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Mathematics Grade 9

INTRODUCTION

In our daily life, we come across many patterns that characterize relations such as
brother and sister, teacher and student, etc. Similarly, in mathematics also, we come
across different relations such as number a isless than number b, angle ais greater than
angle B, set A is subset of set B, and so on. In al these cases, we find that a relation
involves pairs of objects in some specific order. In this unit, you will learn how to link
pairs of objects from two sets and then introduce relations between the two objects in
the pair. You also learn here about specia relations which will qualify to be functions.

Ml RELATIONS
Work 4.1

Form a group and do the following.

1 Explain and discuss the meaning of “relation” in your
daily life.

2 Givesome examples of relations from your daily life.
3 How do you understand relations in mathematical language?

In our daily life we usually talk about relations between various things. For example, we
say someone is the father of another person, 5 is greater than 3, Addis Ababa is the
capital city of Ethiopia, Wallia lbex isendemic to Ethiopia, etc.

The Cartesan product of sets is one of the useful ways to describe relations
mathematically. For example, let A ={Addis Ababa, Jimma, Nairobi} and

B = {Ethiopia, Kenya, Sudan}. If x and y in the ordered pair (X, y), where x (A bnd y [B,1
are related by the phrase “x is the capitd city of y”, then the relation can be described by
the set of ordered pairs; { (Addis Ababa, Ethiopia), (Narobi, Kenya)}. Hence, the given
relation isasubset of A x B.

YE®1 The Notion of aRelation

In the previous sub-unit, you saw relations in a generalized sense, as relationships
between any two things with some relating phrase. The following Activity will help you
to realize the mathematical ‘definition of a relation.

ACTIVITY 4.1

1 LetA={12467 andB={51279, 8,3}

List all ordered pairs (X, y) which satisfy each of the following
sentences where x [A, y [B.]
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Unit 4 Relations and Functions

a  Xxisgreater thany b yisamultiple of x
c Thesumof xandyisodd d xishalf of y
2 LeeA={012345678, 9
List all ordered pairs (x, y) which satisfy each of the following sentences,

where x, y [Al
a yisamultiple of x b  xisthesguareof y
c xislessthany d x isaprime factor of y

3 Let U ={x: xisastudent in your class}

[ In each of the following, list all ordered pairs (X, y) which satisfy the given
sentence where x, y Ul

a xistalerthany b xisyounger thany
i Discuss other ways that you can rel ate the students in your class.

As you have noticed from the above Activity, each sentence involves what is intuitively
understood to be a relationship. Expressions of thetype “is greater than”, “is multiple

of”, “is a factor of”, “is taller than”, etc. which express the relation are referred to as
relating phrases.

From Activity 4.1 you might have observed the following:
[ In considering relations between objects, order is often important.
I A relation establishes a pairing between objects.

Therefore, from a mathematical stand point, the meaning of arelation is more precisely
defined as follows.

Definition 4.1

Let A and B be non-empty sets. A relation R from A to B isany subset of A x B.
In other words, Risarelationfrom A toB if andonly if R C (A x B).

Examplel LetA={1234 andB={1,3,5}
[ R1={(1,3), (1,5),(2, 3), (2,5), (3,5), (4, 5)}isarelation from A to B
because R; [(A x B). IsR; arelation from B to A? Judtify.
Notice that we can represent R in the set builder method as
Ri={ (x y) [ x[Aly [BIx <y}
I R,={(1,1),(2 1),(3,1),(3,3),(4,1), (4,3)} isarelation from A to B
because R, L (A x B).

In the set builder method, R; is represented by R, = { (X, y) | x [A]ly [B,Ix =y}
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Example 2 Let A ={1, 2, 3} then observe that
R1={(1,2),(13), (23} R={(1,1),(1 2, (1,3),(2 2, (23), (3 3)}
and Rz ={(x,y) | x,y [A]lx+yisodd} arerelationson A.

| Exercised1_|

1 For each of the following relations, determine the relating phrase:

a R={(x,y): xistadler than y}
b R ={(x,y): yisthe squareroot of x}
¢ R={xy:y=2¢

2  LetA={24,6}andB={1,3 5

a R={(2 2), (4, 4), (6, 6)} isareation on A. Express the relation using set
builder method.

b IsR={(21), (2 3), (2, 5), (1, 2, (3, 4), (5 6)} areation from A to B?
Give the reason for your answer.

C If Risarelation from A to B given by R = {(Xx, y): y = x - 1}, then list the
elements of R.

3 If R={(x,y): y=2x+1} isarelation on A, where A = {1, 2, 3, 4, 5, 6}, then list
the elements of R.

4 Write some ordered pairs that belong to the relation given by
R={(x,y):y<2x x [Zandy [Z}

YB¥. Domain andRange

ACTIVITY 4.2

LetA={1,24,67andB={512,7,9, 8, 3}
Let R; and R; be relations given by:

Ri={(xy)| x[CAJy[B, x>y} and R, = {(x,y):xley EB]x:%y}

Represent each of the following sets using compl ete listing method.
a D={x:(xy) Rj} b D={x:(xvy) [R]}
c  R={y:(xy R} d  R={y:(xy) [Ri}
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Observe that in each case, the sets represented by D contain the first coordinates and
sets represented by R contain the second coordinates of the respective relations.

In the above discussion the set of al the first coordinates of the ordered pairs of a
relation R is called the domain of R and the set of all second coordinates of the ordered
pairsof Riscaled therange of R.

We give the definition of domain and range formally as follows.

Definition 4.2 )
Let R be arelation from aset A to aset B. Then
I Domainof R={ x: (x, y) belongsto R for somey}
Y Il Rangeof R={ vy : (x,y) belongsto R for some x} )

Example 1 Giventhereation R ={(1, 3), (2, 5), (7, 1), (4, 3)}, find the.domain and
range of therelation R.

Solution:  Since the domain contains the first coordinates, domain = {1, 2, 7, 4} and
the range contains the second coordinates, range = {13;'5, 1}

Example 2 GivenA={1,2,4,6,7} andB ={5,12,7,9, 8, 3}

Find the domain and range of the relation R = { (X, y): x (A ly [B,Ix > y}
Solution:  If wedescribe R by complete listing method, we will find

R={(4,3), (6, 3), (7, 3), (6,5), (7,5)}.
This shows that the domain of R = {4, 6, 7} and therange of R ={3, 5}

1 For the relation given by the set of ordered pairs { (5, 3), (-2, 4), (5, 2), (-2, 3)}
determine the domain and the range.

2 Let A={12 3,4 andR={(X,y): y=x+1; x, y A} List the ordered pairs that
satisfy the relation and determine the domain and the range of R.

3 Find the domain and the range of each of the following relations:
a R:{(X,Y)iyz\/;(} b R:{(x,y):y:xz]

C R={(x,y) : yisamathematics teacher in section 9x}

4 Let A={x 1<x<10} andB ={2, 4, 6, 8}. If Risarelation from A to B given
by R={(x y): x+y =12}, then find the domain and the range of R.
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| Graphs of Relations

By now, you have understood what a relation is and how it can be described using sets.
Y ou will now see how relations can be represented through graphs.

Y ou may graphically represent arelation R from A to B by locating the ordered pairsin
a coordinate system or by using arrows in a diagram displaying the members of both
sets, or as aregion on a coordinate system.

ACTIVITY 4.3

Discuss the following.

a A coordinate system (or xy-coordinate system).
b A point on acoordinate system.

c A region on acoordinate system.

From Unit 3, recall that R x R = {(X, y): x and y R} is represented by a set of

points in the xy-coordinate system. 1M

Example 1l LetA ={2, 3 5 adB ={6, 7, 10} and the 10 . .
relation from A to B be“x isafactor of y.”

Elements of R ={(2, 6), (2, 10), (3, 6), (5, 10)} with
Domain x={2, 3, 5} and Rangey = {6, 10}.

This relation can be  graphically represented as
shown in the adjacent figure.

= N W RO O OO

X
>
1 2 3 4 5 6

Figure 4.1

Alternatively, we use arrows in a diagram displaying the relation between the members of
both sets as shown below.

Figure 4.2
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Form a group and perform each of the following to sketch the
graph of the relation R = {(X, y): X <y, where x and y are red
numbers}

1  Draw the graph of theliney = x on the coordinate system using a broken line.

2  Choose arbitrary ordered pairs, one from one side and the other from another side
of the line(s) and determine which of the pairs satisfy the relation.

3 What do you think will the region that contains the ordered pair satisfying the
relation be?

4 Shade the region which contains points representing the ordered pair satisfying the
relation.

5  Determine the domain and the range of the relation.

In general, to sketch graphs of relations involving inequalities, do the

following:
1  Draw the graph of aline(s) in the relation on the xy-coordinate system.

2 If therelating inequality is< or 2, useasolid line; if it is< or >, use abroken line.

3  Thentake arbitrary ordered pairs represented by points, one from one side and the
other from another side of the ling(s), and determine which of the pairs satisfy the
relation.

4 Theregion that contains points representing the ordered pair satisfying the relation
will be the graph of the relation.

m A graph of arelation when the relating phrase is an inequality is a region on the
coordinate system.
Example 2 Sketch the graph of therelation
R={(XY):y>Xx wherexandy are real numbers}.

Solution:  To sketch the graph, Y i
1  Draw thegraph of theliney = x. 41(0,4) >
2 Sincetherelation involvesy > x, use a broken line. f 0 Y EX
3 Take points representing ordered pairs, say (O, 4) 1 dl
and (3, —2) from above and below theliney = x. - 1////L — 3
’ 3 -2 - 1 D / 5
4/ The ordered pair (0, 4) satisfies the relation. A
Hence, the region above the liney = x, where = 07 * e
the point representing (0, 4) is contained, is the °Figure 43
graph of therelation R.
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ACTIVITY 4.4

Sketch the graph of therdation R ={(x, y): y< 2x; x [R'bndy [R}

Example 3  Sketch the graph of therdationR={(x,y): y=x+ 1; x [Rndy [R}

Solution: N
1 Draw thegraph of theliney = x + 1. i %
2 Sincetherelating inequality is > use solid line. 3 7
: : o A=x+l
3 Select two points one from one side and another ‘ L/
from the other sde of the line. For example /| @0 X
points with coordinates (0, 5) and (2, 0). 3 2721 | 1 23845
Obvioudly, (0O, 5) satisfies the relation JAE
R={(x,y):y=x+1},as5=>0+1. 0 i
Figure 4.4

4 Shade the region containing the point with coordinates (0, 5). So the graph
of therelation R ={(x, y): y = x + 1} isas shown by the shaded region.

Example 4 Sketch the graph of the relation R ={(x, y): y = X%} .
1 Draw the graph of y = x* using solid curve. \ \y
2 Select two points from inside and outside the

curve, say the point with coordinates (O, 2) : ysx
from inside of the curve and (3, 0) from \ ; (0,4
outside of the curve. Clearly, (0, 2) satisfies 1
the relation since 2 = 0% is true. GOX
Hence, the graph of the relation is the shaded part in the — i T O O
figure (containing the point with coordinates (O, 2)). 2
Figure 4.5

We have discussed how to sketch graphs of relations involving one inequality. It is also
possible to sketch a graph of a relation with two or more relating inequalities. The
approach to sketching the graphs is similar, except that, in such cases we consider the
intersection of regions. If a relation has the connective “or”, we use union instead of
intersection.

ACTIVITY 4.5
1 Sketch the graph of each of the following relations i
a  Ri={(xy): x20; x, y[R]} b Re={(xy): y=20; x, y[R}

c Rs={(x,y): x=0andy=0; x,yLK]
2 What relation did you observe among the graphs of the relations R;, R, and R3?
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To sketch the graph of a relation with two or more inequalities,

[ Using the same coordinate system, sketch the regions of each inequality.
i Determine the intersection of the regions.

Example 5 Sketch the graph of therelation Wi
R={(x,y):y=2x+2andy>—-x x [Rlndy [R}. f ysx+2
Solution: ) X
First sketch the graph of the relation AR
R={(x,y):y=2x+2 x [Rlndy [K]J. Figure 4.6
. y
Next, on the same diagram, sketch the graph of ) y=+x 4
R={(xy): y>-x x [Rbndy [} B
The two shaded regions have some overlap. The h X
intersection of the two regions is the graph of the = = 52 7L, | & > ¢ ¢
relation. Y FXEF2 2 : L
Figure 4.7
So, taking only the common region, we obtain the y
graph of therelation "IETX
\\\ o —L+ 2
R={(x,y):y=x+2andy>-x x [Rlndy [K} 12 Y=r
asshownin Figure 4.8. * X
-4 - —2—14‘1 2 3 4
Figure 4.8

1 Discuss how you can determine the domain and range of a
relation from its graph.

2 Is there any simple way of finding the domain and range from the graph of a
relation?

It is possible to determine the domain and range of a relation from its graph. The
domain of arelation is the x-coordinate of the set of points through which a vertical
line meets the graph of the relation and the range of arelation is the y-coordinate of
the set of points through which a horizontal line meets the graph of the relation.
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Example 6 Find the domain and the range of the relation

R={(xy):y=2x+2andy>-x; x [Randy [RF}.
From the graph sketched above, since any vertical line meets the graph, the
domain of therelation is the set of real numbers, R.
That is, domain of R = R. But not al horizontal lines meet the graph, only those
that passthrough y: y > 1. Hence, the range of therelationisthe set {y: y >1}.

Example 7 Sketch the graph of the following relation and determine its domain and
range.

R={(xy):y<2xandy>-x}.
Solution:  Sketch the graphs of y < 2x and y > —x on same coordinate system.

Note that these two lines divide the coordinate \Y g

system into four regions. X > o/

Take any points one from each region and check if =~ . ; i 4,)/ by

they satisfy the relation. Say, (3, 0), (0, 4), (<1, 0) NI A

md (OI_Z)' (_l’ 6 \1 /I, (3’ O) X

(3, 0) satisfies both inequalities of the relation. So  —; B 4 - T 2 3 4

the graph of the relation is the region that ,'i AN

. 2 0 3)

contains (3, 0). RO y=x

Hence, = Domain of R = {x [R1x >0} T :
Figure 4.9

Range of R = {y:y [R}.

1  LetA={235 andB={6,10,15}andR: A - B

a If R={(x, y): y =2x+ 5}, then plot the points of R on a coordinate system,
and determine the domain and range of the relation.

b Let R = {(X, y): xis adivisor of y}. Plot the points of R on a coordinate
system, and determine the domain and range of the relation.

2 For each of the following relations, sketch the graph and determine the domain
and the range.

a R={(xy):y=3x-2} b R={(x,y):y=22x-1landy<-2x+ 1}
c R={(xy):y=2x-1landy< 2x-1}

3 From the graph of each of the following relations, represented by the shaded
region, specify the relation and determine the domain and the range:
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y y

5 5
4 4
=X
3 =X+ 3 /
2 2
A X=2 A
X X
-4 -3 21 1 3 4 5 -5 -4 -3 -2 — 1 2 3 4 5
1 1
2 2
: 5 XF 4
4 4
a b
Figure 4.10

vl FUNCTIONS

In this section, you shall learn about particular types of relations which are called
functions, the domain and range of a function, and combinations of functions.
Remember that the concept of functions is one of the most important in mathematics.
There are many terms such as ‘map’ or ‘mapping’ used to denote a function.

Functions
Work 4.4

1 Consider the following relations
Ri1={(12),(34),(25),(56), (4 7}
R:={(12), (3 2),(25),(6,5), (4 7}
Rs={(1 2), (1, 4),(2,5),(26), (4 7}
What differences do you see between these relations?

b How are the first elements of the coordinates paired with the second
elements of the coordinates?

C In each relation, are there ordered pairs with the same first coordinate?
2 Let Ri={(x Yy): xandy arepersonsin your kebele wherey is the father of x}
R2>={(x, y): xandy are persons in your kebele where x is the father of y}
Discuss the difference between these two relations R; and Ry.

Definition 4.3

A function is a relation such that no two ordered pairs have the same
first-coordinates and different second-coordinates.
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Example 1 Consider therelation R ={(1, 2), (7, 8), (4, 3), (7, 6)}
Since 7 is paired with both 8 and 6 the relation R is not a function.

Example2 Lea R ={(, 2), (7, 8), (4, 3)}. This reation is a function because no
first-coordinate is paired (mapped) with more than one e ement of the second-
coordinate.

Example 3 Consider the following arrow diagrams.

Figure 4.11

Which of these relations are functions?
Solution:  R;isafunction. (Why?)
R- isnot afunction because 1 and 3 are both mapped onto two numbers.
R isafunction. (Why?)

Example 4 The relation R = {(Xx, y): y is the father of x} is a function because no
child has more than one father.

Example 5 Consider therelation R = {(X, y): y.is.agrandmother of x}.

Thisrelation is not a function since everybody (x) has two grandmothers.

Domain and range 'of a function

In Section 4.1.2 you learnt about the domain and range of arelation. Asafunctionisa
special type of arelation, the domain and range of afunction are determined in exactly
the same way.

Example 6 For each of the following functions, determine the domain and the range.
a F={(2,-1),(4,3),(0,1} b F={(2-1),(4,3),(0,-1), (3,4}
Solution: _
a DomanD={0, 2,4} andrangeR={-1, 1, 3}
b DomanD ={0, 2, 3,4} andrangeR ={-1, 3, 4}

Y ou will now consider some functions that are defined by aformula.
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Example 7
Solution:

Example 8

Solution:

Istherelation R = {(x, y): x=y?} afunction?

Thisis not afunction because numbers for x are paired with more than
one number iny. For example, (9, —3) and (9, 3) satisfy the relation with
9 being mapped to both -3 and 3.

IsR = {(xy): y=|x}afunction?
Since for every number there is unique absol ute value, each number xis
mapped to one and only one number y, so therelation R={(x, y): y = |[X{ }is

afunction.

If x isan e ement in the domain of afunction f, then the element in the
range that is associated with x is denoted by f (x) and is called the image

of x under the function f. Thismeans f ={(x,y):y= f(X)}

The notation f (X) is called function notation. Read f (x) as“f of x”.

m f, g and h are the most common letters used to designate a function. But, any
letter of the aphabet can be used.

A function from A to B can sometimes be denoted as f: A— B, where the domain of fis
A and therange of f isasubset of B, in which case we say B contains the images of the
elements of A under the function f.

Example 9

Consider thefunction R ={(x, y): y =¥} . Herethe ruley =|X can be
written asf (x) = |x| As aresult of which, f (0)= 0] = 0, f (-2) = |-2| = 2
andf (3) = [3)= 3.

Example 10 If R={(x y): yistwicex}, then wecan denote thisfunction by f (X) = 2x.

1 Consider the following arrow diagram of afunction f.

ACTIVITY 4.6

f

7
=

<l

Figure 4.12

Find an algebraic rulefor f.
2 For each of the following functions find the domain and the range:

a f(=5x=1 b fK=xX ¢ fK=vxX-3
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Observe that the domain of afunction isthe set on which the given function is defined.

Example 11 Consider f (X) = 2x + 2.

Sincef (X) = 2x + 2 isdefined for al x LR Jthe domain of the function is the set of

all real numbers. Therangeisaso R since every real number y has areal number
xsuchthaty =f(x) =2x + 2.

Example 12 Letf (x) = Jx-3
Since the expression in the radical must be non-negative, x—3= 0.
Thisimpliesx = 3. Sothedomainistheset D ={x: x=>3}.
Sincethevalueof v/x-3 is always non-negative, the range is the set

R={y:y=0}.
Example 13 LetA={1,2,3,4} andB={3,4,5, 7, 9}
If f: A — Bisthefunction given by f (x) = 2x+ 1, then find the domain and the
range of f.
Solution:  Sincef (1) =3 [B]f(2) =5 [B}f (3) =7[Blandf (4) =9 [B]the
domainof fisD ={1, 2, 3, 4} andtherangeof fisR={3,5, 7, 9}.

If f A — Bisafunction, then, for any x [Athe image of x under f, f (x) is
caled the functional value of f at x. For example, if f (X) = x— 3, then the
functional value of f at x=5isf (5) = 5—3 = 2. Finding the functiona value
of f at xisaso caled evaluating the function at x.

Example 14 Takef (x) = Jx-3 and evaluate:
a f(3) b (12
Solution:
a f@=+3-3=0=0 b f(x)=+12-3=9=3
Example 15 For the function f (x) = 1—x?
a . Find the domain and the range b Evaluatef (2) and f (1)

Solution:

a  Thedomain of thefunctionisD = {x: xR}, sinceit isdefined for al red
numbers. TherangeisR={y:y<1}

b f@=1-(2?=1-4=-3andf(-1)=1-(-1)*=1-1=0.
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| Exercised.4 |

Determine whether each of the following relations is a function or not, and give
reasons for those that are not functions.

a R={(-12),(1,3), (-1, 3)}

b R={(11),(1,3),(-173),(2 1)}

Cc R={(xYy): yistheareaof triangle x}
d
e
f

R ={(x y): xisthe area of triangle y}
R={(x,y): yisamultiple of x}
R={(xy):y=x+3}
g R={xyy<x
h R ={(x, y): xisthe son of y}
Is every function arelation? Explain your answer.
Find the domain and the range of each of the following functions:
a f(x)=3 b f(x)=1-3x

¢ f(X= Jx+4 d fm=¥-1 e f(x):%

If f (X) = 2x+ +/x+ 4, evaluate each of the following:
a f(-49) b f(5)

Match each of the functionsin column A with its corresponding domain in
column B:

A B

1 f(x) =~/2-x a {xx=3}

2 f(X)=2x-1 b {x:x<2}

3 f(¥)= Jx-3 c {x: x R}

Match each of the functionsin column A with its corresponding range in column B.
A B

1 f(9=+2-x a  {yyz0

2 f(X)=2x-1 b {y:y [K}

3 f(X)=+Vx-3 C {y:y=10}
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| Combinations of Functions

In this sub-section, you will learn how to find the sum, difference, product and quotient
of two functions, all known as combinations of functions.

Consider the functionsf (x) = vx—3 and g(x) = v10- x

a  Findf +gf—g fgand .
g

b Determine the domain and the range of each function.
c Isthe domain of f and g the same as the domain of f + g? ISsthis always true?

A Sum of functions
Suppose f and g are two functions. The sum of ‘these functions is a function which is
defined asf + g, where (f + g)(x) =f (X) + g(X).
Example 1 If f (X) = 2—xand g(x) = 3x+ 2 then the sum of these functionsis given by
(f+9)(X) =(2-x) + (3x + 2) =2x + 4, which isaso afunction.

The domain of f = R and the domain.of g = R.

The function (f + g)(X) = 2x + 4 has also domain = R.
Example 2 Letf(X) = 2xandg(X) = +/2x . Determine

a thesumf+g b the domain of (f + g)
Solution:

a (f+g)(x):f(x)+g(x):2x+\/§ b Domanof f+g={x x=0}.

B Difference of functions
Suppose f and g are two functions. The difference of these functions is aso a function,
defined asf — g, where (f — g)(X) = f (X) — g (X).
Example 3 Iff(x) =3x+ 2and g (x) = x—4, then the difference of these functionsis
-9 =f(X)—g(x) =(Bx+2)—(x—4) =2x+6and
thedomainof f—g=R.
Example 4 Letf(x)=2xand g (X) =/1- x. Determine:
a  thedifferencef—g b  thedomainof f—g
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Solution:
a f—g)(x)=f(X)—g(X) =2x—+1-Xx
b Domanof f —g= {x x<1}.

C Product of functions

Suppose f and g are two functions. The product of these functions is aso a function,
defined as fg, (fg)(x) = (X)g(x). Again,

Example 5 If f(x) = 2xand g (X) = 3 —x then the product of these functions
(Fg)(X) =f (X) g (X) = (2¥) (3=X) = 6x— 2% and
the domain of fg = R.

B2 The domain of the sum, difference and product of functions f and g is the
intersection of the domain of f and of the domain of g.

D Quotients of functions

Suppose f and g are two functions with g # 0. The quotient of these functions is aso a

function, defined as f where i(x) = @
9 g 9(x)

Example 6 If f(xX) =3 andg (X) =2+ x then the quotient of these functions
f(X)-f(X)- : d the domai ff R\{-2}
—(X)=——=—-"= and thedomainof —= -2}.

g g(x) 2+X g
Example 7 Letf({)= ——andg ()= 2>
X=2 2X
. ' f
1 Find ay { htg b f-g c fg d — and

2 Determine the domain of each function.
Solution:
X, x=3_ 3x* -5x+6

1 4 F+9R =) +g () = -~ +— 2X(x - 2)

X Xx-3_x"+5x-6
X-2 2X 2X(x-2)
x—Sj: X(x-3) _ x-3
2X 2X(x=2) 2(x-2)

b (=90 =f(x)-9(

¢ (YN Ra = [X X 2}[

155



Mathematics Grade 9

f f (X _ 2 2x?
d —(x):—(): X 2:( X j( Xj: > X
g (X) x-3 (x-2Ax-3) x*-5x+6
2 Domain of f + g = Domain of f—g=Domainof fg

=R\{0, 2} or (—, 0) U (0, 2) U (2, =)
Domain of é =R\{0,2,3} or (—,0) U (0,2) U (2,3)U (3, «).

Example 8 Letf(x) =8—3xand g (x) =—x-5. Determine;
49
a 2f+g b 3g-—2f Cc (3hg d 3_f
Solution:
a 20 (¥+tg(x)=2(8-3x)+(—x — 5 =11-7x
b 3g(X—-2f(X) =3(—x—-5)—2(8—-3x) =—3x—-15-16+6x=3x — 31
¢ (3f (0)g(x) =3(8-3%)(—x=5) =9+ 21x— 120
49(xX) 4(-x-5 -4x-20
3f(x)  38-3X) 24-9x
Through the above examples, you have seen how to determine the combination of

functions. Now, you shall discuss how to evaluate functional values of combined
functions for given values in the domains in the examples that follow.

Example 9 Letf(x) =2—-3xand g(x) = Xx— 3. Evaluate i(4) and (f + g)(4)

Solution: i(x)=ﬂ=ﬂ. (4)—2—3(4) -10
g g(x) x-3 4-3

f+a)=f(x)+g(x)=—2x-1. So(f+g)(4)=-24)-1=-9.
Example 10 Let f (xX) = x—1and g(x) = 3x. Determine:

f
a - (2f+3g)(1) b 29 ©)

Solution:

g R
a (2f+3g)(1)=2(1-1)+3(3(1)=9 23 18 9
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| Exercised.5 |

1 1ff={(1,2),(3,2),(2 5} andg={(2,4), (1, 5), (3, 2)}. Find:
a f+gandf—-g b  thedomainof (f + Q)

2  Letf={(2,3),(4,9),(3, -8} adg={(1, 2), (2,5), (3, 10), (4, 17)}. Determine:
a =2 b fg c fg(2 d ¢

3 Write down the domain of each function in question number 2.

2 2x-2
4 Letf ()= —— andg(X) = ——. Find:
) x-1 909 3x+3

a f+g b fg c domain of (f + g) and fg

5 Letf(x)=3x-3and g(x) = Ll . Evaluate:
X —

a 2fg(2) b [é—zfj(s) c (f-9)@)

6 Isit aways possible to deduce the domain of

[ f+g i f-g i f.g iv -
g
from the domain of f and g? If your answer is yes, how?

) GRAPHS OF FUNCTIONS

In this section, you will learn how to draw graphs of functions, with special emphasis on
linear and quadratic functions. You will also study some of the important properties of
these graphs. j

\ Graphs of Linear Functions

[Definition 44

~

If a and b are fixed real numbers, a # 0, then f(x) = ax + b for x 1s
called a linear function. If @ = 0, then f(x) = b is called a constant
function. Sometimes linear functions are written as y = ax + b.

& J

Example 1 f(X)=2x+lisalinear functionwitha=2andb=1

Example 2 f (X) = 3isaconstant function.
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From Section 4.2.1 recall that functions are specia types of relations. Hence, a linear
function is also a relation. From the description we used for relations, linear functions
can aso be described as

R={(xy):y=ax+Db;x, y[RY; or R={(x f(X): f(X)=ax+Db; x, y (R}
What are the properties of linear functions? What do a and b stand for?

Drawing graphs of linear functions will help us to answer these questions. Let us recall
how to evaluate functions:

Example 3 Iff(x)=3x—-1,thenf(2)=3(2)—-1=6-1=5.

You will now evauate functions a selected points from the domain and then use
these pointsto draw graphs of linear functions.

Example 4 Consider thelinear function f (X) = 2x + 3.
Evaluate the values of the function for the x valuesin the table bel ow.

3 2 a2 o0 | 1| 2 3

Atx=-3,f(3)=2(3)+3=-3andat x=-2, f (-2) =2(-2) + 3=-1.
Inthesameway, f (-1) =1;f(0) =3;f (1) =5;f(2) =7; and f (3) = 9. So the table

becomes
3 =2 a2l o0 1 2 3
3| a1 3] 5| 7|9

Thistableis pairing the values of x and f (X). Thisistaken as arepresentative of
R= {(_3! _3)l (_2! _1)l (_1! 1)! (O! 3)! (1’ 5)! (21 7)! (3! 9)}

Now you can plot these points in a coordinate system to draw the graph of the given
function. y

@® ©

Example 5 Draw the graph of the linear function
f(x) =—2x+3.

D~

Solution:

U1

a . “FHirst'you construct a table of values from the
domain.

N W

-3 2 -1 0 1 2 3

9 7 5 3 1 -1 =3

B W N B

Figure 4.13
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b Now you plot these points on a coordinate system and draw aline through
these points. This lineisthe graph of the linear function f (x) = —2x + 3.
(see Figure 4.12). AY
Example 6 Draw the graph of the constant function 3 =2
f(x)=2. .
X
Solution: You construct atable of values of the function, 3 5 12 3 a4
plot the ordered pairs and draw a line through the \

points to get the required graph.

Write down what you observe from the graphs of the linear functions
drawn above.

Figuré 4.14

3| 2 | -1 0 1 2 3

‘2222222

ACTIVITY 4.7

In alinear function f (X) = ax + b, ais called the coefficient of x. Thisais aso the slope
of the graph of the linear function. From the graphs given above, you should have
noticed that:

[
ii
i
iv

\Y

Vi

Graphs of linear functions are straight lines.

If a> 0, then the graph of the linear function f (x) = ax + bisincreasing,

If a< 0, then the graph of the linear function f (xX) = ax + b is decreasing,

If a =0, then the graph of the constant function f (X) = b isahorizontal line.

If x =0, then f (0) = b. This means (0, b) lies on the graph of the function,
and the graph passes through the ordered pair (0, b). This point is called the
y-intercept. It isthe point at which the graph intersects the y-axis.

-b -
Iff(x)=0,then0=ax+b= X=?.Thismeans(—a, 0) lies on the graph

_b
of the function and the graph passes through the ordered pair (—a, 0). This

point is called the x-intercept. It is the point at which the graph intersects
the x-axis.
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Example 7 For the linear function f (x) = 7x + 2, determine the y-intercept and the
x-intercept.

Solution:  Atthey-intercept, x=0andf (0) =2. Sothey-interceptis(0, 2).
Atthex-intercepty=0and0=7x+2= X = —%. Sothex—interceptis(—%,O).

Example 8 Isthe graph of the linear function f (X) = 2 — 2x increasing or decreasing?
Solution:  Sincef (X) = 2—2xisthesameasf (xX) =—2x + 2 and the coefficient of xis
—2, the graph is decreasing.

Y ou have learnt how to use table of values of alinear function to draw its graph. It
is also possible to draw the graph of alinear function by using the x-intercept and
y-intercept. y

Example 9 Draw the graph of f (x) = 4x—4. 1t (x) =ax — 4

P N W b

Solution:  The x-intercept is the ordered pair with
y=0.Thatis, (1, 0). 32 -1 1 2 3 4

The y-intercept is the ordered pair with x = 0.
That is, (0, —4).

w N

N

0
Y

&

Plot these intercepts on a coordinate system and -5
draw aline that passes through them. Figure 4.15

You can aso use the concept of slope for drawing the graph of linear functions.
To draw the graph of a linear function f (x) = ax + b, first mark the y-intercept.
Then from the y-intercept move a units up (if a > 0) or a units down (if a < 0) and
one unit to the right, and locate a point. Then, draw the line that passes through
the y-intercept and this point. Thislineisthe graph of the linear function.

Example 10 Draw the graph of f(X) = 2x + 1. y /

Solution: . The slope of the graph of the linear function ('
f(X) =2x + 1is 2 and the y-intercept is (0, 1). .
If you move 2 units up from the y-intercept : X
and one‘unit to the right, you will get the 1
point (1, 3). So the line that passes through
(0, 1) and (1, 3) is the graph of the function

f(X)=2x+1. Figure 4.16

iy
I
K

=
—~

A

N WO B

AR

A
=
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Example 11 Draw the graph of the linear function f (x) = -3x + 1.
y

Solution:  The dope of the graph of the linear
function f (x) = -3x + 1 is -3 and
the y-intercept is (0, 1).

r-a).:/ﬂa IS

,\
B
il
Lot

If you move 3 units down from the 321 [\1238 25
y-intercept and one unit to the right, you will
get the point (1, —2). Then the line that Witk
passes through (0, 1) and (1, —2) isthe graph
of the function f (x) =—-3x + 1. Figuré 4.17

| Exercise4.6 |

1 Determine whether each of the following isalinear function or not.

w N H
o
fal
|
<

a &~

a f(X)—-1=3x b 3=x-2
cC  x+y=1-3x d 2¢-2x=y
2 Construct tables of values of the following functions for the given domain A:
a f()=2x-1A={-1,1,23 b yz§—1;Az{43,—3,o,3,6}

C fX)=1-3x;, A={3,-2,-1,0,1,2, 3}
3 Determine the slope, y-intercept and x-intercept of each of the following linear

functions:
a Xx+y-1=0 b f(xX)=3x-4
C y—3=X d f(X)—5=3x
4 State if the graph of each of the following linear functions is increasing or
decreasing:
a X—-2=2y b y—-2x+5=1
c fX)—7=2 d f(x)=4
5 Draw the graph of each of the following by constructing a table of values for
-3<x<3:
a y-3&-5=4 b 4 =4x -2y
C f(X)=1-7x d y=1
6 Draw the graph of each of the following by using the intercepts:
a 3X-5=y b 4+2y=4x c f(X) =3x-5

7 Draw the graph of each of the following by using the value of slope:
a 3y—-3x-5=4 b f(X)=4x+2 c 3x—4=bx-2y
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| Graphs of Quadratic Functions

In the previous sub-section, you have discussed linear functions, their graphs and some
important properties. In this sub-section, you will learn about quadratic functions, their
graphs and some properties that include the minimum and maximum value of quadratic
functions. -

Definition 4.5

A function defined by f(x) = ax2 + bx + ¢ where a, b, c[Rland a # 0 is
called a quadratic function. a is called the leading coefficient.

Example 1 f(x) =23+ 3x + 2 isaquadratic functionwitha =2, b= 3, and ¢ = 2.
m Any function that can be reduced to the form
f (x) = ax® + bx + cisaso called a quadratic function.
Example 2 f(X) = (x—2) (x + 2) can be expressed asf (X) = x* — 4.
Sof (X) =(x—2) (x+ 2) isaquadratic functionwitha=1,b=0,and c=-4.
Let us now draw graphs of quadratic functions by constructing tables of values.

ACTIVITY 4.8 Y Ae 't
1 Construct a table of values for each of the following quadratic : i
functions, for -3<x< 3: . 3
a f(=xX b f(x=x+3x+2and . f()= 22+x—4

2 Using the tables in Question 1a plot the points (x, X°) on xy-coordinate systems.
Connect those points by smooth curves.

3 Discuss the type of graphs you obtained.
The graph of a quadratic function is a curve known as parabola. y
Example 3 Draw the graph of f (x) = =¢.
Solution:  Thetableof valuesis

X 2 1 0 1 2
- AR EESS
f (x) ‘ 4 | 0 1 | -4 s

Thegraphisasshownin Figure 4.18.

ACTIVITY 4.9

Write down what you observe from the graphs of the quadratic
functions drawn above.

162
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Y ou may have noticed that:

i The graph of the parabolais opened either upward or downward depending
on the sign of the coefficient of x°.

i There is aturning point on the graphs.

il These graphs are symmetrical.
The turning point of the graph of a quadratic function is called the vertex of the parabola
and the vertical line that passes through the vertex is called the axis of the parabola.

Example 4 For the quadratic function f (x) = X, \ 5’\y |
determine the vertex and the axis of the 4 ,
parabola. 3 f(X), =X

Solution:  The graph of the quadratic function f (X) = \ 2 /
is as given, the vertex of the parabolais (0, 0) 1 X
and the axis of the parabolais the y-axis. 5 5 15 3 4\

Hwo 0
y Figure 4.19

Having drawn the graphs of f (X) = %% and f(x) ==¢, you shal now examine quadratic
functions of thetypef (x) = a¢ + c for somec

1 Using the same coordinate system, sketch the graphs of 7T “%{- }"
the following quadratic functions by using table of values: {7 8] S
i a  f()=3¢ b f(=3¢-1 c fXx=3¢+1

i a f(=-3¢ b f(==3¢-1 c f(x=-3+1
2 Write down your observations from the graphs and discuss in groups.
3 Can you sketch these graphs using some other methods? Explain and discuss.

Sketching /graphs of quadratic function using a table of
values NS

Example 5. Sketch the graph of f (x) = 2. \ /

[ 1(x)=2¢
m|m. - o - .
N1 o2 3 4

Ho,0

P N W b i3]

N

Figure 4.20
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Example 6 Sketch the graph of f (X) = 23*— 3. %
\ : [[f ) =2¢-3
\
 : - o 1 7 \
\ A X
ol S 1 | 8| a 5 | 33 3 e
~’Fi\gvureu4.21
Example 7 Sketch the graph of f (X) = 23*+ 3 (LAY,
7] [
\ ol
, f(X)52¢ +3
O 5 3 5 1 N
510.3)
A X
-2 —11 1 2 3 4
Figure 4.22

Observe that the graphs are all parabolas and they all open upward but their vertices are
in different places. Also note that the corresponding values of f (X) = 2 + 3 are 3 units
more than the values of f (X) = 2x* and the corresponding values of f (x) = 2 — 3 are 3
units less than the values of f (x) = 2x%. Using this, the graphs of the functions of

f (X) = 2¢—3and f (X) = 2+ 3 can be obtained from the graph of f (x) = 2X°.

This leads us to another way of sketching graphs of quadratic functions.

From graphs of quadratic functions of the form

f(X) =a andf(x) =a¢ +c,az 0, ¢ [l we can summarize:

Case 1: Ifa>0,

1
2
B
4
5

164

The graph opens upward.

The vertex is (0, 0) for f (x) = ax and (0, c) for f (X) = ax* + c.

The domain isall real numbers.

Therangeis{y: y= 0} for f (x) = ax? and {y: y = c} for f (x) = a¢ + c.

The vertical line that passes through the vertex is the axis of the parabola (or
the axis of symmetry).
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Case 2: Ifa<0,

1  Thegraph opens downward.

The vertex is (0, 0) for f (x) = ax and (0, c) for f (X) = ax* + c.

The domain isal real numbers.

Therangeis{y: y< 0} for f (x) = ax’ and {y: y < ¢} for f (x) = ax+c.

The vertical line that passes through the vertex is the axis of the parabola (or
the axis of symmetry).

o b~ WD

Sketching graphs of quadratic functions,' using the
shifting rule
So far we have used tables of values to sketch graphs of quadratic functions. Now we
shall see how to use the shifting rule to sketch the graphs of quadratic functions. As you
have seen in Examples 5, 6 and 7, you can sketch the graph of f (x) =2 + 3 by shifting
the graph of f (x) = 2x% by 3 units upward, and the graph of f (x) = 2¢* — 3 can be
obtained by shifting the graph of f (x) = 2x° by 3 units downward:
Example 8 Sketch the graph of f (x) = x* —1 and f (x) = x* + 1 by shifting

f (X) = ¢ and determine the vertex of each graph.
Solution:  Thegraph of f (X) = X% isasshown in Figure 4.23a.

y f(x)=x+1
Lo LR LX) =X
]
4 \ 4 [f )()::XZ_]_
. f (X)5)é \ : /
\ ol 1/ § : ;
1 £L
X (0.1) X
B 2-1 N1 2 3 4 -3 -2 - 1 2 3 4
110, 0 0,0
2 2&\
4 L1
a b

Figure 4.23
The graph of f (x) = xX* —1 is obtained by shifting the graph of f (x) = x* by 1 unit
downward giving a vertex at (0, —1); that of f (x) = x* + 1 is obtained by shifting
the graph of f (X) = x* by 1 unit upward, to avertex at (0, 1). See Figure 4.23b.
Example 9 = Sketch the graph of
f (X) =/(x—3)? and contrast it with the graph of f (x) = 2.
Solution: By constructing atable of values, you can draw the graph of
f(X) = (x—3)? and see that it is a shifting of the graph of f (x) = x* by 3
units to the right. The vertex of the graphis (3, 0) (See Figure 4.24).

165



Mathematics Grade 9

y f (= (x+ 3) y
\ 50\ I | \ \ /5 |

N iy NEENETFAS
: X) = (x - 3)° 2 '
1 X 1 X

3 2-1 N1 2 3\4 5 ¢ 543 21 N1 2.3 4

@91 (50 (3,0 0
Figure 4.24 Figure 4.25

Example 10 Sketch the graph of
f (x) = (x + 3)* and contrast it with the graph of f (x) = X%

Solution:  Using a table of values, you get the graph of f (x) = (x + 3)? and see
that it is a shifting of the graph of f (X) = x* by 3 units to the left,
giving avertex at (=3, 0) (See Figure 4.25).

Let k > 0, then the graph of f (x) = (x — k)? is obtained by shifting the graph of f (X) = X
by k units to the right and the graph of f (x) = (x + K)? is obtained by shifting the graph
of f(X) =X by k unitsto the left.

By shifting the graph of f (x) = »* in the x and y directions you can sketch graphs of
quadratic functions such as

a f=(x+3%+2 b fx)=(x-3)>*-2 c  f(X)=x2+4x+2
Example 11 Sketch the graph of f(X) = (x + 3)? + 2
Solution:  First sketch the graph of f (X) = . To obtain the graph of
f (X) = (x + 3)% shift the graph of f (x) = x° to the left by 3 units.
After this, to obtain the graph of f (X) = (x + 3)>+ 2 shift the graph of f (X) = (x + 3)?

by 2 units upward.
; ) .
f(x)\-- x+3 +",7 y

y F) =487 | Ly °

\ 5 | \ |5 5

4 o 4 \ / 4

p f (%) =X ( / 3 3
! X ' X —32) t X

B2a N1 2 3 X ¢ 5 -4f32-1 | 1 2 5 -4-32-1 | 12
: (0,10 (-3, 0 : 1
a b C

Figure 4.26
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Example 12 Sketch the graph of f (x) = (x—3)* - 2.

Solution:  First sketch the graph of f (X) = X2
To obtain the graph of f (x) = (x — 3)? shift the graph of f (x) = x* to the
right by 3 units so that the vertex is at (3, 0). After this, to obtain the
graph of f (x) = (x—3)*— 2, shift the graph of f (x) = (x—=3)* by 2 units
downward so that the vertex is at (3, —2).

N SAR y F09=(x—3? AY
g \ ]
4 2 4 4 fio)l= (x=3)F = 2
T /f(x) =x NP ,
1 ) .
X * X \ / X
2 -1, \_L 2 3 4 2-1 [ 12 3\4 5 6 ', S 1\2 3 z}/ 5 6
|09 . (3.0 i
2 2 2 <
3 3 3 (3} #2)
a b C
Figure 4.27

Example 13 Sketch the graph of f (X) = X* + 4x + 2.

Solution:  In order to sketch the graph of f (x) = x*+4x+2, first we need to transform
this function into the form of f (x) = (x + k)> + ¢ by completing the

square. AY
— 2
Thereforef(x)—x2+4x+20anbeexpr$sed (= Lo b
f(x)=(x+2)"-2 \ 3y
Now you can sketch the graph of f (x) = (x+ 2)2 — 2
as above by shifting the graph of f (x) =x%by 2 units \ / X
to the left and then by 2 units downward. s -4\3 27| 12
2T,
Figure 4.28

Note!

1 Thegraphof f (x) = (x + K)? + c opens upward.

2 Thevertex of the graph of f (x) = (x + K)* + cis (=, ) and the vertex of the graph of
f(X) = (= K)?=cis(k —c). Similarly the vertex of the graph of f (x) = (x + k)> —c is
(—k, —c) and the vertex of the graph of f (x) = (x—Kk)* + cis (k, ©).

Minimum andmaximum values of quadratic functions

Suppose you throw-a stone upward. The stone turns down after it reaches its maximum
height. Similarly, a parabolaturns after it reaches a maximum or aminimum y value.
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Let f (X) be aquadratic function. Discuss how to
determine the maximum or minimum value of f (X).

2 Justify your conclusion by considering some parabolas.

Recall that if the leading coefficient of the quadratic function f (x) = a¢ + bx + c is
positive (a > 0), then the graph of the function opens upward (and if a < 0, then the
graph opens downward). When the graph of a quadratic function opens upward, the
function has a minimum vaue, whereas if the graph opens downward, it has a
maximum value. The minimum or the maximum value of .a quadratic function is
obtained at the vertex of its graph.

Example 14 The minimum value of a quadratic function expressed as
f(X)=(x+K?*+cisc.

Similarly, the maximum value of f(x) =—(x+k)*+cisc.

o
<

Example 15 Sketch the graph of f (X) = x* + 6x —5and ‘\
determine the minimum value of f (X). \\
Solution:  f(X)=x*+6x+9-9-5=(x+3)*-14. \

Hence the graph can be sketched by. shifting the
graph of f (x) = x* by 3 units to the left side and \
then downward by 14 units. \

| —
RN
=]
=
—

| —
SNﬁ Q

—
—
R
I
Py

f(X) = (x+3)°—14

N

T

D Eo—@_ b A
—

Hence, the minimum vaue of f is—14. \\

In this case, the range of the function is 14
Figure 4.29
{y: y=-14} = [-14, »).

Example 16 Find the maximum value of the function
f (X) = —¢ + 6x — 8, and sketch its graph.

Solution: = f(X\)=—=¢+6x-9+9-8

= (X=6x+9) +1;
f(x) =«(x—3)*+ 1. [ \

The graph of f (X) = —(x — 3)? +1 has vertex (3, 1)
and hence the maximum value of fis 1.

N B
—h

X) = —(x = 3)°+1
X

Vv

AN
\
—

»

o @

—

=

|
In this case, the range of the functionis Figure 4.30

{y:ys1} = (o, 1]
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| Exercised.7 |

1 For each of the following quadratic functions, determine a, b and c:
a f(X=2+3&-2¢ b f(X=3%-4x+1 ¢ fX)=(x-3)(2-X)

2 For each of the following quadratic functions prepare a table of values in the
interval -3<x< 3.

a  f(x)=— b f(X)=3¢+2 c f()=2¢—-3x+2

3 Sketch the graph for each of the following quadratic functions by constructing tables
of values:
a f(x)=-3¢ b fx)=7¢-3 c f()=2¢+6x+1

4 Find the domain and range of each of the following functions:
a f()=3+4x-x b f=xX+2x+1 ¢ fX)=x-3)(x-2)

d f(x)=-32 e f(X)=3¢+2

5  Sketch the graph of each of the following quadratic functions by using the shifting
rule:
a f(X=9¢+1 b f(x)=x-3 c  f(¥)=(x-5)

d  f)=(x=272%+13 e f=(x+1)*—7 f f(X)=4&C+7x+3
6 Find the vertex and the axis of symmetry of the following functions:
a f(X)=x—5x+8 b f(X)=(x-4)%-3 ¢ f(X)=x"-8x+3

7 Determine the minimum or the maximum value of each of the following functions

and draw the graphs:
a f)=xX¥+7x-10 b f)=x¥+4x+1 ¢ f(X)=2¢—4x+3
d  f)=4¢+2x+4 e f(x)=-F-4x ff(X)=—-6-x—-4x
[
axis of symmetry leading coefficient turning point
combination of functions linear functions vertex
constant function guadratic function x-intercept
coordinate system relation y-intercept
domain range
function slope
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In arelation, two things are related to each other by arelating phrase.

Mathematically, arelation is a set of ordered pairs. If A and B are two non-empty
sets, then the relation from A to B is a subset of A x B that satisfies the relating
phrase.

If A and B are any setsand R [ (A x B), we call R abinary relation from A to B
or abinary relation between A and B.A relation R [{A x A) iscalled arelation in
oronA.

Theset {x: (x,y) [R for somey} iscalled the domain of therelation R.
Theset{y: (x,y) [R for somex} iscalled the range of therelation R.

A function is a specia type of arelation in which each x-coordinate is paired with
exactly one unique y-coordinate.

A function from A to B can sometimes be denoted as f: A— B, where the domain
of fis A and the range of f isa subset of B, in which case B contains the images of
the elements of A by the function f.

Let f and g be functions. We define the sum f + g, the difference f — g, the product

f
fg, and the quotient 5 as.

f+g:(f+g®)=f(¥)+9( fg:(fg)(x) = (x) g (x)
. - T fg=T1®.
f=g:(f -9 =f(x) -9 g-g(x) g(x),g(x)io

If aand b are fixed real numbers, a # 0, then f (X) = ax + b for x [Ris caled a
linear function. If a = 0 then f (X) = b is called a constant function. Sometimes
linear functions are written asy = ax + b.

Inf (xX) = ax + b for a # 0, X (IR}l a represents the slope, (0, b) represents the
y-intercept and (_—b Oj represents the x-intercept.
a

A function defined by f (X) = ax*+ bx + ¢ (a, b, c [Rbnd a # 0) is called quadratic
function. ais called the leading coefficient.
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We can sketch the graph of a linear function by using either a table of values, or
the x- and y-intercepts.

We can sketch the graph of a quadratic function by using either a table of values
or the shifting rule.

The graph of f (x) = ax* + bx + ¢ opens upward if a > 0 and downward if a< 0.

The vertex is the point on a coordinate system at which a graph of a quadratic
function turns either upward or downward.

The axis of a parabola (or axis of symmetry) is a vertical line that passes through
the vertex of the parabola.

The domain and range of linear functionsisthe set of al real numbers.

The domain of a quadratic function is the set of al real numbers, whereas the
rangeis,

{y:y=k} if theleading coefficient is positive and k is the value of y at the vertex.
{y: y<k} if theleading coefficient is negative and k is the value of y at the vertex.

The maximum or minimum point (depending on the sign of a) of a quadratic

b b
functionf (X) = ax® + bx + cis | —, f| — | |.
unction f (X) X ms( ( ZaD

?

T Review Exercises on Unit 4

For therelation { (1, 2), (2, 3), (3, 4), (4, 5), (5, 6)} find the domain and the range.

If the domain of therelation R={(x,y): y=x+3} isA ={1, 2, 3, 4} thenlist all
the ordered pairs that are members of the relation and find the range.

LetA={1,23,4,5 andB={a b, ¢

a Find A x B.
b Determine relations as subsets of A x B such that:
[ R1 ={(x, y): xisodd} i Rz ={(X, y): 1< x<3}

Let A={1,2 3,4} andB ={2, 4, 5}

a If Risareation from A to B then, isit true that R isalso ardation from B
to A? Explain your answer.

b  If RC{A x B) such that R={(2, 4), (2, 2), (4, 4), (4, 2)}, thenisR aso a
relation from B to A?

C What can we conclude from b?
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5 Let R={(x, y): xistaler thany}.

a Does (X, X) belong to the relation? Explain.

b Isit true that if (X, y) belongsto R, then (y, xX) also belongsto R?

c If (X, y) and (y, 2) belong to R, then isit true that (X, 2) belongsto R?
6 Let R={(x,y): y=x}. Show that each of the satementsin Question 5 istrue.

7 Find the domain and the range of each of the following relations:
a  R={(xy):y=24 b R={(xy):y=[x}
c R={(xy):xy 123,45 andy=2x — 1}
d R={(xy): y=1x-4}
8 Sketch the graph of each of the following relations and determine the domain and

the range:
a R={(xYy): y= — 2x+3} b R={(xy):y=2x+1}
¢ R={(xy:y<-x+3} d  R={(xy):y=2[x}

e R={(xy:ysxandy=1-x} f R={(xy):y<|x andy= 0}
R={(x,y):y=xtlandy=1 - x}
h R={(x,y):ysx+l,y=1-xand x>0}
[ R={(x,y):y>x —2,y>2x—-2andy< 4}
9 For the following graph, specify the relation and write down the domain and

range:
N
~[©.4)

T 4 7
N ’
S 2 4

3 v
3 4
N 2 7
N 4
N @ 4
(=2,0) ~ (2, 0) X
-5 4 -3 —2\\—11 1,2 3 4 5
N
5470 o
22 N
AR
A ~
’ N
v 4 N

Figure 4.31
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Determine whether each of the following relationsis afunction. If it isnot, give a
reason.

a R={(al),(b?2),(c?3)}

b R={(13),(2,73), (3 3),(43), (5 3)}

c  R={(1,4),(15),(1,6), (5,4, (5, 5)}

If A={2,5 7} and B ={2, 3, 4, 6}, thenis AxB afunction? Explain your answer.
Letf={(1,2), (2 3), (5, 6), (7, 8)}

a Find the domain and range of f

b Evauaef (2) andf (5)

Letf(X)=2x+1andg(X) =—3x—4

[ Determine;
f
a f+g b f—g c fg d -
g
ii Evduate:
3f
a (2A+3g1) b (Y@ c 2—9(4)
i Findthedomainofa:
X+ 4 2x+4
Letf(X)= ——and = .
(== —andg0) ="
[ Determine:
9 f
a fg b f c 2f - g
i Find the domains of
9 A\
a fg b f c 2f — g
il Evaluate
g f
a (f-9) b ;(2) c (2f—5)(3)
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Construct tables of values and sketch the graph of each of the following:
a f(xX)=3x+2 b x-2y=1

c  f(X)=2-7x d f()= -3¢ -1

e f(X)=3 —2x+x

Sketch the graph of each of the following by using x- and y-intercepts:
a f(xX=7+2x b f(X)=3x-5

C X-y=4

By using shifting rule, sketch the graph of each of the following:

a f(X= ¢ - 2x b f(X)=x*-8x+7

c f(X)=4x+6-3%

For the function f (X) = 3x* — 5x + 7, determine:

a  whether it turns upward or downward

b thevertex

C the axis of symmetry

Determine the minimum (or the maximum) value of the following functions:
a f(X)=(x—-4)7°-5 b f(X)=2¢-—6x+7

c f(X)=3¢-5x+8 d f(X)=—-x+6x—5

e f(X)=-2+4x—2¢

Determine the range of each of the following functions:

a f(=(x+5%+3 b f(X)=x*-9+10

c  f(x)=-8—x*—6x d f=-C+2x+4

A mobile phone technician uses the linear function ¢ (t) = 2t + 15 to determine
the cost of repair, where t is the time in hours and c (t) the cost in Birr. How
much will you pay if it takes him 3 hoursto repair your mobile?

A real estate sells houses for Birr 200,000 plus Birr 400 per one square metre.
a  Find the function that represents the cost of the house that has an area of x m.

b  Caculate the cost of the house that has an area of 80 m?.





