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Math IV
[BSMA2002] (semester) /[BTMA2001] (tetramester)

Teaching notes addressed to the teacher




Tools

To ensure that you get the most out of your educational experience in this certificate mode,

we recommend you review these tutorials.

Notes for the teacher corresponding to the explanation of Topic 1

Explain the properties of inequalities and demonstrate their application in the solution of
inequalities.

Describe set notation, interval notation and the graphical representation of inequalities; make
sure that the learner is able to identify and use the symbology of each of these notations.

Use an everyday life situation, preferably an example that is familiar to the learner to
exemplify a relation between two variables and from that example guide the learner to
identify the independent variable and the dependent variable, based on this you can point
out the domain and range of the relation.

Point out the difference between a relation and a function and exemplify the different ways in
which they can be represented: Venn diagram, set of ordered pairs and by means of a graph.
It is important that you explain the various ways to differentiate in each of these formats if it is
a relation or a function.

Explain the difference between the codomain and the range or image of a function. It is
recommended that you define the meaning of a correspondence rule through an example
and show the classification of the correspondence rules.

Notes for the teacher corresponding to Exercise 1

Before the explanation it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

Graphing a linear inequality on the number line )
Make sure to explain the
Graph the inequality below on the number line. .
] symbology of set notation
a>-—
and graphic notation.

b b L | (T njsjefesesjf e e—j———— 2

-11-108 876543210123 4567¢8091011 o) )
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In this exercise the learner

Solving a two-step linear inequality: Problem type 2 . .
will apply the properties of

Solve the inequality for x. inequalities, point out that
he must simplify his
—-31<2x—19
answer.

Simplify your answer as much as possible.

-6 <x O<O0 O>0 Os<O
O 0
> —_— =
o0 g Of
X N)
Identifying functions from relations
For each relation, decide whether or not it is a function. Learner will identify
whether the relation is a
Relation 1 Relation 2 function or not.
Domain Range Domain Range
0 5
9 -3
2
7 f
9
-8 -7
_3 6
OFunction O Function
(O Not a Function (O Not a Function
Relation 3 Relation 4
{(91 g)l ('61 g)l ('21 g)l ('51 d)} {(91 —8)1 ('81 '8)1 (91 9)/ ('81 9)}
(O Function (O Function
(O Not a Function (O Not a Function
X S
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Vertical line test

For each graph below, state whether it represents a function.

Learner will apply the

PRy - vertical line rule to check
MEPYR i 4 whether the example is a
L T function or not.
-4 2 I | 1 b | S 2 04 6 8
21 @ >
N /,
Function? O Yes O No O Yes O No
Ot
Y | N RS
¢ 2
*r— 1@
4t
hd {
Function? O Yes O No ) Yes O No O Yes O No
X )
Table for a linear function
Invite the learner to
The function g is defined by the following rule. identify which is the
g(x)=4x+3 dependent variable and
Complete the function table. which is the mdependent
variable.
X b
-3 [I]
0 [
! 0
: [
5 0
Graphing an integer function and finding its range for a given domain
The function 4 is defined as follows for the domain given.
h(_\') =1-2x, domain = {—3, -1,2, 4}
Write the range of /& using set notation. Then graph /.
. -
range = {~7.-3,3,7} O oo. % .a:
oF S
X ) : .
M .
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Domain and range of a linear function that models a real-world situation

A construction crew is lengthening a road. Let L be the total length of the road (in kilometers). Let D be the number of days the crew has worked. Suppose that
L =4D+300 gives L as a function of D. The crew can work for at most 70 days.

Identify the correct description of the values in both the domain and range of the function. Then, for each, choose the most appropriate set of values.

Description of Values Set of Values

(O 1,length of the road (in kilometers)

Domain the set of all real numbers from 0 to 70 v
@ 2,number of days the crew has worked

@ 1,length of the road (in kilometers)

Range ‘the set of all real numbers from 300 to 580 v |

O 2,number of days the crew has worked

Guide the learner to
determine which variable
depends on the other.

Notes for the teacher corresponding to the explanation of Topic 2

Return to the theme of the straight line and direct the learner to recognize when a graph is
increasing, decreasing or constant.

Show a graph that presents the three types of behaviors and demonstrate to the learner how
the graph is defined in one way or another for a given interval, indicate the behavior of the

variables x and y in each case.

Explain to the learner that some functions are called special because of the properties that
characterize them and present examples of each.

Analyze with the learner the transformations that the graph of a function can undergo

through translation, reflection and rotation. Make sure the learner algebraically identifies
these transformations in the function.

Notes for the teacher corresponding to Exercise 2

Before the explanation it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

Universidad
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Interpreting a line graph

The graph below shows the amounts of rainfall for six months.

Rainfall amount (in mm)

80+

70

=N
=}
+—————————

September October November December January February
Month

(a) What was the least amount of rainfall in a month?
IIl mm

(b) When did the greatest increase in rainfall occur?

() September to October
(O October to November
(O November to December
(O December to January

(O January to February

X N}
Graphing an absolute value equation in the plane: Advanced Help the learner to
Graph the equation. remember the concept of
absolute value and invite
y=-3x+3|-2 _
him to make the table of
: ‘ values before graphing.
10 @ % \
ol \ @
4 X \()
TRl E L% T e
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Choosing a graph to fit a narrative : Advanced

For each scenario below, choose the graph that gives the best representation.

(@) A police helicopter takes off straight up from the ground. It quickly ascends to several hundred meters above the
ground. Then it flies straight ahead at a constant altitude for a few minutes. Without changing altitude, it turns and flies
toward headquarters.

Altitude Altitude Altitude Altitude
of of of of
Helicopter Helicopter Helicopter Helicopter
o Time o Time o Time o Time
O ©] O @

remains constant for several years. After this, the population grows again, but slower than before.

Population j PopulalmnF\ Popu|al0l’¢_/\ Population| ,~ \
0 0

o Time o Time Time Time

® ©] O O

(b) The population of a large city grows very quickly for several years. Then the growth begins to slow, and the population

K

Translating the graph of a function: One step
Translate each graph as specified below.

(a) The graph of y = £ (x) is shown. Translate it to get the graph of y =f(x) = 2.
(b) The graph of y = g (x) is shown. Translate it to get the graph of y = g (x+5).

Transforming the graph of a function by reflecting over an axis

(a) The graph of y =£(x) is shown. Draw the graph of y = —f(x). (b) The graph of y = g(x) is shown. Draw the graph of y = g (—x).

e &2 \

] b

s 1 | ‘ Hs X s

e Z N\

The learner must interpret
the sentences to identify
the behavior of the
variables, point out the
importance of locating
each variable in the plane.

Emphasize with the
learner that he must
identify the form of the
equation to know if it is a
vertical translation or a
horizontal translation.

In this exercise the learner

must work with the

coordinates of the ends of

the graphs to achieve
their reflection.
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Notes for the teacher corresponding to the explanation of Topic 3

In this topic you will review with the learner the composition of functions, it is recommmended
that you start explaining with simple examples pointing out the importance of the order of
the composition and demonstrating with practical exercises how this influences the result.

You can explain by diagramming the obtaining of the domain and range of a composite
function.

Take up the concept of injective functions to specify that only this type of functions has an
inverse function.

Establish the procedure for calculating the inverse of a function as a series of steps that the
learner must follow, make sure that the learner understands the role of the dependent and
independent variables at each point.

Develop an exercise where you show that when one function is inverse of another, the
evaluations of the composition of the two functions in both directions have the same result x.

As for the domain and range of an inverse function, it is important that you start by
demonstrating with the help of a relation of ordered pairs, how the domain of the function is
the range of its inverse, just as the range of the function is equal to the domain of its inverse.

Notes for the teacher corresponding to Exercise 3

Before the explanation it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

Introduction to the composition of two functions

Point out that the order of
the composition is
u(x)=—4x-3 decisive for the result.

w(x) =2x-2

The functions u and w are defined as follows.

Find the value of w (1 (4)).

w(u (4)) = -40 \/E DD
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Composition of two functions: Domain and range

Two functions fand g are defined in the figure below.

Domain of f

Find the domain and range of the composition g o f. Write your answers in set notation.

Range of f

Domain of g

Range of g

Domain of gof : { :?_:8}

0
Range of gof : {0}

]

X

og...

Determining whether two functions are inverses of each other

For each pair of functions fand g below, ﬁndf(g(x)) and g (f(x)).
Then, determine whether fand g are inverses of each other.

Simplify your answers as much as possible.

(Assume that your expressions are defined for all x in the domain of the composition.
You do not have to indicate the domain.)

1
(a) f(x)=6— x=0

X

g(x) = -6x

fle@) = -

1
36x
1
g(f() = -=
x
(O fand g are inverses of each other

@ fand g are not inverses of each other

1
(b) f(x)=;,x‘.—‘0

g(x) = i ,x=0
flel) = =

2(f()) = =

@ fand g are inverses of each other

(O fand g are not inverses of each other

Inverse functions:

Problem type 1

DD

oo

The one-to-one functions g and % are defined as follows.

g(x)=—4x+3

h={(-2, 2), (1, 6), (2, -5), (6, 9)}

Find the following.

£ ()
(2o

Ojo

@)

O | 8 =

It is recommended that
you use a graphical model
to explain to the learner
how to obtain the domain
and range of the
composite function:

Range of s

Ranpe of ¢

In this exercise the learner
must evaluate the
compositions of the
functions in both
directions to check if they
are inverse to each other.

In the second part of this
exercise, demonstrate the
procedure to obtain the
inverse of the function
and then evaluate the
composition of both
functions; point out to the
learner that it is not
necessary to do the whole
process to obtain the
result since the
composition of a function
with its inverse always
results in an output value
equal to the input value.
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Inverse functions: Quadratic, square root
Consider the function f(x) = /x—2 + 10 for the domain [2, ).

Findf_l(x), wheref_1 is the inverse of f.

-1
Also state the domain of /  in interval notation.

f-l (\’) = (X = 10)2 + 2 for the domain [10, oo) %
o

Ouo

e
(0.O)

(o.0]

Jo
(.0l

(O.0)

Graphing the inverse of a function given its graph

Below is the entire graph of function f.

Graphf_l, the inverse of f.

Detail and emphasize
each of the steps to follow
on the procedure to
obtain the inverse of a
function.

Guide the learner to
obtain the range of the
function based on the
domain provided by the
exercise and then point
out that the range of the
function corresponds to
the domain of its inverse.

Indicate to the learner that

it is possible to plot the

graph of the inverse of the

shown function, working
only with the coordinates
of its ends and vertices.

Universidad
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Inverse functions: Problem type 2

The one-to-one function g is defined by
Resume the stepsin the
g =5 ¢ procedure to define the

inverse function.

-1 -1
Find g ~, the inverse of g. Then, give the domain and range of g ~ using interval notation.

o . The learner must find the
-1 _ X = (oo [oo . .
g () 7 — 5% o domain of the function to
. . ouo (o0 [oo) define the range of its
4 2 2
Domain (g ) = (-W: —> v (—W) ® o o inverse and based on the
range, calculate the
6 6
range (') = (—oo: ;) u (:m) X D) domain of the inverse.

Notes for the teacher corresponding to the explanation of Topic 4

Begin by taking up the elements of the linear equation and helps the learner to remember
how a straight line is drawn by its equation, as well as the behavior of this according to the
value of its slope.

Emphasize the different forms of the equation of the line and how the learner will use each
one depending on the available elements.

It is recommended that you demonstrate algebraically how (regardless of the form of the
equation of the line) it is possible to transform it to the form y = mx + b, and once he gets this
equation, the learner can identify the dependent and independent variables. In the same way,
algebraically exemplify the procedure to get from any of the forms of the equation of the line
to the form Ax + By = C or Ax + By + C = O, which corresponds to a polynomial of the first
degree.

Explain the concept of the root of a function and point out how to obtain it for the linear
function, as well as how the line can be drawn by knowing its root and the intersection on the

y-axis.

Analyze with the student the symmetrical shape of the equation of the line and identify each
of its elements.

Notes for the teacher corresponding to Exercise 4

Before the explanation, it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

Universidad
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Identifying linear functions given ordered pairs

For each function, state whether it is linear.

Finding the slope and y-intercept of a line given its equation in the form Ax + By = C

Find the y-intercept and the slope of the line.
—5x+4y=-3

Write your answers in simplest form.

Function 1 Function 2
{(0.-5).(5.-2).(5.1). (12.-4)) {(-3.0). (-2.-2). (-1.-4). (. ~6))
(O Linear @ Linear
@ Not linear O Not linear
Function 3 Function 4
x y x y
5 2 -4 | -4
7 6 -3 -6
9 10 -2 -9
11 14 -1 -10
@ Linear O Linear
O Not linear @® Not linear
X )

3 [m] O
y-intercept: —— O
J P B [u] [u]

. 5
slope: —
4

Undefined

Writing an equation in slope-intercept form given the slope and a point

A line passes through the point (1, - 1) and has a slope of —6.

Write an equation in slope-intercept form for this line.

Writing an equation of a line given the y-intercept and another point

Write an equation of the line below.

Explain to the learner that
a function is linear if and
only if a constant change
in X produces a constant
changeiny.

In this type of exercises,
the learner will practice
the different forms of the
equation of the line
depending on the
provided information.

3 4 5 6 7 8

Universidad
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Writing and evaluating a function that models a real-world situation: Advanced H ig h | ig ht th e i m po rta n Ce

The Sugar Sweet Company is going to transport its sugar to market. It will cost $55 000 to rent trucks, and it will cost an additional $2250 for each ton of sugar . .
transpored. of reading comprehension
Let C represent the total cost (in pesos), and let S represent the amount of sugar (in tons) transported. Write an equation relating C to S. Then use this equation to
find the tote cost o transpart 11 tons of sugar so that the learner can

quation: € = 55000 + 22508] 2 oo develop the equation

Total cost o transport 1 tons of sugar: ST9750 x 6 requested in this exercise.

Finding the intercepts and rate of change given a graph of a linear function

Valentina is draining an aquarium. The graph shows the amount of water (in liters) in the aquarium versus time (in minutes).

Invite the learner to

L (a) At what time does the amount of water in the aquarium . .
. reach 0 liters? identify the dependent
4 3 minutes H
variable and the
) (b) Choose the statement that best describes how the time and . .
A . amount of water are related. Then fill in the blank. |ndependeﬂt varila ble aﬂd
moun
of water As time increases, the amount of water in the aquarium . ..
(iters) = © gecreases. to detect on which axis in
; At what rate is the amount of water decreasing? th e p | ane ea Ch one Of
— T 180 liters per minute them IS |OCated
) As time increases, the amount of water in the aquarium
Time (minutes) O increases.
At what rate is the amount of water increasing?
Dllters per minute
Interpreting the parameters of a linear function that models a real-world situation Th e Iea rner Wi | | be a b | e to

A construction crew is lengthening a road. Let y represent the total length of the road (in kilometers). Let X represent the number of days the crew has worked.

Suppose that x andy are refsted by the equation y - 56+ 4. identify the parameters of
Answer the questions below. the eq uations that a re

Note that a change can be an increase or a decrease.
For an increase, use a positive number. For a decrease, use a negative number.

presented (slope and

What was the road's length when the crew started working? .
5 alometers y-intercept), to solve the
What is the change in the road's length per day? M
exercise.
4 kilometers

Identifying independent and dependent variables from equations or real-world situations
Answer the questions below. Th roug h readi ng

comprehension, the
(@) A function relates the input & to the output 77 = 3k— 3. Which is the independent @k . .
variable for this function? On |earner mUSt |dent|fy the

dependent and
(b) The cost of a want-ad in a newspaper increases with the length of the ad. For @ length of want-ad
example, in one newspaper, a want-ad costs $600 plus $10 per word. Which is the independent va ria bles

independent variable in this relationship?

O cost of want-ad

(c) A company that makes plastic utensils is looking at how the price it charges for a O price of a knife
knife affects the number of knives it sells per week. Which is the dependent
variable?

@ number of knives sold per week

Universidad
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Notes for the teacher corresponding to the explanation of Topic 5

Indicate the elements of a second-degree polynomial that represents a quadratic function:
main term, main coefficient, and independent term.

Detail the elements of the graph that represent a quadratic function and explain the reason
why a horizontal parabola cannot be considered as a function, for this you must show that, in
the case of this type of equations, for each x, there are two y coordinates, which disqualifies it
as a function.

Explain the characteristics of the graph of the quadratic function according to the value
acquired by the main coefficient a, emphasize that the larger the value of a, the narrower the
opening of the parabola and vice versa.

The learner must know that, to find the intersections on the x-axis, the equation must be
solved in its general form by setting it to zero and solving for x.

It is recommended that you emphasize that, knowing the zeros of the function, it can be
represented as the product of two factors and in the same way, when developing the
multiplication of these two factors, a second-degree polynomial is obtained.

It is important that you develop an example that involves complex zeros and that you explain
that when these types of values are presented for the roots of the function, it is indicative that
the graph does not cross the x-axis.

Teach the learner the use of the discriminant to know if the graph of the function has
intersections on the x-axis and how many.

Resume the procedure of completing the trinomial to obtain the standard form of the
guadratic function.

Notes for the teacher corresponding to Exercise 5

Before the explanation, it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

How the leading coefficient affects the shape of a parabola

Look at the graphs and their equations below. Then fill in the information about the leading coefficients 4, B, C, and D. The |ea rner m ust Work

with the characteristics of

' 5 et 45 et - the graph of a quadratic
, / | : function determined by
=dis? yoB yocid y=D?? the value of the main
coefficient.
A B C D

(a) For each coefficient, choose whether it is|

positive or negative Positive v ] [Negative v | [Negative | [Positive v |

(b) Choose the coefficient closest to 0 (@) (@) (@] ®

(c) Choose the coefficient with the least
value

®

Universidad

Tecmilenio.



Graphing a parabola of the formy = a(x-h)2 + k
Graph the parabola.

y=3(+7)7+1

To graph the parabola, plot the vertex and four additional points, two on each side of the vertex. Then click on the graph icon.

# ¥
tl f e &
8 @
nane
by ] X S
\/ ]

Graphing a parabola of the formy = x2 + bx + ¢
Graph the parabola.

2
y=x+10x+22

To graph the parabola, plot the vertex and four additional points, two on each side of the vertex. Then click on the graph icon.

e & \
N

\ / X )
y \

Solving a quadratic equation by graphing
Solve the equation by graphing.
- +8x-16=0
First, graph the associated parabola by plotting the vertex and four additional points, two on each side of the vertex.

Then, use the graph to give the solution(s) to the equation.
If there is more than one solution, separate them with commas.

g \

i =
‘ O

X S

Solution(s): x = 4

au]
[m]

o
o
7}

Explain that after locating
the vertex coordinate, the
learner must use at least
one value to the left and
one value to the right of
the vertex to obtain two
other coordinates and be
able to plot the graph.

The learner can use the
formula to calculate the
axis of symmetry in order
to get the x-coordinate of
the vertex and then obtain
the y-coordinate.

In this exercise, after
graphing the function, the
learner must locate the
zeros or roots that are the
solutions of the function.

Universidad
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The learner must factor to
calculate the zeros or roots
of the function. Indicate
y=x2+12x+35 that the quadratic formula
) may be used instead of

Finding the zeros of a quadratic function given its equation

Find all the zeros of the quadratic function.

If there is more than one zero, separate them with commas.

If there are no zeros, click on "None". factoring.
zero(s): =3, -7 o oo None
]
X N}
Writing a quadratic function given its zeros The learner must convert
Write a quadratic function # whose zeros are 5 and —6. the zeros into factors and
_ perform multiplication to
h(x) = (x-5)(x+6) e obtain the second-degree
equation representing the
X S function.
Word problem i ing the il or minil of a quadratic function EXplain that Once the
:‘:d:ots(lt 'ﬁlr(‘l‘r’:‘::zeesr::loc:)::?nufacturlngxchalrs at Joaquin's Furniture Factory is given by the function C(x) = 0.6x~ — 180x +33 449. How many chairs must be ve I’teX |S fou nd, the

Do not round your answer.

maximum or minimum of
the function can be
calculated and point out
the importance of
identifying whether to use
the x or y coordinate of the
vertex according to what
is requested in the
problem.

Number of chairs: 150

Hx &
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Domain and range from the graph of a quadratic function Identify in the graph the

The graph of a quadratic function with vertex (1, 0) is shown in the figure below. domain and range of the

Find the range and the domain. function.

10+F

Write the range and domain using interval notation.

(a) range: |I| (oo oo (oo
oo @ ouo
(b) domain: |:|
(o0] -00
X N)

Discriminant of a quadratic equation The learner will use the
Compute the value of the discriminant and give the number of real solutions of the quadratic equation. d iscrimina nt form u |a.

-2 +6x-1=0

Discriminant: 28 %

Number of real solutions: 2 X )

Notes for the teacher corresponding to the explanation of Topic 6

It is important to make sure that the learner identifies a polynomial function from any other
type of function.

Detail the characteristics of polynomial function graphs, guide the learner to visually identify
from a graph, the degree of a function and, therefore, how many roots it has and of what type
(real or complex).

Explain how the graphs of polynomial functions are influenced by the value of the main

coefficient and exemplify graphically.

Universidad
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It is recommended that you do a review about factoring and how a polynomial can be
represented as the multiplication of its factors.

Point out to the learner the difference between a factor and a root and how he can
distinguish one from the other.

Address the synthetic division and emphasize that, if there is a missing term, it is necessary to
respect its place in the dividend by using a zero; also point out that the obtained quotient is a
degree less than the function before being divided and that the residue must be zero for the

divisor to be a root of the function.

It is important that you present the quadratic formula again and explain that the values of x
obtained by the formula are roots of the polynomial function.

Notes for the teacher corresponding to Exercise 6

Before the explanation, it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

Identifying polynomial functions

For each function, determine whether it is a poclynomial function.

Is the function a polynomial?
Function
Yes No
6 — _

@ flx)=7x
1

(b) v (x) = __2 (:n |/:|
bs

(0 u(x)=3 \/;— ox’ O O

(d)  h(x) =x8—7+3x—6 O O

Universidad
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Finding a polynomial of a given degree with given zeros: Real zeros

Find a polynomialf(x) of degree 5 that has the following zeros.

3,-1,4,-8,6

Leave your answer in factored form.

f(r) = (x - 3)(x + 1)(x - 4)(:( + 8)(x - 6)

Finding x- and y-intercepts given a polynomial function

Find all y-intercepts and x-intercepts of the graph of the function.

fx) =X -3 —x+3

If there is more than one answer, separate them with commas.

Click on "None" if applicable.

None

y -intercept(s): 3

][]

x -intercept(s): 3.1,-1

o Y@

og..

Inferring properties of a polynomial function from its graph

Below is the graph of a polynomial function f with real coefficients. Use the graph to answer the following questions about f. All local extrema of f are shown in the

graph.

e
0N,

‘/,s 5 4 24 6 810
| 2
[

oo.
(a) The function f is decreasing over which intervals? Choose all that apply.

Oc¢ (7,-2) 024 07,4 @8 @6 ®)
@, -7

(b) The function f has local minima at which x-values? If there is more than one value,
separate them with commas.

-2.8

(c) What is the sign of the leading coefficient of f?

(d) Which of the following is a possibility for the degree of 2 Choose all that apply.

O4 Gs Os @7 Os G

Synthetic division

4 2
Use synthetic division to find the quotient and remainder when —2x4 + 9.\:3 + 5x” + 1is divided by x—35 by completing the parts below.

X S

(a) Complete this synthetic division table.
5 -2 9 5 0 1
-10-5 0 0
-2 -1 0 0 1
Remainder
(b) write your answer in the following form: Quotient+ 75
x—
4 3 2
—2x +9x +5x +1 3 2 1
- =X —x +—
x—=5 x—=5

DD

Explain that intersections
with the x-axis are the
roots of the function and
that the graph of a
function cannot have
more than one
intersection with the
y-axis since each input (x)
can have only one output
(y) to be considered as a
function.

Review with the learner
how to identify each
element of the synthetic
division and how to
organize them in their
answers.
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Point out to the learner
that, when using synthetic
division, the reminder is

Using the remainder theorem to evaluate a polynomial

Use the remainder theorem to find P (—3) for P (x) = B TAE e ey

Specifically, give the quotient and the remainder for the associated division and the value ofP(—S). the same as the result of
o o evaluating the function
, ] :
Quotient = —2¢ +% +2x6 with the value of the
X ) divisor.
Remainder = 15
P(-3) =15

The Factor Theorem

4 2
Use the Factor Theorem to determine whether x— 1 is a factor of P(x) = —x +x3 +5x" 7.

Specifically, evaluate P at the proper value, and then determine whether x—1 is a factor.

p(1)= -2

O x - lis afactor of P (x)

@ x - lisnot a factor of P (x)

X )
Using a given zero to write a polynomial as a product of linear factors: Real zeros Point out the difference
For the polynomial below, 2 is a zero. between factor and zero
gx) =X -8 +19x - 14 (root).

Express g(x) as a product of linear factors.

£0) = G-)0- 6+ V2)e-6-Vv2)) = 2 @
i
X D)
Finding all possible rational zeros using the rational zeros theorem: Problem type 1 The learner should only list
Use the rational zeros theorem to list all possible rational zeros of the following. the possible rationa| Zeros.

f(x)=-3x4 +70 + 60 9 £ 5

Be sure that no value in your list appears more than once.
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Indicate that after having
obtained the list of
possible zeros or roots, the
learner must use the
synthetic division to

Using the rational zeros theorem to find all zeros of a polynomial: Rational zeros

The function below has at least one rational zero.
Use this fact to find all zeros of the function.

f(x)=4x3 + 128 -x -3

If there is more than one zero, separate them with commas. Write exact values, not decimal approximations.

0 .0 9 & review each possible root
until he finds one that has
a zero as residue and,
therefore, it is verified that
itis a root.

Using a given zero to write a polynomial as a product of linear factors: Complex zeros Take up the Concept of

For the polynomial below, —2 is a zero of multiplicity two. com plex num be rs a nd the
FO)=x' + 2% + 627 + 32x + 40 powers of .

Express f(x) as a product of linear factors. Du ring the explanation

use the quadratic formula

on the quotient to obtain

i the rest of the zeros.

=0 0°

oo
o

Notes for the teacher corresponding to the explanation of Topic 7

Explain by example how to differentiate a rational function and point out that the values of
the function do not allow a zero in the denominator since it would cause an indetermination.
Work with the concepts of domain, range, and interval notation.

Point out the different types of asymptotes and how to calculate them, emphasize that an
asymptote should not always be present and how to determine this situation. Work with the
learner on an example of an oblique asymptote and help him identify its equation as a line
equation of the formy = mx + b.

Resume the process of long division, indicate to the learner each of its elements and the
procedure to calculate it.
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Notes for the teacher corresponding to Exercise 7

Before the explanation, it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

Domain of a rational function . .
You can give the option to

use factoring or the
guadratic formula to
h(x) = 7‘;4 obtain the values that

X" +6x+9 should be omitted in the
domain and avoid a
division by zero.

The function /7 is defined below.

Find all values of x that are NOT in the domain of /.
If there is more than one value, separate them with commas.

x= -3 o
O ono....

Graphing a rational function: Constant over linear

1 The learner must

x—1
determine the asymptotes
(if they exist), and then use

Graph the rational functionf(.\ =

To graph the function, draw the horizontal and vertical asymptotes (if any) and plot at least two points on each piece of the graph.
Then click on the graph icon.

o e & U values of x to the left and
S = right of the vertical

9 o asymptote to tabulate and
ii — obtain at least two points

on each side of the
asymptote in order to
graph the function.

_______________,._______________
L
ot
I

Finding x- and y-intercepts of the graph of a nonlinear equation

Find the y-intercept(s) and x-intercept(s) of the graph of the following.

2 <
X +y=25

If there is more than one answer, separate them with commas.
Click on "None" if applicable.

oa... None

m m}

y-intercept(s) - 25

x-intercept(s): 5.-5
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Matching graphs with rational functions: Two vertical asymptotes EXplain to the Iea rner hOW
Consider the following rational functions. to ma ke a table Of S|g ns

e for each interval of the
¥l function and based on

2x
EW=5—— these signs, the learner

will be able to determine
Graph € the direction of each
¥ stroke as it approaches
the asymptotes.

Choose the graph of each function from the choices below.

Graph A Graph B
y y

4
Which is the graph of f(x) = — ? Gz )

x -2x-3

2x

Which is the graph of g (x) = - ?
8

x -2x-

Notes for the teacher corresponding to the explanation of Topic 8
Take step functions and present them as an example of a piecewise function. It is
recommended to use a real-life example that is familiar to the learner to exemplify the

piecewise functions.

Point out that a function defined by parts is a set of rules that correspond only to a certain
interval of the domain of the function.

In the graph of the piecewise function, you must explain the meaning of the empty points
and the full points and how they relate to the interval notation.

Emphasize that each range of values in the domain has its own graphical representation,
which depends on the rule that corresponds to it.

Try to use a graph to point out to the learner the domain and range of a piecewise function.
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Notes for the teacher corresponding to Exercise 8

Before the explanation, it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

Evaluating a piecewise-defined function )
Explain that the rule to

Suppose that the function / is defined, for all real numbers, as follows. use, in order to calculate
3 the output value, depends
—x+1 ifx#-2 on the input value.
h(x)= 4
1 ifx=-2

Find 7(—5), h(—2), and 7 (3).

(-5)= [

Ojo

Introduction to graphing a piecewise-defined function involving lines with non-zero slope Make sure the learner

Suppose that the function g is defined, for all real numbers, as follows. ideﬂtifies the va | ues that
4 ifx<—2 correspond to each
glx)={ —x+2 if-2<x<3 interval.
4 ifx=3

Graph the function g.
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Graphing a piecewise-defined function
Suppose that the function g is defined on the interval (—1.5, —2.5) as follows.

-2 if-15<x<-05

-1 if-05<x=<05
glx)={ 0 if0.5<x<15

1 if1.5<x<25

if2.5<x<3.5

[S9]

Graph the function g.

+ & N\ N\
] . O e
. =0
1 e X )
R S S N L D T o
Q=9
Domain and range from the graph of a piecewise function
The entire graph of the function fis shown in the figure below. Th e Iea rne r m u St Id e ntlfy
Write the domain and range of f as intervals or unions of intervals. th e | nte rva |S d efl n ed |n
each of the strokes of the
o ] domain = [-5.0] @D Lo ©o graph and use the interval
1 ] e R Lo @ ow notation to answer.
RN R o
S e

Notes for the teacher corresponding to the explanation of Topic 9

Present the form of the exponential function and each of the elements that form it, guide the
learner to identify an exponential function.

It is important for the learner to review the rules of exponents to facilitate the evaluation of
exponential functions.

Explain to the learner the equivalence of the Euler number, how it gives rise to the natural
exponential function and its role in the formula of population growth.

Make sure the learner identifies the graph of an exponential function and knows how the
value of the base influences the behavior of the graph.
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Analyze the characteristics of the graphs of exponential functions, including their range and
domain and contrast two examples that allow the learner to identify their differences.

Guide the learner to recognize the algebraic form of an exponential function that moves
vertically or horizontally and show the translation graphically.

Review the properties of exponential functions, including the relation among successive
values of y.

Notes for the teacher corresponding to Exercise 9

Before the explanation, it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

Solving an exponential equation by finding common bases: Linear and quadratic exponents

Solve for x,

) The learner will seek to
9x“-9x-14:818-4x )
equalize the bases on
both sides of the equation
x=6-3 g om. % in order to match the
resulting exponents and

If there is more than one solution, separate them with commas.

X )
determine the value of the
variable.
Table for an exponential function
The function fis defined by the following rule. The learner must apply
(0 =10° the rules of the exponents

to evaluate the function.
Findf(x) for each x-value in the table.

x f(x) o o
(] =0
1
-1 —
101 X )
0 1
1 10
2 100
3 1000
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Graphing an exponential function: f(x) = a(b)*

3
Graph the exponential function g x)= ry (3)X.

To graph the function, plot the points on the graph with X-values =2, —1, 0, 1, and 2, and then click on the graph icon.

J L H

# X

Graphing an exponential function and its asymptote: f(x)=b™ or f(x)=-b3*

1 X
Graph the exponential function f(x) = —(;) .
2

To graph the function, plot the points on the graph with X-values =2, =1, 0, 1, and 2.

Next draw the asymptote(s), and then click on the graph button.

® & \

Translating the graph of an exponential function

Below is the graph of y = .
Translate it to become the graph of y =2*7 vy

This exercise provides the
input values for
calculating the
coordinates that will serve
as a guide to plot the
function.

The learner must identify
the type of function to
know the shape of its
graph and determine the
asymptote after
evaluating the function
with the input values
given in the exercise.

Knowing the initial
function and given the
shape of the function after
it has been translated, the
learner can identify the
type of translation and
locate two points on the
graph to plot it.
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Finding domain and range from the graph of an exponential function

The graph of an exponential function is shown in the figure below.
The horizontal asymptote is shown as a dashed line.
Find the range and the domain.

5

Write your answers as inequalities, using X or V' as appropriate.
Or, you may instead click on "Empty set” or "All reals” as the answer.

range: ¥ < 3 O<0 00 D=0

0 [m]
020 = O
domain: All reals 8] B

Empty A

st

The graph, domain, and range of an exponential function

Graph the function g(x) =3"-3 and give its domain and range using interval notation.

Domain: (-, )

Range: (-3,w)

Finding the initial amount in a word problem on continuous compound interest

Mr. and Mrs. Pino hope to send their son to college in fourteen years. How much money should they invest now at an interest rate of 8.5% per year, compounded
continuously, in order to be able to contribute $8300 to his education?

Do not round any intermediate computations, and round your answer to the nearest cent.

$2585.88 | l = S

Finding the final amount in a word problem on continuous exponential growth or decay

The mass of a radi follows a decay model. A sample of this radioactive substance has an initial mass of 9749 kg and

decreases continuously at a relative rate of 4% per day. Find the mass of the sample after five days.

Do not round any intermediate computations, and round your answer to the nearest tenth.

7981.8 kg | { X s

Finding the final amount in a word problem on continuous exponential growth or decay

The number of bacteria in a certain population is predicted to increase according to a continuous exponential growth model, at a relative rate of 3% per hour.
Suppose that a sample culture has an initial population of 934 bacteria. Find the predicted population after four hours.

Do not round any intermediate computations, and round your answer to the nearest tenth.

1053.1 bacteria | l % S

The learner must plot the
function to determine its
domain and range.

Applications of
exponential functions in
real-life situations.
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Identifying linear, quadratic, and exponential functions given ordered pairs According to the relation

For each function, state whether it is linear, quadratic, or exponential. between successive

Function 1 Function 2 Function 3 OUtDUt Valuesy the learner
* y X y x y must identify what type of
3 2 3 5t 2 ¢ function it is.
4 g [ -36 3 17
5 32 7 -25 4 28
6 128 g -18 5 29
7 512 9 -15 6 50
() Linear ) Linear @ Linear
() Quadratic ® Quadratic ) Quadratic
@® Exponential () Exponential () Exponential
() None of the zbove ) None of the above ) None of the zbove
X )

Notes for the teacher corresponding to the explanation of Topic 10
Emphasize the relation between logarithmic equations and exponential equations, and
present to the learner the classification of logarithms according to the base each one of them

has, guiding them to differentiate their nomenclature.

It is recommended to work conversion exercises between logarithmic expressions and
exponential expressions and vice versa, using different bases for logarithmes.

Explain the graphs of logarithmic functions by means of an example that demonstrates how
these graphs reflect the graphs of their corresponding exponential functions. Particularly
point out the difference between the asymptotes of each type of function.

Point out to the learner that he can predict the shape and direction of the graph of a
logarithmic function depending on the value of the variable b in the function and that there

are three key points that can help him trace the graph.

Ask the learner to check on his calculator if he has the option to calculate a logarithm of any
base, explain how to use the base change formula.

Notes for the teacher corresponding to Exercise 10

Before the explanation, it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:
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Converting between logarithmic and exponential equations

Rewnte each equation as requested.

(a) Rewrite as an exponential equation.

logs1=0

(b) Rewrite as a logarithmic equation.

3*=31

Graphing a logarithmic function: Basic

Graph g(x) =4+log;x.

To graph the function, plot at least two points on the graph, draw all asymptotes, and then click on the graph icon.

oo

e & |
a
X 9

Domain of a logarithmic function: Advanced

Find the domain of the function.

f(9) =1og(*~4)

Write your answer as an interval or union of intervals.

Domain: (—oo, —2) U (2, 00)

£ ©o o
(0O (oo ouo
© -00 5
X )

Suggest to the learner to
first identify each of the
elements of the
expression that he will
transform.

In this exercise, when
tabulating, it is
recommended to use
values of x that are powers
of the base of the
logarithm, which would
facilitate the calculation of
y or f(x).

Note that the variable x is
located within a square
root, therefore, that
expression cannot be a
value less than zero.
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Basic properties of logarithms

Fill in the missing values to make the equations true.

log,5 + log,9 = log, 45 %
2 X )
log2 = log7 = log, =
]og.l = -2le3
29

Expanding a logarithmic expression: Problem type 1

L=}

. . y
Use the properties of logarithms to expand log'?.

Each logarithm in your answer should involve only one variable.
Assume that all variables are positive.

1‘8 Ow=s0 =k
log— = 8logy - logz -
0z ogy ogz
X S
Expanding a logarithmic expression: Problem type 3
Use the properties of logarithms to expand the following expression.
4 The learner must use the
l°g((6$r)3) properties of logarithms to
Your answer should not have radicals or exponents. solve these exercises.
You may assume that all variables are positive.
° [u]
4 Oes@ =
log * — | = log4 + Slogx - 3log(6 + X) 8]
(6+x)
X )

Using properties of logarithms to evaluate expressions

Use the properties of loganthms to evaluate each of the following expressions.

“a

(2) e -2he

I
—

(b) log, 7+ log, 2 =

X ]
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Writing an expression as a single logarithm

Write the expression as a single loganthm.

| . 1 .
4logg (4y+1)+ 3 logg (v+4)

u.| =

|
a

oo

log, (4y + 1)4 (v+4)

. Use the b h
Change of base for logarithms: Problem type 2 se the base change

formula.
Consider the equation
axX 3 - ‘)
log. 14"~ =20.

Find the value of X. Round your answer to 3 decimal places.
Finding the rate or time in a word problem on exponential growth or decay The Iea rﬂer m U St USG the
e e oy o e ey Tl 7ovh rocl f amate 30 meerassecseion—— formula of continuous
Note: This is a continuous exponential growth model. .
Write your answer as a percentage. Do not round any i and round your to the nearest ex po n e nt I a | g rOWt h o r

Ton ‘ » ol decrease, converting the
R resulting expression to a
natural logarithm in order
to solve it.

Finding the time given an exponential function with base e that models a real-world situation

The number of milligrams D (h) of a certain drug that is in a patient's bloodstream & hours after the drug is injected is given by the following function.

The solution requires
converting the

D(r)=45¢71%

When the number of milligrams reaches 17, the drug is to be injected again. How much time is needed between injections?

Round your answer to the nearest tenth, and do not round any intermediate computations. expone Nt | a | fu nct | onto a

65 bours l « o logarithmic expression.
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Notes for the teacher corresponding to the explanation of Topic 11

Begin by remembering the concepts of trigonometric ratios, then guide the learner to
identify a trigonometric function.

Explain the particular characteristics of the sine and cosine functions, detail each of the
elements of their algebraic expressions and what they represent within the sinusoidal graphs.
It is recommended to graphically present each of the parameters both in a graph of the sine
function and in a graph of the cosine function.

Point out how the sign of the coefficient a in the trigonometric function affects the shape
that the graph acquires both in the sine and cosine functions and emphasize the importance
for the learner to know what shape the graph will have before graphing, because this will
facilitate its plotting.

Show the sine and cosine graphs without any displacement and allow the learner to locate
the roots, the intersection on the y-axis and the minimum and maximum points, explain how
these 5 points will be decisive for the drawing of the graph.

Then contrast with examples of sine and cosine graphs that present horizontal and vertical
displacements, guide the learner to locate the roots, the intersection on the y-axis and the

minimum and maximum points.

Explain how to obtain the coordinates of the roots and the minimum and maximum points of
the graph using the parameters of the trigonometric function.

In the same way, describe, by means of an example, how to obtain the trigonometric function
from its graph.

Notes for the teacher corresponding to Exercise 11

Before the explanation, it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:
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Amplitude and period of sine and cosine functions

Find the period and amplitude of the function.

The learner must identify
yv=2sen4x

the parameters of the
trigonometric function in
order to calculate the

. . L requested data.
Give the exact values, not decimal approximations.

Period:

(SR

oo
=

Amplitude: 2

Amplitude, period, and phase shift of sine and cosine functions

Find the amplitude, phase shift, and period of the function.
y=3+4cos(2nx-n)

Inform the learner that
Give the exact values, not decimal approximations.

phase shift refers to
horizontal shift.
0
Amplitude: 4 (5] x
1 = s
Phase shift: -
Period: 1
Sketching the graph of y= a sen(bx) or y= a cos(bx)
Graph the function y = —2sen3x.
To draw the graph, plot all X-intercepts, minima, and maxima within one period. Then click on the graph icon.
i @ & U
1A ‘
//\\ M ,'/\'\ f/\, 1/\\ ,/\\ ,/\, ,/ - : B;]
PR |
A AR \ \ x " 5
BYRVRVETRVAVET
ISR \ / SYARBLNY \ \
AN AVAREAVARBAVAREAVANSAVARBAVARELY,
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Sketching the graph of y= a sen(bx+c) or y= a cos(bx+c)

5 1 =
Graph the function y = sen| Sx+ 1)

To draw the graph, plot all x-intercepts, minima, and maxima within one period. Then click on the graph icon.

Al® ¢ «
| =—

Sketching the graph of y= a sen(bx)+ d or y= a cos(bx)+ d

Graph the trigonometric function.

y= —ZSen(%x) -1

Plot all points corresponding to minima and maxima within ane cydle. Within that cycle, also plot all points along the "midline” (points whose y-coordinates are
midway between the function's minimum and maximum values). Then click on the graph-a-function button.

Writing the equation of a sine or cosine function given its graph: Problem type 2

Write the equation of a sine or cosine function to describe the graph.

® Z

=

]

X S

5 2 i
¥ =2sen| 2w -

0
[=]

olo

o

n senl]  [eosld

Guide the learner to
identify the parameters of
the function so that before
tracing the graph he
knows if the graph
presents some type of
displacement.

Explain to the learner that
depending on the cycle he
selects on the graph; he
could obtain several
equations of the function
described by the same

graph.

Notes for the teacher corresponding to the explanation of Topic 12

Informally, explain that a continuous function is one that does not present any jump or

interruption in its stroke.

Point out that graphs can be continuous in reference to only a certain interval.
Return to the concept of limits and explain each of the three conditions of continuous
functions, it is recommended that you rely on graphs that exemplify each condition.

In the same way, algebraically prove the three conditions of continuity.

Work with examples of functions whose graphs are discontinuous and explain at what point
and under what condition the discontinuity occurs.
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Notes for the teacher corresponding to Exercise 12

Before the explanation, it is necessary for the learner to review the previous activity as a
preparation of the topic.

In the activities corresponding to the topic in Aleks you will find exercises such as:

Graphing a piecewise-defined function: Problem type 3

Suppose that the function f'is defined for all real numbers as follows.

—P+10 if —4=x<4

f)=

=5-x if x=z4

Graph the function /. Then determine whether or not the function is continuous.

s

..,‘.,‘.;'.)-

@ &
LI
Vs

Is the function f continuous?

®

/ \ * X
R e
iy A VR s
+ 4 4+
T T«
Graphing a piecewise-defined function: Problem type 2
Suppose that the function fis defined, for all real numbers, as follows.
3x+1 ifx<-2
fl)=
x-3 ifxz-2
Graph the function f, Then determine whether or not the function is continuous.
1 ) % \ Is the function continuous? s
1 ®Yes
ONo
N o e
X )

Graphing rational functions with holes

) ) 2x-6
Graph the rational function f(x) = ———.
X —4x+3
'y
] e & o
1 \ A
A \ 7t
| NEEENE O x X N}

j
e ]

The learner must draw the
graph and define by
observation whetheritis a
continuous or
discontinuous graph.

Tell the learner that the
holes in the graph of the
function are the points of
discontinuity.
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Domain and range from the graph of a continuous function

The entire graph of the function g is shown in the figure below.
Write the domain and range of g using interval notation.

S8

3 domain= (-2,4)

\ range= (-2,5)

Restriction on a variable in a denominator: Quadratic

Find all excluded values for the expression.
That is, find all values of W for which the expression is undefined.

w-0
W —36

If there is more than one value, separate them with commas.

w=6-6

(0o [oo] (oo

oo @ ouo

Point out to the learner
that the excluded points
in the expression are the
points where the
discontinuity occurs.
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