Chp 5 Relations and Functions

5.1 Representing Relations 
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Ex.1 Representing a relation given in a Table
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Ex.2 Representing a Relation given as a Bar Graph
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Do Qn's p.275 #1


5.2 Properties of Functions
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Domain of a function are the "inputs" or the "x-values" which a function can have.
Range of a function are the "outputs" or "y-values" which a function can have.

[image: ]
Ex.1 Identifying Functions
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Input or "x-values"                 Output or "y-values"
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Ex.2 Describing Functions
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Input or "x-values"            Output or "y-values"
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Ex.3 Using Function Notation to Find Values
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Do Qn's p.275 #2-4
5.3 Interpreting and Sketching Graphs
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Ex.1 Interpreting a Graph
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Ex.2 Describing Graphs
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Do Qn's p.299 #1
5.5 Graphs of Relations and Functions
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Ex.1 Identifying the Graph of a Function
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Ex.3 Finding Values from the Graph of a Function
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Do Qn's p.299 #3 

5.6 Properties of Linear Functions
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Ex.1 Deciding if a Table of Values Represents a Linear Relation
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Ex.2 Deciding if an Equation Represents a Linear Relation
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Slope or Rate of Change
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[image: ]Ex.3 Finding the Rate of Change of a Graph
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Do Qn's p.308 #3&5




5.7 Interpreting Graphs of Linear Functions
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[image: ]Ex.1 Finding Intercepts, Domain, and Range of a Function
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[bookmark: _GoBack]Ex.2 Sketching a Graph using Intercepts
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Ex.3 Matching a Graph to a Given Rate of Change (Slope) and Vertical Intercept (y-intercept)
[image: ][image: ]
Do Qn's p.319 #4&8
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b) The association is: “has a maximum speed (knvh) of
In the arrow diagram, write the types of animals in the 1st set and
the maximum speeds in kilometres per hour in the 2nd set.

has amaximum speed (kmh) of





image7.png
) In the table, write the types of animals in the 1st column and estimates
of the maximum speeds in kilometres per hour in the 2nd column.

“Animal ‘Waximum Speed (km/h)
Bison 35
Cougar 55
Coyote 6
Grizzly bear 28
White-tailed deer 48
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Evaluating Expressions

We can evaluate algebraic expressions when given the values of the variables.

To evaluate 7k + 2 for k = 4
Th+2=74)+2
28+2
=30
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Solving Equations

To solve an equation, find the value of the variable that makes the equation true.

To solve 3x + 4 = 28:

3x+4=28 Isolate 3x: subtract 4 from each side
3x+4-4=28-4
=24 Divide each side by 3.
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[T Develop an understanding of functions.

The set of 1st elements of a relation is its domain.
The set of related 2nd elements of a relation is its range.

A function is a special type of relation where each element in
the domain is associated with exactly one element in the range.
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For each relation below:
« Identify its domain and range.
« Decide whether the relation is a function.

a) A relation that associates 5 foods to the food groups to which they belong:
{(orange, fruit), (cheese, dairy), (broccoli, vegetable), (milk, dairy), (kiwi, fruit)}

b) is the number of players
on a team for
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Solution

a) {(orange, fruit), (cheese, dairy), (broccoli, vegetable), (milk, dairy), (kiwi, fruit}
The domain is the set of 1st elements of the ordered pairs
{orange, cheese, broccoli, milk, kiwi}
The range s the set of 2nd elements of the ordered pairs
ffruit, dairy, vegetable}
Check to see if any ordered pairs have the same 1st element.
{(orange, fruit), (cheese, dairy), (broccoli, vegetable), (milk, dairy), (kiw, fruit)
Each ordered pair has a different 1st element.
So, the relation is a function.

b) The domain is the set of elements in the 1t set: {5, 6, 9, 11}
The range is the set of elements in the 2nd set

{baseball, basketball, hockey, soccer, volleyball}

Check to see if there is more than one arrow from any element in the st set.

Since there are two arrows from 6 in the 1st set, the relation is not a function

When we list the elements
of the domain and range, we do
not repeat an element that
occurs more than once.
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This table shows sample costs for a pay-as-you-go cell phone plan

Number of Minutes, |  Cost, C
n ($)
10 2
20 1
30 6
20 8
50 10

A table of values usually
represents a sample of the
ordered pairs in a relation.
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a) Why is this relation also a function?
b) Identify the dependent variable and the independent variable.
<) Write the domain and range.

Solution

a) No two numbers in the 1st column are the same. So, the relation is a function.
b) The cost, C, depends on the number of minutes, n.
So, Cis the dependent variable and n is the independent variable
) The 1st column of the table represents the domain.
The domain is: {10, 20, 30, 40, 50, ...}
The 2nd column of the table represents the range.
The range is: {2, 4, 6, 8, 10, ..}

The symbol “..." shows
that the domain and
range may continue.
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Carmen works for a research company in a shopping mall. The equation P = 5n + 30
represents her daily pay, P dollars, when she conducts n surveys.
a) Describe the function. Write the equation using function notation.
b) Find the value of A(8).
What does this number represent?
) Find the value of n when An) = 90.
What does this number represent?

Solution

) Carmen's pay is a function of the number of surveys she conducts.
In function notation: An) = 5n + 30

b) To find A®), use:
An) = 5n + 30 Substitute: n = 8

(8) + 30

P8)
PE) =70 whenn

This means that when Carmen conducts 8 surveys, she earns $70.
) To find the value of n when A(n) = 90, use:

Pn) =5n+ 30 Substitute: P(n) = 90
Solve for n. Subtract 30 from each side.

Divide each side by 5

Pn) = 90 when n = 12
This means that when Carmen conducts 12 surveys, she earns $90.
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Interpreting GEphs

We can tell a ot from a graph. Tomperatures in Port Hardy, BC,
The title tells us this graph shows the temperatures January 4, 2010
in Port Hardy, BC, at different times on January 4, 2010.

From the graph, we see that from 00:00 to 12:00, jé
the line segments go up to the right. "
This shows that the temperature increases from
midnight to noon.

From 12:00 to 20:00, the line segments go down to N
the right
This shows that the temperature decreases from noon
to8rm.

The highest point on the graph is (12:00, 8)

This means the highest temperature on January 4th was about 8°C at noon.

__r*
2
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Years Worked
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Each point on this graph represents a person.
a) Which person has the greatest hourly wage? What i this wage?

b) Which person has worked for the least number of years?
What i this number?

©) Which two people have the same hourly wage? What is this wage?

d) Which two people have worked for the same number of years?
What is this number?
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Describe a possible situation for this graph.

"Read the graph labels to help
you interpret the gray
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Solution

a) The vertical axis represents hourly wage.
Point F is the highest point, so person F has the greatest hourly wage.

This wage is $12/h.

b) The horizontal axis represents number of years worked. Point A s farthest to the left,
50 person A has worked for the least number of years.
This number is 1 year.

©) Hourly wage is on the vertical axis.

Points B and D lie on the same horizontal line.
The line passes through 10 on the Hourly wage axis
S0, both persons B and D have an hourly wage of $10.

Took across from the vertical
axis for points on the same
horizontal line.

d) Number of years worked s on the horizontal axis
Points C and D lie on the same vertical line.
The line passes through 3 on the Number of years worked axis
S0, both persons C and D have worked for 3 years.

Lok up from the horizontal
axis for points on the same
vertical line.
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‘The graph shows how the volume of water in Emiko’s

water bottle changes over time.
Each segment on the graph represents a different type of change.

“A table can organize
your work.

Segment | Description Possible Situation

aB The graph goes down to the right. | Emiko has 500 mL of water in her
So, the volume of water in the bottle | bottle. She drinks all the water in
is decreasing 10s.

8C The graph goes up to the right. So, | Emiko fills her water botle. It takes
the volume of water in the bottle is about 6 s to put 1000 mL of water in
increasing the bottle.

@ “The graph is horizontal. So, the volume | Emiko does not drink any water from
of water in the bottle stays the same. | her water botle.
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We can use inequality signs to compare two quantities.
The inequality signs are:

Symbol | Meaning
<[ lessthan Remember that the symbol
> | greater than always points toward the lesser
= less than or equal 0 number.
= | greater than or equal to

For example, to write each statement as an inequality:

* ais greater than 3 a>3

« bis less than or equal to 7 b=7

A double inequality has 2 inequality signs in one statement.

To write this statement as a double inequality:

gis greater than or equal to 5 and less than 11

Break the statement into 2 parts

* gis greater than orequal o5 g =5
Another way to write this i: 5=g

* gis less than 11 g<1

Then combine: 5= g < 11

e combine the statements
50 the variable s in the
‘middle and the signs point in
the same direction.
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Use the properties of the graphs of relations and functions.

On the graph of a function, any vertical line will - On the graph of a relation that is not  function, a
always pass through no more than one point.  verticalline may pass through more than one point.

AEE| RS

0| . 0| .

tt s tt H
Vertical Line Test for a Function

Place a ruler vertically on a graph. Slide the ruler across the graph. If one edge of the ruler
always intersects the graph at no more than one point, the graph represents a function.
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Decide whether each graph represents a function.

o Cornamain FET—
- i
* :

H

Use the vertical line test for each graph.

a) Cost of Admission b) Number of Siblings My
. Frionds Have

[

pEES

")

_F Two points lie on the same vertical line.
So, the graph does not represent a
Any vertical line passes through function.

0 points or 1 point. So, the graph
represents a function.
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When the points on a graph are joined, we use inequality symbols to write the domain
and range.
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Find the domain and range of each graph.
a) i b) v

A dot at the end of 3
graph tells us the graph
stops at that point. No
dot means the graph
continues.

imagine a flashlight
shone on the graph
from above, then from

‘the right.
Eauuss ESCRES
Visualize the shadow on the x-axis. Visualize the shadow on the y-axis.
This is the domain. This is the range.
The shadow on the x-axis The shadow on the y-axis
starts at —2 and ends at 2. starts at 0 and ends at 6.
So, the domain is: So, the range is:

—2=x=2 0=y=6
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b) The dot at the left tells us that the graph stops at that point.
There is no dot at the right, so the graph continues.

Visualize the shadow on the x-axis. Visualize the shadow on the y-axis.
This is the domain. This is the range.
P

) Pl
The shadow on the y-axis
starts at —1 and continues up.
So, the range is: y = —1

The shadow on the x-axis
starts at —2 and continues right.
So, the domain is: x = —2
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b) To find the value of x when y = —3, start at
¥ = —3on the y-axis.
Draw a horizontal line to the graph,
then a vertical line to the x-axis.

2

X

v =)

The line intersects the x-axis at —2.
So, the domain value is —2.
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Here i the graph of a function y = fx).
a) Find the range value when the domain value is 2.

1 i e domin i when o e sl 3. ) 1o e vl o e x
x= 2 on the xais.

Draw a vertica lin to the graph, then a horizontal
line to the y-axis.

“The line intersectsthe y-axis at 5.
S0, the range value is 5.
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Creating Tables of Values

To create a table of values for an equation, substitute values
of xinto the equation, then solve for y.

For example,
y=4ax-3 y=4&-3
x Substitution y x y
2 [4-2-3=-11]-11 2 |
— An-s=7 L7 O, do the work - |7
0 40-3=-3 | -3 in your head. 0 -3
1 an-3=1 [ [ i—
2 42 -3=5 5 2 5
For the equation y = 3, for any value of x, For the equation x = —S5, for any value of y,
yis always 3. xis always —5.
y=3 x=-5
x y x y
-2 3 = | 2
-1 3 5 [ -
0 3 -5 0
1 3 -5 1
2 3 -5 2
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X 1dentify and represent linear relations in different ways.

The graph of a linear relation is a straight line.
For example, this graph represents a linear relation.

We can find patterns in a table of values

+2
+2
+2

that we build from the graph.

For a linear relation,
when the changes in the
1st column are the same
from one row to the next.

2
)
X
orTd

x y
o 9 N
2 6
4 7K
6 R

+6
8 2

the changes in
the 2nd column
are the same.
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Solution

Find the change in each variable. Plot the points to check. Since the points do
Tt o d ot i on a stright ine, the relation is not
5 . linear.

+2

+2 2 5

+2 4 25

+2 3 125
8 625 t

T
The changesin the 1t column are the ||| #

same, but the changes in the 2nd column
are different. So, the table of values does not represent a linear relation.
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Does this table of values represent a

Time, t | Distance, d
0 1
2 5
4 25
6 125
8 625

linear relation?
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Does each equation represent 3 linear relation?
a)y=

-2 b y=x2+1

Make a table of values for each equation, then graph the data.

a)y=-x-2 B y=rl
x y X [ Substitution 2
= o| 2 [ci-s |5
=1 =1 2¢ yut-2. ST Ccwe1=2 2
0 -2 ! o o=t [t
1 = T arei=2 2
2 =] 2 rei=s |5
Since the points lie on a straight line, Since the points do not lieon a straight line,

= —x — 2 represents aincar rlation =+ 1 does not reprsent a inear relation.
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\We've seen that linear relations involve variables changing at a constant rate.
We can find the rate of change of a linear relation.

“The rate of change of a linear relation s the fraction:-

‘The dependent variable is plotted on the vertical ais.
‘The independent varisble is plotted o, the horizontal axis.
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Solution

a) The dependent variable is plotted on the vertical axis
Itis A, the altitude.
The independent variable is plotted on the horizontal axis
Itis t, the time.
b) Rate of change
__change in dependent variable
~ Change in independent variable

_ change in altitude
" change in time Helicopter Lifting Off
A

Use the given points.
Find the change in each variable.

JAititGd ()

Change in alttude:
240m —120m =120 m 1
Change in time:

1205 - 605 =605
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This graph shows the altitude of a helicopter as it lfts off.

Helicopter Lifting Off
A
ERaney
f20;
Iglodo- “Altitude is the height
i above the ground.
<! )
f

a) Identify the dependent and independent variables.
b) Find the rate of change. What does it represent?
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Rate of change
When a graph goes up to the

_120m
= 60s right, the rate of change is
—ame positive.

‘The rate of change is 2 m/s. This i positive.
S0, every second, the helicopter climbs 2 m
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Use intercepts, rate of change, domain, and range to describe the graph of

a linear function.

Any graph of a line that is not vertical represents a function
We call these functions linear functions.

We can use the intercepts to describe the graph of  linear function.
This graph intersects the horizontal axis at 2.

So, the horizontal intercept is 2.

The coordinates of this point are (2, 0).

The graph intersects the vertical axis at 5.

So, the vertical intercept is 5.

The coordinates of this point are (0, 5).

Vertical axis
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This graph shows the temperature

in a location over a 12-h period.

) Find the vertical and horizontal intercepts.
What do they represent?

b) Find the domain and range.
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a)he g!aph intersects the vertical axis at —6.
So, the vertical intercept is —6.
This represents the starting temperature,
or the temperature at 0 h: —6°C

The graph intersects the horizontal axis at 4.
S0, the horizontal intercept is 4.
This represents the time when the temperature is 0°C: after 4 h

b) The dot at each end of the graph tells us that
the graph stops at that point.
Visualize the shadows on the axes.

On the horizontal axis, the shadow starts at 0 and ends at 12.
So, the domainis: 0 = t = 12

On the vertical axis, the shadow starts at —6 and ends at 12.
So, the range is: —6 = C = 12
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‘We can use the intercepts to graph a linear function.
To find the y-intercept, substitute x = 0.
To find the x-intercept, substitute y = 0.
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Use intercepts to sketch the linear function y = 2x — 4.

To find the y-intercept, substitute x = 0. To find the x-intercept, substitute y = 0.

y=20-4 0=2-4 Add 4 to both sides.
y=-4 0+4=2-4+4
4=2x Divide both sides by 2
4_X
272
=2 We only need 2 points to sketch

a graph. We find a third point
in case we made an error when

Find the coordinates of another point on the graph.
finding the intercepts.

Substitute x = 1iny = 2x — 4,

y=201-4

y=-2

This point has coordinates (1, —2). N

Mark points at —4 on the y-axis; - x|
at 2 on the x-axis; and at (1, —2).

Draw a line through the points.
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Solution

Both oraphs hve a vertcal nercept of 8.
Find each rate of change.

For each graph, the rate of change is:
change in dependent variable _ change in distance
Change in independent variable change

time
For Graph A: For Graph B:
Rate of change Rate of change

16-12

The rate of change is 2. The rate of change is 1.
This i not the correct graph. This s the correct graph.
So, Graph B has a rate of change of 1 and a vertical intercept of 8.
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Asetis a collection of objects.
An element of a set is one object in the set.

A relation associates the elements of one set with the elements of another set.
We can represent a relation in different ways.




image46.png
Which graph has a rate of change of 1 and a vertical intercept of 87
Graph A Graph B
BT e )

2 s

=
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Athletes can be associated with their sports

Athlete Sport The columns represent the
sets in the relation. The

Jennifer Botterill Ice hockey e et e

Jennifer Jones Curling describes each set.

Jeremy Wotherspoon | Speed skating
Jonathan Cheechoo | Ice hockey

a) Describe this relation in words.
b) Represent this relation as a set of ordered pairs.
) Represent this relation as an arrow diagram.

Solution

a) The relation shows the association “takes part in” from a set of athletes to a set of sports.
For example, Jennifer Botterill takes part in ice hockey.

p) The ordered pairs are:
{Uennifer Botterill, ice hockey), (Jennifer Jones, curling),
(Jeremy Wotherspoon, speed skating),
(Jonathan Cheechoo, ice hockey)}

<€) The athletes are written in the 1st set of the arrow
diagram. The sports are written in the 2nd set; each
sport is written only once

The athletes are the Tt
elements in the ordered pairs
and the sports are the 2nd
elements.
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Maximum Speeds of Different Animals

i,# LT

PR
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takes partin

Each arrow associates an
element in the st set with
an element in the 2nd set. The
order is important; a relation
has direction from the Tst set
to the 2nd set.
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Consider the relation represented by this graph.
Represent the relation:

a) as a table
b) as an arrow diagram




