge

	Chapter 3 Factoring and Prime Numbers
	Lesson 1
	Lesson 2
	Lesson 3
	Lesson 5
	Lesson 7
	Lesson 8
	Chapter 3 Vocabulary
	Game: Factor Trees
	Game: Click-Clack
	Challenge

	Chapter 4 Equivalence and Comparison of Fractions
	Lesson 1
	Lesson 2
	Lesson 3
	Lesson 4
	Lesson 6
	Lesson 8
	Lesson 10
	Chapter 4 Vocabulary
	Game: Fraction Action
	Game: Fractiontration
	Challenge

	Chapter 5 Recording Multi-Digit Multiplication
	Lesson 3
	Lesson 4
	Lesson 6
	Chapter 5 Vocabulary
	Game: Profitable Products
	Game: Favorable Factors
	Challenge

	Chapter 6 Grids and Graphs
	Lesson 2
	Lesson 3
	Lesson 4
	Lesson 5
	Lesson 6
	Lesson 9
	Lesson 10
	Lesson 11
	Lesson 12
	Chapter 6 Vocabulary
	Game: Area Claim
	Game: Mean, Median, Mode
	Challenge

	Chapter 7 Decimals
	Lesson 2
	Lesson 3
	Lesson 5
	Lesson 6
	Lesson 7
	Lesson 8
	Lesson 9
	Lesson 11
	Lesson 12
	Chapter 7 Vocabulary
	Game: I Have.../Who Has...
	Game: Hit the Target
	Challenge

	Chapter 8 Developing a Division Algorithm
	Lesson 1
	Lesson 3
	Lesson 4
	Lesson 7
	Lesson 8
	Lesson 9
	Lesson 10
	Chapter 8 Vocabulary
	Game: 200 Zoom
	Game: Don't Overestimate
	Challenge

	Chapter 9 Attributes of Two-Dimensional Figures
	Lesson 1
	Lesson 2
	Lesson 3
	Lesson 4
	Lesson 5
	Lesson 6
	Lesson 7
	Lesson 8
	Lesson 9
	Chapter 9 Vocabulary
	Game: Triangle Maze
	Game: First to 360°
	Challenge

	Chapter 10 Area and Perimeter
	Lesson 2
	Lesson 4
	Lesson 5
	Lesson 6
	Lesson 7
	Chapter 10 Vocabulary
	Game: Perimeter Race
	Game: Area Race
	Challenge

	Chapter 11 Fraction Computation
	Lesson 2
	Lesson 3
	Lesson 5
	Lesson 6
	Lesson 8
	Lesson 11
	Chapter 11 Vocabulary
	Game: Fraction Sums and Differences
	Game: Close or Closer
	Challenge

	Chapter 12 Three-Dimensional Geometry
	Lesson 2
	Lesson 3
	Lesson 4
	Lesson 5
	Lesson 6
	Lesson 7
	Chapter 12 Vocabulary
	Game: Volume Builder
	Game: Surface Area Builder
	Challenge

	Chapter 13 Fun with Algebra
	Lesson 2
	Lesson 3
	Lesson 4
	Lesson 6
	Lesson 7
	Lesson 8
	Chapter 13 Vocabulary
	Game: The Balance Puzzle
	Game: Picture Puzzler
	Challenge

	Chapter 14 Data and Probability
	Lesson 1
	Lesson 2
	Lesson 3
	Lesson 5
	Lesson 6
	Lesson 7
	Chapter 14 Vocabulary
	Game: Number Pyramid
	Game: Matching Quantities
	Challenge

	Chapter 15 Graphing
	Lesson 2
	Lesson 3
	Lesson 4
	Lesson 7
	Chapter 15 Vocabulary
	Game: Graphing Tic-Tac-Toe
	Game: The Great Race
	Challenge

	Resources
	Table of Measures
	Glossary
	Index
	Photo Credits





