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[bookmark: _h8qi8ajinxq0][bookmark: _Toc224158885][bookmark: _Toc224163374][bookmark: _Toc220505721][bookmark: _Toc220505776][bookmark: _Toc220506538]Lesson 7.1: Patterns of Change 

	Q#
	Standard

	ALL
	MATH.5.4(H) Represent and solve problems related to perimeter and/or area and related to volume.


Rectangle A has a side length of 5 cm. Complete the table for Rectangle A and be prepared to explain your reasoning.
Answers:
	Length (cm)
	Width (cm)
	Perimeter (cm)
	Area (sq cm)

	5
	1
	Answer: 12
	Answer: 5

	5
	2
	Answer: 14
	Answer: 10

	5
	4
	Answer: 18
	Answer: 20

	5
	Answer: 5
	20
	Answer: 25

	5
	Answer: 8
	Answer: 26
	40

	5
	Answer: 9
	28
	Answer: 45

	5
	Answer: 10
	Answer: 30
	50

	5
	
	Answer: 10 + 
	Answer: 


[bookmark: _iih589r39nyk]
[bookmark: _svudlsdm4w93][bookmark: _Toc224158886]

[bookmark: _Toc224163375]Lesson 7.2: Introduction to Quadratic Relationships

	Q#
	Standard

	1-4
	MATH.5.4(D) Recognize the difference between additive and multiplicative numerical patterns given in a table or graph.


Examine the pattern of dots. 
[image: An image shows a visual pattern made of black dots labeled from step 0 to step 3. In step 0, there are 3 dots arranged in a slanted line that goes down and to the right. In step 1, there are 5 dots. This step looks like the original 3 dots with 2 new dots added to the right and slightly higher up. In step 2, there are 9 dots arranged in a tilted grid pattern that is 3 dots wide and 3 dots tall. In step 3, the pattern grows into a larger tilted grid with 17 dots. The dots are arranged in a way that shows the pattern is growing bigger and wider with each new step.]
1. Describe how you see the pattern growing.
Answer: Answers will vary.
2. Draw or describe the next step.
Answer: A figure with 48 dots (3 rows and 16 columns).

3. Complete the table to continue the pattern.
Answers:
	Step
	0
	1
	2
	3
	4
	6
	

	No. of Dots
	3
	6
	Answer: 12
	Answer: 24
	Answer: 48
	Answer: 192
	Answer: 


4. Is the relationship between step number and number of dots linear, exponential, or neither? Explain how you know.
Answer: Exponential, because the number of dots double with each new step.

[bookmark: _bc0rx2e33kkt][bookmark: _Toc224158887][bookmark: _Toc224163376]Lesson 7.3: Building Quadratic Functions from Geometric Patterns

	Q#
	Standard

	1-4
	MATH.5.4(H) Represent and solve problems related to perimeter and/or area and related to volume.


A rectangle is partitioned into smaller rectangles. Explain why each of these expressions represents the area of the entire rectangle.
[image: An image shows a large rectangle that is divided into four smaller sections by vertical lines. The total height of the rectangle is labeled with the number 7 on the right side. The top of the rectangle has four numbers that label the width of each section from left to right. The first two sections are squares, and each has a width of 7. The next two sections are thinner rectangles, and each has a width of 4. This shows a long rectangle with a total height of 7 and a total width that is the sum of 7 plus 7 plus 4 plus 4.]
1. 
Answer: The length of the entire top of the rectangle is , and the height is . Since the area of a rectangle is length times width, the area of this rectangle is .

2. 
Answer: Starting from the previous expression, replace  with , and  with .

3. 
Answer: This is the area of each of the 4 smaller rectangles, added up.

4. 
Answer: Starting from the previous expression, combine like terms.


[bookmark: _wvts9w41qtvb][bookmark: _Toc224158888][bookmark: _Toc224163377]Lesson 7.4: Comparing Quadratic and Exponential Functions

	Q#
	Standard

	1-5
	MATH.6.7(A) Generate equivalent numerical expressions using order of operations, including whole number exponents and prime factorization.


Evaluate each expression. 
1.  when  is 3
Answer: 32

2.  when  is 9
Answer: 100

3.  when  is 0
Answer: 16

4.  when  is 4
Answer: 8

5.  when  is 7
Answer: 50


[bookmark: _v3udn4h3zfxv]
[bookmark: _ixzn5hkd0gq5][bookmark: _Toc224158889]

[bookmark: _Toc224163378]Lesson 7.5: Building Quadratic Functions to Describe Situations, Part 1

	Q#
	Standard

	1-4
	MATH.7.7(A) Represent linear relationships using verbal descriptions, tables, graphs, and equations that simplify to the form .


For problems 1 - 4, use the following scenario.
A person is walking from home to a part that is 2.473 feet away. They are walking 280 feet per minute.
1. How far away from home are they after 0, 1, 2, 3, 5,  minutes?
Answers: 
	Minutes
	0
	1
	2
	3
	5
	

	Distance from Home (ft)
	Answer: 0
	Answer: 280
	Answer: 560
	Answer: 840
	Answer: 1400
	Answer: 


2. How far away from the park are they after 0, 1, 2, 3, 5,  minutes? 
Answers: 
	Minutes
	0
	1
	2
	3
	5
	

	Distance from Park (ft)
	Answer: 2473
	Answer: 2193
	Answer: 1913
	Answer: 1633
	Answer: 1073
	Answer: 






3. Create a rough sketch of a graph for how far away a person is from home over time. Label the coordinates of the intercepts. 
Answer: 
[image: A coordinate plane shows a solid line that goes up and to the right from the origin. The horizontal axis has an arrow pointing to the right and is labeled with the letter t at the end. The vertical axis has an arrow pointing upward but has no label. A single point is plotted at the corner where the two axes meet, which is labeled with the coordinates open parenthesis 0 comma 0 close parenthesis. There are no other numbers, grid lines, or markings on the graph.]

4. Create a rough sketch of a graph for how far away a person is from the part over time. Label the coordinates of the intercepts. 

[image: A coordinate plane shows a solid line that goes down from left to right. The horizontal axis has an arrow pointing to the right and is labeled with the letter t at the end. The vertical axis has an arrow pointing upward but has no label. Two specific points are plotted and labeled with their coordinates. The first point is on the vertical axis at open parenthesis 0 comma 2473 close parenthesis. The second point is on the horizontal axis at open parenthesis 8 point 8 comma 0 close parenthesis. The line connects these two points, showing a steady decrease from the vertical intercept to the horizontal intercept.]

[bookmark: _Toc224158890][bookmark: _Toc224163379]Lesson 7. 6: Building Quadratic Functions to Describe Situations, Part 2  

[bookmark: _5p77nmsrtffx]
	Q#
	Standard

	1-3
	MATH.7.7(A) Represent linear relationships using verbal descriptions, tables, graphs, and equations that simplify to the form .

	4
	ALG.2(A) Determine the domain and range of a linear function in mathematical problems; determine reasonable domain and range values for real-world situations, both continuous and discrete; and represent domain and range using inequalities.


A tank has 50 gallons of water and drains at a constant rate of 2 gallons per minute. Below and to the right is a graph representing the situation. 
1. Label each axis to show what it represents. Be sure to include units.[image: A coordinate plane shows a solid line that goes down from left to right. The horizontal axis has numbers from 5 to 25, counting by fives. The vertical axis has numbers from 5 to 65, counting by fives. The line crosses the vertical axis at the point open parenthesis 0 comma 50 close parenthesis. It crosses the horizontal axis at the point open parenthesis 25 comma 0 close parenthesis. The line is straight and shows that for every 5 units it moves to the right, it moves down 10 units.]
Answer: The horizontal axis is time in seconds, and the vertical axis is the volume of water in the tank in gallons.

1. Complete the table.
Answers:
	
	

	0
	Answer: 50

	1
	Answer: 48

	2
	Answer: 46

	3
	Answer: 44

	10
	Answer: 3-

	20
	Answer: 10

	
	Answer: 



2. Write a function modeling this situation. 
Answer: 
3. What is a reasonable domain for this function, based on the situation it models? 
Answer: 


[bookmark: _5u0ph5khdqk1][bookmark: _Toc224158891][bookmark: _Toc224163380]Lesson 7.7: Domain, Range, Vertex, and Zeros of Quadratic Functions

	Q#
	Standard

	1-3
	MATH.7.7(A) Represent linear relationships using verbal descriptions, tables, graphs, and equations that simplify to the form .

	4
	ALG.2(A) Determine the domain and range of a linear function in mathematical problems; determine reasonable domain and range values for real-world situations, both continuous and discrete; and represent domain and range using inequalities.


[image: A coordinate plane shows a solid line that goes down from left to right. The horizontal axis has numbers from 5 to 25, counting by fives. The vertical axis has numbers from 5 to 65, counting by fives. The line crosses the vertical axis at the point open parenthesis 0 comma 50 close parenthesis. It crosses the horizontal axis at the point open parenthesis 25 comma 0 close parenthesis. The line is straight and shows that for every 5 units it moves to the right, it moves down 10 units.]For questions 1 - 4, use the following scenario.
At the concession stand, popcorn costs $2 and bananas cost $1. Carla spent $16 on popcorn and bananas for her family. For questions 1 - 3, explain why each of the points on the graph do not make sense in the situation. 
1. (-2, 20)
Answer: Someone would not order -2 orders of popcorn.
2. (1.5, 13)
[image: 
Gemini said
A coordinate plane shows a scatter plot with points that form a straight line. The horizontal axis is labeled orders of popcorn and has numbers from negative 4 to 14, counting by twos. The vertical axis is labeled number of bananas and has numbers from negative 4 to 24, counting by fours. There are 9 points plotted on the graph. The first point is on the vertical axis at open parenthesis 0 comma 16 close parenthesis. The next points move to the right and down at a steady rate. These points are open parenthesis 1 comma 14 close parenthesis, open parenthesis 2 comma 12 close parenthesis, open parenthesis 3 comma 10 close parenthesis, open parenthesis 4 comma 8 close parenthesis, open parenthesis 5 comma 6 close parenthesis, open parenthesis 6 comma 4 close parenthesis, open parenthesis 7 comma 2 close parenthesis, and open parenthesis 8 comma 0 close parenthesis.]Answer: It is unlikely that it is possible to order 1.5 orders of popcorn.
3. (10, -4)
Answer: Someone would not order -4 bananas. 
4. Sketch a graph that better represents the situation. Explain your reasoning. 
Answer: (see right)





[bookmark: _lcbgcyvg315y][bookmark: _Toc224158892][bookmark: _Toc224163381]Lesson 7.8: Equivalent Quadratic Expressions.

	Q#
	Standard

	1
	MATH.6.7(D) Generate equivalent expressions using the properties of operations: inverse, identity, commutative, associative, and distributive properties.

	2-5
	ALG.10(D) Rewrite polynomial expressions of degree one and degree two in equivalent forms using the distributive property.


1. Select the four expressions that are equivalent to . Be prepared to explain or show how you know. 
·  [Answer]
· 
· 
·  [Answer]
·  [Answer]
· 
·  [Answer]

For questions 2 - 5, each of the expressions represents the area of a rectangle. Name a possible length and width of each rectangle. Be prepared to explain or show how you know. 
2. 
Answer: 3 and 
3. 
Answer: 4 and 29
4. 
Answer: 8 and 
5. 
Answer: 30 and 



[bookmark: _i35e8apyxfpu][bookmark: _Toc224158893][bookmark: _Toc224163382]Lesson 7.9: Standard Form and Factored Form 

	Q#
	Standard

	ALL
	ALG.10(D) Rewrite polynomial expressions of degree one and degree two in equivalent forms using the distributive property.


In each row, write the equivalent expression. If you get stuck, use a diagram to organize your work. 
· The first row is provided as an example. 
· Diagrams are provided for the first three rows. 
[image: An image shows three separate area models used for multiplication. Each model is a rectangle divided into two boxes. The first model has a negative 3 on the left side. The top is labeled with 5 and negative 2y. Inside the first box is negative 15, and inside the second box is 6y. The second model has a c on the left side. The top is labeled with c and negative 5, but the two boxes inside are empty. The third model has a 4 on the left side. Inside the first box is 8a, and inside the second box is negative 4b. Above the third model are two empty boxes made with dashed lines where the top labels would go.]
Answers:
	Factored
	Expanded

	
	

	
	Answer: 

	Answer: 
	

	
	Answer: 

	
	Answer: 

	Answer: 
	



[bookmark: _2c0end3kba8a][bookmark: _Toc224158894][bookmark: _Toc224163383]Lesson 7.10: Graphs of Functions in Standard and Factored Forms 

	Q#
	Standard

	A-F
	ALG.2(C) Write linear equations in two variables given a table of values, a graph, and a verbal description.


Examine the graphs below. 
[image: An image shows six small coordinate planes labeled with the letters A through F. Each plane has a horizontal x axis and a vertical y axis with a single blue line graphed on it. In graph A, the line goes down from left to right and passes through the origin. In graph B, the line is perfectly horizontal and stays above the x axis. In graph C, the line goes up from left to right and passes through the origin. In graph D, the line goes up from left to right, crossing the y axis below the origin and the x axis to the right of the origin. In graph E, the line is perfectly vertical and stays to the left of the y axis. In graph F, the line goes down from left to right, crossing the y axis above the origin and the x axis to the right of the origin.]
Match each graph to one or more equations that it could represent. Complete as many as you can in the time allowed. 


Answers:
	
	A
	B
	C
	D
	E
	F

	
	¨
	Yes
	¨
	¨
	¨
	¨

	
	¨
	¨
	¨
	Yes
	¨
	¨

	
	¨
	¨
	¨
	¨
	¨
	Yes

	
	¨
	¨
	¨
	¨
	Yes
	¨

	
	¨
	¨
	Yes
	¨
	¨
	¨

	
	Yes
	¨
	¨
	¨
	¨
	¨

	
	¨
	¨
	¨
	¨
	¨
	Yes

	
	¨
	¨
	¨
	Yes
	¨
	¨

	
	¨
	¨
	¨
	¨
	¨
	Yes

	
	¨
	¨
	Yes
	¨
	¨
	¨




[bookmark: _jopth0cgfier]
[bookmark: _mnrfr5t80san][bookmark: _Toc224158895][bookmark: _Toc224163384]Lesson 7.11: Graphing from the Factored Form 

	Q#
	Standard

	ALL
	ALG.12(B) Evaluate functions, expressed in function notation, given one or more elements in their domains.


Examine the functions and some possible inputs for the functions. Check the box for each input that would give an output of 0 for the functions. 
Answers:
	
	-5
	-3
	-2
	-1
	0
	1
	2
	3
	5

	
	¨
	¨
	¨
	¨
	¨
	¨
	¨
	¨
	Yes

	
	Yes
	¨
	¨
	¨
	¨
	¨
	¨
	¨
	¨

	
	¨
	¨
	¨
	¨
	¨
	¨
	¨
	Yes
	¨

	
	¨
	¨
	Yes
	¨
	¨
	¨
	¨
	¨
	¨

	
	Yes
	Yes
	¨
	¨
	¨
	¨
	¨
	¨
	¨



[bookmark: _u8xtzpvctgk5]
[bookmark: _8kxrrqjoibhy][bookmark: _Toc224158896]

[bookmark: _Toc224163385]Lesson 7.12: Graphing the Standard Form, Part 1

	Q#
	Standard

	1-4
	MATH.6.7(A) Generate equivalent numerical expressions using order of operations, including whole number exponents and prime factorization.


Evaluate each expression when  is -5.
1. 
Answer: 10

2. 
Answer: 25

3. 
Answer: -50

4. 
Answer: -25


[bookmark: _32zghg5pqguk][bookmark: _Toc224163386]Lesson 7.13: Graphing the Standard Form, Part 2

	Q#
	Standard

	1-2
	ALG.7(A) Graph quadratic functions on the coordinate plane and use the graph to identify key attributes, if possible, including -intercept, -intercept, zeros, maximum value, minimum values, vertex, and the equation of the axis of symmetry.


[image: A coordinate plane shows a parabola that opens downward on a grid. The horizontal axis is labeled time open parenthesis seconds close parenthesis and has numbers from negative 1 to 3. The vertical axis is labeled height open parenthesis feet close parenthesis and has numbers from 2 to 34, counting by twos. The parabola crosses the vertical axis at the point open parenthesis 0 comma 18 close parenthesis. It reaches its highest point, or vertex, at open parenthesis 0 point 8 7 5 comma 30 point 2 5 close parenthesis. The curve crosses the horizontal axis at two points. The first point is on the left side at approximately open parenthesis negative 0 point 5 comma 0 close parenthesis. The second point is on the right side at approximately open parenthesis 2 point 2 5 comma 0 close parenthesis. The shape shows how height changes over time, starting at 18 feet, going up to about 30 feet, and then falling back down to the ground.]
1. An archer shoots an arrow. The arrow’s height above the level ground, in feet, is modeled by the equation , and also represented by the graph below. The time  is measured in seconds. On the graph, label the - and -intercepts, vertex, and axis of symmetry. 
2. Use the critical points from question 1 to identify -
a. The height at which the arrow is launched.
b. The maximum height the arrow reaches.
c. The time when the arrow hits the ground.
d. The time at which the arrow reaches its maximum height. 
Answers: 
[image: A coordinate plane shows a parabola that opens downward on a grid with several key parts labeled. The horizontal axis is labeled time open parenthesis seconds close parenthesis and has numbers from negative 1 to 3. The vertical axis is labeled height open parenthesis feet close parenthesis and has numbers from 2 to 34, counting by twos. An orange dot is on the vertical axis at open parenthesis 0 comma 18 close parenthesis, labeled y-intercept and launch height equals 18 feet. A red dot is at the peak of the curve, labeled vertex and max height equals 30 feet. A light blue vertical line with arrows on both ends passes through the vertex and is labeled axis of symmetry and time at max height equals 0 point 8 7 seconds. A dark blue dot is on the horizontal axis at open parenthesis 2 point 2 5 comma 0 close parenthesis, labeled x-intercept and land time equals 2 point 2 5 seconds.]



[bookmark: _ogcumbsse023][bookmark: _Toc224158898][bookmark: _Toc224163387]Lesson 7.14: Graphs That Represent Situations. 

	Q#
	Standard

	1-4
	ALG.7(A) Graph quadratic functions on the coordinate plane and use the graph to identify key attributes, if possible, including -intercept, -intercept, zeros, maximum value, minimum values, vertex, and the equation of the axis of symmetry.


[image: Rice and OpenStax logos]
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An object is thrown into the air. The height of the object in meters, is modeled by the function , represented by the graph. 
1. What is the time at which the object hit the ground?
Answer: 2 seconds
2. What is the height from which the object was thrown? 
Answer: 4 meters
3. What is the maximum height of the object?
Answer: 12.1 meters
4. What is the time at which the object reached its maximum height? 
Answer: 0.9 seconds
[image: A coordinate plane shows a parabola that opens downward on a grid. The horizontal axis is labeled time open parenthesis seconds close parenthesis and has numbers from negative 1 to 3. The vertical axis is labeled height open parenthesis feet close parenthesis and has numbers from 2 to 34, counting by twos. The parabola crosses the vertical axis at the point open parenthesis 0 comma 18 close parenthesis. It reaches its highest point, or vertex, at open parenthesis 0 point 8 7 5 comma 30 point 2 5 close parenthesis. The curve crosses the horizontal axis at two points. The first point is on the left side at approximately open parenthesis negative 0 point 5 comma 0 close parenthesis. The second point is on the right side at approximately open parenthesis 2 point 2 5 comma 0 close parenthesis. The shape shows how height changes over time, starting at 18 feet, going up to about 30 feet, and then falling back down to the ground.]




[bookmark: _sislqxufnbzi][bookmark: _Toc224158899][bookmark: _Toc224163388]Lesson 7.15: Vertex Form

	Q#
	Standard

	1-4
	ALG.3(C) Graph linear functions on the coordinate plane and identify key features, including -intercept, -intercept, zeros, and slope, in mathematical and real-world problems.


Without graphing, predict the location of the - and -intercepts of the graphs of these equations. 
1. 
Answer: -intercept: (-2, 0); -intercept: (0, 8)


2. 
Answer: -intercept: (-8, 0); -intercept: (0, 32)


3. 
Answer: -intercept: (2, 0); -intercept: (0, -10)


4. 
Answer: -intercept: (10, 0); -intercept: (0, -50)
[bookmark: _1yc3fecozqyk]
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[bookmark: _Toc224163389]Lesson 7. 16: Graphing from the Vertex Form

	Q#
	Standard

	1-4
	MATH.6.7(A) Generate equivalent numerical expressions using order of operations, including whole number exponents and prime factorization.


Evaluate each expression when  is -7.
1. 
Answer: -3
2. 
Answer: 9
3. 
Answer: -9
4. 
Answer: -4





[bookmark: _hntlphmmx4b8][bookmark: _Toc224158901][bookmark: _Toc224163390]Lesson 7.17: Changing the Vertex

	Q#
	Standard

	1-5
	ALG.7(C) Determine the effects on the graph of the parent function  when  is replaced by , , ,  for specific values of , , , and .


The parent quadratic function is . Draw a line to match the function that will affect the original graph in the way described.
	Shift Description
	Matching Function

	1. Shift the vertex of the graph left 1 unit.
	

	2. Shift the vertex of the graph up 1 unit. 
	

	3. Shift the vertex of the graph right 1 unit and up 1 unit.
	

	4. Make the graph of the parent function narrower. 
	

	5. Make the graph of the parent function narrower and shift the vertex 1 unit to the right. 
	


Answers: 
1. Shift the vertex of the graph left 1 unit. >> 
2. Shift the vertex of the graph up 1 unit. >> 
3. Shift the vertex of the graph right 1 unit and up 1 unit. >> 
4. Make the graph of the parent function narrower. >> 
5. Make the graph of the parent function narrower and shift the vertex 1 unit to the right. >> 
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