Nonlinear Functions and Equations

Examples of Tasks from ©2008 Course 2, Unit 5
Getting Started
The tasks below are selected with the intent of presenting key ideas and skills. Not every answer is
complete, so that teachers can still assign these questions and expect students to finish the tasks. If you
are working with your student on homework, please use these solutions with the intention of increasing
student understanding and independence. A list of questions to use as you work together, prepared in
English and Spanish, is available. Encourage students to refer to their class notes and Math Toolkit entries
for assistance.
As you read these selected homework tasks and solutions, you will notice that some very sophisticated
communication skills are expected. Students develop these over time. This is the standard for which to
strive. See Research on Communication.
The Algebra page or the Scope and Sequence (2nd edition) might help you follow the conceptual
development of the ideas you see in these examples.
Main Mathematical Goals for Unit 5
Upon completion of this unit, students should be able to:
•

generalize the definition of function and introduce “f(x)” notation for functions and the concepts
of domain and range.

•

construct rules for quadratic functions based on given properties such as x-intercepts, y-intercept,
and maximum/minimum point.

•

write quadratic expressions in equivalent expanded or factored form.

•

solve quadratic equations by factoring, by applying the quadratic formula, and by a CAS.

•

write and solve equations that represent questions about “real-life” situations involving
comparison of a linear function and either an inverse variation or quadratic function.

•

estimate solutions to equations in the form ax + b = k by using tables or graphs and solve those
x
kinds of equations algebraically.

•

estimate solutions to equations in the form mx + d = ax2 + bx + c using tables or graphs and solve
those equations algebraically.

•

use common logarithms to “linearize” exponential patterns of growth that occur in measurement
of sound intensity, acidity (or alkalinity) of liquids, and earthquake intensity.

•

use logarithms to solve exponential equations.
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What Solutions are Available?
Lesson 1: Investigation 1—Applications Task 2 (p. 345), Applications Task 6 (p. 346),
Connections Task 17 (p. 349), Reflections Task 26 (p. 352),
Review Task 46 (p. 357)
Investigation 2—Applications Task 9 (p. 348), Applications Task 10 (p. 348)
Investigation 3—Applications Task 11 (p. 348), Applications Task 12 (p. 348),
Connections Task 18 (p. 350), Connections Task 19 (p. 350),
Connections Task 22 (p. 351), Review Task 48 (p. 357)
Investigation 4—Applications Task 13 (p. 348), Applications Task 14 (p. 348),
Review Task 51 (p. 358)
Lesson 2: Investigation 1—Applications Task 2 (p. 368), Applications Task 3 (p. 369),
Connections Task 11 (p. 370), Review Task 27 (p. 375)
Investigation 2—Applications Task 5 (p. 369), Applications Task 7 (p. 370),
Applications Task 9 (p. 370), Extensions Task 20 (p. 373),
Review Task 29 (p. 376)
Lesson 3: Investigation 1—Applications Task 2 (p. 384), Applications Task 4 (p. 384),
Connections Task 12 (p. 387), Extensions Task 20 (p. 389)
Investigation 2—Applications Task 5 (p. 384), Applications Task 7 (p. 385),
Applications Task 10 (p. 386), Applications Task 11 (p. 386),
Connections Task 14 (p. 387), Reflections Task 18 (p. 388),
Extensions Task 25 (p. 390)

Selected Homework Tasks and Expected Solutions
(These solutions are for tasks in the 2nd edition book—2008 copyright.
For homework tasks in books with earlier copyright dates, see Helping with Homework.)

Lesson 1, Investigation 1, Applications Task 2 (p. 345)
a, b, d. To be completed by the student.
c. No, the relationship in the table is not a function because the numbers 1, 4, and 9 each have two
different yvalues associated with them in the table.

Lesson 1, Investigation 1, Applications Task 6 (p. 346)
a. Both domain and range are all real numbers.
b, d–f. To be completed by the student.
c. Domain is all real numbers and range is all positive real numbers.
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Lesson 1, Investigation 1, Connections Task 17 (p. 349)
a.

i. (6, –11)
ii–v. To be completed by the student.

b.

i. (2, 2)
ii–v. To be completed by the student.

c.

i. (40, 40)
ii–v. To be completed by the student.

Lesson 1, Investigation 1, Reflections Task 26 (p. 352)
The difference between claiming that y is a function of x and y depends on x is the difference between a
term that has precise mathematical meaning and one that is used more casually in everyday discourse.
The term “function” as it is used in mathematics implies a precisely determined relationship: given the
value of one variable, there is exactly one well-defined value of the other. When there is simply a loosely
defined relationship of dependence between the two variables, the correlation of values for the variables
will not be as exact or as well defined.

Lesson 1, Investigation 1, Review Task 46 (p. 357)
a. The slope indicates that if the average four-year college tuition in one state is $1 more than the
average four-year college tuition in another state, then the average two-year college tuition will be
$0.365 more in the first state than in the second.
b. The regression coefficient will be positive since the slope of the regression line is positive.
c. The regression equation predicts a two-year college tuition of 0.365(3,785) + 400 = 1,781.53.
Sincethe actual average two-year college tuition is only $485, the residual is 485 – 1,781.53 =
–1,296.53 dollars.

Lesson 1, Investigation 2, Applications Task 9 (p. 348)
Students should be able to communicate how to obtain these points without the use of a calculator.
a. x-intercepts: (0, 0), (7, 0); y-intercept: (0, 0); maximum at (3.5, 12.25)
b, c, e–h. To be completed by the student.
d. x-intercepts: (3, 0), (–5, 0); y-intercept: (0, 15); maximum at (–1, 16)

© 2008 Core-Plus Mathematics Project. All rights reserved.

3

Nonlinear Functions and Equations

Lesson 1, Investigation 2, Applications Task 10 (p. 348)
a. y = ax(x – 6), where a is any positive number
b, d–f. To be completed by the student.
c. y = –a(x + 4)(x + 6), where a is any positive number

Lesson 1, Investigation 3, Applications Task 11 (p. 348)
a. (x + 7)(x – 3) = x2 + 4x – 21
b, d–i. To be completed by the student.
c. (x – 7)(x – 3) = x2 – 10x + 21

Lesson 1, Investigation 3, Applications Task 12 (p. 348)
a. x2 + 7x + 10 = (x + 2)(x + 5)
b, d–h. To be completed by the student.
c. x2 + 4x – 12 = (x + 6)(x – 2)

Lesson 1, Investigation 3, Connections Task 18 (p. 350)
a. (60 + 5)(40 + 2) = 60 • 40 + 60 • 2 + 5 • 40 + 5 • 2
= 2,400 + 120 + 200 + 10
= 2,730
b. To be completed by the student.

Lesson 1, Investigation 3, Connections Task 19 (p. 350)
a. Explanations should incorporate the expression (100 – 5)(100 + 5).
b, c. To be completed by the student.
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Lesson 1, Investigation 3, Connections Task 22 (p. 351)
a. Rebecca is “completing the square” or creating two perfect square quadratic expressions so she can
factor them and end up with the standard form for the equation of a circle.
b.

c. To be completed by the student.

Lesson 1, Investigation 3, Review Task 48 (p. 357)
a. x = 150
b. x = 48
c. x = 110

Lesson 1, Investigation 4, Applications Task 13 (p. 348)
a. x = –2 or x = –5
b, d–h. To be completed by the student.
c. x = 2 or x = –6

Lesson 1, Investigation 4, Applications Task 14 (p. 348)
a. x = –3 or x = 8
b, d–f. To be completed by the student.
c. x = 1 or x = –1 23
2
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Lesson 1, Investigation 4, Review Task 51 (p. 358)
a. x = 17
25
b. x = 2,386.3
c. x = – 23

Lesson 2, Investigation 1, Applications Task 2 (p. 368)
a. w(h) = 60
h
b. v(h) = –5h + 40
c.

60 = –5h + 40
h

60 = –5h2 + 40h
5h2 – 40h + 60 = 0
5(h2 – 8h + 12) = 0
(h – 6)(h – 2) = 0
h = 6 or h = 2
The solution is either 30volunteers at 2hours each or
10volunteers at 6hours each as shown on the graph.

Lesson 2, Investigation 1, Applications Task 3 (p. 369)
Students should solve symbolically and sketch graphs labeling intersection points.
a. x = –6 or x = 1

b. No solution

c, d. To be completed by the student.
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Lesson 2, Investigation 1, Connections Task 11 (p. 370)
a. There can be 0, 1, or an infinite number of solutions.

b. There can be 0, 1, or 2 solutions.

c. There can be 0, 1, or 2 solutions.

Lesson 2, Investigation 1, Review Task 27 (p. 375)
a. PA = 3,500 + 250m
PB = 1,500 + 330m
b.

i. 3,500 + 250m < 1,500 + 330m; when the number of months is greater than 25.
ii. 3,500 + 250m > 1,500 + 330m; when the number of months is less than 25.
iii. 3,500 + 250m = 1,500 + 330m; when the number of months is 25.

c. You could answer the equality question by graphing both linear functions and finding the mvalue for
the point of intersection. The inequality questions can be answered by finding the mvalues where the
line for PA is below the line for PB and where the line for PB is below the line for PA, respectively.
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Lesson 2, Investigation 2, Applications Task 5 (p. 369)
Approximate answers are provided below. Students can label their graphs with solutions rounded
tointegers.
a. n  282.29 or n  17.71. If the Boosters sell 282 pizzas or 18 pizzas, their income and expenses will
be (approximately) equal.

b, c. To be completed by the student.

Lesson 2, Investigation 2, Applications Task 7 (p. 370)
Students should solve by factoring. Solutions and corresponding graphs are shown below.
a. x = 0 or x = 3

b. x = –1 or x = 2

c, d. To be completed by the student.

Lesson 2, Investigation 2, Applications Task 9 (p. 370)
It may help to sketch graphs of the circles and lines before solving symbolically so you can check the
reasonableness of your points of intersection.
a. (x – 4)2 + (2 – 1)2 = 10
x2 – 8x + 17 = 10
x2 – 8x + 7 = 0
(x – 7)(x – 1) = 0
x = 1 or x = 7
Points of intersection: (1, 2) and (7, 2)
b–d. To be completed by the student.
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Lesson 2, Investigation 2, Extensions Task 20 (p. 373)
a, c, d. To be completed by the student.
b. There is a possibility of 1, 2, or 3 solutions.

Lesson 2, Investigation 2, Review Task 29 (p. 376)
a. 6.2  10–5; 0.00329; 3.1  10–2; 2.1  105; 321.56  104; 123,537,821
b.

i. (3  108)(5  106) = 15  1014 = 1.5  1015
ii. (6  10–8)(3  103) = 18  10–5 = 1.8  10–4
iii. (1.2  10–7)(5  10–6) = 6  10–13

c.

10
i. 1.2  106 = 0.2  104 = 2  103

6  10

–8
ii. 1.2  10–4 = 0.5  10–4 = 5  10–5

2.4  10

–4
iii. 7.2  106 = 0.9  10–10 = 9  10–11

8  10

Lesson 3, Investigation 1, Applications Task 2 (p. 384)
a. 5 dB because 105 = 100,000.
b. –3 dB because 10–3 = 0.001.
c, d. To be completed by the student.

Lesson 3, Investigation 1, Applications Task 4 (p. 384)
This task refers back to the table in Problem8 on page380 where students developed the formula
pH=–logH+.
a. Soft drinks and gastric juices are acidic. Seawater is alkaline.
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b. Solving for H+ using pH = –log H+ (or –pH = log H+) gives the following answers.
The hydrogen ion concentration in sea water is about 10–8.5  0.000000003.
The hydrogen ion concentration in soft drinks is about 10–3.1  0.0008.
The hydrogen ion concentration in gastric juices is about 10–1.7  0.02.
c, d. To be completed by the student.

Lesson 3, Investigation 1, Connections Task 12 (p. 387)
a.

i. 4.7265  104

ii. 5.8473  102

iii. 9.7485  107

b.

i. 584.73  97485302 = (5.8473  102)  (9.7485  107)
= (5.8473)  (9.7485)  109  5.7  1010

iv. 2.351  10–3

ii. 47,265  0.002351 = (4.7265  104)  (2.351  10–3)
= (4.7265  2.351)  101  1.11  102
iii. 47,265 ÷ 584.73 = (4.7265  104) ÷ (5.8473  102)
= (4.7265 ÷ 5.8473)  102 = 8.0832  101

Lesson 3, Investigation 1, Extensions Task 20 (p. 389)
a, c. To be completed by the student.
b. 100,000 < n < 1,000,000 or equivalently 105 < n < 106

Lesson 3, Investigation 2, Applications Task 5 (p. 384)
a. x = 100
b. log 15 = x, so x  1.18.
c, d. To be completed by the student.

Lesson 3, Investigation 2, Applications Task 7 (p. 385)
a. R(0) = 750(100.033(0)) = 750(100) = 750 because 100 = 1.
b. 1,000 = 750(100.033t) when t  4 years. This value can be estimated by scanning a table or graph of
the function R(t) = 750(100.033t) to find values of t when s(t) = 1,000 or by reasoning algebraically.
If 1,000
Then 1.33
log 1.33
3.75
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Lesson 3, Investigation 2, Applications Task 10 (p. 386)
This task can be challenging. Focus on how the Richter scale rating relates to the exponent in the
seismogram displacement.
a. To be completed by the student.
b.

i. The displacement of 0.054 lies between 10–1 (0.1) and 10–2 (0.01) and the table says that the
Richter scale reading for such numbers will be between 5 and 6.
ii. Since log 0.054  –1.27, log 0.054 + 7  5.7.

c. 9.15 = log x + 7
2.15 = log x
x = 102.15
x  141.25 meters

Lesson 3, Investigation 2, Applications Task 11 (p. 386)
a. 50 = 100(10–0.00005255t) when t  5,728 years.
b. To be completed by the student.

Lesson 3, Investigation 2, Connections Task 14 (p. 387)
a, c. To be completed by the student.
b. x = 2 since 3x + 2 = 4.
3

In all three cases, the idea is to isolate x on one side of the equation by algebraic operations that are
similar to what one does to solve linear equations. Then one uses logs to remove the base 10 and proceeds
as in solving linear equations to find x.

Lesson 3, Investigation 2, Reflections Task 18 (p. 388)
To be completed by the student.
A good window for this graph might be 0  x  10,000 and 0  y  5.

Lesson 3, Investigation 2, Extensions Task 25 (p. 390)
a. 2x = 3.5 is equivalent to 10(log 2)x = 3.5 which implies that (log 2)x = log 3.5, or x = log3.5 . This has
log2

numerical value of x  1.8. Substituting back in the original equation, we get 21.8  3.48.
log7

b. x = log2 , or x  2.8
c–f. To be completed by the student.
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