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PATTERNS AND LINEAR FUNCTIONS 1

)y geometric patterns
descriptions.
iven condition.

les that describe

numbers, and symbols
O JdE DE U C d ceque co.

e Use inductive reasoning to develop recursive and explicit
rules that describe sequences.

e Use rules to find inputs and outputs of functions.

3.3 Saving for a Purchase 15
e Use numbers, graphs, equations, and words (the “fourfold
way”) to solve problems.
¢ Recognize that some real-world situations can be modeled
using linear functions.
¢ Informally connect the y-intercept to a context.

3.4 Skill Builders, Vocabulary, and Review 24
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3.1 Geometric Patterns

GEOMETRIC PATTERNS

Goals (Set)

e Describe sequences generated by
geometric patterns using tables,
graphs, and verbal descriptions.

e Plot ordered pairs that satisfy a given
condition.

e Develop recursive and explicit rules that
describe sequences.

p (Go)

pair. Connect the points with
line segments to form a

polygon.

(2= 3)’ (2’ '5)’ (_6’ _5)s
(-6, 3) ( )

4. Name the shape.

5. Find its perimeter.

6. Find its area.

MathLinks: Grade 8 (Student Packet 3) 1



3.1 Geometric Patterns

GLES

four ways to approach and represent
, words, and symbols.

g the next page.

Table
Step # Numbgr of Break apart numbers
(Input) toothpicks to look for a pattern
(Output)
1 5
2
Step 3
Step 4
4
Step 5
5
(do not build or draw step 30)
30

MathLinks: Grade 8 (Student Packet 3) 2



3.1 Geometric Patterns

(Continued)
the table Number of
(|§$ i) toothpicks
ertical axes. ’ (Qutput,y)

cks (output)

s?

8. What is the output for step #0?

Write it as an ordered pair. ( y_ )

Since this coordinate is graphed on the y-axis,
we call this value the y-intercept.

9. Look at any two consecutively graphed points from left to

right. When counting from any one point to the next,

we can count units up and then 1 unit to the right.

10. Circle the elements of the fourfold way that
were used in this problem.

numbers pictures words symbols

\ 4

MathLinks: Grade 8 (Student Packet 3) 3



3.1 Geometric Patterns

GLES 1
g the next page.
Table
Step # Numbgr of Break apart numbers
toothpicks
(Input) (Output) to look for a pattern
1 7

2

3
Step 4

4
Step 5

5

(do not build or draw step 30)
30

MathLinks: Grade 8 (Student Packet 3)



1 (Continued)

3.1 Geometric Patterns

o0 the table.

ical axes,

Step #
(Input, x)

Number of
toothpicks
(Output, y)

e rectangle

rectangle

8. Find the y-intercept (step #0) for this graph.

)

Write it as an ordered pair. (

9. Look at any two consecutively graphed points from left to

right. When counting from any one point to the next,

we can count units up and then 1 unit to

the

10. Circle the elements of the fourfold way that were

used in this problem?

numbers pictures words symbols

MathLinks: Grade 8 (Student Packet 3)
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3.1 Geometric Patterns

GLES 2
g the next page.
Table
Number of
# toothpicks Break apart numbers to

t) (Output) look for a pattern

Step 3
3
PP
Step 4
4
Step 5
5
(do not build or draw step 30) _
30

MathLinks: Grade 8 (Student Packet 3) 6



3.1 Geometric Patterns

2 (Continued)

the table. Number of
Step # hoick

. (Input, X) toothpicks

ical axes, (Output, y)

Write it as an ordered pair. ( y_ )

This point is called the

Look at any two consecutively graphed points from left to
right. When counting from any one point to the next,

we can count ___ units up and then 1 unit

to the right.

9. Consider the triangle and two rectangle problems
you have now done. Which pattern depicts the
greatest rate of change from one step to another?
How do you know?

v

MathLinks: Grade 8 (Student Packet 3) 7



NUMBER PATTERNS

3.2 Number Patterns

functions.

Use verbal descriptions, tables of
numbers, and symbols to describe
numerical sequences.

Use inductive reasoning to develop
recursive and explicit rules that
describe sequences.

Use rules to find inputs and outputs of

Goals (Set)

p (Go)

) in which the conclusion is supported

othpick pattern.
Step# —> Step 1 Step 2 Step 3 Step 4
(build, then sketch below)
/ — — — — — —
< _ I <
Number of
toothpicks

2. Use words to describe a recursive rule for the number of toothpicks.

3. Use words to describe an explicit rule for finding the number of toothpicks based upon the

step number.

MathLinks: Grade 8 (Student Packet 3)



3.2 Number Patterns

E RULES

rule that specifies each value based on
etermine a sequence by a recursive rule, an
equence must be identified.

er pattern. Then describe each pattern with a

ecursive Rule:

tart with and then add each
ep.

ecursive Rule:

ecursive Rule:

6, 10, 14, 18, ; ;

4. For patterns A-C, why is it NOT sufficient to describe each with a recursive rule of “add 4”?

5. You can now see 7 terms for each sequence. Why might it be difficult to find the 100" term
in these sequences with a recursive rule?

6. Make up another number pattern and write a recursive rule.

Number Pattern D Recursive Rule:

MathLinks: Grade 8 (Student Packet 3) 9



3.2 Number Patterns

RULES

at establishes explicitly an output for each

n complete each step using inductive
ords.

p3 Step 4 Step 5

umber plus

p3 Step 4 Step 5
1e¢4+6 204+6 3e4+6 +6
Explicit Rule:
3. Number Pattern G
Step 1 Step 2 Step 3 Step 4 Step 5
1¢3-3 2¢3-3 3e3-3
Explicit Rule:

MathLinks: Grade 8 (Student Packet 3)
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3.2 Number Patterns

D EXPLICIT RULES

es.
for each table
bach.
5 100 for each table.
2.
Input | Output
Value | Value
1 3
2 6
3 9
4
100

Recursive rule:

Recursive rule:

Explicit rule:

Explicit rule:
3. 4.

Input | Output Input | Output
Value | Value Value | Value
1 4 1 2
2 7 2 5
3 10 3 8
4 4
100 100

Recursive rule:

Explicit rule:

MathLinks: Grade 8 (Student Packet 3)
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3.2 Number Patterns

EXPLICIT RULES

h input-output table. Remember that the rule
The input values are different for each table.

Input Output
Value Value
0 1
1 3
2 5
3 7
-5
23
Explicit Rule (words)
Input Output Input Output
Value Value Value Value
0 0 1 -2
2 10 3 -6
4 20 5 -10
6 30 7 -14
-6 -1
-10 8
Explicit Rule (words) Explicit Rule (words)

MathLinks: Grade 8 (Student Packet 3)
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3.2 Number Patterns

RITE EXPLICIT RULES

any step. Using symbols is usually much more

ach input value exactly one output value.

and symbols.

ords: To get the output value, multiply the
and then add :

e) x =0, then (output value) y =

he output increases by each time the
by 1.

31

2. Input Output

Value Value | Explicit rule in words:

(x) (v)
1 6 - ,

Explicit rule in symbols: y =
2 12
3 18 If x=0,then y=
4 24

The output increases by each time the input increases
o0 by 1.

-30

3. Which elements of the fourfold way were used in problems 1 and 2 above?

MathLinks: Grade 8 (Student Packet 3) 13



3.2 Number Patterns

RITE EXPLICIT RULES
nued)

and symbols.
Is: y=
by each time the input increases by 1.

5. For the explicit rule (in symbols) in problem 4, what number is the multiplier of x?

What number is added to the product?

6. Careful! Input values are not consecutive integers:

Input Output
Value Value
(%) v)

1 7
3 19
5 31
7 43

50
601

Explicit rule in words:

Explicit rule in symbols:

y-intercept:

For this table, notice that the output increases by each time
the input increases by 2. What is the change in output each time
the input increases by 1?

MathLinks: Grade 8 (Student Packet 3) 14



3.3 Saving For a Purchase

SAVING FOR A PURCHASE

Goals (Set)

e Use numbers, graphs, equations, and
words (the “fourfold way”) to solve
problems.

e Recognize that some real-world
situations can be modeled using linear
functions.

¢ Informally connect the y-interceptto a
context.

p (Go)

tput numbers.

en add 5 to get each output number.

Output Number (y)
0 (10)(3)+5=35
1
0
9
11
20

2. What is an equation for this rule? Use x for input and y for output.

y:

3. Recall that a function is a rule that assigns to each input value a unique output value. Could
this rule represent a function? Explain.

MathLinks: Grade 8 (Student Packet 3) 15



3.3 Saving For a Purchase

TRUCTIONS

$100 in the bank as a starting amount (initial
onth.

. She has $40 in the bank as a starting
ve $25 each month.

a to each save up for the digital camera?

ave?

to save?

ules) that can be used to determine the
amount that each girl saved at the end of any month.

4. Let m represent the amount of money that Julie and Christina are going to deposit in their
bank accounts each month.

For Julie, m = ) For Christina, m =

5. Let b represent the amount that Julie and Christina each already have in the bank to start.

For Julie, b = ) For Christina, b =
6. How much will Julie have saved after 1 month? after 2 months?
7. How much will Christina have saved after 1 month? after 2 months?

MathLinks: Grade 8 (Student Packet 3) 16



2. Write an equation for the amount that
Julie saved (y) at the end of any month

(X).

y:

MathLinks: Grade 8 (Student Packet 3)

3.3 Saving For a Purchase

TABLES

complete the tables and find equations.
CHRISTINA

m=9%_ _ per month
b=9%  inthe bank to start

X y
(# of months) (total amount saved)

3. Write an equation for the amount that
Christina saved (y) at the end of any
month (x).

y:

17



3.3 Saving For a Purchase

GRAPHS

page to make graphs representing the total
| save each month. Use one color for Julie’s

Total amount saved (y)

$40

$20

0 2

MathLinks: Grade 8 (Student Packet 3)

Number of Months (x)
18



QUESTIONS

ions to answer the questions.

? How do you know?

e graph? ( , )

How do you know?

ount of money? How do

called a point of intersection of the lines.

era?

5. How long will it take Christina to save for the camera?

6. Who will be the first to save enough money for the camera?

7. Write an equation that describes the amount of money y that Julie has saved after x
months.

y:

8. Write an equation that describes the amount of money y that Christina has saved after x
months.

y:

The equations you wrote for Julie and Christina are linear functions in the form y = mx + b.

9. For Julie’s equation: 10. For Christina’s equation:

m= b= m= b=

MathLinks: Grade 8 (Student Packet 3)

3.3 Saving For a Purchase
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3.3 Saving For a Purchase

IONS AND TABLES

s $10 in the bank to start, and she is going to

has $25 in the bank to start, and she is going

to each save up for the printer?

se the equation form y =mx + b.

Cary

m=$ per month

b=% in the bank to start
y —

X y
(# of months) (total amount saved)

(# of months) (total amount saved)

MathLinks: Grade 8 (Student Packet 3) 20



of lines.

4. How long will it take Theresa to save for
the printer?

5. How long will it take Cary to save for the
printer?

6. Who will be the first to save enough
money for the printer?

7. Write an equation that describes the
amount of money y that Theresa has
saved after x months.

3.3 Saving For a Purchase

AND QUESTIONS

ge to make graphs representing the total

e each month. Use one color for Theresa’s
your axes and title your graph. Then answer
ions.

8. Write an equation that describes the amount of money y that Cary has saved after x

months.

MathLinks: Grade 8 (Student Packet 3)
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going to deposit in his bank
account each month

b = the amount of money Brian already
has in the bank

x = the number of months he has been
saving

y = total amount saved

4. Write an equationin y =mx + b form
to show the total amount of money Brian
has saved at the end of each month.

MathLinks: Grade 8 (Student Packet 3)

3.3 Saving For a Purchase

RUCTIONS AND TABLE

inter. A digital camera costs $240 and a
ank and is going to save $20 each month.

X
(# of months)

y
(amount saved)

22



3.3 Saving For a Purchase

APH AND QUESTIONS

oney Brian has saved each month.

0 5 10 15 20

Number of months (x)

2. Brian wants to buy the camera first. How long will it take Brian to save for the camera?
How do you know?

3. Then Brian will buy the printer. How long will it take him to save for the printer, after he
purchases the camera? How do you know?

4. Suppose Brian decided to buy the printer first. How long would it take Brian to save for the
printer? Why is this number of months different than your answer to #3 above?

MathLinks: Grade 8 (Student Packet 3) 23



3.4 Skill Builders, Vocabulary, and Review

SKILL BUILDERS, VOCABULARY, AND REVIEW

ILDER 1

.8 3. 13.7 +25.5

6. 2_2
5 15
4 1
9 06+~ -~
572

10. Find the area A and perimeter P of a rectangle with side lengths of 1%

and 2% inches.

Name the property illustrated by each equation.

11. 0+ (-24) = -24

12. -16+16

1l
o

13, (-59)(37) = (37)(-59)

MathLinks: Grade 8 (Student Packet 3) 24




3.4 Skill Builders, Vocabulary, and Review

ILDER 2

3. 12-9
) 6. -8 —(-7)
5) 9. -60 — (20)

erent than the value of the other expressions.

2 +(-8) 18-2
[4-7] 7-4
9+ (-3) 9-3
13. Which statement is not true?
a. 12 -12=-24 b. A12-(-12)=0
c. 12 + (-12) = 24 d. 12-(-12)= 24
. 3 1
Evaluate each expression for x = 2 and y= 3
14. X+2y 15 1 16. X+ )~
' X+y

MathLinks: Grade 8 (Student Packet 3) 25



3.4 Skill Builders, Vocabulary, and Review

7.

2x+3=x +5

ILDER 3
k-2
4. T:'S
6. 30=-5(m+2)
8. 3(x—4)=-12

9. Translate the verbal inequality into symbols,

solve it mentally, and graph the solution(s).

a. Words:

A number times 2 is less than 18.

b. Symbols (let n = the number):

c. Solution(s):

MathLinks: Grade 8 (Student Packet 3)
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3. Recursive Rule:

Start with toothpicks, and then

each step.

5. In which step number are there exactly 87 toothpicks?

MathLinks: Grade 8 (Student Packet 3)

3.4 Skill Builders, Vocabulary, and Review

ILDER 4

. Then complete the table and find a rule for

O N
| 111
~N
step 3 step 4
3 4 5 50 n

Explicit Rule: Explain what operations to perform on
the input value to arrive at the corresponding output.

27



3. Recursive Rule:

Start with toothpicks, and then

4. Explicit Rule: Explain what operations to perform on
the input value to arrive at the corresponding output.

5. In which step number are there exactly 92 toothpicks?

MathLinks: Grade 8 (Student Packet 3)

each step.

3.4 Skill Builders, Vocabulary, and Review

ILDER 5

. Then complete the table and find a rule for

step 3 step 4

/——_

28



3.4 Skill Builders, Vocabulary, and Review

ILDER 6

ursive rule consistent with the pattern, using a

in words. Use a full sentence for each rule.

MathLinks: Grade 8 (Student Packet 3)

Output 6. Input Output
Value Value Value
-5 -9 -3
1 5 2 -10 -6 -2
2 9 -3 15 -3 -1
-1 -4 0
21 23 20
Rule: Rule: Rule:




3.4 Skill Builders, Vocabulary, and Review

ILDER 7

the given input values (x). Graph the ordered
ncil. Connect the points for each equation.

A

4. How are the graphs of the equations the same?

5. How are the graphs of the equations different?

MathLinks: Grade 8 (Student Packet 3) 30



3.4 Skill Builders, Vocabulary, and Review

ILDER 8

the given input values (x). Graph the ordered
ncil. Connect the points for each equation.

A

3. y=2x-4

4 \ 4

4. How are the graphs of the equations the same?

5. How are the graphs of the equations different?

MathLinks: Grade 8 (Student Packet 3) 31



3.4 Skill Builders, Vocabulary, and Review

CABULARY
Across Down
3 Inthe coordinate plane, the orientation 1 A rule that assigns to each input value a
of the x-axis is . unique output value.
5  Arule that specifies each value based 2 “The way.” (pictures, numbers,
on previous values. symbols, and words)
7 y=mx+bisa function 4 Another name for coordinates:
___ pair
8 A form of reasoning in which the 6 An input-output rule.
conclusion is supported by the evidence,
but is not proved.
9 In the coordinate plane, the orientation

MathLinks: Grade 8 (Student Packet 3)

of the y-axis is :

32



3.4 Skill Builders, Vocabulary, and Review

RESPONSE

nd choose the best answer(s).

ing input-output table?

2
step.
p.
step.
ut-output table?
3 | 4
10 | 13
A. y=x+3 B. y=x+1
C. y=3x+1 D. y =3x

3. Sierra is saving for a printer that costs $150. She has an initial amount of $75 already
saved in the bank and is going to save $35 each month. If x represents the number of
months and y represents the total amount saved, which equation shows the total
amount of money Sierra will have at the end of each month?

A. y=35x+75 B. y=35x+150 C. y=75x+35 D. y=75x+150

MathLinks: Grade 8 (Student Packet 3) 33



3.4 Skill Builders, Vocabulary, and Review

E CHECK

nd write your answers on this page.

hen complete the table, and write a recursive
nd symbols for the number of toothpicks at

step 4

Write recursive and explicit rules in words for each input-output table.

2. linput | 1 | 2| 3| 4|5 3. | input 5 3 /10| 0 | 4
output| 5 | 7 | 9 | 11| 13 output | 26 | 16 | 51 | 1 | -19

3.3 Saving for a Purchase

4. Write the following explicit rule using symbols:
Input (x) | Output (y)

To find each output number, 0
multiply each input number by 4,
and then add 2. 3
Then use the rule to complete the table. -10
40
-100

MathLinks: Grade 8 (Student Packet 3) 34



3.4 Skill Builders, Vocabulary, and Review

CONNECTION

ung mathematician.

output rule): To get each output number (y),
5.

=1007?

tage of the pattern. Then complete the table,
Is.

Step 3 Step 4

Step #
(x)

Number of
squares

V)

Rule (words):

Rule (symbols):

MathLinks: Grade 8 (Student Packet 3)
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tionally left blank.
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tionally left blank.
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COMMON CORE STATE STANDARDS - MATHEMATICS

STANDARDS FOR MATHEMATICAL CONTENT

par equations. Understand that solutions to a system of
pond to points of intersection of their graphs, because
simultaneously.

pading to two linear equations in two variables. For

ints, determine whether the line through the first pair of

air.

esented in a different way (algebraically, graphically,

). For example, given a linear function represented by a
pd by an algebraic expression, determine which function

linear function, whose graph is a straight line;

or-example—the-function-A—= aivina-the-area-o
7

o [ ph-contain he noin 4 [a¥a
i I J J

hip between two quantities. Determine the rate of change
on of a relationship or from two (x, y) values, including
erpret the rate of change and initial value of a linear

in terms of its graph or a table of values.

STANDARDS FOR MATHEMATICAL PRACTICE

MP1 Make sense of problems and persevere in solving them.
MP2 Reason abstractly and quantitatively.

MP4 Model with mathematics.

MP8 Look for and express regularity in repeated reasoning.

9781614452119
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